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Table 1. Definition of Major Adverse Cardiovascular events, MACE

Outcomes Definition
Myocardial o
- 121, 122, 123, 125.2, 125.5 hospitalization
Infarction(MI)
Stroke - 160-169 hospitalized without a history of stroke
- After discharge, the code name of the discharge type is death or
Cardiovascular

R96, R98, R99, of which death is caused by cardiovascular disease

death(CV death)
121, 122, 123, 125.2, 125.5, 146, 150.9, 160-169, R57
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Table 2. Definition of heart disease(ICD-10)

Classification

ICD-10

Unstable 120.0

Unstable angina

Angina(UA)  124.0

Coronary thrombosis not resulting in myocardial infarction

Acute myocardial infarction

Subsequent myocardial infarction

Certain  current complications following acute myocardial

infarction

Old myocardial infarction

121
122
Myocardial
) 123
Infarction(MI)
125.2
125.5

Ischemic cardiomyopathy

Table 3. Type of procedure(ICD-10)

Classification ICD-10
PCI(Stent) M6561, M6562, M6563, M6564, M6565, M6566, M6567
PTCA(Balloon) M6551, M6552, M6553, M6554, M6571, M6638

Table 4. Selection of variables

Variables Categorization

0. non participants

Participation in Cardiac rehabilitation

1. participants

Dependent . . Comparison of MACE
variable Major Adverse Cardiovascular events .
(MI, Stroke, CV death) in
(MACE) . .
participants vs non participants
Interesting X: 0. 2014~2017.1.31
T, X, TX
variable 1. 2017.2.1~2020.2.1
0. Male
Sex
1. Female
Independent Demographic 1.50~59
variable factors Age 2. 60~69
3. 70=
Guardian status 0. no




Variables Categorization
1. Yes
) 1. Elementary or middle school
. . Educational level )
Socioeconomic 2. High school, College or above
factors Difficulty paying 0. no
medical bill 1. Yes
0. Current smoker
Smoking status 1. Ex-smoker
2. Non-smoker
0. Current drinker
Drinking status 1. Ex-drinker
2. Non-drinker
5 1. <25
BMlI(kg/m®)
2. =25
Health-related 0. no
factors Regular exercise 1 Yes
Risk factors
- Hypertension
- Diabetes
- Dyslipidemia 0. no
- Cancer 1. Yes
- Chronic kidney
disease
) ) ) 0. UA
Cardiac diagnosis
1. Ml
Type of 0. PCI(Stent)
procedure 1. PTCA(Balloon)
1. 1
.. Number of
clinical 2.2
L. stenosis vessels
characteristics 3. 3<
1. LM and LAD
Target vessel
2. Others
0. non
Number of Stents 1. 1
2. 2<




S

[9

sholsto] w4
obns] 9

=
=2
Ztatgten]

=

(o]

17}

I 7tolAls 873 (chi-square test)&

RF
=]

[9

st71 9

(Variance Inflation Factor, VIF)

X
S|
29

=

12 9
= T
=

LIS
s}

IR
Al A B 24 (Interrupted time series, 1TS)S A

A3 AR 2.9

oF 3 o oz o of w_ALﬁmm%
0] 4+ =
1_u R R on
K & Xor - S ~a 1 K
_14 Q0 B = .A_I ,m_.: <P
g &k Gl ﬁm B o
¢ = =< 4 .9 ol o
ﬁw < o T — =0 P o L3
L SN oo oo W
o o < Wk
A ooy Mg Bz KR
o% o] go oll T Y 0 -
o ~ & KO B0 mo N
—_— X » H__.v_
o W oop Koo gy | <
X T == o xr WA o_J._ T o}
e i 7 o p < =
of O ol o | —_
T T O K W_e B ol K o
— -
B = % Mo KO p
B J)J N — ~0
=% 8 ¥ ow g = N
B M N oy = |y i
< TwPEs Mg e
— J KQ
g OB 7T S A
[=— — J— -
Gy X o 5 4 s M: mw <
J K — ! o- 1K
Pa @ =5 00 ¥
mﬂ & 8 3 o o 3 X _m. ;
W ToRn K P @ > m X o
T o > F @ o o T K
x 2 il = Qo o !
" 2 M T o WM + Mﬂ W e o
of N KN m ®o 100 o o B
s cHeREIesE
) ~ wo  Kp
St xwmug <t Eg R
2 T = B o & mo X
S o v KO bk RO P R F X o T
2 s LR
() = 1 S TR K o]
Eweypx g d v
Ex fd P2 aws
ol o @ K T oo >~ > NN OK
= & = fooB oW < b <P

GLMM) #A4Z
3 (binomial
Ch=

Interval,

Confidence

A2 +H95%

=

3 (Generalized linear mixed model,
SAS9] GLIMMIX procedures
IR ol
OR)?t  95%

[9)

AL

Ratio,

S

[e)
distribution)&

Q =H](Odds

94



=40l ozt APohx

Ay

al
=

of off

ol

P

H
o
3

HD

I 7HolA|

o
¥ (long-rank test)g AJdist 7}=Z<t gjo]oj(Kaplan-Meier)

g 2437 9

At

2,

3

W4 Abolo] ot
o

g8, Hol,

o &,

(Cox proportional hazard model)& AF&std
q

3
[e]

v FAstLA sk,

3

a

An

[es

3

a

(e

OEE
1d oyl 9

e
AL

9

=1
A
= Ay

el

=& o5, BMI,

R A
=17

x4

o
[=]

<,

o[ p

ofp

i)
=

ol

[}

7120z 19
71 ¢

9

=

=2

CHE HAYR

JH]

a

[es

I ojuf ¢

]_
14, 2

—

[<)

of

g ZAstaxt ZauEg
(o3|

il 671

[9

a

3

S

2 9
ratio, HR)2} 95% A1Z]G317H95% Confidence Interval, CI)

ol ¢
S

ol
T
aH

pld

AtEsiin. @
Cary, NC, USA)E A}8s19 1, EAA

o
=

I IRB)oJIA

[9)

4-2022-0452).

Oﬂdi:

o] 9] A ](Institutional Review board, ©]

toict.
}E]'

[9)

M= A+

|

LI,

oA ohx

a

Al

SAS software, ver. 9.4(SAS Institute Inc.,
o] a7

&2 0.052 HA

IRB



A8 o AT Al AR, AeA el AtelgAA /el AdeE ¥ 2

8
o, A QQlo] e NI mz I3 Fol o2 merst Aut: Table 59t 2

A AFAHGAE 2,988 & 5o Al Al tidAb= 1,546%(51.7%) 2.2 o] & 358
B(23.2%)0] A" Ao{xtolal, 1,188%(76.8%)2 HIR Aot gof Al =
/A= 1,44275(48.3%)2.= o] & 798%(55.3%)0] AR Aroxjolil, 644%H(44
7%) BIFoRtolt APRE Fojeol w0 Al Aol Hlsi g0l Al & =ou

ol9 §0)3t EAR fol7} YTHP<.0001).

Qi 54 F APAE Z2I3 ool SANC=R 9% Aole Ui
MARL Lol MBA g7 wAE, £F Wk, oYATEE. YT,
NEBR, BART 7|4, 28IE Soln

50~5941= 1,060%(35.5%), 60~694= 9179(30.7%), 70A] o]A+ 1,011%(33.8%)
o]1, 50~59M19] AAR|F FrojRt= 472%H(44.5%), H]RFAH= 588TH(55.5%), 60~69
Aol ARAIE AodAb= 363%(39.6%), HIRoiAb= 5547(60.4%), 70Al  o]4Fe
AERIE oAl 3217%(31.8%), WA= 6909(68.2%)22 Uo7t 5714
A Fogo] dastRaL, ule fost AR AFol7t Qltk(P<.0001).

AFEAL 5 BSAPE Qe o+t 2,9008(97.1%)2.2 o] & A" FojAt= 1,1
10%(38.3%), B]&HoAt= 1,7909(61.7%)0]0], ESAI7} Qi 2 88%(2.9%)02 o
% AAE AolAb= 46%8(52.3%), HIFCIARE 429(47.7%)o= BIAPL Qe
oA Y] AR Aloirt &1, EAR R {OJ5tTHP=0.0079).

ws pE2 FSE olsh 821%(27.5%), ALSANSt ol 2,167%(72.5%)011L, FSE

ojstof Al WAE AR 263F(32%), Bl A= 55878(68%), LAt o] oA

-



AR oAl 893%(4L2%), WIAlOIA:  1274%(58.8%)02 WL§ 4Fo|
£S48 AP Aolgol &1, EANOR U)9 oIstrHP<.0001),

2 1,1719(39.2%), A SFa-2 405%(13.6%), 8] S5 1,4127H(47.3%)
ol SRETNN AAE AolAb: 486%(41.5%). IACIAL: 685%(58.5%). W7
SEFOIN AT AoiAl: 132(32.6%). HIACIAL: 273 (67.4%). HISFToA
AR Atelrbs 538%(38.1%), ulAtelAbs 874%(61.9%)2 SARoIN) AR
2 gofat &to]7} YIrk(P=0.0054).

G2 SUSIA e BATL 1619%(54.2%). G TARE 1,369%(45.8%)0] 1
Frg SUISHA] e SAFROIA ARG Rolabt 654%(40.4%), BIROIA: 9657
(59.6%). Wi FAFZOIA AR Aelxks 5029(36.7%), BIACIAk: 867%(63.3%)
2 gug FWetAl e HxiFolMe] ARAG Aoigol ¥%1, SAMo=E o

AL BE L USR] e TARL 513%(17.2%). A DRSS AT 2475
F(82.8%)01, OIYAABSS SuIsHA] e FALZOIA APAT AolAb 223%(4
3.5%). HlAolAk: 290%(56.5%). ORI REE BALRoIA AT Aolat: 93333

7.7%). HIACIALE 1542%(62.3%)0.2 O JAIMEE LS FUSIA ke BAZOIA
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Table 5. General characteristics

of the study population

Participation in Cardiac rehabilitation

Variables Total Yes No P-value
N % N % N %
Total 2,988 100.0 1,156 38.7 1,832 61.3
Policy <.0001
Pre-policy 1546  51.7 358 232 1188 76.8
Post-policy 1442 483 798 553 644 447
Sex 0.3746
Male 2243 751 878  39.1 1365 60.9
Female 745 249 278 373 467 627
Age <.0001
50-59 1060 355 472 445 588 555
60-69 917 30,7 363 39.6 554 604
70- 1011 338 321 3.8 690  68.2
Guardian status 0.0079
Yes 2900 97.1 1110 383 1790 61.7
No 88 2.9 46 52.3 42 47.7
Educational level <.0001
Elementary or middle school 821 27.5 263 320 558 68.0
High school, College or 2167 725 893 412 1274 588
Difficulty paying medical bill 0.0647
Yes 152 5.1 48 31.6 104 684
No 2836 949 1108 39.1 1728 60.9
Smoking status 0.2647
Current smoker 732 245 285 38.9 447  61.1
Ex-smoker 795 266 289 364 506 63.6
Non-smoker 1461 489 582 398 879 60.2
Drinking status 0.0054
Current drinker 1171 392 486 415 685 585
Ex-drinker 405 13.6 132 326 273 674
Non-drinker 1412 473 538 381 874 619
BMI(kg/m’) 0.6241
<25 1671 559 640 383 1031 61.7
>25 1317  44.1 516 392 801 60.8
Regular exercise 0.3891
Yes 500 16.7 202 404 298 59.6
No 2488 833 954 383 1534 617
Risk factors
Hypertension 0.8272
No 622 20.8 243 39.1 379 609
Yes 2366 79.2 913  38.6 1453 614
Diabetes 0.0372
No 1619 542 654 404 965 59.6
Yes 1369 458 502 367 867 633



Dyslipidemia
No
Yes
Cancer
No
Yes
Chronic kidney Disease
No
Yes
Cardiac diagnosis
UA
MI
Type of procedure
PCI(Stent)
PTCA(Balloon)
Target vessel
LM and LAD
Others
Number of stenosis vessels
1
2
3<
Number of Stents
none
1
2<

513
2475

2614
374

1685
1303

1625
1363

2875
113

1735
1253

1258
946
784

108
2010
870

17.2
82.8

87.5
12.5

56.4
43.6

54.4
45.6

96.2
3.8

58.1
41.9

42.1
31.7
26.2

3.6
67.3
29.1

223
933

1028
128

671
485

563
593

1131
25

671
485

532
363
261

21
798
337

43.5
37.7

39.3
34.2

39.8
37.2

34.6
43.5

39.3
22.1

38.7
38.7

423
384
333

19.4
39.7
38.7

290
1542

1586
246

1014
818

1062
770

1744
88

1064
768

726
583
523

&7
1212
533

56.5
62.3

60.7
65.8

60.2
62.8

65.4
56.5

60.7
77.9

61.3
61.3

57.7
61.6
66.7

80.6
60.3
613

0.0146

0.0581

0.1478

<.0001

0.0002

0.9855

0.0003

0.0001
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Figure 3. Insurance coverage in Cardiac rehabilitation in the Republic of Korea:

interrupted-time-series analysis of participation in Cardiac rehabilitation before and after the

policy
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Table 6. The results of interrupted time series analysis of insurance coverage in Cardiac
rehabilitation

Participation in Cardiac rehabilitation

Variables
OR 95% CI

Pre-trend 1.02 (0.99 - 1.06)
Post level change 3.99 2.89 - 5.51)
Post trend change 0.97 0.92 - 1.01)
Sex

Male 1.00

Female 1.05 (082 - 1.33)
Age

50-59 1.00

60-69 0.82 0.67 - 1.01)

70- 0.57 045 - 0.71)
Guardian status

Yes 0.56 037 - 0.87)

No 1.00
Educational level

Elementary or middle school 1.00

High school, College or above 1.30 (1.06 - 1.59)
Difficulty paying medical bill

Yes 0.72 048 - 1.07)

No 1.00
Smoking status

Current smoker 0.68 (054 - 0.86)

Ex-smoker 0.82 (0.66 - 1.04)

Non-smoker 1.00
Drinking status

Current drinker 1.02 (083 - 1.25)

Ex-drinker 0.79 059 - 1.04)

Non-drinker 1.00
BMI(kg/m?)



<25 1.00
>25 0.95 (0.77 1.18)
Regular exercise
Yes 1.00
No 1.02 (0.86 1.20)
Risk factors
Hypertension
No 1.00
Yes 0.99 (0.81 1.21)
Diabetes
No 1.00
Yes 1.07 (0.84 1.36)
Dyslipidemia
No 1.00
Yes 0.97 (0.78 1.21)
Cancer
No 1.00
Yes 1.04 (0.81 1.33)
Chronic kidney disease
No 1.00
Yes 0.91 (0.71 1.16)
Cardiac diagnosis
UA 1.00
MI 1.34 (1.14 1.59)
Type of procedure
PCI(Stent) 1.00
PTCA(Balloon) 1.06 (0.38 3.00)
Target vessel
LM and LAD 0.92 (0.78 1.08)
Others 1.00
Number of stenosis vessels
1 1.00
2 0.92 (0.76 1.11)
3< 0.70 (0.56 0.88)
Number of Stents
none 1.00
1 2.44 (0.83 7.18)
2< 2.45 (0.83 7.24)
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Table 7. The results of interrupted time series analysis of insurance coverage in Cardiac rehabilitation

Participation in Cardiac rehabilitation

Variables Pre-trend Post level change Post trend change
OR 95% CI OR 95% CI OR 95% CI

Sex

Male 1.04 (1.00 - 1.08) 3.24 (2.25 - 4.67) 0.96 0.91 - 1.01)

Female 0.98 091 - 1.05 8.34 (4.04 - 17.22) 0.97 (0.88 - 1.07)
Age

50-59 1.03 (1.13 - 9.78) 2.45 (1.46 - 4.13) 0.94 0.87 - 1.02)

60-69 0.99 093 - 1.09 4.04 (2.22 - 7.36) 1.01 0.93 - 1.10)

70- 0.98 091 - 1.05 8.38 (4.53 - 15.52) 0.97 0.89 - 1.06)
Guardian status

Yes 1.03 099 - 1.06) 3.77 (2.72 - 5.22) 0.96 0.92 - 1.01)

No 0.87 0.66 - 1.15) 272.54 (13.88 - 5351.33) 1.01 0.67 - 1.51)
Educational level

Elementary or middle school 0.95 (0.88 - 1.02) 11.68 (5.70 - 23.93) 0.99 0.90 - 1.10)

High school, College or above 1.04 (1.00 - 1.08) 2.96 (2.05 - 4.27) 0.96 091 - 1.02)
Difficulty paying medical bill

Yes 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00)

No 1.02 (098 - 1.05) 4.17 (3.00 - 5.81) 0.97 0.92 - 1.02)
Smoking status

Current smoker 1.05 097 - 1.13) 3.36 (1.72 - 6.54) 0.94 0.85 - 1.03)

Ex-smoker 1.00 093 - 1.07) 3.39 (1.82 - 6.32) 1.01 0.92 - 1.11)

Non-smoker 1.02 097 - 1.07) 5.09 (3.18 - 8.14) 0.95 0.89 - 1.02)



Drinking status
Current drinker
Ex-drinker
Non-drinker

BMI(kg/m’)
<25
>25

Regular exercise
Yes
No

Risk factors
Hypertension

No

Yes
Diabetes

No

Yes
Dyslipidemia

No

Yes
Cancer

No

Yes
Chronic kidney disease

No

1.01
1.05
1.03

1.04
0.99

1.06
1.02
1.08
1.01

1.05
1.01

1.10
1.01

1.03
1.00

1.05

(0.95
(0.94
(0.98

(1.00
(0.94

(0.97
(0.98
(1.00
(0.97

(0.99
(0.96

(0.98
(0.97

(0.99
(0.90

(1.00

1.06)
1.17)
1.09)

1.09)
1.05)

1.16)
1.06)
1.16)
1.05)

1.10)
1.06)

1.23)
1.05)

1.06)
1.11)

1.10)

3.67
2.61
4.95

3.82
4.49

3.13
4.08
3.40
4.46

3.89
3.98

3.05
431

3.90
5.86

3.97

(2.20
(1.04
(3.06

(2.48
(2.74

(1.41
(2.87
(1.62
(3.10

.51
(2.45

(1.43
(3.00

.77
.21

(2.58

6.11)
6.54)
8.03)

5.89)
7.35)

6.95)
5.82)
7.16)
6.40)

6.05)
6.45)

6.52)
6.20)

5.51)
15.54)

6.11)

0.98
0.99
0.93

0.93
1.01

0.94
0.97
0.92
0.97

0.94
0.97

0.90
0.98

0.96
1.00

0.94

(0.91
(0.86
(0.87

(0.87
(0.94

(0.83
(0.92
(0.83
(0.92

(0.89
(0.91

(0.79
(0.93

(0.91
(0.87

(0.89

1.06)
1.13)
1.00)

0.99)
1.09)

1.05)
1.02)
1.02)
1.02)

1.01)
1.04)

1.03)
1.03)

1.01)
1.15)

1.00)



Yes 0.99 (0.94 1.05) 4.18 (2.54 6.90) 0.99 (0.92 1.06)

Cardiac diagnosis

UA 1.02 (0.98 1.07) 4.06 (2.63 6.26) 0.97 (0.91 1.03)

MI 1.01 (0.96 1.07) 4.10 (2.50 6.71) 0.97 (0.90 1.04)
Type of procedure

PCI(Stent) 1.02 (0.99 1.06) 3.93 (2.84 5.43) 0.97 (0.92 1.01)

PTCA(Balloon) 1.09 (0.85 1.41) 45.73 (1.23 1699.01) 0.82 (0.57 1.17)
Target vessel

LM and LAD 1.01 (0.96 1.07) 4.68 (2.80 7.82) 0.97 (0.90 1.05)

Others 1.03 (0.98 1.07) 3.63 (2.40 5.49) 0.96 (0.90 1.02)
Number of stenosis vessels

1 1.01 (0.95 1.06) 4.86 (2.96 7.99) 0.96 (0.89 1.03)

2 1.04 (0.97 1.10) 3.95 (2.19 7.15) 0.97 (0.89 1.06)

3< 1.03 (0.96 1.10) 3.32 (1.76 6.25) 0.97 (0.88 1.06)
Number of Stents

none - - - - - - - - -

1 1.02 (0.98 1.07) 4.46 (3.01 6.62) 0.95 (0.89 1.00)

2< 1.03 (0.96 1.10) 2.72 (1.51 4.92) 1.00 (0.92 1.09)
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Table 8. The results of interrupted time series analysis of insurance coverage in Cardiac rehabilitation by programs

Participation in Cardiac rehabilitation Participation in Cardiac rehabilitation
. . Type of Cardiac rehabilitation
Variables  Fducation xercise Variables Education Exercise
Ylss NN° Ylss NN° OR 95% CI OR 95% CI
Pre-policy 14 1,532 358 1,188 Pre-trend 1.09 (0.95 - 1.26) 1.02 (0.99 - 1.06)
Post-policy 755 687 498 944 Post level change 87.44 (36.79 - 207.83) 1.99 (1.43 - 2.76)
Post_trend change 0.97 (0.79 - 1.05) 0.95 (0.90 - 0.99)
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Table 9. General characteristics of the baseline study population

MI P-value Stroke P-value CV_death P-value
Variables Total Yes No Yes No Yes No
N % N % N % N % N % N % N %
Total 2,988 100.0 339 11.3 2,649 88.7 31 1.0 2,957 99.0 20 0.7 2,968 99.3
Participation in
Cardiae. rehabilitation <0001 0.1591 0.0096
Yes 1156 387 97 84 1059 91.6 8 0.7 1148 993 202 1154 99.8
No 1832 61.3 242 132 1590 86.8 23 1.3 1809 98.7 18 1.0 1814 99.0
Sex 0.9444 0.5959 0.9945
Male 2243 75.1 255 114 1988 88.6 22 1.0 2221 99.0 15 07 2228 99.3
Female 745 249 84 113 661 887 9 12 736 98.8 5 07 740 993
Age 0.1598 0.0029 <.0001
50-59 1060 355 109 10.3 951 89.7 4 04 1056 99.6 1 01 1059 99.9
60-69 917 30.7 100 109 817 89.1 8 0.9 909 99.1 303 914 997
70- 1011 33.8 130 129 881 87.1 19 1.9 992 981 16 1.6 995 984
Educational level 0.0549 0.0266 0.0782
Elementary or 821 275 108 132 713 86.8 14 1.7 807 983 9 1.1 812 989
m}ddle school
glgh school, 2167 725 231 10.7 1936 89.3 17 0.8 2150 99.2 11 05 2156 99.5
ollege or above
Difficul ayin:
medi caltybiﬂ ying 0.2651 0.295 0.3157
Yes 152 51 13 86 139 914 320 149 980 2 13 150 987
No 2836 949 326 11.5 2510 88.5 28 1.0 2808 99.0 18 0.6 2818 99.4



Smoking status
Current smoker
Ex-smoker
Non-smoker

Drinking status
Current drinker
Ex-drinker
Non-drinker

BMI(kg/m?)
<25
>25

Regular exercise
Yes
No

Risk factors
Hypertension

No

Yes
Diabetes

No

Yes
Dyslipidemia

No

Yes
Cancer

732
795
1461

1171
405
1412

1671
1317

500
2488
622
2366

1619
1369

513
2475

24.5
26.6
48.9

39.2
13.6
47.3

55.9
44.1

16.7
83.3
20.8
79.2

54.2
45.8

17.2
82.8

71
105
163

115
59
165

185
154

51
288
56
283

160
179

52
287

9.7
13.2
11.2

9.8
14.6
11.7

11.1
11.7

10.2
11.6
9.0

12.0

9.9
13.1

10.1
11.6

661
690
1298

1056
346
1247

1486
1163

449
2200
566
2083

1459
1190

461
2188

90.3
86.8
88.8

90.2
85.4
88.3

88.9
88.3

89.8
88.4
91.0
88.0

90.1
86.9

89.9
88.4

0.0924

0.0294

0.5945

0.3762

0.0385

0.0061

0.3428

0.0285

14
14

11

15

18
13

0.3
1.2

0.9
1.2

729
781
1447

1166
394
1397

1653
1304

496
2461

620
2337

1605
1352

509
2448

99.6
98.2
99.0

99.6
973
98.9

98.9
99.0

99.2
98.9
99.7
98.8

99.1
98.8

99.2
98.9

0.0309

0.0005

0.8093

0.5657

0.0477

0.3108

0.5267

0.6311

0.3
0.6
0.9

0.2
1.7
0.8

0.8
0.5

0.8
0.6
0.3
0.8

0.6
0.7

1.4
0.5

730
790
1448

1169
398
1401

1658
1310

496
2472
620
2348

1609
1359

506
2462

99.7
99.4
99.1

99.8
98.3
99.2

99.2
99.5

99.2
99.4
99.7
99.2

99.4
99.3

98.6
99.5

0.2447

0.0032

0.412

0.6946

0.2319

0.7064

0.0339

<.0001



No
Yes
Chronic kidney
disease
No
Yes
Cardiac diagnosis
UA
MI
Type of procedure
PCI(Stent)
PTCA(Balloon)
Target vessel
LM and LAD
Others
Number of stenosis
vessels
1
2
3<
Number of Stents
none
1
2<

2614
374

1685
1303

1625
1363

2875
113

1735
1253

1258
946
784

108
2010
870

87.5
12.5

56.4
43.6

54.4
45.6

96.2
3.8

58.1
41.9

42.1
31.7
26.2

3.6
67.3
29.1

284
55

147
192

189
150

313
26

166
173

101
120
118

25
212
102

10.9
14.7

8.7
14.7

11.6
11.0

10.9
23.0

9.6
13.8

8.0
12.7
15.1

23.1
10.5
11.7

2330
319

1538
1111

1436
1213

2562
87

1569
1080

1157
826
666

&3
1798
768

89.1
85.3

91.3
85.3

88.4
89.0

89.1
71.0

90.4
86.2

92.0
87.3
84.9

76.9
89.5
38.3

<.0001

0.5912

<.0001

0.0003

<.0001

0.0003

12
19

12
13

0.5
1.8

0.8
1.3

1.0
2.7

0.7
1.5

0.5
1.3
1.7

2.8
0.9
1.0

2586
371

1677
1280

1612
1345

2847
110

1723
1234

1252
934
771

105
1991
361

98.9
99.2

99.5
98.2

99.2
98.7

99.0
973

99.3
98.5

99.5
98.7
98.3

97.2
99.1
99.0

0.0006

0.1619

<.0001

0.0281

0.0262

0.1871

0.4
24

0.5
0.9

0.6
0.8

0.6
1.8

0.7
0.6

0.2
1.0
1.0

1.9
0.4
1.1

2603
365

1677
1291

1616
1352

2857
111

1723
1245

1255
937
776

106
2002
860

99.6
97.6

99.5
99.1

99.4
99.2

99.4
98.2

99.3
99.4

99.8
99.0
99.0

98.1
99.6
98.9

0.138

0.3979

0.1435

0.8604

0.0474

0.0234
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Table 10. Association between Participation in Cardiac rehabilitation and 1-year occurrence of MACE

Variables Ml Stroke CV_death
HR 95% CI HR 95% CI HR 95% CI

Participation in Cardiac rehabilitation

Yes 0.68 (0.53 0.86) 0.74 (033 - 1.70) 0.19 0.04 - 0.86)

No 1.00 1.00 1.00
Sex

Male 1.00 1.00 1.00

Female 1.01 (0.73 1.39) 1.36 047 - 3.99) 0.69 0.19 - 2.54)
Age

50-59 1.00 1.00 1.00

60-69 0.87 (0.65 1.16) 1.74 051 - 5.97) 2.11 0.21 - 21.54)

70- 0.89 (0.66 1.20) 2.59 0.79 - 8.48) 5.61 (0.66 - 47.74)
Educational level

Elementary or middle school 1.00 1.00 1.00

High school, College or above 0.84 (0.64 1.09) 0.74 (033 - 1.65) 0.89 032 - 2.42)
Difficulty paying medical bill

Yes 0.67 (0.39 1.18) 1.98 059 - 6.70) 1.69 037 - 7.75)

No 1.00 1.00 1.00
Smoking status

Current smoker 0.93 (0.67 1.29) 0.74 0.18 - 3.02) 0.46 (0.09 - 2.38)

Ex-smoker 1.13 (0.83 1.52) 1.83 0.67 - 5.06) 0.32 (0.09 - 1.14)

Non-smoker 1.00 1.00 1.00
Drinking status



Current drinker
Ex-drinker
Non-drinker
BMI(kg/m’)
<25
>25
Regular exercise
Yes
No
Risk factors
Hypertension
No
Yes
Diabetes
No
Yes
Dyslipidemia
No
Yes
Cancer
No
Yes
Chronic kidney disease
No
Yes

0.94
1.17
1.00

1.00
1.03

1.00
1.13
1.00

1.12

1.00
0.75

1.00
1.04

1.00
1.22

1.00
1.89

(0.71
(0.83

(0.83

(0.84

(0.84

(0.55

(0.77

(0.90

(138

1.24)
1.64)

1.29)

1.53)

1.51)

1.02)

1.41)

1.64)

2.60)

0.69
2.71
1.00

1.00
0.92

1.00
1.33
1.00
245

1.00
0.45

1.00
1.60

1.00
0.36

1.00
4.14

(0.22
(1.01

(0.45

(0.46

(0.56

(0.19

(0.54

(0.11

(1.51

2.13)
7.26)

1.91)

3.88)

10.67)

1.08)

4.75)

1.26)

11.29)

0.52
2.76
1.00

1.00
0.91

1.00
0.77
1.00
1.77

1.00
0.54

1.00
0.30

1.00
4.10

1.00
1.80

(0.10
(0.83

(0.35

(0.25

(0.38

(0.17

(0.11

(1.57

(0.54

2.66)
9.13)

2.38)

2.39)

8.34)

1.76)

0.79)

10.73)

6.02)



Cardiac diagnosis

UA 1.00 1.00 1.00

MI 1.00 (0.80 1.25) 1.66 (0.79 3.52) 1.70 (0.66 4.40)
Type of procedure

PCI(Stent) 1.00 1.00 1.00

PTCA(Balloon) 1.41 (0.54 3.68) 1.46 (0.02 88.49) 0.89 (0.01 55.17)
Target vessel

LM and LAD 0.71 (0.58 0.89) 0.51 (0.24 1.06) 1.10 (0.44 2.76)

Others 1.00 1.00 1.00
Number of stenosis vessels

1 1.00 1.00 1.00

2 1.51 (1.15 1.98) 2.12 (0.79 5.73) 2.98 (0.76 11.61)

3< 1.71 (1.28 2.27) 2.28 (0.83 6.24) 2.37 (0.57 9.93)
Number of Stents

none 1.00 1.00 1.00

1 0.66 (0.25 1.76) 0.50 (0.01 30.38) 0.24 (0.00 14.96)

2< 0.65 (0.24 1.76) 0.50 (0.01 31.66) 0.60 (0.01 37.72)
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Table 11. Subgroup analysis stratified by independent variables

MI Stroke CV_death
Variables Participation in Cardiac rehabilitation
No Yes No Yes No Yes
HR HR HR HR CI HR HR CI

Sex

Male 1.00  0.65 (0.49 0.86) 1.00 141  (0.56 - 3.53) 1.00 0.61 (028 - 1.29)

Female 1.00  0.73 (045 1.18) - - - - - 1.00 0.16 (0.02 - 1.56)
Age

50-59 1.00  0.57 (0.38 0.88) - - - - - - - - - -

60-69 1.00 1.14 (0.75 1.73)  1.00 .73 (0.13 - 22.57) 1.00 0.62 (0.14 - 2.71)

70- 1.00 047 (0.30 0.74) 1.00 026 (0.06 - 1.18) 1.00 0.56 (023 - 1.36)
Educational level

Elementary or middle school 1.00  0.70 (0.44 1.10) 1.00 032 (0.07 - 1.50) 1.00 0.75 (024 - 238

High school, College or above 1.00  0.67 (0.51 0.90) 1.00 1.37 (047 - 4.02) 1.00 0.52 (0.21 - 1.30)
Difficulty paying medical bill

Yes 1.00 046 (0.04 4.86) - - - - - - - - - -

No 1.00  0.69 (0.54 0.87) 1.00 0.88 (037 - 2.06) 1.00 053 (025 - 1.11)
Smoking status

Current smoker 1.00  0.59 (0.34 1.03) - - - - - - - - - -

Ex-smoker 1.00  0.65 (0.41 1.02) 1.00 1.64 (049 - 547 1.00 052 (0.14 - 1.97)

Non-smoker 1.00  0.73  (0.52 1.03) 1.00 040 (0.11 - 1.52) 1.00 0.64 (026 - 1.56)
Drinking status

Current drinker 1.00  0.64 (043 0.96) 1.00 20.42 (0.57 - 738.26) 1.00 2.08 (043 - 10.01)



Ex-drinker
Non-drinker
BMI(kg/m’)
<25
>25
Regular exercise
Yes
No
Risk factors
Hypertension
No
Yes
Diabetes
No
Yes
Dyslipidemia
No
Yes
Cancer
No
Yes
Chronic kidney disease
No
Yes
Cardiac diagnosis

1.00
1.00

1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

0.63
0.74

0.75
0.57

0.32
0.74
0.81
0.68

0.64
0.71

1.09
0.61

0.69
0.57

0.69
0.67

(0.33
(0.52

(0.54
(0.40

(0.16
(0.57
(0.44
(0.52

(0.45
(0.51

(0.61
(0.47

(0.53
(0.29

(0.48
(0.48

1.22)
1.03)

1.03)
0.82)

0.64)
0.95)
1.51)
0.88)

0.91)
1.00)

1.96)
0.80)

0.90)
1.11)

0.98)
0.93)

1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00

1.00

1.00

1.00
1.00

1.00
0.26

1.09
0.29

0.74

0.84
0.83
0.82
0.66
0.61

0.67
0.80

(0.20
(0.06

(0.38
(0.06

(0.30

(0.36
(0.24
(0.24
(0.26
(0.24

(0.13
(0.30

5.09)
1.20)

3.10)
1.43)

1.80)

1.95)
2.80)
2.73)
1.68)
1.54)

3.57)
2.11)

1.00
1.00

1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00

0.44
0.32

0.45
0.87

0.19
0.57
2.32
0.52

0.75
0.38

1.15
0.41

0.54
0.33

1.13
0.33

(0.09
(0.11

(0.17
(0.30

(0.01
(0.27
(0.07
(0.25

(0.24
(0.14

(0.32
(0.16

(0.22
(0.09

(0.32
(0.13

2.08)
0.98)

1.22)
2.56)

2.96)
1.21)
73.87)
1.09)

2.37)
1.02)

4.15)
1.06)

1.35)
1.20)

4.00)
0.87)



UA 1.00  0.56 (0.39 0.79) 1.00 0.42 (0.09 1.97) 1.00 0.38  (0.11 1.33)

MI 1.00  0.84 (0.60 1.18)  1.00 1.03  (0.36 2.99) 1.00 0.67 (027 1.66)
Type of procedure

PCI(Stent) 1.00  0.70 (0.54 0.89) 1.00 0.84 (0.36 1.97) 1.00 0.50 (0.24 1.06)

PTCA(Balloon) 1.00 046 (0.12 1.78) - - - - - - - -
Target vessel

LM and LAD 1.00  0.66 (0.47 0.94) 1.00 0.70 (0.18 2.78) 1.00 0.79  (0.35 1.82)

Others 1.00  0.66 (0.47 0.93) 1.00 0.82 (0.28 2.40) 1.00 0.30  (0.06 1.36)
Number of stenosis vessels

1 1.00  0.71 (0.46 1.09) 1.00 1.47  (0.16 13.56) 1.00 0.62  (0.17 2.23)

2 1.00  0.72 (0.49 1.07)  1.00 1.02  (0.24 4.41) 1.00 0.37  (0.09 1.47)

3< 1.00  0.55 (0.35 0.86) 1.00 094 (0.24 3.78) 1.00 0.51 (0.15 1.79)
Number of Stents

none 1.00  0.55 (0.14 2.25) - - - - - - - -

1 1.00  0.79 (0.58 1.06) 1.00 .36 (0.51 3.65) 1.00 0.59 (0.22 1.58)

2< 1.00  0.54 (0.35 0.85) 1.00 0.12 (0.01 1.35) 1.00 0.43 (0.14 1.35)
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Table 12 AZdAIE Z2 7308 Z 9 AVEARIO] Oigh 19 oyl AH|E F7517]
g #Aolth. ws =m2 I d|RtolFo] vlsl FojFolA AZEA A A =
0.464H(95% CI: 0.34-0.63)2 54% &0 EAA 02 Qol5it} H&% 2A 3H|=
0.2481(95% CI: 0.06-1.00)2 76% W&} EAMoz Qolatx] oirt. Algdualgto 2
Al 0.168J(95% CI: 0.02-1.21)2 84% Wi} EAX o2 Q0|6tA| gt}
g2 I wifolol] vls] ool AZFEA A A= 0.894(95% CI:
0.70-1.15)2 11% Y&x4Y SAXNCZ J[YsHA] oo =HEF YA Add+=
1.0281(95% CI: 0.43-2.41) =ol} EAXoz Q0o]5tx] ¢ir;. A@HAgoz Qlst
AME QJFu| = 0.1741(95% CI: 0.02-1.32)& 83% WU EAROC=R Golstx] &
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0.578](95% CI: 0.39-0.82)2 43% Wx0] EAM02 Qolsit} &% g ¢au]=
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Table 12. The results of subgroup analysis stratified by type of cardiac rehabilitation

Ml Stroke CV death
HR  95% CI HR  95% CI HR 95% CI
Participation in Cardiac rehabilitation

Variables

Education
Yes 0.46 (0.34-0.63) 0.24 (0.06-1.00) 0.16 (0.02-1.21)
No 1.00 1.00 1.00
Exercise
?;I:(eﬁ;cf Yes 0.89 (0.70-1.15) 1.02 (0.43-2.41) 0.17 (0.02-1.32)
rehabilitation No 1.00 1.00 1.00
Education
& Exercise
Yes 0.57 (0.39-0.82) 0.21 (0.03-1.64) - - -
No 1.00 1.00
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(Table 14). 67§LA) HTAM WAy I@ule AP 2273 v)5ol 2o

]3] ZrojaLoll Al 0.6981(95% CI: 0.51-0.93), 1¥A] 0.684[(95% CI: 0.53-0.86), 2]
0.584J(95% CI: 0.48-0.70), 3¢m| 0.63u[(95% CI: 0.53-0.74)2 HEn wT
SARCR [ositt. 67lEMl HEF TA AAule ARAE =28 b|RlolFo|
u]sl] &Aool A 0.3641(95% CI: 0.10-1.28). 1d&} 0.748](95% CI: 0.33-1.70), 29
0.664H(95% CI: 0.35-1.24), 3dA&] 0.774}(95% CI: 0.46-1.31)2 x4} e
SARCR [ostA] Aot 67l AZyAgtoz QIFt A Y3dl= AFAE
23 ulifoo] vlsl AofollA 0.2581(95% CI: 0.03-2.42) F&1} FAKOo=
SOl6tx]  okokm, 1\ 0.2281(95% CI: 0.05-0.98), 2WA 0.488§(95% CI:
0.24-0.97), 3dA 0.384[(95% CI: 0.16-0.91)2 WH:= Fapy} Qlglon woh
AR CR [olsit.

Table 13. The results of subgroup analysis stratified by different definition for events

6-month 1-year 2-year 3-year
HR CI HR CI HR CI HR CI
M1, Participation in Cardiac rehabilitation
Yes 0.69 (0.51-0.93) 0.68 (0.53-0.86) 0.58 (0.48-0.70) 0.63 (0.53-0.74)
No 1.00 1.00 1.00 1.00
Stroke, Participation in Cardiac rehabilitation
Yes 0.36 (0.10-1.28) 0.74 (0.33-1.70) 0.66 (0.35-1.24) 0.77 (0.46-1.31)
No 1.00 1.00 1.00 1.00
CV death, Participation in Cardiac rehabilitation
Yes 0.25 (0.03-2.42) 0.22 (0.05-0.98) 0.48 (0.24-0.97) 0.38 (0.16-0.91)
No 1.00 1.00 1.00 1.00

Variables
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ABSTRACT

Impact of reimbursement of Cardiac Rehabilitation on participation and
Major adverse cardiac events

In Seon Song
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun-Cheol Park, MD, PhD)

The policy to strengthen the coverage of severely ill patients was
implemented to reduce the cost burden of using medical services felt by
patients, thereby improving access to medical services according to their
needs and ultimately improving public health regardless of income ability.
Among the four major serious diseases, heart disease has become the
second-largest disease death in Korea since 2014, and death from Acute
Coronary Syndrome (ACS), one of ischemic heart diseases, is the main cause.
Acute coronary syndrome (ACS) requires re-perfusion treatment with
percutaneous coronary intervention (PCI), and Cardiac Rehabilitation (CR)
including lifestyle changes for risk factor correction and exercise to
strengthen cardiovascular function is required to minimize and prevent the
possibility of recurrence of the disease after the procedure. In Korea,
awareness of the need for cardiac rehabilitation has increased, and cardiac

rehabilitation has been included in the health insurance benefit category



since February 1, 2017, in conjunction with the implementation of policies to
strengthen coverage for the four major serious diseases.

This study was conducted to analyze the trend changes in cardiac
rehabilitation participation before and after the salary of cardiac
rehabilitation and the effect of policy enforcement, and to understand the
effect of cardiac rehabilitation on Major adverse cardiovascular events
(MACE). Using Electronic Medical Record (EMR) of a senior general hospital in
Seoul, a retrospective medical record survey was conducted on patients who
underwent percutaneous coronary intervention (PCI) for acute coronary
syndrome (ACS) within the period (2014-2020), and a total of 2,988 people
(1,156:1,832) were finally selected as participants.

The statistical analysis method calculated whether or not the subjects
performed cardiac rehabilitation benefits, demographic factors, socioeconomic
factors, health behavior-related factors, and clinical factors as real numbers
and percentages, and conducted a chi-square test to analyze the
participation factors in the cardiac rehabilitation program. Interrupted time
series (ITS) was conducted to analyze the trend change in cardiac
rehabilitation participation and the effect of policy implementation before and
after February 1, 2017, when cardiac rehabilitation was paid. The result value
for this was expressed as an odds ratio (OR) by taking an exponential, and a
95% confidence interval (CI) was calculated. A chi-square test was performed
to analyze the factors of MACE after one-year follow-up of the study
subjects according to their participation in the heart rehabilitation program
and general characteristics. Using the Kaplan-Meier curve using the
long-rank test between variables, the probability of MACE occurrence was
estimated within one year depending on whether or not to participate in the

cardiac rehabilitation program. The Cox proportional hazard model was used



to estimate the risk ratio for each MACE within one year. Sub-analysis also
used the Cox proportional risk model to estimate the risk ratio for each
MACE in the cardiac rehabilitation program participating group within one
year, and the risk ratio for all deaths within one year and MACE within one
year. In addition, for the sensitivity analysis of MACE occurrence, follow-up
was performed over 6 months, 2 years, and the entire period. As a result of
the analysis, the hazard ratio (HR) and the 95% confidence interval (CI) were
calculated.

According to the study, 1,546 (51.7%) out of 2,988 subjects participated in
cardiac rehabilitation, 358 (23.2%) of them participated in cardiac
rehabilitation, and 798 (55.3%) out of 1,442 (48.3%) participated in cardiac
rehabilitation (P<.0001). In addition, there was a significant difference in
participation in the cardiac rehabilitation program according to age, guardian
status, education level, drinking, diabetes, dyslipidemia, heart diagnosis name,
procedure type, number of stenosis vessels, and number of stents. Second,
as of February 1, 2017, when cardiac rehabilitation benefits were converted
through disconnected ITS, data before and after policy implementation were
tracked and analyzed, and the participation of cardiac rehabilitation
programs increased 3.99 times (OR: 3.99, 95% CI: 2.89-5.51). As a result of
tracking by cardiac rehabilitation program, it was found that participation in
education program increased 87.44 times (OR=87.44; 95% CI. 36.79-207.83)
and participation in exercise program increased 1.99 times (OR=1.99, 95% CI:
1.43-2.76). Third, the difference in MI within one year depending on whether
or not to participate in the cardiac rehabilitation program was 97 out of
1,156 participants (8.4%) and 242 out of 1,832 non-participants (13.2%),
indicating that the incidence of MI was low in the participating group

(P<.0001). Stroke incidence was 8 (0.7%) in the cardiac rehabilitation



participant group and 23 (1.3%) in the non-participating group, showing low
stroke incidence and not statistically significant (P=0.1591). CV deaths were 2
(0.2%) in cardiac rehabilitation participant group and 18 (1.0%) in the
non-participating group, showing lower CV deaths in the participating group
(P=0.0096). The Kaplan-Meier curve estimated the probability of occurrence of
MACE within a year according to participation in the cardiac rehabilitation
program and found that the probability of MI (long-rank test: P<.001) and
stroke (long-rank test: P=0.03) in the cardiac rehabilitation group was lower
than that of the cardiac rehabilitation group. And It was confirmed that the
survival rate for CV death (long-rank test: P<.001) was higher in the cardiac
rehabilitation participant group than in the cardiac rehabilitation
non-participant group. The analysis using the Cox proportional risk model to
estimate the risk ratio for each MACE within a year showed that the MI
incidence risk ratio was reduced by 32% in the cardiac rehabilitation
participant group by 0.68 times (95% CI: 0.53-0.86), and the stroke incidence
risk ratio was lowered by 0.74 times (95% CI: 0.33-1.70), which was not
statistically significant. The risk ratio of CV death was 0.19 times (95% CI:
0.04-0.86) and it was confirmed that the effect of lowering by 81% was
confirmed. Fourth, a sub-analysis using the Cox proportional risk model was
conducted to estimate the MACE risk ratio within one year after setting the
non-participating group in the cardiac rehabilitation program as the
reference group. The effect of lowering the risk of MI in the participating
group compared to the non-participating group in the cardiac rehabilitation
program was confirmed in the group with men, the elderly, more than 25
BMI, unstable angina, hypertension, dyslipidemia, three or more stenosis
blood vessels, and two or more stents. In the non-drinking group and

patients with chronic kidney disease, the effect of lowering the risk of CV



death in the participating group was also confirmed compared to the
non-participating group in the cardiac rehabilitation program. In addition, the
risk ratio for MACE by cardiac rehabilitation program was estimated within a
year, and the risk ratio of MI incidence in the participating group was
reduced by 0.46 times (95% CI: 0.34-0.63) compared to the non-participating
group by 43%. Finally, as a result of observing the risk ratio of MACE by
dividing the follow-up period into 6 months, 1 year, 2 years, and 3 years the
incidence of MI tended to decrease as the period increased, and the risk of
Stroke and CV deaths tended to increase as the period increased.

This study determined whether or not to participate in cardiac
rehabilitation before and after February 1, 2017, and analyzed the effect of
policy implementation wusing disconnected ITS, indicating that cardiac
rehabilitation benefits had a positive effect on increasing participation in
cardiac rehabilitation programs. In addition, it was confirmed that the risk
ratio of MACE within one year in the cardiac rehabilitation participating
group was reduced compared to the non-participating group. In addition, as
the follow-up period increased, the risk ratio of MI among the risk ratio of
MACE tended to decrease. In other words, it has been proved that
participation in the cardiac rehabilitation program has the effect of
preventing the occurrence of MACE. Based on this, it is hoped that policies
that can improve the national health status through strengthening guarantees
in the future can be prepared and used as evidence for activating cardiac

rehabilitation programs with proven clinical effects.

Keywords: Strengthening the coverage of severely ill patients, medical
use, acute coronary syndrome, percutaneous coronary intervention,

cardiac rehabilitation, Major adverse cardiovascular events



