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Fa- o) -4 A A 8F 2 AFAY (Korean Genome and Epidemiology Study, KoGES)
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HA 7 MRS WMEES ARRSte] AR S22 HEed 2E(Cox
proportional hazards model with time-fixed covariates)Z A}-8-3fo] 23}
AL, Azl web Wal FWRe aelr] gl Az £5E 2 w9
% X3 (Cox proportional hazards model with time-varying covariates)<
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e dolgel /bge] vkl e Hgste] AAFAS B2 AT B
A A, BA BALS R version 4.2.3% AHgsdon, BAY #
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J et al., 2018).

A(tX) =X, (t)exp (B’ X)

>
5
o\

B
ot
Jj
[
=
fire)
0

3 BFe TG wAsk Azl net W] BE



(g(B.t)

PN
T

37

-
T

],

S

o

rvze]

-
oj

i

oH
oF
—_
file}

™

o

(x(t)=g@t)X)

Ao (H)expiBX,(t)}

Ao (H)expiBg, (t) X}

A(tlX)

ot
A

pogel

ﬂl

—

0

zo

)

A3}l

-

1

4

9

g

L=

H1 9

A el A

o

At Aok

9

at7] ¢

S

AN
X

el
;OO

gase)

dolEyto g Al

o
~H

i+
)

i

3H

A

7]
53

-

=
L

ot

g Q1o

<

=

a}7] o] (Holland PW

}4 (Consistency), &7}

A e E AlEdeld do=X

FARE ol

=

pzs

e

1987).

L

(Exchangeability), %A (Positivity)d 7]|+S E=ajof

et al

™
i

‘_”‘Vl
ol
w
I

3

4 (Consistency)

Q]
=

/3 (Exchangeability)

[¢)

-

g 7}

=g

0]
T

o]

[e)

=

1

kel
=4

17} Epol



94 eke 2% el AAA AFel FUsvhe e mFgAT. F4A

(Positivity)2 574 9ol =59 FEo] Auyjgog 0 o] ofojof st
dHow, BE Jhed Ay f& o k=Foly ARE WS THsAel 0

Bt} Aok & o n st} (Herna n MA, Robins JM, 2020).

o

rO
o
o
A
ri
o
f
:?L_',
X
i
gt
B
=
)
ry

AZE shAl A ¥
ol 93] W3k vl 1@ Z(Directed Acyclic Graph, DAG)7}F 4

AREE L QT RIS 2 A E8H e A WHeRs A% A WA

ol

ol

be Ale] Fasl

O

(Propensity Score Matching, PSM), 9%& 7}=*|(Inverse Probability Weighting,
IPW), FH T %53 (Marginal Structure Model, MSM), g-formula, <13} wj7j

22X (Causal Mediation Analysis) S©| 9lt}.

3.3. Parametric g-formula

Akl met WEke mEESA)9 FRFL)S neste] 54 An A
HgRe A9 ARARNY A% /9GS F437] A% g-formula 74



o

D3 kA

ay

(

=
=

oj

Ho

i
A

i
file)

of iz} W

FoA

]_
k9

N

oJEfol A A

]

h 6

2] eof o

&

Alvte] Qe of

i

7

A A =2

KeR
T

g-formula®] =92 o4

|

B

“+AE AF3H(Herna n MA, Robins

JM, 2020).



. 9+ 2%

1. AF Rty Qw54

b=t 01 - A o &+ = AFAT Y] (Korean Genome and Epidemiology Study, KoGES)
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£ 3. AR dvby 54

A
Baseline 13} 22} 3zt 4} 52} 6} 72}
N 2536
A4
A 1105 (43.6%)
o =} 1431 (56.4%)
a4 53.2 + 8.1
AFFE
Aestal &9 mwk 1413 (55.7%)
aEshal 49 796 (31.4%)
tEtnl o] =9 327 (12.9%)
5%
Al &5 <+ 1303 (51.4%) 1375 (54.2%) 1419 (56.0%) 1490 (58.8%) 1506 (59.4%) 1534 (60.5%) 1558 (61.4%) 1635 (64.5%)
HE(70 g/ m¥h) 1159 (45.7%) 1106 (43.6%) 1051 (41.4%) 996 (39.3%) 981 (38.7%) 936 (36.9%) 930 (36.7%) 868 (34.2%)
B5(70 g/ o) 74 (2.9%) 55 (2.2%) 66 (2.6%) 50 (2.0%) 49 (1.9%) 66 (2.6%) 48 (1.9%) 33 (1.3%)
F9%F
A4 T o3 2088 (82.3%) 2116 (83.4%) 2135 (84.2%) 2186 (86.2%) 2219 (87.5%) 2239 (88.3%) 2289 (90.3%) 2307 (91.0%)
HE(10 71/Y vRh 40 (1.6%) 55 (2.2%) 54 (2.1%) 37 (1.5%) 37 (1.5%) 42 (1.7% 37 (1.5%) 49 (1.9%)
0210 7B/ oA 408 (16.1%) 365 (14.4%) 347 (13.7%) 313 (12.3%) 280 (11.0%) 255 (10.1%) 210 (8.3%) 180 (7.1%)
5%
=5 4F 1698 (67.0%) 1743 (68.7%) 1498 (59.1%) 1438 (56.7%) 1477 (58.2%) 1353 (53.4%) 1363 (53.7%) 1388 (54.7%)
HE(1500 H|vh) 499 (19.7%) 569 (22.4%) 618 (24.4%) 639 (25.2%) 591 (23.3%) 703 (27.7%) 689 (27.2%) 711 (28.0%)
©-5-(1500 ©]4) 339 (13.4%) 224 (8.8%) 420 (16.6%) 459 (18.1%) 468 (18.5%) 480 (18.9%) 484 (19.1%) 437 (17.2%)




E 3. AFTEAS AWA B4 (A%)

A

Baseline 1=+ 22k 3k 4zt 5%k 62k 72k

ANAZAF
A (23 kg/n? WHH) 747 (29.5%) 774 (30.5%) 824 (32.5%) 811 (32.0%) 814 (32.1%) 822 (32.4%) 832 (32.8%) 765 (30.2%)
HAF (23 kg/m o),
25 kg/nf HH)
HEE (25 kg/m® ©]A)) 1112 (43.8%) 1069 (42.2%) 1055 (41.6%) 1033 (40.7%) 1079 (42.5%) 1057 (41.7%) 1071 (42.2%) 1099 (43.3%)

677 (26.7%) 693 (27.3%) 657 (25.9%) 692 (27.3%) 643 (25.4%) 657 (25.9%) 633 (25.0%) 672 (26.5%)

Y g7

8= 2444 (96.4%) 2497 (98.5%) 2492 (98.3%) 2492 (98.3%) 2503 (98.7%) 2483 (97.9%) 2484 (97.9%) 2482 (97.9%)

U 92 (3.6%) 39 (1.5%) 44 (1.7%) 44 (1.7%) 33 (1.3%) 53 (2.1%) 52 (2.1%) 54 (2.1%)
H¥d A% o

aes 2520 (99.4%) 2527 (99.6%) 2525 (99.6%) 2522 (99.4%) 2513 (99.1%) 2526 (99.6%) 2519 (99.3%) 2507 (98.9%)

A 16 (0.6%) 9 (0.4%) 11 (0.4%) 14 (0.6%) 23 (0.9%) 10 (0.4%) 17 (0.7%) 29 (1.1%)
WY A A o7

e=s 2513 (99.1%) 2499 (98.5%) 2485 (98.0%) 2461 (97.0%) 2449 (96.6%) 2432 (95.9%) 2422 (95.5%) 2407 (94.9%)

A 23 (0.9%) 37 (1.5%) 51 (2.0%) 75 (3.0%) 87 (3.4%) 104 (4.1%) 114 (4.5%) 129 (5.1%)
Z ZY2HE 3% 197.2 £ 34.6191.0 + 33.8195.5 + 33.9195.4 + 34.8191.8 + 35.0187.0 + 34.2184.7 + 35.7186.6 + 37.5
F%7] Y

120 mmflg w3t 1508 (59.5%) 1601 (63.1%) 1462 (57.6%) 1361 (53.7%) 1387 (54.7%) 1232 (48.6%) 1284 (50.6%) 1036 (40.9%)

120 mnHlg ©)% 1028 (40.5%) 935 (36.9%) 1074 (42.4%) 1175 (46.3%) 1149 (45.3%) 1304 (51.4%) 1252 (49.4%) 1500 (59.1%)
A FEIA 5§ AR

Basa] g 2532 (99.8%) 2536(100.0%) 2533 (99.9%) 2525 (99.6%) 2527 (99.6%) 2524 (99.5%) 2522 (99.4%) 2522 (99.4%)

283 4 (0.2%) 0 (0.0%) 3(0.1%) 11 (0.4%) 9 (0.4%) 12 (0.5%) 14 (0.6%) 14 (0.6%)




E 3. TR 4Ry B (AF)
2
Baseline 1=+ 23} 33} 42} 52t 62t 7}
A 1AEFY 5& A7
BesA go 2514 (99.1%) 2487 (98.1%) 2471 (97.4%) 2419 (95.4%) 2336 (92.1%) 2167 (85.4%) 2129 (84.0%) 2031 (80.1%)
83 22 (0.9%) 49 (1.9%) 65 (2.6%) 117 (4.6%) 200 (7.9%) 369 (14.6%) 407 (16.0%) 505 (19.9%)
AAE Ad o7
STR=S 2536 (100.0%) 2526 (99.6%) 2520 (99.4%) 2523 (99.5%) 2520 (99.4%) 2510 (99.0%) 2505 (98.8%) 2499 (98.5%)
A 0 (0.0%) 10 (0.4%) 16 (0.6%) 13 (0.5%) 16 (0.6%) 26 (1.0%) 31 (1.2%) 37 (1.5%)




RoAge] MAR oA 2,536 T 1,213 (47.8%) S RE AHNA A
&, AT, v 5 7o) dEe] I9laL, HAb 5867, ofAf 73T R T

1,3237(52.2%)2 4 3 W o]4e] WEo] AN tidAt= FlE ATt Al

s

i
o,
>

AYA 5T Aol mek Wats WMEAAE shekals] s 2 AHE A

AeE 2z QAT 4).

# 4. 2AE ARAT DA AR mE AAZFA s W}

Mean (£SD)

T Baseline 1=+ 23} 3z} 4z} 53} 63} 72}
AAE 24.3 24.2 24.2 24.2 24.2 24.2 24.2 24.4

3 g (£2.9)  (£2.8) (£2.9) (£2.9) (£2.9) (£2.9) (£3.0) (£3.0)
Z AEAE ) 24.4 25.7 25.4 24.9 25.0 25.4 24.7
AL (£2.4) (£1.6) (£2.1) (£1.7) (£3.0) (£3.1) (£3.5)
AL 25.0 24.9 24.8 24.8 24.8 24.8 24.8 24.9

o aqe (£3.2)  (£3.2) (£3.2) (£3.2) (£3.3) (£3.3) (£3.4) (£3.4)
ZF AHANE ) 26.5 26.4 27.5 26.9 27.2 26.5 25.3
AL (£1.5) (£4.2) (£3.3) (£3.3) (£5.00 (£3.2) (£3.6)

SD: Standard Deviation



w2 of =}

(n=586) (n=787)
BMI<21.5, n=33 BMI<21.5, n=31
23.1<BMI<23.3, n=29 23.1<BMI<23.3, n=37
25.2<BMI<25.5, n=31 25.2<BMI<25.5, n=35
| —
—: BAF Ak 715(23 kg/m®), —: HW Ak 7]F(25 ke/m?)

a¥ 4. Qo & AAFRA s Ws gz
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file)
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file)

el

H| 7} oF 1.3181(95%

3]
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] AT 2ol AEAlE 2 9

CI 0.65-2.66)= 3

i
o

1.5681(95% CI 0.81-3.01)& =9k

oh(

5).

-
it

| B

o] °F 1.058}(95% CI 1.02-1.09)% =kaL,

7}

°] 0.998](95% CI

HAE A9

w4

s}
=

HEZ X7} 1 mg/dl =
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0.98-0.99) & tt}.
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Aol
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X 5. 7]F AlAY FHFS AMES XA F2 H]EHAE ZY ©E A
AFA o} AAs 2 ke #HA
A5
HR 95% CI Pvalue
A

w2t 1.00 (reference)

o] A} 0.55 0.29-1.06 0.073
Sk 1.05 1.02-1.09 0.002
AEFE

sl £ mgk 1.00 (reference)

s shal £4 0.78 0.40-1.53 0.475

t)atw o)A = 0.81 0.31-2.09 0.663
=T

S FEA] Fe 1.00 (reference)

HE 1.44 0.79-2.63 0.229

e 1.15 0.25-5.22 0.855
9%

AR &S 1.00 (reference)

HE 1.57 0.37-6.59 0.540

= 0.89 0.43-1.84 0.750
5%

I I 1.00 (reference)

HE 1.11 0.58-2.15 0.751

B 0.49 0.17-1.40 0.182
A A ZFA

Ry 1.00 (reference)

A5 1.31 0.65-2.66 0.450

H] 9k 1.56 0.81-3.01 0.182
Z ZHEZHE 0.99 0.98-0.99 0.015
F57] g

120 mmHg 7] %F 1.00 (reference)

120 mmHg ©]%F 1.53 0.90-2.60 0.116

HR: Hazard Ratio, CI: Confidence Interval
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1.358(95% CI 0.72-2.56)2 =9kor} EAHoz §9
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Hl H]9F TJFol = AWAls A f1ge] oF 2.46W1(95% CI 1.24-4.90) = =

To-

i
_ﬂyl
gl

%

o] ¥ 0.47w)(95% CI

9%

A

Y
) AlHA s 9E o] oF 1.064)

WAs

A
o

Aol mls) o2k}

7re

= 14 =

o, %

[e]
Sk

0.26-0.85)=

(95% CI 1.02-1.10)2 =<

CI

0.4191(95%

oF
Qf

glo]l

9]
7] dere 120 mmHg W%+ o

0.21-0.79)& ©]

0.481(95% CI

ok
=1

9130

Pl

A

120 mmHg ©]% &A=

’

0.30-0.78)& t©]

H]



E 6. Az weEt WEle FTHZFS AMES AR FE5Y F2 AR 2y
of ME AAZFATe AHAE LA Y] AHA
ATAE
HR 95% CI Pvalue
A

b 1.00 (reference)

o &} 0.47 0.26-0.85 0.013
il 1.06 1.02-1.10 0.006
AEFE

I5st £ vwk 1.00 (reference)

1FE E4 0.69 0.29-1.68 0.417

t)atw o)A = 1.03 0.30-3.51 0.967
=T

S FEA] Fe 1.00 (reference)

HE 1.35 0.80-4.06 0.260

B 2.23 0.10-1.16 0.286
9%

AR Fe 1.00 (reference)

HE 0.55 0.07-3.94 0.560

s 0.33 0.09-1.15 0.083
5%

ST &S 1.00 (reference)

HE 0.64 0.40-1.02 0.060

= 0.41 0.21-0.79 0.008
A A ZFA 5

ey 1.00 (reference)

I3 5 1.35 0.72-2.56 0.350

H] gt 2.46 1.24-4.90 0.010
3

A 1.00 (reference)

R 1.29 0.47-3.50 0.618

HR: Hazard Ratio, CI: Confidence Interval



[e] [¢)
HR 95% CI Pvalue
HEg# A

S 1.00 (reference)

R 0.64 0.09-4.61 0.658
s A3

A 1.00 (reference)

R 1.38 0.52-3.68 0.518
Z FH2HE 1.00 0.99-1.00 0.381
F57] 8

120 mmHg W] 1.00 (reference)

120 mmHg ©] 0.48 0.30-0.78 0.003
IXEFF 5§

5834 &5 1.00 (reference)

583 1.35 0.69-2.65 0.384

HR: Hazard Ratio, CI

. Confidence Interval



Parametric g-formula
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(Directed Acyclic Graph, DAG)
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(t),

A

A4
Bek(t-1), AXNBAF(t-1),

A=(t):
FEF(): &
Fi(t): F=(t-1),

A4

(1),

o
B
_E.h

THF(t),

o
1o
oh

A 9=(t),

o

A4

]

=
T

| deH(t-1), &l 58&(t-1), aL

=
[}

%7
il

)

P

T

==
=

_"

8

(t),

28 (t-1), 1A
TZ(t),

d2=H=(t),

[e)
i=

A
=

oF
=4

=

o

(t),

71 deh(t), Gx(t), HdFH A3 (1), F&aA

A= (L),

5

=]

%7

PN
T

d2HZ(t-1), 2AI=

=
=

==

A A8 (t-1), S5F(t-1), TAF(t-1), =
7] "k (t-1),

}\vr—‘
T
CH

==

}\'7—‘
T

d2=H=(t-1),

AF(t), +EF(t),

=
=

%

W A B(t):
d2=HE (1),
A 2E = (t):

5

7] " (t):
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A
=

Hdg7 A3(t):
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o
S
S
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=
=
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B
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bmi means
ooooo
O=_NWh
| D .

lII lII III III III III III lll
1 2 1

12 3 12 3 12 3 123
time

0.6

drink means
20 a
oON A
[ I T |
]

|

|

|

|
. m
-Fll' _
-
!

| =
|
| m
|

time
» 0 1 2 3 4 5 6 7
| oeert
(4%
D 0.75-
€ o0.50-
[e5]
L o2s5-
Sooo-M__N N_=8 H_ul _=f H_- N_-1 H 5 = -5
& 123 123 123 T 23 1228 123 A 3 12 3
time
2
g 0.75 -
£ 058
5 0.25-
% 0.00-
% 0
D 0.6 -
E 04-
w
202
g 1 2
197 .5~
195.0 -
= 192.5 -
G 190.0 -
1875~
185.0 -
time
—: nonparametric estimates, —: parametirc g-formula estimates

a8 6. AHAE T g v ESFE FA X9 parametric g-formula 3
A=A 7k H]aL



0.03 -

dm

0.02'- -

time

0.010 -
0.008 -
0.006 -
0.004 -

cv

time

0.05 -
0.04 -
0.03 -
0.02 -
0.0~

cad

time

0.006 -
0.004 -
0.002 -
0.000 -

dac

time

0.20 -

0.15:~

0.10 -

0.05 -

0.00 - v
(o]

dip

time

0.06 -
0.04 -

risk

0.02 -

0.00 - )

4 6 8
time

o-9
Ne-

—: nonparametric estimates, —: parametirc g-formula estimates
I 6. AT dAd 3 v E$3E A X9} parametric g-formula F
A2 7k v A (AE)



4.3, Parametric g—formula

S AR&ste] AA #ASFA A A A
(natural course) ©WH] ZF Ayl el ANE A TE. 95% A F G
bootstrap W& AR&dte] A=At RE tiAdAe] AARFATTE A
HAZF, vgrd wjo] wkAl A Asks Jhgete] el Ay, 2kl A ¥ div]
RE agdA SAIFSR frofg AdE Btk Ad A oy 2E g4
A7F B Aom st Avg e Al A o] of 0.58
Hl(95% CI 0.35-0.97)& & Ao AL, FAFA A LA %=
Akl Al 9ol oF 0.89u1(95% CI 0.78-0.98)% W& Aoz 3elwl
o Al A e 2E giAdAE vl Aue] oA e AliAls
A $1o] oF 1.398) (95% CI 1.10-1.65)% ¥& Aoz FAHJTHE 7).

Parametric g-formula WH<S

il
‘I {
i

o
vl

d

kv

7. AQ A% ov] ge] Ao BE AT B4 93

. g—form risk Risk ratio Risk difference
Intervention (95% CI) (95% CI) (95% CI)
Natural course 0.07 (0.05-0.09) 1.00 (reference) 0.00 (reference)
% 0.04 (0.02-0.06)  0.58 (0.35-0.87) -0.03 (-0.06--0.01)
A F 0.06 (0.04-0.08) 0.89 (0.78-0.98) -0.01 (-0.02--0.00)
H] 7k 0.09 (0.06-0.14) 1.39 (1.10-1.65) 0.03 (0.01-0.05)

Monte Carlo sample size=10,000, number of bootstrap samples=100
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hu] BTk TdFoA = ARHAlE A o] oF 2.4381(95% CI 1.16-4.55)=
=

® 8. 7MY Auged mE AAE 28 Ad

) g-form risk Risk ratio Risk difference
Intervention
(95% CI) (95% CI) (95% CI)
Natural course 0.07 (0.05-0.09) 1.75 (1.09-2.79) 0.03 (0.01-0.05)
Ak 0.04 (0.02-0.06) 1.00 (reference) 0.00 (reference)
A = 0.06 (0.04-0.09) 1.54 (1.08-2.17) 0.02 (0.00-0.03)
H| 7k 0.09 (0.06-0.14) 2.43 (1.16-4.55) 0.06 (0.01-0.10)

*Monte Carlo sample size=10,000, number of bootstrap samples=100
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A5E AHE3S

=
& A

T

A

0

H

AAF(23 kg/m* Wwh), A F(23 kg/m® ©]

2, 25 kg/m® wRE), HIRH(25 kg/m® ©]
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=
=

Parametric g-formula
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FAth. Parametric g-formula
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g omE 7MY, v 22 Aol 3

AR, AAAEe] ERols Aoz Auy= AWAE(First diagnosed

re
9
—
rr
o
I

AF), &2 AW A E (Paroxysmal AF), A& AW AlE (Persistent AF), &
7] A 44 AlHMAls (Long-standing Persistent AF), 12]3l %4 AlAl&E
(Permanent AF)o] EFE M ARG T, 2021), & AFeA = AEHA AA
s 09A AMAs s BARE ERTgoEA, tE FP9 WA
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parametric

bol AAFAFT APAE A 0] A
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= ABSTRACT =

Association between Body Mass Index and
the Incidence of Afrial Fibrillation

: Causal Inference Analysis Using the Parametric g-formula

Yu Jin, Oh
Dept. of Health Informatics & Biostatistics
Graduate School of Public Health

Yonsei University

(Directed by professor Sohee Park, Ph.D.)

Background: Atrial Fibrillation(AF) is an irregular heartbeat originating in the
upper chambers of the heart, and its prevalence is increasing with the aging
population. Various factors, including age, gender, and obesity, influence the
incidence of AF, with rising obesity rates considered a significant factor. Most
previous studies have been observational, limiting their ability to establish
causality and adequately consider various time-varying factors. To address
these limitations, international research has employed causal inference methods
like the parametric g-formula, but such studies are scarce in South Korea.
Therefore, this study aims to apply the parametric g-formula to longitudinal
observational data to examine the impact of Body Mass Index(BMI) on the

incidence of AF, considering time-varying factors and their relationships.

Methods: This study utilized data from the Ansan and Ansung



community-based cohorts of the Korean Genome and Epidemiology Study,
spanning from the Ist follow-up survey(2003-2004) to the 8th follow-up
survey(2017-2018). A total of 2,536 participants with no missing values for
study variables were selected. To examine the association between BMI and
the incidence of AF, time-fixed and time-dependent Cox proportional hazards
models were used. Additionally, the parametric g-formula was employed to
assess the risk of AF incidence based on changes in BMI for causal

inference.

Results: The study confirmed the association between BMI and the incidence
of AF using the Cox proportional hazards model and the causal inference
method, the parametric g-formula. While the time-fixed Cox proportional
hazards model did not indicate a statistically significant effect of BMI on the
incidence of AF, both the time-dependent Cox proportional hazards model and
the parametric g-formula revealed a significant effect. The time-dependent
Cox proportional hazards model indicated that the risk of AF incidence was
approximately 2.46 times(95% CI 1.24-4.90) higher in the obese group
compared to the normal weight group. The parametric g-formula analysis
revealed that the risk of AF incidence was about 1.54 times(95% CI
1.08-2.17) higher when all participants were overweight and about 2.43
times(95% CI 1.16-4.55) higher when all participants were obese compared to

when all participants had normal weight.

Conclusion: BMI influences the incidence of AF, suggesting that maintaining

a BMI below 25 kg/m? could help prevent AF. These findings provide



additional evidence emphasizing the necessity and importance of weight

management in preventing AF.

Key words : Body Mass Index, Atrial Fibrillation, Cox Proportional Hazards

Model, Parametric g-formula
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