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I. A&

1. 47 "7
Al A B3 7] 5H(World

o

ealth Organization, WHO)= o}so] AF 671H9]

fr et ol Asdd AR oY AFE FI AFHoE B
Ha e, B et obs o Ao Abole] AdAdel dig 17 AT
of AAA EduF G v ZAIigEsE AHEY HesagaRdoa o
2] 5 A = (Intelligence Quotient, I1Q) H *}o]7} 3.44%(95% CI, 2.30-4.58) 2
B Ef i obsolA o 52 AeAFrE SAEAT. v obs o ofwy
AsATE FASAS o, o5 AsAF Hi Aol= 2623 (95% (I,

1.25-3.98)2.2 Zo]=th(Horta et al., 2015).

B ek obEel 91X wd Aol wah Aol FabglulA Wy
Mg Aol m AA Bbsd BAS AT QU1 R BAAT s %
Woglth o2l @ e A U@ heto R AARITFWHOS fu]

A 3Z(United Nations Children’s Fund, UNICEF)o| <]s] 7j&e welF29]

o}7] ABA WANHE TH TS WAt BE SR H0L ALt o

.

“+(Promotion of Breastfeeding Intervention Trial, PROBIT)ZS A 3)slo] X
ek 654 obse 1A TH FF AFE HIUFsATE o] A+ 17,0469



o {3 ofFo] TEHALH, 15 13839% (81.5%)= 6540 F% #zat

Atk Q1A T8 HrE AEY A FA 5 (Wechsler Abbreviated Scales of

Intelligence, WASDE 74301, 1 A3 AT Yx2THY BE 459
AT B A7 o =4 SAFHAT. A&y ASAFT HE xole=

Aol AHAF7F 758(95% CI, 0.8-14.3), 3 AsAF7F 294(95% CI,
-3.3-9.1) 293 AA AS5AF7F 598 (95% CI, -1.0-12.8) o]tk A8
stAF 7 HFE 97e) 7] BFolA AlgTto] xR =okth 371€

}4

ngke] R Feb vluste] 370l A 671 Abel o] Ef i ol Als
A 4=7F 4.78(95% CI 4.0-5.3), 6714 o] @5 Ef /= 5

37-67) O =sdvh 3 AsATe IhLAA 670 mvte] Bf s/t 1.2
A(95% CI, 0.6-1.8), 6704 o]de] Ef Fi/7F 2.18(95% CI, 0.8-35) ¢ =
skow], A AeAg= MDA 670 mivke] B =7k 33%(95% CI,
2.7-4.0), 6704 o]del Ef FH7F 42%(95% CI, 28-564) W =AUk
(Kramer et al., 2008).

g ols s SR 3 AFE ATEW, 5 E=AI9 Studa EE
874 9] olFe WAo® Ei Faet FoE ZAY HddE ol (Attention
Deficit Hyperactivity Disorder, ADHD) % 7]} &5 TA A#AAd] st
obs o] ATAFe obF el ofmy ATAF o 7hek Aol A B
obF o] AeA et ydo] glo] obF el Fo0E A FEA w=
7} obs AsAFel ddol As= AAFSTHPark et al, 2014).

of o}z o] Q1A o A #sto] T ofFm Aol A

m%

[UO
o,

_(I_Dl_
91 g=tols 3 (Panel Study on Korean Children, PSKC) #}&©l
A Bf e K-ASQ(3H3 Ages & Stages Questionnaires) S 7H7F 9l

17527 9] obFS W em R i 7|ZFel whet ofF o] it Awo] 5570
-ASQ



b= 378 ol B et wlaste] 370d v B o)
o] 1.45u1(95% CI, 1.02-2.01)= FolstA =4 Yetstth. 28y o}
Aol 55714, 141704, 26270l S4 ¥ Denver II, 3877H€ol 44
& 2 %3 ]3] ZHAMReceptive and Expressive Vocabulary Test, REVT)

(2
iV
N,
e

T

oft
o,
o,

ag)a 99271 SA4¥ vl A5 HANMulti-Factorial Intelligence Test,
M-FIT) A¥ 5 479 Qx| F7tol vt F2g Aol& BT 3id Al

ABAToNA BEf FRHEG ofs9] oy AsAFe & 744 89 &
o] thE Q9o Qx| we] ] & A4 Q907 Huy AL foJstojor gt
v B 3% JdtHKim & Choi, 2020).

gy FA ol F 50d ol d= e FA A FEAT I

=7} ols W A (The National Child Development Study, NCDS)el A +=

T Al 2A R sk Al Alele] S EAs =, IAUE
A 4 ok A Abole] AdA2 TAlAM 164 = 7t
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Wae 09149(95% Cl, 0.42-1.40) 18t

ke
T

=1

nLo
= -

2.20-5.33), W&

341 Brazilian reals(95% CI, 93.8-588.3)7} © = tH(Victora et al., 2015).
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1. 947 A=

1) g=xolsdd

gl=tol5 34 (Panel Study on Korean Children, PSKC)& o}% o] =AY
2008 =(1xPA =) HE Al 27190 2027d =0 A =) 7HA] F 20 7F wiy
A g obs It Tkl el Sobd A AT Ao EASE g obs A
g Fod ol daolsalde 2008 d 4€o A 7E Alolo] EAE Al
Aol 7h4E RO ® du 38 FE9 25629 Aol 7 F 1A
ANA 3APA=ZAA s ARl g Wolgte FHod 21507tE A FES

2 TESGT AL A4 Y EE obE ofBe] F FRA REE T

rob

[y

[-'V
!

A& Ay, £ AFolME e dF Amvks ALEste] £40 F-3
o9 TtEAE A &8k Furh

ol AATF e wid 134 23] 7] FHo]H o] #d XAF dmd
AnE FNATsL At daolsaid e Hd 2AE ghsd 2020 =(13
Adm) AR 7F 20239 1€ FE e, 20213 = (143 d =) A RE 2024
W19 FE dgoltt. shmolsde Solg A A4 IRB(Institutional
Review Board) ¢l A7} Al8ld 20143 =(72atd %) djd A &55H IRB <

s FASsAT (Fh=rokEdid uvlolEl Abg A F A (2016, 2023)).
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D AT HA 2 24 Py

R4

gk 2008 =(12h)F-H 2023 1ol s70¥ 2020 = (132 AF=7A]

o] =4

>=
o

vl
=

hHE
WM 9= (time-varying covariate) 2}

2020 (13=

wl
=

A} 2008 =(121), 20161 = (92

W 4= (time—-invariant covariate)”} 9ttt E ¢ Lol A

o) -
e -

=i}
=

713, A E 73
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Z} A ¥ FAste] W gES A 5 (Propensity Score, PS)Z A4k

Fol 7t A (Weights) & A &3t} 7t 7Hd9 " (Pseudo population)

ol

S W=+ IPTW(nverse Probability of Treatment Weights) WH o2 35
o] =& At Al & Fa1, FEo] W2 didAdA ¥ F= S A8
o TFsA7E SEA] e A EE A stE 7S] (Stabilized

Weights, sw)E 483 542 thad 2k 24 Ald ¥ w48t &8s +

A5 HAE 2D B2 SAS version 94 2 R version 4.3.1 TE1HS A&

stol wAstgor], RE B4 Aste BAH §95FL pvalue <0062 &



AT AE: Fwobsad 20089 = (12 5=)-2020 = (1344 =)

AT Yk BFolEI Ao F28 olF 21509 F

oo o o= 9}7
= T = =2 T 1=
OAIE U 13AUE Badl ASAAE BT AN FANS A% Aele 11399

i
o
4
E
N
a
v

29 A%z

o

Ab (7E 8A) TP thal A (3 124)

=]

A T A

time-invariant covariate time-varying covariate

time-varying covariate

obs: A, AMEIzE 2 ol o1¥ o 17
24 A AF Y R Ay, wesE 2 Y R Ay, wesE 2
b Bt AEFFE b Gt AEFE
(2008\1 &=) (201614 &=) (202004 =)
2 9 dwsl 54 W4 2 (Generalized Estimating Equations, GEE) 2
FW 7228 (Marginal Structural Models, MSM)
a9 2. A AA FH 24 e,
./—Ml {.ﬁ\l
Sy AT
2l 9|
= o] =k =
OrsCl =4 Al HE
ol d<

obS 2] X712t

(i)

mgagslzt  CIROIXSZA(BHaM) 29l KISZA (2 124)

19 3. Directed Acyclic Graph (DAG).
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1. 444

Jm

3

1) AFodRe A 54

Aol WA B4 obBel A (R 04 £ AR

o B4 Asolt(E 3. AF ATUIA ok 11399 F HEe ot 572

A 717k ZA4bolQl 375 mIRkQl 259 wmwho] 4078 (3.5%), 375 o] &<l
2599 ool 1,097 (96.5%) 01Utk FAE Al AT AAT sEet=
2,500g M ko] 317 (2.7%)°] 3L, 2,500g ©]/¢-2 1,108%(97.3%) °] AT}

R i 71 0¥ES 458 (4.0%), 179 139%(12.2%), 2-37H4-&
190 (16.7%), 4-6704- 13178(11.5%), 7-1271¥ > 2827 (24.8%), 13-1871¢
& 25078 (21.9%), 18704 Z=¥+= 1029 (9.0%)°] Aot

obs A A FE AP BEF 204 oo oyl dAi2 304 wwt
o] 3689 (32.3%), 30-3941+= 7519 (65.9%), 4041 ©]/&2 207 (1.8%)°] AT}, of
W] A5 3041 wlwRke] 1557 (13.6%), 30-3941+ 9057 (79.5%), 404 o] %
& 797 (6.9%)°] A T



&3 AulgAke] dnbs 54 (N=1,139)
N(%)
1A=

ols Ad

=1 572 (50.2)

o 567 (49.8)
A e 717HD)

< 259 (F4toh) 40 (3.5)

> 259 1,099 (96.5)
=2 Al AF(g)

< 2,500 (A AZF) 31 (2.7

> 2500 1,108 (97.3)
B FF 71230014)

0 (BH &/ 34 2£3) 45 (4.0)

1 139 (12.2)

2-3 190 (16.7)

4-6 131 (11.5)

7-12 282 (24.8)

13-18 250 (21.9)

>18 102 (9.0)
(obs =4 A B A=)

<30 368 (32.3)

30-39 751 (65.9)

>40 20 (1.8)
(obs &4 A F A=A

<30 155 (13.6)

30-39 905 (79.5)

=40 79 (6.9)




4 E11e] 59

(5.2%)01 At} 9xbd el = 5l o]st EYo] 3237 (28.4%), thdtil

Yol 7538 (66.1%), et &1l 638 (55%)°lAtt. 132k ol = als st
8

olal &40 2999 (26.3%), thsta E]ol 767 (67.3%), e Elo] 73

o
w
Q1
o
o
w
)—l
&
BN
£ T
i)
=
i
e
o,
~J
[\
[\
of
>
w
N
X
ful
ot
o,

ofp Al wSFE HFTEHol IxdRe uestul o]d £9io] 35849
68378 (60.0%), et &< o] 9878 (8.6%)°l U tt. 92d

Lol asstul old E§io] 3169 (27.7%), st E o] 70898 (62.2%),

Yol 11598 (10.1%)°] AT}, 133 d =l = aL

(26.5%), theta Ede] 7027 (61.6%), et =il 1357 (11.9%)el At}

93 8 HFsEol FHHAT, Hetw EYel MY Be

Sl olsk &%]ie] 3024

N

ST 1Ad = 2009 W whE 48%(4.2%), 200%H ©]
2 4009H W RELS- 6059 (53.1%), 4009+ o] 6009 W wkS 360 (31.6%),
600RE o] 2 1269 (11.1%) 01 Atk 9xkbd &=of 2007kl wwke 257 (2.2%),
2008kl o] 400wkl w Rk 3367 (29.5%), 400k o]%F 600RFH MR
50178 (44.0%), 600%Hel o] & 2779 (24.3%) ol Ath. 13xFd =] 2009H w|=F
= 217 (1.8%), 20091 o] 400%Hd wlwkE 2687 (23.5%), 4007k ©] % 600
el RS 50578 (44.3%), 6007 o] 2 3454 (30.3%) 0l Atk 7 At
A5FES Wz d FrbstleT, 2009 o] 400RF ] whel Af 400%E<
6

H &l W shah gl et

rlo

00%HY mivto w7 713 =

.



3E 4 AT WA d dRky 54 (N=1,139)
N (%)
1Ad = 9xhd = 132hd &=
ALRRTES B
asstal olsk H9 358 (31.4) 323 (28.4) 299 (26.3)
etn =4 722 (63.4) 753 (66.1) 767 (67.3)
e =4 59 (5.2) 63 (5.5) 73 (6.4)
LTI S
sl ot 9 358 (31.4) 316 (27.7) 302 (26.5)
ekl 4 683 (60.0) 708 (62.2) 702 (61.6)
e £ 98 (8.6) 115 (10.1) 135 (11.9)
b AEI A5FE(TY)
<200 48 (4.2) 25 (2.2) 21 (1.8)
>200,<400 605 (53.1) 336 (29.5) 268 (23.5)
>400,<600 360 (31.6) 501 (44.0) 505 (44.3)
>600 126 (11.1) 277 (24.3) 345 (30.3)




2) B2 Ff 71zt BE gad AsHA 23

el AsAA TG Bt (EEdA)2 1 84 55.9(9.4)0] L, ®F 124]
°of 55.8(10.8)e] AT}, ®F 8Al= Ef S 7IZbel wel 07]€ 2 53.1(11.2), 170
42 554(094), 2-371¥2 55.009.1), 4-670€  56.6(10.1), 7-127H€¥L-E
56.7(9.1), 13-18704 56.6(85), 18709 =¥+ 54.3(106) oAtk ¥ 124+
R g 71l web 0759 53.4(10.7), 171¥€2 54.6(10.3), 2-3714-&
55.0(10.7), 4-67H€> 56.7(11.7), 7-127R¥S  56.6(10.9), 13-187H<L-&
56.6(10.7), 1871¥ %=+ 54.8(10.6) °] AT

AsAFIQ)e Hir(FwEHAhH2> wF 8Ale] 108.1(13.3)¢]aL, ®F 124
108.8(16.0) 0] A}, ®F 8Al= R+ =4+ 7]kl wet 07092 104.9(14.6), 1714
< 107.3(13.6), 2-370¥€2 1069(12.7), 4-671¥2 109.1(14.4), 7-1271¥€ =
109.2(12.9), 13-187H€¥2 109.1(12.2), 1871¢¥ =¥+ 105.8(15.1)°] At} vk 12
A= B - 717k met 07192 105.2(15.8), 17192 107.0(15.4), 2-3704
< 107.6(15.9), 4-671¥> 110.1(17.3), 7-127§1¥€2 110.0(16.1), 13-18704 &
110.0(15.8), 1871¥ =+ 107.4(15.5) ©|ATHE 5, 17 4-5).

=

5. 26 6 7106l WE Tad AsAde BE % mEAA

2 21 %] 5 ZHAHM-FIT) mean (SD)
T

A A5 A IQ)

N (%) w84 Wk 124 w84 w124

Wi R /1HONE)
O(RAr Ff 3 &) 45 (4.0) 531 (11.2) 534 (10.7) 1049 (146) 1052 (15.8)

1 139 (12.2) 554 (94) 546 (10.3) 1073 (136) 107.0 (154)
2-3 190 (16.7) 550 (9.1)  55.0 (10.7) 1069 (12.7) 107.6 (15.9)
4-6 131 (11.5) 566 (10.1)  56.7 (11.7) 1091 (14.4) 110.1 (17.3)
7-12 282 (248) 567 (9.1) 566 (109 109.2 (129 1100 (16.1)
13-18 250 (21.9) 566 (85) 566 (10.7) 109.1 (12.2) 110.0 (15.8)
>18 102 (9.0) 543 (106) 54.8 (106) 1058 (15.1) 1074 (155)
Z1 A 1,139 (1000 559 (9.4) 558 (10.8) 108.1 (13.3) 108.8 (16.0)
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A R 713kl mE vk 84 B 12419 thacl AsHA TR # A%

F A 717ke] el A 18 Y olatE HA H R

=R 28y i A 713ke] 370 olsk B 1870 b= A Hd

O ST ol R gt 71%ke] 370 winky}t mlalsko] 374 o] el A
1

SATIQ7E =kdd AddAFo Az e 4 JrHKramer et al.,

£X 9 AYATFE A BE Ff 710 119 2 2-30Ee 13704
2, 4-6709, 7-1270E 2 13-18702S 4-180d =2 EFste], 04Y, 1-37/14,
4-187192 2 18709 o2 AEFHAL, 4-1874LS 7+ HFE s B
A, dwrst FAAWAA(GEE) 3 FHTEEHMSM Hgste] R Ff
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(Trend test)

717F 4-18

6, 19 6-8). A
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m
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ﬁo

.

AT
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BTk

o % A}t

&9 (p=<0.001)
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F R 1) mE Bad A A R A

& 5% 717HNY) mean (SD)

0 1-3 4-18 >18 p-value?
vk 84
IQ(A 52 4) 1049 (146) 1071 (13.1)  109.2 (12.9) 1058 (15.1) 0.195
T 53.1 (11.2) 55.2 (9.2) 56.6 (9.1) 54.3 (10.6) 0.155
o131 484 55.1 (10.1) 55.8 (10.9) 574 (10.5) 56.0 (11.5) 0.146
Ao f54 552 (11.1) 57.1 (9.5 57.9 (9.4) 57.0 (10.0) 0.188
T35 52.8 (10.2) 54.0 (9.5) 55.1 (9.1) 54.0 (10.4) 0.178
e 51.6 (11.6) 53.9 (8.8) 54.7 (9.6) 51.8 (10.9) 0.808
A 55.8 (10.7) 56.3 (10.2) 576 (10.5) 56.1 (11.6) 0.295
9 534 (12.3) 55.7 (10.6) 56.3 (11.0) 54.1 (12.0) 0.739
v 124
IQ(A 52 4) 1052 (15.8) 1074 (157) 1100 (16.2)  107.4 (15.5) 0.073
T 53.4 (10.7) 54.9 (10.5) 56.6 (11.0) 54.8 (10.6) 0.078
o348 476 (10.4) 51.1 (10.3) 534 (10.0) 52.6 (10.6) <0.001*
Ao F+4 575 (10.8) 58.8 (10.5) 59.9 (10.9) 59.6 (10.9) 0.101
T35 48.8 (10.4) 51.3 (9.4) 52.9 (9.8) 51.0 (9.7) 0.042*
T8 g 52.2 (11.0) 51.0 (11.5) 52.7 (11.6) 49.1 (9.9) 0911
A2 551 (11.9) 56.2 (12.9) 565 (13.2) 55.0 (12.7) 0.955
2= 536 (8.9) 53.0 (10.0) 54.1 (10.3) 53.9 (9.1) 0.233
* p-value <0.05
¥ p for trend
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E 7RG SH 6] e BANE 89 4P
(N=1,139)
=6 G f A0 N (%) o
0 1-3 4-18 >18 brvatue
ofE gd 0.263
o 22 (39) 179 (31.3) 320 (55.9) 51 (89)
of 23 (41) 150 (265) 343 (60.5) 51 (9.0)
A e 71 7H(3)) 0.359
<959(F ko) 125 16 (40.0) 20 (50.0) 3 (7.5)
>259 44 (40) 313 (285) 643 (585) 99 (9.0)
E2F Al AlF(g) 0.149
<2,500(4 A %) 397 9 (2000 18 381 1 (32
>2,500 42 (38) 320 (289) 645 (582) 101 (9.1)
(o} =4 A = AHMAD 0.716
<30 12 (33) 111 (302) 218 (59.2) 27 (7.3)
30-39 31 (41) 212 (282) 436 (58.1) 72 (9.6)
=40 2.(100) 63000 9 450) 3 (150)
(o} =4 A F AHMAD 0.616
<30 4(26) 44 (284 99 (639) 8 (52)
30-39 36 (40) 257 (284) 528 (583) 84 (9.3)
=40 563 28 (3B4) 36 (456) 10 (127)
B onerE 0.068
1SS ot 29 20 (56) 114 (31.8) 189 (528) 35 (9.8)
etu £ 23 (32) 203 (281) 432 (59.8) 64 (89)
BRI 2 (34 12 (203) 42 (71.2) 3 G.D
B omgsE 0.016"
nEen %9 19 (53) 114 (31.8) 191 (534) 34 (95)
etu £ 23 (34) 194 (284) 412 (60.3) 54 (7.9)
EEIEE 33D 21 (214) 60 (612) 14 (143)
AT AT 255F(TE) 0.012"
<200 2(42) 13 (27.1) 24 (500) 9 (188)
>900,<400 22 (36) 161 (266) 367 (60.7) 55 (9.1)
> 400,<600 12 (33) 115 (31.9) 204 (567) 29 (8.1)
=600 9 (7.1) 40 (31.8) 68 (540) 9 (7.

* p-value <0.05
* p for trend



2) s AFIAEA

B g 713wt 7 AR d Asdrgdd mA s a3E gsAdd 3
21 (Multiple linear regression) HWH o 25k Aafolth(E R). TF 849
ASAFIQE EfF 7 7Izke] 4-1871€<Y o oiv] 0/1¥€2 4268 (B
=-4.26, SE=2.04, p=0.037), 1-371 €& 2118 (B=-2.11, SE=0.89, p=0.019), 187}
¥ ¥+ 3358 (B=-3.35 SE=141, p=0.018) w3} FAHS=E FoJstAtt.
THT THE B o 7IFe] 4-18714<d o v O7f€ 2 3523 (B=-3.52,
SE=1.44, p=0.015), 1-371 92 14478 (B=-1.44, SE=0.63, p=0.023), 1870¥ =}
+ 2373(B=-237, SE=0.99, p=0.017) =%l SAHSE FolstAtt. THF
stldd T ALY HAae B A 71kl 4-1870€d uf tiH] 1-374
42 1524 (B=-152, SE=0.72, p=0.034) S %3 TAHSZ Folstd o, 07
4 9 1870 2oe SAACE FostA @t FEE Hdaes By
71Zko] 4-1870€ < o ¥ 071€¥2 3178 (B=-3.17, SE=1.47, p=0.032), 187}
4 23 298 (B=-2.90, SE=1.02, p=0.004) ki FAHOZ Folst o,
1-3709e AR SR fFoatA] Ut o9 dolFF9, =43ed, 14
zhe 9 Y9 Hae B A 7Rkl 4-18714 Y wf i) o7, 1-370€
218N oA BT SAA SR FoshA %t

1241 Al AFIQ)E EAr G 7IRbe] 4-187d Y w thH] 1-378d &
26674 (B=-2.66, SE=1.08, p=0.014) S %} SAHASZ ol o), oM 2
1871 3= SAASE FYsh4] Fdtt THF THE B/ T/
4-1870 4 o div] 1-371¥€2> 1.7748(B=-1.77, SE=0.73, p=0.015) “3ti &
AFozZ fFolgtgo, o7ld ¢ 1871 =3 e SAHoRE FostA] &gt
THT st9ldd T o948 HAaes Ef 7 7Ito] 4-1871d Y o iy
019 5738 (B=-573, SE-156, p=<0001), 1-37194< 22178 (=221,

SE=0.68, p=0.001) sk A= Foalon, 1870d 3= A4S

fu
i

o

(3



a

= fostA @ =4steE Hae B A 713 4187149 w o
H 07 4.078(B=-4.07, SE=1.49, p=0.007), 1-37§€2 1588 (B=-1.58,
SE=0.65, p=0.016) “3ta FAA o=z folstalon, 18719 3= FA4S
= frolskA dku. ¥ Aae ER S 71kl 418714 uf i
1-370 48 1.69% (B=-1.69, SE=0.77, p=0.027,), 18704 =3+ 36273 (B=-3.62,
SE=121, p=0.003) w3t TAASZ Fofstdoy, 071d2 A4z 79
A @3kt ol9] dolfFH, A4 ¥ FHY Hdees R e 71T
o] 4-187€ <4 wj whH] 078, 1-37Hd B 18/0d ZIollA EF AR
TrelehAl gkt
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B4 A 71E08E)

0 1-3 4-18 >18
Intercept B SE p-value B SE p-value B SE p-value B SE p-value
Tk 84
IQ(A 5 A1) 109.2 -4.26 2.04 0.037* -211 0.89 0.019* reference -3.35 141 0.018"
TH= 56.6 -352 1.44 0.015* -1.44 0.63 0.023* -2.37 0.99 0.017"
o]3 2 &9 57.3 -2.21 1.64 0.178 -152 0.72 0.034* -1.37 1.13 0.228
Aol &9 57.9 -2.69 147 0.068 -0.85 0.64 0.188 -0.93 1.02 0.358
LA g5 55.1 -2.23 1.44 0.123 -1.10 0.63 0.083 -1.10 1.00 0.269
e 54.7 -3.17 1.47 0.032* -0.78 0.64 0.224 -2.90 1.02 0.004"
A RS 576 -1.81 1.62 0.265 -1.31 0.71 0.066 -151 1.12 0.177
e 56.3 -2.90 1.70 0.088 -0.62 0.74 0.404 -221 1.17 0.060
vk 124
QA5 A 4%) 110.0 -4.82 2.46 0.051 -2.66 1.08 0.014* reference -2.67 1.70 0.117
TH 56.6 -3.25 1.66 0.051 -1.77 0.73 0.015* -1.81 115 0.115
o]3 A g9 534 -5.73 156 <0.001* 221 0.68 0.001* -0.80 1.08 0.456
Aol &34 59.9 -2.37 1.66 0.154 -112 0.73 0.124 -0.35 115 0.763
£ 35Y 529 -4.07 1.49 0.007* -158 0.65 0.016* -1.83 1.03 0.076
e 52.7 -0.52 175 0.767 -1.69 0.77 0.027* -3.62 121 0.003*
THA 2+ 56.5 -1.39 2.00 0.485 -0.28 0.88 0.752 -1.46 1.38 0.290
9 54.1 -0.52 155 0.737 -1.11 0.68 0.103 -0.22 1.07 0.840

T il
* p-value <0.05
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Ha(obs A, A", A7t 2 2 A AF) 2ea FR dd deF
]_

skt B4 Al A#dlE X (working correlation  matrix)E 5
(Independence), 1.3+7}5 (Exchangeable), AF7]4F#(Autoregressive) % H] -
Z A (Unstructured) 2] QIC % QICuE H|uL3}e] 2}7]7dFH(Autoregressive) 2
HFEFx2E A8

thagl A THFo dnksts
= US9 ZU(E 9). Model 1914 ©f
Zbol 4-1871€ Y o oiv] 07]€-2 3.38%(B3=-3.38, SE=1.49, p=0.023), 1-371¢¥
2 1.6"(B=-1.60, SE=0.60, p=0.008), 187/1¥ =¥+ 2.098(B=-2.09, SE=1.01,
p=0.038) %3l TAIASE Fo5tAtt Model 2014 B & 82AE5S A3
= W vel AsHAS TS B 7 713kl 4-1870€d wf tin] 07K
¥ 3348 (B=-3.34, SE=1.49, p=0.025), 1-371 €2 1.6%(B=-1.60, SE=0.60,
p=0.008) kL, 1870 Z¥+= 213 (B=-2.10, SE=1.01, p=0.037) 3k F7

AP (GEE) mgel HF B4 Az
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a2l AsHdrte] T 24 7 7l
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-1.22, SE=0.56,

1.2271(B
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%9 gadl AP TS utsEguds vy A%
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
Skl sl SE
B 7100€)
0 -3.38 1.49 -6.31 -046  0.023* -3.34 1.49 -6.27 -042  0.025° 259 1.45 -5.43 0.25 0.074
1-3 -1.60 0.60 -2.79 -042  0.008" -1.60 0.60 -2.78 -042  0.008" -1.22 0.56 -2.32 -0.11  0.031*
4-18 reference reference reference
>18 -2.09 1.01 -4.06 -0.11  0.038* -2.10 1.01 -4.07 -0.12  0.037* -152 1.00 -3.47 0.43 0.127
oly ¥ W
okE thol (M)
8 reference reference
12 -0.03 0.26 -0.54 0.49 0.923 -0.76 0.38 -151 -0.02  0.045
ol Ad
ke reference reference
o] 0.31 0.54 -0.74 1.36 0.560 0.25 0.50 -0.73 1.22 0.622
A e} 71 7H D)
<259(F Aol 0.80 1.37 -1.88 3.48 0.559 -0.47 1.30 -3.01 2.07 0.717
>259 reference reference
=2 Al AF(g)
<2,500(A4 Al F) -0.84 1.69 -4.16 2.47 0.617 -0.19 1.59 -3.32 2.93 0.903
>2,500 reference reference
B g W
2 AR
<40 -0.75 0.45 -1.63 0.14 0.099
40-49 reference



p-value
0.370
0.003*

3.40
2.56

95% CI

Model 3"
127
051

SE
1.19
0.52

B
1.07
1.53

p-value

95% CI

Model 2"
B SE

p-value

95% CI

Model 1

SE

0.27 0.114
-0.74  0.001*
4838  0.012*
-233  <.001"
357  0.006"
0.52 0.148
1.46 0.144
312 0.001 *

-2.49
-3.03
0.59
-4.54
0.61
-3.44
-0.21
0.78

0.70
0.58
1.09
0.56
0.76
1.01
0.43
0.60
2

reference
reference
reference
2.09
-1.46
reference

-1.11
-1.88
274
-3.43
0.62
1.95
ol
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o

e L
™ NNON

N N B .
) s ! OF ofF o
o BE 3R qaﬁ.ﬂw_ﬂ A 4 AR
e we %L e we ém &
o oF o o

etk ablys’
=) 2
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Model 2" Model 3"
B SE 95% CI B SE 95% CI
Skl sl SE
Bf R 717 00E)
0 -3.38 1.69 -6.69 -0.08 -3.20 1.63 -6.40
1-3 -1.19 0.61 -2.39 0.00 -1.22 0.56 -2.32
4-18 reference reference
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oly ¥ W
okE kol (Al)
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A el 71 7H( D)
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=2 Al AF(g)
<2,500(A A Z) -0.90 1.72 -4.28 2.48 0.05 1.66 -3.19
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2R Ay A
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Model 1" Model 2" Model 3"
95% CI B 95% CI B SE 95% CI
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> 600 4.03 1.37 1.35
* p-value <0.05
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Bf R 71700E)
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E 12, el AsHA AsAFIQe] FHrERY By 4
Model 17 Model 2 Model 3"
95% CI p-value B SE 95% CI B SE 95% CI

EERIER

25 S 10ONE)
0 -9.14 -0.26  0.038° -4.26 2.26 -8.70 -4.02 2.26 -8.45
1-3 -3.53 -0.04 0.045* -1.79 0.89 -3.53 -1.82 0.82 -3.44
4-18 reference reference
>18 -5.83 -0.02  0.048° -292 1.47 -5.81 -2.59 1.50 -5.52

ot #¥ W

ol Lto] (A])
8 reference reference
12 0.70 0.39 -0.06 -0.44 0.56 -1.53

ol Al
ke reference reference
o] 0.43 0.81 -1.16 0.24 0.76 -1.24

A el 71 7H( L)
<259(FAbol) 0.27 2.10 -3.84 -1.76 1.96 -5.60
>259 reference reference

=2 Al AlF(g)
<2,500(A A %) -1.52 2.52 -6.46 -0.13 2.42 -4.89
>2,500 reference reference

FE g A

2 AFHA)
<40 -1.44 0.66 -2.74
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£ 12 089 AFPA ATAFIQY FHTEEY B3 F3t (%)
Model 1" Model 2' Model 3'
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
>50 0.18 1.67 -3.10 3.46 0.915
wooleg
<40 2.47 0.77 0.97 3.97 0.001*
40-49 reference
>50 -1.10 1.11 -3.28 1.08 0.323
B oag5E
S8 ols &9 -2.50 0.90 -4.25 -0.74  0.005*
jeuw £ reference
&g =9 3.47 1.67 0.20 6.74 0.037"
R
nE8a o|s ¢ -4.70 0.86 -6.39 -3.01 <.001*
jeuw £ reference
Ot = 3.63 1.15 1.38 5.88 0.002*
7h €l ASFE(REY)
<200 2.28 1.47 -0.59 515 0.120
>200,<400 reference
>400,<600 3.19 1.56 0.13 6.25 0.041*
>600 5.02 1.68 1.73 8.31 0.003*
* p-value <0.05
T Model 1@ =4 = 713t
Model 2: B4 &F 713k, ol ¥l WG (ol AW, A9, A7)z 2 24 Al A7)
Model 3: B FF 71z} ofs 3y W4 (obs AW, A%, Ae7|zr 2 24 A AF), F2 34 ¥y (RR d8, us55E 9 7 €397 A5



Model 17 Model 2" Model 3"
B SE 9% CI pvaue B SE 9% CI pvaie B SE 9% CI p-value
B D)
0 397 144  -679 -115 0.006° -383 137  -653 -114 0.005* -301 137 569 -034 0.027°
1-3 “187 062 -309 064 0003 171 062  -292  -049 0006 -130 059  -247  -014  0.028"
4-18 reference reference
>18

* p-value <0.05

reference
-1.09 1.07 -3.18 1.01 0.311 -1.08 1.05 -3.14 0.98 0.303 -0.58 1.04 -2.63 1.46 0.576

t Model 1: B2f = 713
Model 20 B4 FF 713} ols 3y W4 (obs AW, A%, A7)z 2 24 Al AF)
Model 31 % 5% 713k, ob5 #el W% (obF A, e, AuZI 2 24 A AF), PR B WE (PR A, AEE L AP AWT 255F)
I 14 vedl AsHA T dolFFE THs s8] vy 243
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
B 7100€)
0 -2.53 1.41 -5.29 0.23 0.072 -2.46 1.40 -5.20 0.28 0.078 -1.78 1.37 -4.47 0.91 0.194
1-3 -0.98 0.57 -2.11 0.14 0.086 -0.96 0.57 -2.08 0.17 0.096 -0.65 0.55 -1.72 0.42 0.236
4-18 reference reference reference
>18 -0.64 0.96 -2.52 1.24 0.506 -0.65 0.96 -2.54 1.23 0.496 -0.13 0.94 -1.97 1.72 0.892
* p-value <0.05
t Model 11 ®2f F++ 7]
Model 2! B+ = 71z, oFs #& Wi (ofs A, A7, A7)zt 9 24 A AF)
Model 3 B+ = 71z, ofs #& Wi (ofs A, A7, A7)zt 9S4 A AF) ¥

. ;
PR PR WS (PR 9Y, W5E D b 49E 255E)

=



E 15 vedl AsHAL T BAssE Y THs distF8uAs vy 23
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
B 7100€)
0 -3.15 1.31 -5.71 -059 0.016© -3.18 1.29 -5.71 -0.64 0.014~ -249 1.25 -4.94 -0.03  0.048"
1-3 -1.34 0.54 -2.40 -0.28 0.013* -1.26 0.54 -2.32 -0.21  0.019* -092 0.51 -1.91 0.08 0.070*
4-18 reference reference reference
>18 -1.47 0.85 -3.14 0.20 0.085 -1.43 0.85 -3.10 0.24 0.094 -0.92 0.85 -2.60 0.75 0.279
* p-value <0.05
t Model 11 B2f F 7]
Model 2! B+ Ff 71z, ofs #& ®ig (o} ¥, 4%, A7)zt 2 24 A AF)
Model 3 R4 54 713k, o}% #el W5 (b5 44, 9, AHyIzE 2 24 A AF), PR BA W (PR A, WEFE L b 4P 255F)
E 16 el AsHA T FElge] THS dutsaA4wgds 23 27
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
5 A0ONE)
0 -1.84 1.44 -4.67 0.98 0.201 -1.86 1.48 -4.75 1.04 0.209 -1.37 1.48 -4.27 1.54 0.356
1-3 -1.24 0.58 -2.38 -0.10  0.034* -1.43 0.57 -2.56 -0.31  0.012° -1.17 0.55 -2.25 -0.09  0.033*
4-18 reference reference reference
>18 -3.26 0.94 -5.10 -142  0.001* -3.30 0.92 -5.11 -149 <.001* 277 0.92 -4.57 -0.96  0.003*
* p-value <0.05
t Model 11 B2f F+ 7|3
Model 2! B+ §f 71z, ofs #& W (ofs A, A7, A7)zt 2 4 A AF)
Model 3: B/ Ff 7|3} ol #&d ¥Hg (obF Ad, A", A7 2 24 A AR, 2 dd 895 (FE A, ugsE 9 b €9 A5F9)



E 17 vl AsHA T sAAE Y THs dwstF8uAA vy 243
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
B 7100€)
0 -1.60 1.31 -4.18 0.97 0.223 -1.56 1.33 -4.17 1.04 0.239 -1.24 1.30 -3.80 1.32 0.342
1-3 -0.79 0.63 -2.02 0.44 0.208 -0.87 0.63 -2.10 0.36 0.166 -0.64 0.61 -1.83 0.55 0.292
4-18 reference reference reference
>18 -1.49 0.99 -3.43 0.45 0.132 -1.52 0.98 -3.45 0.40 0.121 -1.17 0.99 -3.10 0.77 0.236
* p-value <0.05
t Model 11 B2f F 7]
Model 2! B+ Ff 71z, ofs #& ®ig (o} ¥, 4%, A7)zt 2 24 A AF)
Model 3 B Ff 71zt ofs #& ®ig (o} AE, A7, A7)z 2 24 A AlF), 2 34 Wy (FE A%, uS5F 2 /M €397 A55T)
E 18 vl AsHAN T FElge THS dutsa=A4wgds =3 27
Model 1" Model 2" Model 3"
B SE 95% CI p-value B SE 95% CI p-value B SE 95% CI p-value
B 7100€)
0 -1.71 1.31 -4.29 0.86 0.193 -1.73 1.31 -4.29 0.83 0.185 -1.31 1.25 -3.77 1.14 0.294
1-3 -0.86 0.56 -1.96 0.23 0.122 -0.85 0.56 -1.95 0.26 0.133 -0.61 0.55 -1.68 0.47 0.269
4-18 reference reference reference
>18 -1.21 0.87 -2.92 0.49 0.164 -1.20 0.87 -2.91 0.51 0.169 -0.80 0.88 -2.53 0.93 0.364
* p-value <0.05
t Model 11 B2f F+ 7|3
Model 2! B+ §f 71z, ofs #& W (ofs A, A7, A7)zt 2 4 A AF)
Model 3: & Ff 7|3} ols #&d ®Wg (obF Ad, A, A7 2 24 A AF), 2 AW dse



ABSTRACT

Association between breastfeeding and intellectual
development in elementary school age:

Using the Panel Study on Korean Children

Park, Yoon Sun
Dept. of Health Informatics & Biostatistics
Graduate School of Public Health

Yonsei University

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

Background: The association between breastfeeding and children’s
intellectual development has been consistently reported through various
studies. However, some studies suggest that factors other than
breastfeeding might have a greater impact on intellectual development. The
aim of this study is to investigate the association between duration of
breastfeeding and intellectual development during elementary school age
using data from the longitudinal study of Korean children’s growth and

development, the Panel Study on Korean Children.

Methods: Among 2,150 children born in 2008 and registered in the Panel
Study on Korean Children a total of 1,139 children whose duration of

breastfeeding was known and who took the Multi-Factorial Intelligence



Test(M-FIT) at both ages of 8 and 12 were selected for analysis. To
determine the association between duration of breastfeeding and intellectual
development during elementary school age, Generalized Estimating
Equations(GEE)  for longitudinal data and Marginal  Structural

Models(MSM) for causal inference in observational studies were used.

Results: Based on the duration of breastfeeding 4 to 18 months, the
average scores of the Multi-Factorial Intelligence Test(M-FIT) tended to
show an initial increase and followed by a decrease. The Generalized
Estimating Equations(GEE) and Marginal Structural Models(MSM) models
were analyzed by sequentially adding and controlling for confounding
variables related to breastfeeding duration, child and parent. Compared to
the duration of breastfeeding 4 to 18 months, intelligence test scores were
lower in no more than 3 months or over 18 months of breastfeeding group.

Excluding some models, the result was statistically significant.

Conclusion: This research shows that there was an association between
breastfeeding and intellectual development during elementary school age.
While the intelligence scores tended to increase according to the duration
of breastfeeding, a decrease in intelligence scores was observed at a

certain point.

Key words : Breastfeeding, Intelligence Quotient(IQ), Multi-Factorial Intelligence
Test(M-FIT), Panel Study on Korean Children(PSKC), Generalized Estimating
Equations (GEE), Marginal Structural Models (MSM)
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