ARl

179 S EDRMIEE Ly, L LA, BIRAEIL,
Al B IC E DR S TR
LEUASE ENARAC AN w2
Fr—-h0YAs Lol bldoThE Y
RALVEER L8 E LY.

IR AR H S L LA IINCDs
ANEMBFT B A HECLEBLONLH,
BAEOREZOVCHN AL FMOFRIIEG S

BER P
) Barker Df: Moibers, bables and disease dn later Jife
Lendon: M) Publishiag meoup, 199,

Gluckman PR, Hanson MA: Living with the past:
evelution, development, sad patterns of diwase. Seletice
2004 305 1706

Jahpasn M, Wostton SA. et sl Preteem birth aad
biady composition =1 Lern equivalent 284 3 ayatematic
sreview and wstasnalyels, Pediatries 512, 150 ef409,
Roberts 6, Cheony J1: Longterm growth and geaeral
tealth for the tinlest o1 mea! hnmature infents. Semin
Feial Heonatal Med 2014 19 11521

Robests G, Chreng 1ot 2L Greseth of extreacly proteras
survivors from birth 10 18 years of sge compared with
term eontiols, Fediatrics 2003, 131 45045

VOREELE, B2 P4 RN RO BRI

k=3

&

&

@

=

v, SRGDEEHLMILTY (N
DL, B DAD 7 ¢ v v THREOE
Ay, B, BEA RO
BT OANSE AL, physical activityHH
WO EARES T, SR Ay
& o 2 Vi A RRETHRSOEE ) A2 B
WD 0Thb, NCDsDY A2 TRpEHET
Bro & LT, physical sctivity &80 2720
R BRI ERbI,

ae than proterm dnfants of higher gestations) ages. )
Fediate 7015 161 7341

13) Hue ¥, Hudiolf § ot ab Premntority is not zssaclated
withs inlea abdaninsl agiposity in 5 to Tyearald
ehitdren, ) Pediate 201% 163 1301 6,

11 Hovl P, Andersson & el ok Decreased bone miseral
density in adults bors with very low birth weight:
eatort stidy. FLo Med 2009, 6 01060135

150 Smiths CM, Wright 5P, et al, Very fow birth weight
survivors have reduced gesk bove mess snd veduced
frsalin zensitivity. Clia Endeceiant 30 211 Tk 438

16) Fewtrell M5 Uses early nutrition progeam later bune
health I pretesm fnfante? Am 1 Clin Nute 201E; 916
Supplh 1570585,

17} Kaiantie B, Wi F2 Ja very preten binth x visk factor

FREET DR, LAY

BEABOFRAGMARII BERERO7 Y bh s

FIL A B LR APARORRIE IR ey

HigiREE,

Saigsl 5, Staskop! B, of al: Growth teajectories of

extremely b birth seight iofants feom birih 19 yuvng

aduithood: o lengitedinal, population-based study,

Pedistr Res 2006 60: 7518,

B Hovi P, Andersson 5 €1 ak Ghucese repnlation in yeung

sfules with very bow birih weight N Bagl § Med 2607:

356 103363,

Thomis BL. Pakingon JIL ot sl Aberrant adiposity

and ectopic lipld deposition charastecize the adult

pherotype af the prelesm infant, Fediatr Res 201: 70

742

10) Vasa V. Thasmas BL, et af Kasly nuteitional detenminnts
of intraliepatocelivlar i deposition in preterim infants
at term e, bt § Obes (Lond) 2013 37 5604

1) Uthaya S, Thomas EL, ot b Alteced adiposity sfier
extremely pretecm birth, Pedinte Fes 2005 57 2116,

12 Stokes TA. Holston A, et al: Pretorm infants of
lower gestational age at bisth have greater waisi
sirewmiorence fengtly satin aud pondsral indes ot serm

2

| 260
i

for sult vandk ismnse? Semin Verd Hevntal
Med 2014, 10 1127,

18} Horman M: Preterm bivthoon coerging ritk factor for
adult hypsclension? Semia Pesinated 2010, 34 1837,

19) Johanssan S, Misdon A, ot al: Risk of high blood
pressurs amany sosng men Ineccases with the degree
of fmmstusity at bissh. Cieeulation 5405, 112 31306

0} do Jong I Monuteaus AL, o1 al Systematic review and
et saalysis of peetern birth and Jater systolic bood
pressore. Hyporteusion 2012 5. 22634,

20 Bergvall 8, Hiadon A, et st Genelic and shured
environmental factors B0 niot cenfound the waccition
betwesn blrth weight and hypertension: a study among
Swedish twlnn, Clrgulation 2007 115 20318

22) Brenper BB, Gorcia DL, et ol Glomeruli and blood
pressure. Less of ene, more the utber? Awmi J Hypsrtens
1988 140 P2 3347,

23} Carmudy JB, Charlion JB Shortterm geetation. fang.
ternt cisk: prematority and chronic kiduey discase
Pediatrics 2013 131 116859,

24} Hodgin JB. Basostpeur 3, et al: Very low bisth
weight s a risk faetor for secondary focal segmental
honseraloasiercals, Cin § A Soc Nophol 2000, 4. 718,

- 160 -

23 White S Peckuvie V. el ok Is low Bivth weight an
antecedent of CRD in Iater 867 A systematie soviow of
whservational studios. A ] Kidney Dis 2000 55 24861,

203 Tinnkon R, Giflons J, et 2k Preterm bisth and subsesuant
Ensstin sensitivity; & systemstlc revisw, Arch Dis Child
il 9% 5008

270 Parkinson IR, Hyds M), st &b Preterin bicth s the

28) Wang G. Divall 5, et st Pretores blrth sod randam
plassna indin lovels at bicth and in easty chitdhaod,
JABIA 2014 311: 38795,

P Heei B, Kajsotie B, et s Lipopeoiein subotass profles
in young adults bors pretern 61 vers bow birth welght
Ligids Heatth Dis 8013 12 57,

0} Finken M), Indessan A, ek ab Lipid grofls and carotid
intimbmrdis thickness in & prospective cokost of
veey predersa sublects 3t age 19 years: elfects of zarly
srisvth and eurcent body composition. Pediatr Res H0R
52 6549,

317 Bkitten MR, Viker! 5 et ab Fetal growth and proterm
bleth fnflueace casdiovaseutsr disk fattorn and artesia
health dn young adults: the Cardiovascalar Fisk i
Veung Finns Study. Arlecivscier Thomt Vare Bicl
0M: 81 207581,

32 Shimiru T, P T, o al Abdostins] sortis intin media
thickness in preschoot children born preterin. Fediaty
Cagdiod 2014 35 1915

T Jorvinate U, Hutri Kihtinen ¥, ot ot Breast fesding in
infancy and artesial eadothelisl function tater in life

The Cardisvaseslar Risk in Youny Finns Study. Eur J
Cin Nutr 2008 62 6405,

3} Lewsadowski AL Augustine D, ot af: Preterns heart in
adult fife: cardiavassular magnetie resonance reveats
distinel differences in le ventricular mase, peometry,
and funstion, Clroutation 2013, 127; 167206,

351 Lugas A, Mosker f1, et ok Barly dict in preterm baldes
snd develapmental status at 18 months, Ladceq 1590,
3% Wi7aL

30 Lugas A, Merley R, st 2l Randoinised trial of early diet
i preterm habies and later lnteligente quatiznl, BM)
198 3 BT

37} Loscs BY, Gadian DG, ot sk The effect of wurly humat
izt 28 cxtate velines and 10, Pediat Res 2003 63
R SEN

38) Ehrrnkeans RA, Dosick AM. et 3k Growtl in the seonstel
Intensive care vit {ofluences neurodevelopmental snd
st sutconnes of extrenely low birth weight infants,
Pediatrics 200G 17 125360,

I Stephens DE. Walden RV, e ak Firstaveek protein
and encriy intakes ore associated with [8.month
developmenta) outcomes in extremely b bitth weight
tafante, Pediatrica 2009 123 139743,

409 Singhsl A Fesngell B ot s Lo nutrient intabe and
esnly geasih for later insulin resistance i adolsscents
bara prefenin. Lancel 2008 36): 103947,

A1) Singhal A, Cole T), et ak: 15 slower early geowth
benaficial for longterm cardiovascula health?
Cirewtation 2408, 102 116313

2A1

S3S2TISIP JQBOIUNWWCT-USU ISR SN M



—INBEHRIED Y . }
| SEREIRERA -\ REIME DR POEICB B BB e EEgoEpy P

DHEICBIF DIEHEREROIIRE o
INREREEDED D w0 o} o -
3,000 by
A LA 10he
2,500 a7 dr4
2,000 4 ’ % éﬁi’ﬁmﬁ?{fﬁ;ﬁi (SGA)
nBéﬂkﬁlE%%Bd%ﬂ%ﬁ_&Eff}f}ﬁ 500 I u P . B
el wl [ | "
g g 4 10002
Hey word i mEE, SER. T- A VERETS j swé/’i
o L B o
2L

3] 37
22 24 26 28 30 32 34 36 38 40
TERRIIN e |
B TERIARIBYH B ER (R, BIR)
Ttabashi K, et al, Pediatr Internat ¥ & ) 76, SARILIE, MAVLARE 2R T,

1 (345 <37:4)
ZORERG, RECHAETIHEL, BET ate preterm

{FUSIT < L b JRIRSSE AN S Wi RGC i
BRERHMTbNRD,

- 191 -

NOILIdE TVIOAdS

18

DASE TR AR E R 0
HHINBINC D B — ISR AERER QW
A VENT CRLB T EN . L L,
Bt 2 BIEMIEFAF OB A R B ENESR0
SgAb e Sl ko T, bAE. SRR
W AR (AR 1,500g R R
BEIER (fElE 28 MAEHD RIR) Tho T
b AFEROE S IHBEHEOP T Ly TV
RVCH b, 2D, ZDLIEREED
% L DEMAERER P RER S /DEFH O AL
& PHEE BT B BREH LRI TR
TETV Do AETR, (RHAEREN R
W dlic, bREOBIKE L UFHizow
THRETAE LI, WHEHREOWD)IC
DVTIRBZ L ET o

FIFREICDOVT -

1) {EHERER ERER

M AREIR L, IR0 & il
HARIE D 2,500g KON E & F o HAKEA
1,500g O R ABIGHARER, HAEHRT
771,000g RO & MBI AER TR £ IP 8.

AREHEE 2014511 A5 GR19EH113)

BER & I7ENA 22 8Pl £ 37 BRI Tl
LizRE v fEfk28 Bk 0B IS mEE
18, 134 ~ 37 AR O R X late preterm
(BIRRE) L) o BBIERITE~ 428
SO RITIEGIEIR & v 5 TERRMIME &
FEOPRIIRIY 0T L Th b,

2) SGA LRREEFS
ICD-10 (2 BTl small for gestational age
(BLT SGA) (ki3 X AR 5
DETEHE N B A A D 108 - v &
ANEHEREINTVD, LELEND,
BRIk S RIESEER L
bH Y, %P LHICD-10D5EHTSCA LY
EENLS LIRS R, MEFRERZTAHI0
Pl v A NRHOYE . light for gesta-
tional age LIERZ L b H D, —77, ARG
FH A4 (fetal growth restriction, BAFFGR) i
Ja R MR TR 8 Nk b &S
BN SRIBRE AR F R TH> T
WARKER S L, BRSFOXRT vy bt
HESRARWRETH 5, SGALIETL
WFGR & FIERY B S4B 25, Jeibig

FTREENRE o THY . BECEXIRE
BHDTHAb,

BEDDDEDIRIR

1) RHEFER - BEROHR
20104 D FRERETD 1G4 R T IT
DEAEFEIL.6%TH D, ORCDMPE (F
B 6.8%) Ohh TR, B b
(11.09%). HIEOFY v (10.0%) KX
CHETHHY, bRAEOERHAKERER
RO ESITHT BER IR E R D
L, 19804EDREMAERIT 4.1 %, HRBAE
EROBAERITS2% TH o D5, 1990488
HM L 20104E 1K1 FR 157 %, 9.6%
WGEL TS (H2), Solf, RERONE
A LAEORINTH B OIxF LT, ik
BHERELIETH Y, BETIEL WA
HRER, § % b b IE AN A Al R 3 b
BBV ERHENENE, BEL CEME
Tl L AR AESTIR DS < AFGR T &
HbDLEWESND, LichioT, ZD LI

(%)
120

10.0 4
8.0
6.0
4.0
2.0
0.0

1980 1985 1990 1995 2000 2005 2010

H2 {EHAERER (low birth weight) & BER
(preterm) O MARNDZE{E

R RORING, JRREID & FENREO
B L TwADClRE v LS Sh
5o

2) HAERER - RS

2010 4RI A L A B A 4RI IR oD 3 A £
WHAATIE, 80 %30T < A 41K 2,000
BLLC, AR ERIE 8% TH S ([3),
BHERD G & B 5 & late preterm (HRJI 5-E)
BIBREROB BT LD, BEERIES%

OTEOMEE T =— ) SRR

JAPANESE JOURNAL OF CLINICAL DENTISTRY FOR GHILDREN 2014 NOVEMBER (Vol.i9 No.11) ~ 19



- 391 -

3,232 (3%)
4,854 (5%)

 ~999g

711,000~ 1,499
£11,500~1,999g
£72,000~2,499g

2010

@3 fEHAEAE RO EESER A (2010 F)
314 (59%)

3,943 (8%)

1,834 (4%)
2,718 (5%)

22 <28w 134w
285 <32w 35w
32w 36w
33w

M4 FEROERVEEIS T (2010F)

Tate preterm (TR )
78.2% (&L ND3.7%)

ZdHTwS (Hd)o

B
EHERER, REROTH 5

1) RBEHEREROETROVEE

— AR AR R OFET R, AT
BHRVIEEEV, 205 b OEBIEE
EERTH S BANBHERNERIER
ST 19804F & 1) SO T & IR HIARIEE
DRIV TEANELIT>TE . 8
AEO T UV NICU L S5 R H AR
BEAMAL T AN, ZRCbPhbb T
T RILHPEAICH B o 2005 FFE T
LEOETEER 17% Ty SEH O 200047
ED2%HHHTNSETI%BET LT

)
@
m
O
>
=
m
)
=
O
Z

20 JRSEEE 2014511 AS (E19EE11D)

B, WAREINT B & AR 800g R
DRHFLEY, ERBIGTIBRERD
O TAETIET LTS

2) REHEREROWPBRFITH

— R HEEE PR, KDk
AT Y, Fh Ly MAEREINE (AR
NAEIE EHBIEATE . DAEOBERN A
RRIBO 3 I AOMEEH TR, FIL
RLAE S ICHRAREFE T 2005 F i
OWTRFLHESNAOFI71% T, BER
LHESNABIL203% TH ok I
DR TR P SRR I A TR
P EEE, IBTENPIR AR T Eiky B R
BEAEL T A, WEMSEMNZIL, BT
BH20%E LTEHHELTOFHRENDHE
OhERPIWRIETCH Y, ZOHEEEL-T
DHYEOREHEFERORMTHRES O
HEEETH D, SO L) ChPETIEHRE
DO CEMTEIEEREIELRTELY.
GHDORE B E 2> TVho

3) HMBEROTH

BEEBOH80%% b HMPERL,
HARENHEHARE VTS PP S THT
DY A7 FEMEREATHS PIIEY
(R A7 2.9~4.5) O, & b ITHERED
Y A2k 7M. REEHLLOELHn
FHEESNTVALD,

4) BRERORE LRHE
SRUMEOMWEEBIZETERICEoTH
R HE, AR &R
108y 4 VKRRV EHFE
0 L) R RBETFESAREARE (extrauter-
ine growth restriction, AT EUGR) &I
Do 20024E 10 LA ERE 2B T ORE
W e LTEE LW To AEREETE, £
DFEREESY IR LATE (T, 26

DOEICHIS BIEHERERDRIR L BHTREEDED D

F1 BEHEFEROIMFH

1990 1595 2000 2005
R 853 757 750 701
EEREIENE
e 109% | 149% | 182% | 203%
S 141% | 149% | 196% [ 170%
fasici g 120% | 143% | 163%%] 124%
Bl 83% 69% 0% 8.5%
R 22% 12% 0.6% 04%
Frfss 0s% | 07% 00% 3%
i) 55% S0% 6.1% 36%
B 22% 21% 24% 17%
Thirh 43% 38% 37% 32%
FOMEFESE | 111% | 8.1% 44% 40%
AL 80% 9.2% 7.2% 88%
fidceti s Si 36% | 3T% | S1% 4.6%
*P 005

LA RAT. MESEETIRO PR eENE. MESREER
(HERSTESL & —% 2 P72 I LoEROH ¥iE
E7au-7y7 Ak HEE - BERT AR PR

2RERER. 0

AR

I

——r

B
&

&

€
23 24 25 26 27 28 29 30 31 32

Gyerily
S S o

iz bt

@5 ERIBISIC 4 £ FENEFTTL (EUGR) ORES

BT OMBERRCHERB LRI BY
T 90 %L EATEUGR T » 72, EUGRIE,
AR oMM A TR -
RIS IER O R EIHEILL S
SRR, FGRPPELERTH B,
NICU A B O F ORI & Bt
ORGEEAEH SN TB D D, RETIE
EUGR # R~ SEIC B v TILRis
AR LI A ST H & 2

JAPANESE JOURNAL OF CLINICAL DENTISTRY FOR CHILDREN 2014 NOVEMBER (Vol.19 No1t)

L LTHBAEREFTENIISIALDHO
carly aggressive nutrition (EAN) P 8ho
Dk H W, Fi, REMIDEFHLES TR
FRYLEAHPZALF—, BND T A
Y RIS T MRS
Ao Shik, BENMACPGRTREENS
DEEHPH N o h, ) ik EOMENR
FHCHDEVIHRINA T, BRI
v IS oRBEO RS HEY LA

v

T

k]

O T EOMERcD=— Tl

1

n



— €91 —

%)
Y
m
O
>
r
m
9
=
O
pa

22

w2 LB/ Y X — ORIEHR

g}’f;ﬁ%m HMS-1° | HMS-20
Felt (keat) 9 20
®EH (g 0.7 I
TR () 0 1
JekAti (g) 1.5 L8
Ca {mg) 70 100

P (mg) 40 6O
Na (mg) 9 18

Y. BEHEARRPLEEBME, KRB B
BIPHE & ORMBABHEBREOHE)
AL BT GBI TH b,

EAN A DLHT o I A AR L R o0 A JE 0
DFEEEHRDE, NICUBRE2~38F T
BEEITINT 525, Z0%IVNEMEEL
THALE A < MAERTEASN S W IRIT Tl
FTRAABENKE W, Fob#ASRD
L3 o TE R BANIE, NICU ABHOR
BAAGET 5 L EBLACHEAF, BYNY
LR FRAIYWLE SN L2 LS P,
B R TR L TR

PR AL AR 8 B BRIy
¥ —td 1990 ENE T L D EE S OB L
HMS-1® %D /fE CHA S, 20134 L h &
ST AL SN L v Bkt & —
HMS-2°% B Lood % (§£2), MALEA
SEIRIEEAN E BRI BN 2 H ST 5
MEABOLNAH L OB, RNFHE~OBE
IO N TR,

SGATCHE L BESEL YAy
BEOT EAFHLNTHEY, 20k 2RI
B HIEBRAVE Y HUFRER L bR
Sy B SCA MR & By & I, A D
EHREOH20%%E 5D TVn5E, DIEOD
WETOHCROME LT L & Hic2~ 358
Bl o CHSCARDHI0% I HED
Xy v FT v THRHRLNR . RS2

AEEHESE 2014F 11 BB (B198H5118)

WIEHAERENIZA S & eI 328k
BV A AR T AT 1,000g SR Tl LA
SCGARTHF v v 57 v 7HIEZhEh
74%. 70% &1,

&
ﬁtﬂiﬁ%’%’@%&"ﬁt%ﬂ%@ﬁ'

Seow & OMBUC X X, BEEICEE
R L7z &) B IERED & 5 2t
FHEEN b, Fo, FRicIE, ¥
BAEW A OSEBRIE  WHl O
EXHOWR LEDRIDPTVEN ), B
IR SRS, INiEE L b sk v v T
T o T TAERRICNA, TNbDYE{LHEE
FHCHDOW, & LBEBERRETSHS
A —IRICIRAETINIC 2 B LS A I
HRF v v FT7 v 7 LT, FEDY
AFRFA v V¥ a—~Ch, BREROLY
FICILF ANETEAEH, R 4R
WCRLF ANIED ) A7 oL sh
T35 19, Bpg BTl dmRlood
WA ST HME & LTk, FTERN
LM EFOBRBERL TN L TR HR
HBAHHE RS, EEBEIE, SAHY
Fa =TIk BHEB % LA B BRAHHGS
HCnD 310,

L A NEIBHAEH, BERCERESR
FRIBIAIED) A2 2 RINEL D L%

#3 BESFORIBENS L A

EROMEE

LR AN I ROVEE, T A MAETE

SUETE I X B WTEORIR
[mEtollob s

FLE

HEFI D@5 H.
HOMR EFREDER

L OBt ogER

KA O O

Seow WK. Aust Dent J. 1997;42:85-91.7

DOBICHIS DITHAEFERDEIR SRS EDRE D D

RBNBI, BT LABRO—HERTHE
Vo R OTRMED S OWE T, 3REA
D EDEEEF LT AR R IR 2 SCGA K,
BRER & S IRICHATHE L B &A%k
HEnTwar W, RER, EilkEERD
PR 2 S I 2 EWIREC L L b 1T
ERELTBY, A% L RIRsps s
ThbH5,

i}

HbbIC
i |
Preb BANER, B, (AR RO%
REZR SAEF L BIEL CHAHERLEPER
& (NICU) TIwTw 3, 5FHe55Econ
TORLHTND, T TORNOMEII
DVTHEWLCH o222 LB R W, §
foy TF ANBEFEEV o ARELTL
FHIETHURTERTERRE VI LEELS
&, NICUABHR O 7 BT H OERD
FEDYRY B EZ LV OHIET HSEND
%o ShiC, NICURRRHBO 74017 v 7
22T I NBIRHE & O 130 Y
BHELBHIHL T L HFEBEL bR b,

X
1) Itabashi K, Miura F, Uchara R, Nakamura Y.
New Japanese neonatal anthropometric charts for
gestational age at birth. Pediatr Int. 2014 Mar 12.
doi: 10.1111/ped. 12331, [Epub ahead of print]
2) TR XD BAE 2011 (WERENBFHF
ERFRERIR) | BT RIGUEME, J0%, 2012,
http ://www.oecd-ilibrary.org/docserver/down-
load/
Itabashi K, Horiuchi T, Kusuda 8, Kabe K, Itani
Y, Nakamura T, Fujimura M, Matsuo M. Mortal-
ity rates for extremely low birth weight infants
bern in Japan in 2005. Pediatrics, 2009; 123 ;
445-50,
LA RAT. BISHAGRTEOT R, 2
AFEEN (FENBFERE Yy — 3
7 R =2k B EROBOFGE 7+ 1

3

&

4

5

JAPANESE JOURNAL OF CLINICAL DENTISTRY FOR CHILDREN 2014 NOVEMBER (Vol.18 No,11)

Ty T AL BEE - LT AT

98 A2 FIE

Kramer MS, Demissie X, Yang H, et al, The con-

tribution of mild and moderate preterm birth to

infant mortality. Fetal and Infant Health Study

Group of the Canadian Perinatal Surveillance

System. JAMA., 2000; 284 : 843-9.

Moster D, Lie RT, Markestad T, Long-term med-

ical and social consequences of preterm birth, N

Engl J Med. 2008; 359 : 262-73.

Sakurai M, tabashi K, Sale Y, et al. Extrauterine

growth restriction in preterm infants of gestation-

al age < or =32 weeks. Pediatr Int. 2008; 50 :

70-5.

9) Ehrenkranz RA, Dusick AM, Vohr BR, et al.
Growth in the neonatal intensive care unit influ~
ences 1 and growth
of extremely low, birth weight infants. Pediatrics.
2006; 117 : 1253-1261.

10) Ziegler EE, Thureen PJ, Carlson SJ. Aggressive
nutrition of the very low birthweight infant, Clin
Perinatol 29 : 225-244, 2002.

11) WARZREE, FRIEEE, WL RET ARk
IR OHIAEIR LT, B IRFE 2003; 107
975-984.

12} Ttabashi K, Mishina J, Tada H, et al. Longitudinal
follow-up of height up to five years of age in
infants born preterm small for gestational age;

6,

g

7

8

&

comparison to full-term small for gestational age
infants. Early Hum Dev. 2007; 83 : 327-33.

13) Seow WX. Effcets of preterm birth on oral
growth and development. Aust Dent J. 1997; 42 ¢
85-91.

14) LS. BEROLIEGL. $ERE
% (BIGRIFFRM) , AT DMV o,
Y3, 2014, 240.243.

15) Jacobsen PE, Haubek D, Henriksen TB, et al.
Developmental enamel defects in children born
preterm @ a systematic review, Eur J Oral Sci.
2014; 122: 7-14.

16) FAHREHE. WHEMO Sk e FERE — =
A NVEDIGRHEE. Y Health Care Dent. 2010;
12:18-24,

17) Tanaka K, Miyake Y, Low birth weight, prelerm
birth or small-for-gestational-age are not associat-
ed with dental caries in young Japanese children.
BMC Oral Health. 2014; 14 : 38,

ST ESHEET=—_ HMHmT

23



- V91 -

QOriginal Article
PEDIATRIG OBESITY:

Latent Protective Effects of Breastfeeding on Late Childhood
Overweight and Obesity: A Nationwide Prospective Study

Seung Chik Jwa', Takeo Fujiwara’ and Naoki Kondo®

Objective: To investigate the latent effect of breastfeeding on overweight and obesity in late childhood.

Methods: Data on breastfeeding and child anthropometric measurements were collected annually from a
nation-wide population-based prospective cohort study in Japan (21,425 boys and 20,147 girls). Breast-
feeding status (exclusiveness and duration) was assessed when the child was 6 months oid. Mixed
effects models were used to evaluate trajectories of body mass index (BM#), together with overweight

and obesity status, from 1.5 to 8 years of age.

Results: Mixed-fed boys and exclusively breastfed boys showed fower BMI as the main effect, as well
as a slower increase of inclination in BMI as interaction term between feeding type and age, than exclu-
sively formula-fed boys. Breastfed boys had lower BMI at the ages of 7 and 8, in comparison with exclu-
sively formula fed boys (P = 0.002 and P < 0.001, respectively). A similar association was found for girls,
although the main effect of feeding type was not statistically significant. The analysis of breastfeeding

duration had similar results.

Conclusions: Breastfeeding, even if partial or for short duration, has a latent protective eifect against
overweight and obesity in late childhood, especially for boys.

Obesily (2014} 22, 1627-1537. doi:10.1002/0by.20735

Introduction

The number of overweight and obese children has heen rapidly
increasing worldwide (1). In Japan, the prevalence of obesity among
6~ 1o 1l-year-olds was around 10% in 2007, a percentage that
doubled from 1978 to 2007 (2). Childhood obesity is a known risk
factor for adulthood obesity (3), hypertension, hyperlipidemia, diabe-
tes mellitus, cardiovascular disease (4). or even premature death (5).
Therefore, the prevention of childhood obesity is a major public
health issue for long-term prevention of chronic disease.

Breastfeeding has been shown fo have a protective effect against
childhood and adolescent obesity (6,7). Previous systematic
reviews repeatedly showed that breastfeeding had a significant
protective effect against childhood obesity (8,9) and was associ-
ated with decreased body mass index (BMI) throughout life (10).
However, recent siudies showed inconsistent findings. A cluster

domized d trial of a by feeding p ion interven-
tion reported no significant difference in both mean BMI and the
prevalence of overweight between the infervention and control
groups at the age of 6.5 (11) and 11.5 (12) years. Recent obser-
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vational studies for children aged 3 and 5 years also showed no
significant association between breastfeeding and childhood obe-
sity (13,14).

These inconsistent results may be due to the differences in the ages
at which BMI was measured in the subjects (15). Poulton and Wil-
liams empirically showed that the effect of breastfeeding might be
non-significant for early childhood, but the relationship between
breasticeding and obesity became clear with growth, suggesting that
breustfeeding has a latent protective effect against childhood obesity
(16). Bergman et al. also showed that the prevalence of childliood
obesity became significantly higher in bottle-fed children compared
with breastfed children after the age of § years, although this differ-
ence was not statistically significant before the age of 5 years (17).
In summary, these studies suggest that breastfecding may have 2
long-term. latent effect on the development of overweight or obesity
in late childhood. Another reason for the inconsistency in existing
findings could be that the studies had limited power to detect the
effects of breastfeeding on the BMI trajectory. Using trajectory anal-
ysis in 2 sample of 434 boys and girls in total, Buyken et al. failed
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to find a difference in BMI at 5.5 years of age among breastfed and
formula-fed children. Thus, it is necessary to investigate the latent
effect of breastfeeding on BMI during childhood, including late
childhood, but before puberty, using a large representative sample.

Another major weakness in previous sudies on breastfesding and
childhood obesity is that they are limited 10 Westem countries, and
there are few reports from Asian countries. Since there are notewor-
thy differences in the distribution of BMJ, prevalence of obesity,
and duration of breastfeeding among races and ethnivities (18,19),

the fation between b and chil d obesity may
differ across countries and ethnicities. Thus, this sssociation should
be i igated in Asian jes to generalize the evidence of the

protective effect of breastfeeding against childhood obesity.

Against 1his background, the purpose of the present study is to
i igate the effect of di lusiveness and duration on
overweight and obesity in late childhood (5.5-8 yews), with BMI
trajectory analysis, vsing data from a Japenese nationwide prospec-
tive cohort study.

Methods

Study sample

The data used for this study were from the Longimudingd Survey of
Babies in 21st Cenury, conducted by the Ministry of Health, Lubour,
and Welfare in Jupan from 2001 to 2009, Institutional Review Bourd
approval was not obtained, because the entire data was collected by the
Ministry of Health, Labour, and Welfare and does not include any identi-
fiable parameters, The study sample included all bobies bom between
January 10 and 26 and between July 10 and 26 in 2001, Potential sub-
jects were identified using the binth record list of vital statistics for Japan
{rr = 53.575). Questionnaires were mailed to parents when the children
were 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 7, and 8 years old. Parents were consid-
ered 10 agres 1o participate in the swdy if they retumed the questionnaire
to the Ministry of Health, Labour, and Welfare. There were 2 total of
47,015 respondents a1 6 months {response rate: 88%), Because this study
focused on the effect of ding on growth ies for si

and term bubies. the following exclusion criteria were employed: multi-
ple bisth {n = 976), pretzom deliveries (i.e., delivery < 37 weeks of gesta-
tion, # = 1,890), unknown gestational age (s = 104), and missing data
on breastfeeding status at 6 months (2= 231). This ylelded an eligible
sample of 43,814 children (93% of all respondents). An additional 2,242
children were excluded because their parents did not report their weight
and height throughout the follow-up period. Thus, the total sample size
for this study was 41,572 (21,425 boys and 20,147 girls), which was
95% of the eligible sample. The response rates for the followeup ques-
tionnaires uf 1.5-8 years ranged from 73% to 89%. As the weight and
height of one child at 3.3 years of age were reported as 40.0 kg and 90.0
em respectively (e, BMI=49.4), this case was considered an outlier
and treated as a missing value.

Anthropometry
In each questionaaire, parents were required to provide anthropomet-
ric measurements, including weight {to the nearest 0.1 kg) and
height (to the nearest 0.1 cm) at that time. BMI was caleulated using
the following formula: weight [kgl/height [m]". Childhood over-
weight and obesity were defined using the International Obesity
Task Force BMI cut points (20), which were derived from six large,
ionall g 1 surveys on growth. The cut

y v 2

points of age-sex-specific BMI corresponded to & BMIL of 25 for
overweight and 30 for obesity ut age 18 (20).

Duration and exclusiveness of breastfeeding

When the children were © months old, their parents were asked
about breastieeding stanus via the questionnaire. First, parents had to
choose from one of the following options: 1) breasifed, 2) never
breastfed, and 3) only colostrum. Parents who chose “breastfied™ were
asked to report the number of months for which the child was
breastfed. Second, parents were asked whether they gave formuly
milk, with the following optiens: 1) formula fed and 2) never formula
fed. The duration of formula fed was asked If partcipants chose
“formula fed.” 1y, we ized breastieeding exclusive-
ness inro theee classes dizss of duration: exclusive b di
{children who were fed only breast milk). mixed feeding {children
who were fod both breast milk and formula milk), and exclusive
formola-feeding {children who were fed only formala milk, and never
fed breast milk except colostrum). Duration of breastfesding was
categonized into four classes regardless of the status of formula feed-
ing: pever, 1-2 months, 3~5 months, and over § months.

Covariates

Information oa children’s birth weight and maternal age were oltained
from birth records. Datz on parental smoking seatus, towd houszhold
income, snd presence of older siblings were collected when af the age
of & months {Le.. first survey) and on parental educational sates were
coliscted ut the age of 1.5 years {Le, second survey).

Statistical analysis
Ta consider the correlated-data structure due 0 repeated measure-
ments within persons, we used 2 multilevel mixed effects model 10
investigate the effect of exclusiveness and duration of breastfeading
on trajectories of BMI from 1.5 to 8 years as a dependent variable.
Variables modeled as fixed effects were breastfeeding statos, child
age, and potential confounders (birth weight, having elder sibling(s),
maternal age, parentsl i level, total househ income,
and parental smoking status at & months of age). Child age was
used as dummy varisbles for time as previous study found nonli-
pearity in the trajectory of BMI (20,21). Then, we evalumted the
iations between feeding status and changes in BMI over
time, using interaction terms berween child age and exclusiveness of
durstion of feeding. We assumed an iv Lath
sirmetre betwesn the time points in the measurement of BMI in
each individual. Finally, crude and adjusted odds ratios (ORs) and
95% confidence intervals {CI) of obesity and overweight at the age
of 5.5, 7, and 8 years were calculated vsing multiple jogistic regres-
sion analysis. Trends across breastfeeding status were tested by
treating the level of w feeding us 2 ‘ ordi-
nal varisble in the regression model.

There were no missing data for birth weight, matemal age, presence
of elder sibling(s), and total household income at 0.5 years, but there
were missing values in parental education levels and parental smok-
ing status (Table 1). For these variables, missing values were coded
into additional indicator variables in the analysis. Because there
were missing values among confounders, we also conducted a sensi-
tivity analysis excluding the data with missing values. All analyses
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TABLE 1 Demographic, perinatal, and socioeconomic characteristics of sample population®

Characteristics Boys (n=21,425) Girls {n =20,147)
Birth variables
Gestational age {(weeks) 395 (1.1) 396 (1.1)
Birth weight (g 3128 377y 3037 (368)
<2,500 833 (3.9) 1234 (6.1)
2,500-3,999 20278 (84.7) 18731 {(93.0)
=4000 313 (1.9 182 {0.9)
Birth length (cm) 495 (1.9) . 48.9 (1.9)
Having elder sibling(s) 10873 (60.8) 9953 (49.4)
Breastfeeding exclusiveness
Exclusive formula feeding 1261 (5.9) 1123 (5.6)
Mixed feeding 15444 (72.1) 14392 (71.4)
Exclusive breastfeeding 4720 (22.0) 4632 (23.0)
Breastfeeding duration®
Never 1,261 6.9 1,123 6.6
1-2 months 4,086 (19.1) 3,783 (18.8)
3-5 months 4,059 (19.0) 4,073 (20.2)
Over 6 months 11,774 (65.0) 10,958 (54.4)
Maternal variables
Maternal age at birth {ycars) 30.2 4.4) 301 (4.4)
Maternal educational level”®
Junior high school 1,062 (6.0) 1,084 (5.4)
High school 8,114 (37.9) 7,700 (38.3)
Some college or vocational school 8,779 (41.0) 7,990 (39.7)
College or more 2,868 (13.4) 2,817 (140}
Maternal smoking at 0.5 years okt® 3475 (16.2) 3,268 (16.2)
Paternal variables
Paternal age at birth (years)® 32.3 (6.8) 323 5.5
paternal educational level”
Junior high schoot 1,658 (7.7} 1,867 (7.8)
High school 8,202 (38.3) 7,660 (38.0)
Some college or vocational school 3,266 (15.2) 3,020 (15.0}
College or more 7,487 (35.0) 7,116 (35.3)
Paternal smoking at 0.5 years old® 13,230 (61.8) 12,391 (61.5)
Total annual household income at 6 months of age (million yen)
<25 2,542 (11.9) 2,364 (11.7)
25-<5 7,702 (36.0) 7,196 (35.7)
5-<1.5 7,151 {33.4) 6,837 (33.9)
75-<10 2,576 (12.0) 2,371 (11.8)
210 1,454 (6.8) 1379 6.8)

“Data are shown mean (standard deviation) for continuous variables and n (%) for dichotomous variables,
“Missing values in boys (n ghis): Birth lenglh, 26 (26); Breastleeding duration, 245 (210); Malemal educational level, 602 (556); Maternal smaking at 0.5 years old, 114
(98): Paternal ags at birth, 222 (247); Patemal educational level, 812 (784); Patemal smoking &t 0.5 years old. 394 (403),

were performed with the STATA SE statistical package, version
12.1 (Stata Corp., College Station, TX).

Results

Overall, for boys and girls, 22% and 23% were breastfed exclu-
sively, and 55% and 54% were breastfed for over 6 months, whereas
5.9% and 5.6% were exclusively formula-fed, respectively. Mean
gestational age of delivery was similar between boys (39.5 weeks,

standard deviation [SD] = ).1) and girls (39.6 weeks, SD = 1.1), but
the rate of low birth weight was higher among girls (6.1%) than boys
(3.9%). a finding consistent with previous studies (22). At 6 months
of age, 62% of the fathers and 16% of the mothers smoked tobacco.

Mixed-fed boys (coefficient = —0.09, 95% confidence interval [95%
CIl, —0.16 to —0.02) and exclusively breastfed boys (coef-
ficient = ~0.10, 95% CI, —0.18 to —0.03) showed lower BMI as a
main effect compared to those who were exclusively formula-fed
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TABLE 2 Mixed effects models to evaluate trajectories of body mass index (BMi) in each age of children by breastfeeding
exclusiveness among boys (1 = 21,425) and girls (n = 20,147).

Boys Girls
Adjusted + Adjusted +
ternP Adjusted model® Interaction term®

Coefficient P Coefficient P Coeffictent P Coefficient P
{SE) value (SE) value (SE) value (SE) value

Adjusted model® ir

Breastieeding exclusiveness

Exclusive formula feeding Reference Reference Reference Reference

Wixed feeding ~0.09 (0.04  0.01 0.001 (0.05) 098  —002(0.04) 064 0.05 (0.05) 028

Exclusive breastfeeding —0.10 (0.04) 0.008 —0.09 (0.05) 0.08  —0.01 {0.04) 0.80  —~0.01(0.05) 083
Age

1.5 years old Reference Reference Reference Reference

2.5 years old —0.31 (0.01) <0001 —036(0.05 <0001 ~0.16(0.01) <0001 —0.15(0.05 0.005

3.5 years old —0.69 (0.01) <0001 —067(0.05) <0001 -—046(@01) <0001 -0.50(0.05 <0.001

4.5 years old —0.99 (0.01) <0.001 —0.96(0.05) <0001 =089 (001 <0001 —066(0.05 <0.001

5.5 years old —107 (0.01) <0.001 —098(0.05 <0001 ~078{0.01) <0001 —0.71(0.05 <0.001

7 years old —0.91 {0.01) <0001 ~0680.05 <0001 —073{0.01) <0001 —0.60 {008 <0.001

8 years old —054 001 <0001 —029(005) <0001 —041(001) <0001 —0.19 005 <0.001
Age*Breastfeeding exclusiveness

2.5 years old* Mixed feeding 0.03 (0.05) 0.54 —0.02 {0.05) 0.70

3.5 years old* Mixed feeding —0.05 0.05 Q.32 0.01 (0.05) 0.83

4.5 years old* Mixed feeding ~0.06 {0.05) 0.24 —0.07 {0.05) 022

5.5 years old* Mixed feeding ~0.12 (0.05) 0.02 -0,10 (0.05) 0.07

7 years old* Mixed feeding ~-0.26 (0.05) <0.001 -0.17 (0.06) 0.003

8 years old* Mixed feeding —0.27 0.05) <0.001 —0.24 (0.06) <0.001

2.5 years olg* Exclusive breastfeeding 0.14 {0.06) 0.01 0.03 (0.06) 0.61

3.5 years old* Exclusive breastfeeding 006 (0.06) 030 0.12(0.08) 003

4.5 years old* Exclusive breastfeeding 0.05 (0.06) 0.36 0.07 (0.06) 0.22

5.5 years old* Exclusive breastfeeding —0.009 (0.06) 087 —0.006 {0.06) 0.84

7 years old* Exclusive breastfeeding ~-0.18 (0.06) 0,002 ~0.07 (0.06) 0.27

8 years old* Exclusive breastfeeding —0.23 (0.06) <0.001 ~0.20 {0.06) 0.001
Birth weight (g)

<2,500 Reference X Reference Reference Reference

2,500-3,999 0.58 (0.04) <0.001 058 (0.04  <0.001 0.56 (0.04)  <0.001 0.56 (0.04) <0.001

=4,000 143 {0.08) <0.001 1.43 (0.08)  <0.001 1.36 (0.10)  <0.001 1.35 (0.10)  <0.001
Having elder sibling(s)

No Reference Reference Reference Reference

Yes 0.01 0020 048 0.01(0.02) 048 0.05(002) 0006 005002 0006
Maternal age (1 year increase) 0003 (0.002) 018  0.003{0.002) 016 0.01 (0.002) 0005  0.006 (0.002) 0.005
Maternal educatianat level -

Junior high school Reference Reference Reference Reference

High schoo! —0.07 (0.04) 009  ~007 (0,04 608 —0.08 (0.04) 0.06 ~0.08 {0.04) 0.06

Some callege or vocational schoo =0.07 (0.04) 003  —0.07 (0.04) 008  ~0.12 (0.04) 0,006 —0.12 {0.04) 0.006

More than college -0.04 (0.05) 0.40 -0.04 (0.05) 0.40 —0.11 {0.05) 0.02 —0.11 (0.05) 0.02
Materal smoking status at 0.5 years old

No Reference Reference Reference Reference

Yes 0.12 (0.09) <0.001 012 (0.03) <0.001 0.06 (0.03) 0.02 0.06 0.03) 0.02
Paternal educational fevel

Junior high school Reference Reference Reference Reference

High school or less —0.03 (0.03) 046  —0.03 (0.03) 046  —0.04 (0.04) 021 —0.04 (0.04) 021

Some college or vocationat school ~0.07 (0.04) 006  —0.07 (0.04) 006  ~0.10 0.04) 002  —010 .04 0.02

College or more —0.09(0.04 002 -008(004 002 —0.11(004) 0005 ~—011(.04  0.005
1530 Obesity | VOLUME 22 [ NUMBER 6 1 JUNE 2014 www.obesityjournal.org
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TABLE 2. (continued).
Boys Girls
Adjusted + Adjusted +
Adjusted model® Interaction term® Adjusted model® Interaction term®
Coefficient P Coefficient P Coefficient P Coefficient P
{SB) value (SE) value (SE) value (SE) value
Paternal smoking status at 0.5 years old
No Reference Reference Reference Reference
Yes 003 (002 011 003003 011 008 (0.02) <0001 008 (002 <001
Total annual household income at 6 months of age (million yen)
<25 Reference Reference Reference Reference
2.5-<5 0.02 (0.03) 0.57 0.02 (0.03) 057  —0.006 (0.03) 085 —0.008 (0.03) 0.86
5-<7.5 002 0.09 055 002(0.03 085 ~001©0% 071 -001(03) 072
7.5-<10 0.03 004 039 003004 039 0.04(0.04 026 004 004 025
>10 004 004 036 004 (0.04 036 001 (004 077 0.01 008 077
Intercept 16.0 (0.09) <0.001 1589 (0.10)  <0.001 155 .09 <0001 165 0.10)  <0.001

“Adjusted fer birth weight, having eider sibing(s), matemal ege, matemal 2ducational lsvel, matemal smoking status at 0.5 years cld, paternal educational lsvel, patemal
smoking status at 0.5 years otd and total household income at 0.5 years ¢id. For example, in boys between 1.5 and 8 years oki. the main effoct of cxclusive breastieading
was a lower BMI {~0.10) compared o exclusive formula-feeding.

®In addition 1o adjusted model, interaction terms hatween broastfoeding exclusiveness and each ags of chidren wers addad. For axample. betwesn 1.5 and 8 yaers od,
exclusively hreastfedt boys showed more BMI reduction (—~0.23) compared 10 exclusively formuta fad boys (statistically significant £ < 0.001},

(Table 2). Mixed and exclusively breastfed boys also showed a  that exclusively breastfed boys showed more BMI reduction, espe-
slower increase of inclination in BMI (Figure 1A and B). Regarding  cially from 1.5 to 7 years old (—0.18, P =0.002) and from 1.5 10 §
interaction between feeding type and uge, the mixed models showed  years old (—0.23, P <0.001), in comparison with formula-fed boys.
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Figure 1 Trajestories of body mass index (BM) stratified by breasttecding exclusiveness iboys: A, girls: B) and breastfeeding duration (ooys: C, gids: D).
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TABLE 3 Mixed effects models to evaluate trajectories of body mass index (BMI} by breastfeeding duration among boys
{n=21,425) and girls {n = 20,147) at different ages

Boys Girls
Adjusted + Adjusted +
Adjusted modei® Interaction term® Adjusted modef® Interaction tarm®
Coefficient P Coefficlent P Cosfficient P Cosfficient P
{SE) value {SE) value {SE) value {sg) value

Breastfeeding duration

Never Reference Reference Reference © Relerence

1-2m ~0.13 {0.04) 0.001 0.01 (0.05) 0.82 ~{.04 .04 0.29 0.04 0.08) .44

35m ~0.12 0.04) 0003 ~0.01 (0.05 078 —0.05 0.04 0.23 0.08 {0.08) 018

Qver 6 m ~0.07 0.04) 8.07 —-0.03 .05 0.55 0.01 .04 0.80 0.03 (0.0 058
Age

1.5 years old Refarence Reference Reference Relerence

2.5 years old -0.30 {0.01) <0001 -038{005) <0001 -016{0.01 <0001 -015009 0.605

3.5 years old —0.69 001 <0001 ~067 (005 <0001 -048 {001 <0001 —080{005 <000t

4.5 years old -0.99 0.01) <0001 -—085{005 <0001 -0B9{.01 <0001 —-DEE LT <000t

5.5 ysars ofd —1.08 001 <0001 -088 (008 <0007 —078 {001 <000t 071043 <000

7 years old —0.81 0.07) <0007 -088{005) <0001 ~RTA{DLY <0001 ~080{005 <0001

8 years old —0.54 001 <0001 ~029 005 <0001 —041001) <0001 -019(003 <0001
Age*Breastfeeding duration

2.5 years old* 1-2m -0.02 0.08) 078 —0.07 .08 0.24

3.5 years old* 1-2m ~3.13 {0.08) .02 —~0.04 {0.08) 048

4.5 years old* -2 m =014 [0.08) am ~{.03 {0.08) 011

5.5 years old* 1-2 m =017 {0.08) 0.008 ~011 Q.08 008

7 years old* -2 m -0.34 0.06) <0001 ~0.15 {0.08) 001

8 years old* 1-2 m —-0.31{0.08)  <0.001 —020 008 0001

2.5 years old* 3-5 m 0.05 (.08 038 ~0.08 £.06) .28

3.5 years old* 3-5 m ~0.08 {0.06) 0.14 ~0.04 {.05) 0.48

4.5 years old* 3-5 m ~0.03 {0.06) 014 -0.13 .06 0.08

5.5 years old* 3-5m —0.13 (0.08) .02 ~0.18 {0.06) 0006

7 years old* 3-5 m -0.29 {0.08) <0001 ~025 {008 <0001

8 years cld* 35 m —-0.20 008 <0.001 ~0.35 008 <0001

2.5 years old” over 6 m 0.03 0.05 018 0.03 .08 0.83

3.5 years old* over 6 m 0.03 (.05} 057 0.08 005 0.08

4.5 years old* over 6 m 0.02 £.05) 075 002 {0.05) [RK)

5.5 years old* over 6 m —0.08 {0.05) 0.24 —0.04 {0.08) .53

7 years old* over 6 m -020 {008  <0.001 ~0.11 (008 0.08

8 years old* over 6 m ~0.23 008  <0.001 -0.15 {0.08 0.001
Birth weight (g}

<2,500 Reference Reference Ralerence Reference

2,500-3,999 0,58 (0.04) <0001 058004 <0001 055 D04 <0007 0.56 004 <000

24,000 142008 <0001  1.42(008 <0001 135040 <0001 135018 <0001
Having elder sibling(s)

No Reference Refarence Reference Raference

Yes 0.01 0.02) 0.45 0.01 007 0.44 0.05 0.02) Q007 0.05 .07 0.007
Matemal age {1 year increase) 0003 0007 034 0003 0002 014 Q.006 [0.009)  0.007 0.008 {0.002) 0.007
Matemnal educational fevel

Junior high school Reference Reference Reference Feference

High school —0.09 (0.04) 0.05 -0.03 {0.04) 0.04 -0.08 [0.04) .07 ~0.08 {0.04) 007

Some college or vocational school  —0.09 (0.04) 0.04 ~0.09 0.04 0.04 ~012 {0.04) 0.005 —0.12 {04 0.065

College or more ~0.05 (0.05) 0.21 ~0.06 (0.05 0.21 —0.12 {0.09) 0.02 ~0.12 (0.05) 0.02
1532 Obesity | VOLUME 22 | KUMBER 6 | JUNE 2014 wyiw.obesityjournal.org
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¥ABLE 2. (continued). B (i 3 28 3 2 38 g g
25| 598z 58538 5898 s
Boys Girls 5 Lo S 2ocSs (e
. . s gz fzz sy 13
Adjusted + Adjusted -+ & © = S3 s 3 s
Adjusted model® Interaction term® Adjusted model® Interaction term® § H
Coefficient P Coefficient P Coefficient P Coefficient P § ° % = 2 § § E § @ E § %
(SE) value (SE) value (SE) value SE) value 2 ® g 5898 =88 §¢28 g 5
- e SH| 2es3 sed £88¢ |5 &8
Maternal smoking status at 0.5 years old & 52 g C g oo v 2 S
No Reference Reference Reference Reference "“@ o S o oo 33 4 §
Yes 013003  <0.001 013 0.03)  <0.001 0.07 (0.03) 0.008 0.07 (0.03) 0.008 w 5 3 ©
Paternal educational level *° -6 ag 58 R H 2 &
Juniior high school Reference Reference Reference Reference :;- 2 gg e < 22. &x f,’, ~ |E 2%
High schoo ~002(003 048  —002(0.08) 049  —0.04(0.04 021  —004(004 022 S 58 588: g 83 =288 § ] 'éé
Some college or vogational school  —0.07 (0.0 0.08  —007(0.04 009  ~010004 002  -010(004 002 5 2 2g| €gp ©® Egg 3§ %
More than college ~008{0.08 002  ~008(004 002 01004 0004 —0.11004) 0.004 § g ° S S e S o 2 og
Paternal smoking status at 0.5 years old % g . . . 3 g S
No Reference Reference Reference Reference z gles| .92 58 S g 2g
Yes 003002  0.08 003 (002  0.08 008002 <0001  008(0.02)  <0.001 a 00| E38s 222 E2%s Bg
Total annual household income at 6 months of age (million yen) F] 3 g 2888 388 sdd¢ L e
<25 Reference Reference Reference Reference 2 ce cEe c8 cTNg Vole §' a
25-<5 0020003 048 0.02(0.03) 048  —-001(003) 074  —001(009 074 8 R e e e T s
5-<7.5 002003 048 002 (003 049  —001(003 072  —0.01(003) 072 B _ e e . 2 sBw
7.5-<10 004004 031 0.04 0.04 031 005008 021 005 (0.04 021 g - O e -3 ] o §§§§
>10 0.04 004 034 004 004 035 002004 073 002(0.04 074 ] 2 = si%y 5985 & g 5 |2 ;: B
Intercept 16.00.09 <0001  158(0.10) <0.001 155009 <0001 155010  <0.001 5 §z~2 gese § ses 2s8e3d |3 55 g
o <4 ~ o - © [ k] £E7
‘a 2 O 33 S3 Sa 2 Eaiy
: - k= s22¢
%?ﬂcs’@g for birth welght, having elder sibling(s), maternal age, matemal educational level, matemal smioking status at 0.6 years old, paternal educational feve!, patema § § 'g '553: w ?\g?
smoking status at 0.6 years cld and total househeld income at 0.5 years old. For example, for boys batwaen 1.5 and 8 years old. the main effect of 3-5 months of exclu- @ o @ g‘ =8 =& 3; £D
sive breastieeding a fower BM| (~0.12) compared to who were never breastied. i T o= P o 2B 0 @ T oshe
SIn addition to adjusted model, intsraction terms between breastfeeding duralion and each age of children were added. For example, between agas of 1.5 and 8 years 5 T 8e2, B9, B9 . |E 5B=%
old, boys vho were breastled over 6 months showed more BMI rediuction (~0.23) compared lo those who were never breastfed {statistically significant, P < 0.001). % .g § g8ag 55 § g3y § B Egﬁ -
a| Enn o 2w ; £2%9
o ‘ _ , 4 \ 2l I° % TBE  "83% % gy
A similar association was found for girls, although the main cffect  formula-fed boys, exclusively breastfed boys at 8 years of age had B I3 s 3;%:*
was not statistically significant, an adjusted OR of 0.70 (95% C1, 0.55-0.88) for overweight and 0.53 £| @ = 5T [y & o § £§%i°—’
(959 Cl, 0.34-0.82) for abesity. Similarly, at 8 years of age, exclu- § 5o 8 S § 83 a 222 2 &-E%
‘When we replaced b ding type with b ding duration in  sively breastfed gitls had an adjusted OR of 0.68 (95% CI, 0.53- 5 b § & @5 e g R R 2 3; 85 2 ;?’ﬁ‘g
the model, we obtained similarly strong evidence that boys and girls  0.88) and 037 (95% CI. 0.23-0.60) for overweight and obesity, & =22 2 2Tsed g983 |§ gess
who were breastfed longer were less likely 1o become both over-  respectively. ! g % < g e crR IR -3 A 5
weight and obese (Figure 1C and D), and the trend was more notice- © ‘g e e e o % 55 g;é_,
able in later childhood and among boys. That is, the main effect of  Similar findings were obtained by the logistic models of overweight E g . e ® BE8E
breastieeding duration was significant for -2 and 3~5 months, and  and obesity at 5.5, 7, and 8 years for breastfeeding duration (Table 5). 3 5 o §_ S 8% gg g 9233
marginally significant for over 6 months among boys; but not signif-  For example, compared with boys who had never been breastfed, boys 2 (<X § S’\‘ g ~ 8 g g - 8 3 i b= g oy §
icant among girls (Table 3). Regarding inferaction between breast-  breastfed for 1-2, 3-5, and over 6 months had an adjusted OR of 0.86, g L 33_, a8 g_ i 8 g 23 S | ’5§§E
feeding duration and age. breastfeeding over 6 months showed more  0.81. and 0.78 for overweight at the age of 8, respectively (adjusted P § g 5 Ew = o= < 2 E -V ;§ %;é%
BMI reduction from 1.5 to 7 (—0.20, P <0.001) and 8 years old  value for trend = 0.03). Adjusted ORs for obesity at the age of 8 were o 2 2 '3 8 S S K .,’,‘"‘5»% g .
(—0.23, P <0.001), in comparison with BMI reduction among never (.66, 0.72. and 0.58, resp ly, with the do lationshi: B § f"#; ,Z‘E
breastfed; those at earlier time points were not statistically signifi- being significant (adjusted P value for trend = 0.02). Compared with g 2 El @ g b &
cant. Similar associations were generally found among girls, except  girls who had never been breastfed, girls breastfed for 1-2, 3-5, and T g B g £ s 2 E T0g %?3 4
reduction of BMI, for those breastfed for over 6 months between 1.5 over 6 months had an adjusted OR of 0.49, 0.36, and 0.43 for obesity g ° 38 e 3 e 3 z e = g g
to 7 years old compared to never breastfed (—0.11, P=0.06), was at 8 years, respectively, with the dose-response relationship being sig- g £ E 3 - 2 £ 2 §,§ §~E §’§
marginal, nificant (adjusted £ value for trend = 0.004), 2 = g é’ 2 4 g %’ § - § %‘ g ég [hed g § 3
2 25 83 S o Bay® e S8ECL88
These findings were confirmed by our additional logistic models — Sensitivity analysis excluding data from subjects with missing values g § ] % g § e ] f = E 2 '% = % E 5 é@%ég £
cvaluating the differences in the odds of developing overweight or  demonstrated almost the same results, although several significant o 0 g 2 7‘2 ’E 25 2 ?2 f ] § H = E,g §'w ;§g
obesity at 5.3, 7, and 8 years by the exclusiveness of b di i were d and became marginally significant 2 o dE& S SO ESSeBEHS %gg gg% -
in infancy (Table 4). For pl with ively (S ing Loft Tables S1-54). = = ~ = ~= o 12256888
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3 8 . g § é‘,‘; . :‘cj § g . g g g g Discussion whether the contents of the botdle were breast or formula milk (29).
B ;‘3‘: § ?;", B g ;‘ 33 %: ppN ﬁ' § b= In this longitedinal study that employed a nationally representative Whef mwhmwm.was bloarmvc factl?rs in breast m{lk. Br:as!fc(‘td-
28| 28385 Ssses 38388 |3 sample of Japanese children, we found that breastfed boys and gids 5, Soouses eppetite essociated peptide aad secretion of ghrelin,
‘2 p 2 o oo E oo 2 o oo -g p! ”'_};’“"m‘s ovel N sastied boys ‘Id!: which may reduce babies” appetite and result in reduced tisk of obe-
S gaz £z8 23 e ey T veryeight on tace ehileha0d sty (30). Higher proten intake in early childbood has lso been pro-
£ 3 e vt 1 s o et Ve s 8 1 ot o of i s G which v s
8 = e e § likely to develop overweight or obesity. Tmportantly, the BN differ, e With an sasly adiposity (D). Formula-fed children
0 o= ] ‘@\ ZE 258 S¥5 8 ences between pme chﬂdgrcn with d?fi’em?lo bzmzt‘faed statuses bave been seporied to Bave @ higher protein fntake than breasifed
% 05| E2RS%s £2%%sz EB32ss |z & el st i ing children (32), which may increass the fisk of obesity in fate child-
% ® - EHem 5258 53288 2 were statistically significant only in late childhood—at the ages of 7 . A
@ TS 85S8388 Edcsc SossS |2 0 and 8. Moreover, our data suggest that these effects of breastfeeding hood. of the actul it is stll unclear why
z g 8 2 é - o 2laaV EBaeo g vV o |E % are St;m am “ bo - thang;xl = breastfeeding has @ latent protective effect on overweight and obe-
o g 2383 S88 g & ger among boys s sity in late childhood.
2 7] ©
El = % 55 Our study d the h is that b ding has a latent . .
161 5 We found a stronger berween b ding and BMI
i 5 £gg sy sy |I eé ?,Z:;?;;mm on C*;“d‘“t’;:: BMIL (I5,16). The luent “‘Tf“ 9 umong boys than emeng girls. This finding is in fine with a previons
o § = 8T w9 gs39 R H § g . cing mt:' 5P *‘;’MI inconsistency in W"”“;“ TESUIS O qudy that showed greater benefits of longes breastfeeding duration
s thl Em 8§88 EZ8R é g 8588 3 % the 33“:]?‘““"“ tween BMI and breasifecding {13‘235—4)- 10 PRV g0 boys than for giris in reduciag body fats and BMI from 0.5 to 7
8 %2l €ooe e oo 22227 12 Bz ous studies, the children’s ages mnged predominantly from 3 10 & voars (513 This may be due 1o girls” intrinsically high fsulin resist-
] Z2Re RNER s8R Ze years (7,24-26) or the children were over 9 years old (6.12). In our . Gisls at the £ 5 have been found to have hi
5 5 © saa SRR sss g = study, 2 significant slower incrense of BML with age was observed oo aon oot e {o have higher levels of
9 ‘5 5 e N by'hbcg S il e ehtdh Wit ag nser triglycerides and lower jons of HDL then boys
g g 3 o in both boys and gids in late childhood, that s, after 7 years I bOYS o the same age (33). findings that indicate that metabolic disturban-
= 5 559 g9 sy E §§ and at 8§ ycfrs u‘x g:ri,s, who were bre'msrfcdc Cfimpared with those oy are more sdvanced in girly than in boys. An enimal stady
2 x 8 859 S 3333 gogd. |2 gF who were | . Furthermore. ] was shown 10 showed that baboons who were overfed by formula during infancy
] e S5855 28825 =888 2 ‘2. 2 have u significant protective effect on overweight znd obesity With @ wace more likely to have a higher fat score o 5 years of age. bul
2 S 3 ‘E' i», iw, S 2 f % % s 3 i, =1 % v Z§ 8’% dose-response refationship. and this effect was strongest 1::1 E ):carx this tendency was found only in females not males (34, Thess met-
] o= 5% 558 REB H 'sﬁ“ of age for both boys and girls. These results support the hyp balic vul in females might atlenuate the effect of breast-
8 Z §§..§ that breastfeeding has 2 latent protective effect against childhood  ferding and result in non-significance in trajectories of BMI in girls
£ s 5> § 2 overweight and obesity (15,16). Tn & longitudinal study with 1.037  and delayed effect of breastfeeding on BMIL
S = s g3 P 2 g:i.a % children followed wntil the age of 26 years, Poulton and Wx!lmms
g ] (.: 3 g :—J : § e g = § ‘; ? g g gg g g demonstrated that the protective effect of b ding on The of our study fnclude repeated measures of anthropomet-
z 3 g g 5298 59T s53ITey 2228 overweight was relatively weak up to age of 7 years and then o data, the use of & large nationally represeatative sample of Japa-
5 29 focgs Zocgocs Tgoge % §33§ strengthened in late childhood (9-11 years) {16). Their results, nese children, the of & ding status in a
»; < 5 = B fg '5,3 o g 3 g. = g <,;f K g; fé together with ours, suggest that studies investigating the effect of  munner, and high follow-up rates (73-89%, higher than dmsv: of other
9 2 e es cee ee= T gboE breastfeeding at eadly childhood (Le., below the uge of 7) might be  cohort studies) (6,25). Howsver, this study also had sever] limita-
g § § g:ﬁg unzble to show a significant slower increase of BMI with age or a  tions. First, snthropometric dats were based on paremts’ report. The
13 ol s5g sgg g = % @-é 3 protective effect against overweight and cbesity becsuse data were  validity of parent-reported height and weight in children varies across
E’ g 8 2323 2 g S 3 2_ b g 3 §§u§ collected too early. countries. A German study repored that parental reports of their
§ 2 2 5393y £%38&s 59988 |3 §;,,§ children's BMI were underestimated and sensitivity and specificity
2 'g B 2ceeee 2eoess £Ss8ds 2 ogﬁ,_ The contradictory results from pm\rmus stadies that showed no sige  for overwelght ranged from 66.75% 1o 67.1% und from 90.1 to 91.2%,
q a2 < 859 - 8838 « 3883 % §w§ z nificant iation between b and childhood overweight spectively, for boys and girds (35). However, a Japanese study sug-
g n S oS S oo S oo = :§§‘§ and obesity in American and European samples (11-14) may be due  gests that parent-reporied BMI is more precise: the comelations
%! 8 g ] to the difference in prevalence of hfwtfccdmg m Japan and in  between parent-reported and measured BMI ranged between 0.86 and
gl a - e sem ea e : §EBs westem countries. The perceatage of or, that Is, 097, and sensitivity and specifisity for the presence of obesity ranged
% 5 O 2382 g 222 2283 s §tg ° g ive and partial & feeding in Japan (78% for boys and 77%  from 83.3% 10 93.3% and 963% w 98.9%, respectively (36). In our
£ £ 2 addw 2 e 2 dbdg _‘é @ §.‘€ for girls) were higher than in the USA (34%) (24) and in the Ul\ study, the BMI data were almost equivalent to the Japansse national
5 % 8 gsseo % Sssdo £88eS |§ ggmé (66%) (27). More specifically, in a receat i BMI data In 2000, which comprissd of nationaily represen-
2 2 < “BE8R el & SR g sa’é 5 trial repotting no preventive effect on overweight und obesity @ age  talive cross-sectional sample ox’ chx]drt:a aged from Q10 17 years wnh
s E, =] === S S o SS o 3 §§§§ of 6.5 and 11.5 years old, the percentage of any form of ¢ feed-  objective (37 , the use of
2 g g g;gv ing was relatively lower, even among intervention group, Oaly 43%  height and weight data may mlroa?uac umhdﬂl‘cmmml mxscb:sszf' ca-
K g &= PR PR, 2 g-&% 3. of participants bresstfed for six months or more (11.12). Potential  tion in overweight and obesity, which will biss the results toward the
2 Ol § R 2283 2 S22 g ag §.>.§ methodological issues, such as high rates of missing valves in  null value (38), Nevertheless, our results showed that breastfeeding
% (: o g fai. Eam; 2o 288¢ g ;, Egzgg breastfeeding information (32%) {13) and drop out (57.9%) at the  had a significant p ive effect on d of overweight and
-% ° E*: S g 5 g 2 s g g = S s === E:iggii’g 8 age of outcome measurement (14), may have also influenced the  obesity in late childhood. Second, we did not control for parents’
© g > & SR & Tae & Qog VolE e 3 null association in those studies. BML. which may lead 10 residual confmmdmg Matemal obesity is
“5 S S S S S S S S S %g‘ég H fated with ion, at least
° = Za gs 5 Several underlying mechanisms for the relationship between breast-  among white (39) and Hispanic (40}, but not black women (40). Reli-
'g < = 2 g.‘e_;:qs& 8 feeding and childhood obesity have been proposed (28). One of  able data on the effects of maternal BMI on breastfeeding among
S % L eE 5 '§ [LA— 5 Be - “E: "‘é, 5 g"éz; s them is behavioral factors, such as infanis’ capabilities of self-  Asian populations are lacking.
™ B S os5E8E S o5588555% 3§§-§ ; % regulation of milk intake. Li et al. found that bottle-fed infants in
E 82182 §rn2ldid88502ldids gv 588 carly infancy were more likely to empty the bottle in lnte infancy  Given the findings of our study, further research should evaluate the
2 =z a -3 a EF 5 than were those who were fed directly at the breast, regardless of preventive latent effects of breastfeeding for childhood obesity.
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using standardized protocol for measuring height and weight, in
other Asian populations as well as in other paris of the world.
Important covariates such as maternal BMI, maternal weight gain
during pregnancy, children’s dietary intake and physical activities
should be adjusted. Potential mechanisms suggested, for example,
the roles of self- 1 appetite d peptide and e
of ghrelin, and JGF-1, warrant further smdy Importzunly, our swdy
demonstrated that not only Tusi but
also mixed breastfeeding and bzea:lfuedmg for less than 6 months
also had a protective effect agamst childhood overwcxghl and obe-
sity. This finding may bave impi public health i

even if discontinued or mixed with formula feeding for various rea-
sons, breastfeeding still has a protective effect on BMI trajectories
and overweight and obesity. Thus, breastfeeding should be vecom-
mended even if mixed with formula feeding or for a shovter
duration. O
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k d. We ined the iations between

tional limirations in old age.

ic status and adul 4 height with func-

Methods. Data were obtained {rom the baseline survey of the Japan Gerontological Evaluation Study 2010, a pop-
ulation-based cohort of people aged 265 years enrolled from 27 ruunicipalities across Japan (N = 15.499). People aged
65~69, 70=74, 75-79. and 280 years experienced the end of World War IT when they were aged 0-4, 59, 10-14, and

215 years, respectively. ic staws during childhood and current height were obtained by self-

]
ire in 2010, Higher-level

report through

scale. Poisson regression with robust variance estimator was

capacity was assessed using a validated questionnaire

P 10 the iation between childhood

subjective sociozconomic status, height, and functional limitations.

Results. Lower chi bj

)

ic status was i iated with higher prevalence

rate ratio of limitations in higher-level functional capacity,

of age cohort. Height was associated with

functional limitation only among the group aged 70~74 years: taller (2170cm for men and 2160 em for women)
people were 16% less likely to report functional limitation in comparison with shorter (<155 cm for men and
<145 em for women) individuals in the fully adjusted model (prevalence rate ratio: 0.84, 93% confidence interval:

0.74-0.96).

Conclusi Low childl

ic status had a robust

with fonal Timitati

j
regardless of age cohort. In addition, those who lived through World War II before they reached puberty and attained
shorter height were more likely to report functional limitations in old age.
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ISABILITY is a long-term process that is asso-

ciated with socioeconomic status (SES), health
behaviors (eg, smoking or physical inactivity), and
disease status (eg, stroke) (1). Social inequalities in
health behaviors and disease status lead to correspond-
ing social inequalities in disability status and func-
tional limitations (2)., Most studies have focused on
risk factors for disability beginning in midlife (3-53).
but increasingly studies have adopted a life-course
perspective to examine the associations between child-
hood environment, aduithood SES, health behaviors
(6), disability, and activities of daily living (ADL)
(71,8).

852

ic status—Height—Childhood environment.

Few studies have investigated the impact of childhood
environment on limitations in higher-level functional capac-
ity (7), such as those sacial activities or activities that require
higher cognitive function (eg, reading a newspaper, visiting
a friend’s house), which are critical to the concept of “suc-
cessful” aging (9). For example, the resuits of the Whitehall
11 study in the United Kingdom (10) showed that childhood
SES was associated with cognitive function among midlife
adults, suggesting that there is a sensitive period during
childhood development during which adversity can result
in limitations of higher-level functional capabilities later in
life (11). Notably, the Whitehall results indicated that child-
hood adversity can result in deleterious effects on health in

wely pay
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adulthood even if the individual escapes adverse sociveco-
nomic conditions later in life—which is referred to as the
latent effects model. Koyano and colleagues developed a
scale to assess limitations in higher-level functional capacity
among older people based on Lawton's model of compe-
tence (123, which was designed to cover instrumental self-
maintenance, intellectal activities, and social roles {13). An
investigation of the childhood determinants of limitations in
higher-level functional capacity is critical for the develop-
ment of a strategy to promote healthy and active aging (14).

Most previous studies on the life-course approach have
investigated the impact of childhood SES by using paternal

determinants of pondisabled people aged 265 years sam-
pled from 27 municipalities in 10 of the 47 prefectures in
Japan. The municipalities were selected throughout the
major islands of Japan (Hokkaido, Honshu, Kyushu, and
Okinawa), with the exception of Shikoku, Since the pri-
mary objective of the cobort is to examine the predictors of
disability onset, older people who were eligible to receive
public long-term care insurance benefits were excluded (ie,
older people with disability registered in municipality were
excluded) from the sample. In 15 municipalities, we sam-
pled the entire population of residents older than 65 years

{comyp ion), while in the remaining 12 munici-

occupation. as an indicator (6,15-19), while some studies
have adopted other proxies, such as perceptions of wealth
during childhood (16), housing conditions (20}, or number
of siblings (21), to measure early childhood soctal environ-
ment. Recent studies have demonstrated the utility of subjec-
tive socineconomic stams (SSS) as a predictor of health (22),
although an association between childhood SSS and disabil-
ity has not been reported 0 our knowledge. An additional
proxy for childhood adversity is adulthood height, which
can be thought of as a marker of cumulative social and envi-
ronmental exposures during early childhood (23). Arcund
20% of variation in height is due to environmental variation
(23), which is mainly made up of childhood nutrition, dis-
ease status, educational attainment and lower socioeconomic
position (24). Previous reviews have indicated a robust link
between short stature and a range of diseases {25). To the best

palities we mailed the surveys 10 a simple random sample
based on the official residential registers obtained from
municipal authorites.

Atotal of 117494 residents aged 263 years atthe ime of
the baseline survey {which took place from August 10, 2010
o May 9, 2011) were targeted for the baseline question-
naire. Of the cligible participants, 78,769 people responded
to the survey (response rate: 67.0%, which is quite high for
a community-based survey of this type, where response
rates of 20% is the norm in mamy western countries), Of
the returned surveys, 4,425 were rejected because of miss-
ing data (valid response rate: 63.3%). One-quarter of the
sample in 25 municipalities (N = 18,194) was asked about
childhood environment. We further limited the sample ©
respondents who gave nonmissing respomses on sex and
responded 2635 years of age (V= 17,723). To focus on the

of our knowledge, no study has i the association:
between childhood SSS and height with limitations in higher-
level functional capacity among older people.

The Japan Gerontological Evaluation Study Project is 2
cohort study that evalnated both childhood environment and
higher-level functional capacity among ity-dwelling
people aged 265 years in Japan. Bascline surveys were admin-
istered in 2010-2011 to individuals who were free of disabil-
ity as defined by the national long-term care insurance system.

Some of the participants lived through World War 11, which
lasted from 1937 to 1943, while they were in early childhood.
People aged 65-69, 70-74, 75-79, and 280 years experi-
enced the end of World War II when they were aged 0-4, 5-9,
10-14, and 215 years, respectively. The period during and
immediately after World War II (1937-1943) in Japan was
associated with food shortages, rationing, and severe restric-
tions in the nutritional environment {26,27). Thus, this cohort
provides a unique opportunity to investigate the impact of
height (as a proxy of early childhood nutritional deprivation)
on subsequent limitations in higher-level functional capacity

iation between childhood environment and limitations
in higher-level functional capacity, although initially sam-
ple with disability regi i in municipality were excluded
the sample was further limited to those who reported no
limitations in ADL, defined as those who can walk, take
a bath, and do toilet without assistance (¥ = 16,870). The
excluded sample with ADL limitations showed similar
childhood 5SS with incladed sample (p = 37), elthough
the height of the excluded sample was shorter in general
{p <.01). Finally, since the study’s main outcome reasure is
higher-level functional capacity, those who did not respond
fully to the Tokyo Metropolitan Institute of Gerontology
Index of Competence were excluded; this reduced the size
of the analysis sample o 15,499,

Assessmens of Limitations in Higher-Level Functioral
Capacity
Limitations in higher-level functional capacity was

METHODS

Study Population
The goal of the Japan Gerontological Evaluation Study
2010 Project was to evaluate the health status and social

using the Tokyo Metropolitan Institute of
Gerontology Index of Competence (12), which was derived
from Lawton’s model of competence, comprised of 13 items
(see Supplementary Appendix), designed to cover instru-
mental self-maintenance (3 items), intellectual activities (4
items), and social roles (4 items) for older people (13). For
example, the respondents were asked, “Can you use pub-
lic transportation (bus or train} by yourself?” with response

sy ol
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items of “yes” or “no.” If respondents marked “no” for any  gastrointestinal disease, liver disease, psychiatric disease,

. . X - " . S P = |g] B¥ 2588 S8 8358 58§ 5883 18
item, the respondent was classified as having some limita-  visual impairment, hearing impairment, impaired excre- 2olel 33 IZ 5 % I 1373 43 ZZ3izT 7 E
tion in higher-level functional capacity, while respondents  tion, sleep disorder, and other. Sex, marital status (married, 3 E _§ &I 835 ¥2%% 88 4355 38 gEua ¥§
who marked “yes” for all items were classified as being  widowed, divorced, never married, or other), and living sta- E ]
without limitation in higher-level functional capacity. This tus (whether or not the respondent was living alone) were Bz
scale is widely used in Japan to assess limitations in higher-  also asked via questionnaire. Further, municipality dummy -z E |&|% § ?f H § E § 8% § E B § § § § 58 § K] § § § 8%8 E
level functional capacity among older people (28-30). codes were added to adjust for municipality fixed effects. ko
g
il gls| 83 =38 s§ zzsy s® zsss =s
Childhood SSS and Adulthood Height Analysis al| (88| 44 2244 4% 2233 23 L3123
Childhood SSS was assessed retrospectively by the fol- Poisson regression with robust variance estimator was gl 2z T feee en ee9e o- SeSd I
lowing question on the sclf-adminisicred questionnaire: used to examine the associations between childhood SSS o H =3
“How do you rate your social status when you were aged  and height with limitations in higher-level functional 2 & #153858588585 3325355838858 %588
15 years in comparison with standards at that time?”  capacity, stratified by age group. We employed Poisson 3 3 - Teem AN TeSSe P TS = B
Responses were rated on a five-point Likert scale with the  regression analysis with xobust variance estimator because 3 =
following anchors: high, middie-high, middle, middle-low,  of the relatively high prevalence of limitation of higher- 2 gl & |o| 8% 2988 23 8838 ©§ 2358 =8
and low. Retraspectively, recalled S8S has been used ina Jevel functional capacity (>10%), which would result in 8 S" - R ® g T 2233 g § ;?% I3Y I3 Ti713 34
ovi d simi ation wi . : o . . “lle235|8 2H 2888 38 3585 88 H6&EE ®E
previous study and showed similar association with health  the divergence of odds ratios from the risk ratio (35,36). L R s 0odS dn dS8E oS- Sddo Se
status in comparison with objective SES in childhood,  Model 1 was adjusted for age and sex, model 2 additionally : % E ] §
although only among men (31). The participants” current  adjusted for adult SES, model 3 additionally adjusted for Ell & lulsunusssnsanusnaszessssasasnn
height was also reported in the self-administered question-  health behaviors, model 4 additionally adjusted for disease = ElEZNE2222E2 5933232382888 833%885
naire. Previous studies confirmed a high correlation between  status, and model 5 (the final model) additionally adjusted E
self-reported and measured height among Japanese (32)  for marital and living status. All analyses were performed 5 Flsl 3% sz S %8s =3 =888 9w
and older people in Australia (33). Individuals reporting  using STATA MP version 12. ;E’ alol 35 3 377 37 7 g E % R E E LR
height above 3 SDs from the mean height (as retrieved from sl 938 g§F 5838 g g 88 88 g g8 2\ é é
the 2010 Japanese National Health and Nutrition Survey B+
(34)) were excluded because considered as potential outli-  Resurts 3 = 3
ers, yielding 1,617 invalid reports (10.4%). Further, height The overall and age-suatified characteristics of the 4 & Elx|eS8v88388R3888 0855888853
was categorized into five groups in 5-cm intervals for each  study sample are shown in Supplementary Table 1, Of the '_E 8
sex: for men: <155, 155-159.9, 160-164.9, 165-169.9,and  respondents in the total sample, 72%, 22%, and 11% were é Z -
2170cm; and for women: <145, 145-149.9, 150-154.9, married, widowed, and living alone, respectively. Regarding ) g %|B e E § % § E’ 5 § 2 383 § f § g § E E §
155-159.9, and 2160cm, childhood SSS, 44% considered that their childhaod SES g sl ~5lE $d g 48 B 244 43 2327 43
was low compared with the rest of society; this did not 2 £ 3 & #r €080 S5 o488 —“< oddd <e
vary by age group. The distribution of participants in the 5 E R
Adult SES, Health Behaviors, Disease Status, and five height categories was as follows: 11% (in the short- g fg z 2 5885888588888 s3Rs888835%
Other Covariates est group), 22%, 30%, 19%, and 7% (in the tallest group); [ < ol A R B
Potential mediators of the association between child- 10% of respondents were missing information on height. g a
hood adversity and old age functional limitations—such as  Around half of participants completed less than 10 years of g E 5 5 5 )
adult SES, health behaviors, and disease status—were also  education. A further 45.2% earned less than 3 million yen = E: T 3 2 3 K 3 é
assessed by self-administered questionnaire. Indicators of  inannual income (1 million yen is equivalent to 10,000 dol- i g_ E ; E - 3 3 E; = E S 5 - E N
adult SES included years of schooling (<6, 6-9, 10-12, or  lar), One third were current drinkers, while 10% were cur- 2 5 58 j: $o E g o T %, ?, ; o3 ? o % g o5
213 years) and annual household income in the year before  rent smokers. The major comorbid conditions reported by 2 1 cEEREEE =53 S 3 2TE 5 523 3 233 = @;E <]
the survey (<1.5, 1.5-2.9, 3.0-4.9, or 25 million yen, 1 mil-  participants were hypertension (39.8%), visual impairment g R ECEEE LR R L
lion yen is equivalent to 10,000 dollars). Health behaviors (14.0%), diabetes mellitus (12.9%), heart disease (11.9%), §
included drinking (current, quit, or never), smoking (cur-  joint disease or neuralgia (11.5%), and hyperlipidemia 'g’ 2 [ I
rent, quit £4 years ago, quit 25 years ago, of never), vegeta-  (9.3%). In terms of limitations in higher-level functional E g g g
ble and/or fruit intake during the past month (two servings  capacity, 57% of the total sample reported some disability 3 g - g = g o
daily or more, once daily, 4-6 times weekly, 2--3 times (as did 49%, 54%, 60%, and 71% of the sampled groups & g é" _§ E g ’:3: §
weekly, once weekly, less than once weekly, or never), and aged 65-69, 7074, 75-79, and 280 years, respectively). % 3 E % H Z g %
average walking time per day (<30, 30-59, 60-89, or 90+ Table 1 shows the prevalence rate ratios (PR) of limita- e k] =4 & 5 & s 8
min). The respondents were also asked whether they were  tions in higher-level functional capacity according to child- a § é § a § a
currently under medical treatment for the following dis-  hood SSS and height, stratified by age group, using Poisson
eases with yes/mo responses: cancer, heart disease, stroke,  regression. Overall, low childhood SSS showed a posi- - N N
hypertension, diabetes mellitus, obesity, hyperlipidemia,  tive association with limitations in higher-level functional 3 = @ >
osteaporosis, joint di /neuralgia, respiratory disease,  capacity in all age groups. For example, older people aged § e @ 2
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65-69 years who considered their childhood SES as low
or middle-low were 1.39 times (95% confidence interval
[CI]: 1.23~1.57) more likely to repost limitations in higher-
level functional capacity in comparison with similarly
aged people with high or middle-high childhood SES, after
adjustment for age and sex. Similar PRs were observed for
other age groups: for older people aged 70-74, 75-79, and
280 years, the PRs of limitations in higher-level functional
capacity among those with low as opposed to high child-
hood SSS were 1.30 (95% CL 1.17-1.44), 1.31 (95% CL:
1.18-1.46), and 1.18 (95% CI: 1.10-1.27), respectively.
The significant associations remained in all age groups even
after correction for mediators (adult SES, health behaviors,
disease status, marital status, and living status), altbough
the point estimates of PR were attenuated by covariance
adjustment.

In contrast to childhood SSS, adulthood height was
significantly inversely associated with limitations in
higher-level functional capacity only among the group
aged 70-74 years, that is, among those who experienced
the end of World War II when they were aged 5-9 years.
Model 1 indicates that in comparison with shorter older
people, the PRs of limitations in higher-level functional
capacity across ascending height groups were 0.91 (95%
CI: 0.83-1.01), 0.86 (95% CI: 0.78-0.94), 0.86 (95% CI:
0.78-0.95), and 0.78 (95% CI: 0.69-0.89), respectively.
The “dose-response” relationship was statistically sig-
nificant according to the test for linear trend (p for trend
< .001). This association persisted even after adjustment
for mediators. Further, the p for linear trend between
height and limitations in higher-level functional capac-
ity remained significant in model 5 (p for trend = .008,
data not shown). An association between height and
functional limitations was not found in the younger age
groups.

The impact of childhood SSS and adulthood height on
specific type of functional limitations (ie, instrumental
self-maintenance, intellectual activities, and social role

limitations) was further investigated (see Supplementary

Appendix). Then, we found that low childhood SSS
was significantly positively associated with limitations
in intellectual activities and social role limitations (see
Supplementary Table 2). By contrast, limitations in instru-
mental self-maintenance activities were not associated
with childhood SSS. A significant inverse association was
observed between height and the intellectual activities sub-
category of limitations in higher-level functional capacity
for all age groups. Among older people aged 70-75 years,
for example, the tallest group was 28% less likely to
report limitations in intellectual activities compared with
the shortest group (PR: 0.72, 95% CL: 0.58-0.90). The
remaining subcategories (ie, instrumental self-mainte-
nance and social role limitations) were not associated with
height, except social role limitations among people aged
70-74 years.

Discussion

Using data from a large population-based study, we
showed that low childhood SSS was significantly associ-
ated with limitations in higher-level functional capacity
among older people without ADL limitations, especially in
the domains of intellectual activities and social roles. These
findings were consistent across all studied age groups (ie.
65-69, 70~74, 7579, and 280 years). Furthermore, adult-
hood height (considered a proxy of childhood nutritional
and social environment) was inversely associated with Hmi-
tations in higher-level functional capacity among older peo-
ple aged 70-74 years, who experienced the end of World
War 11 when they were aged 5-9 years. The fact that these
associations persisted after adjustment for SES attained in
adulthood suggests the long-lasting influence of childhood
adversity on functional limitations in old age.

The following pathways can possibly explain how low
childhood SES and height exert long-term influences on
higher-level functional activity limitations in old age: First,
low childhood SES may deleteriously affect the devel-
opment of health maintenance behaviors across the life
course. For example, those raised in low SES circumstances
may lack role models in terms of intellectual activities or
social roles—or what is referred to as the accumulation of
“cultural capital,” For example, pareats in high SES house-
holds are more likely to read newspapers and participate in
a variety of social roles (37-39). This may explain why low
childhood SSS was not associated with self-maintenance
instrumental ADL in this study, that is, even those raised
in low SES circumstances acquire habits such as the use of
public transportation. Second, low childhood SES may wrig-
ger a chain of risk that includes low adulthood SES, poor
health behaviors, and disease status, which are all associ-
ated with limitation in higher-level functional capacities—
the so-called “pathways model” in the life-course literature.
In our study, adding adult SES, health behaviors, and dis-
case status to the statistical model attenuated the point
estimates of PR for limitations in higher-level functional
capacity; this suggests that low adult SES, poor health
behaviors (such as inactivity), and having a disease (such as
coronary heart disease) partially mediated the association
between low childhood SES and the outcome.

Our findings are consistent with those of previous studies
on childhood SES and disability. Using data from the U.S.
Health and Retirement Study, Bowen and Gonzélez reported
that low childhood SES (assessed by parental education and
occupation) was associated with ADL, instrumental ADL,
late-life disabilities as well as social and behavioral health
risks in adult life (7). Furthermore, among midlife popula-
tions, childhood SES has been directly linked with func-
tional limitations (ie, grip strength, reaching, walking, and
stair climbing) in the 1946 British National Birth Cohort
Study (8) and indirectly associated with cognitive function
in the UK Whitehall II study (10). Our study adds to this
literature by showing that low childhood $SS was directly
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associated with higher levels of functional {especially, intel-
lectual and social role) limitations,

To the best of our knawledge, this is the first study that
has shown an association between height and limitations in
higher-level functicnal capacity. Previous studies reported
that short height was associated with mortality or morbidity
from stroke and coronary heart disease (40.41), dementia
(42), and cognitive function (43,44). Morcover, a recent
study showed that height was associated with intelli

such as parental death, divorce, or child maltreatment (48).
Fourth, adulthood height was self-reporied, not meas-
ured objectively; this could introduce measurement error.
However, we used height as not a continuons but as a cat-
egorical variable, which minimizes misclassification. Fifth,
our response rate to the survey was 67%, and it is likely that
those who had activity limitations as well as those from low
childhood SS8 backgrounds were less likely to respond to

and brain gray matter volume (45). Further, the current
study was conducted in a non-western setting, suggesting
the generalizability of the impact of childhood environment
on functional limitation in older age.

The impact of poor childhood nutritional eavironment
on limitations in higher-level functional capacity seems 1o
implicate the presence of a critical peried in early child-
hood, assuming that the period during end immediately
after World War 11 {1937-19435) was associated with the
most severe restrictions in nutritional environment {26,27).
An important caveat is that we lacked data on the location
where particip spent their childhood, although nutrition
and clean water likely varied by location. The results are
interesting, as those exposed to the War conditions at ages
04 years showed no impact on higher functional ability;
the reasons for this resuit are unknown. The 63- to 69-year-
old cohort might have had a better environment after World
War 11, while people aged 70-74 years might have suffered
from a poor nutritional environment even when they were
aged 0—4 years during and immediately after World War
1L Our findings suggest that the prepubertal period is criti-
cal for physical and cognitive development, as those who
experienced World War II after the prepubertal period (ie,
those aged 7579 and 280 years) showed no association
between height and functional limitations. The importance
of the prepubertal period was also reported in a previous
study, although the measured outcome was not height; that
study reported that the age of achieving pubertal milestones
{assessed as first nocturnal emission, voice breaking, and
pubarche) was associated with cognitive functioning among
older men (46).

Qur study has several limitations. First, childhood S8S
was assessed retrospectively because of the study’s cross-
sectional design; thus, the data are participant to recall bias,
and current health status might have affected the assessment
of childhood $SS. However, a previous study confirmed the
validity of retrospective assessed of childhood SSS using
sibling’s recall of measures of childhood socioeconomic
position (47). Second, in conjunction with the first point,
childhood SES was assessed subjectively in this swmdy,
although previous studies assessed this variable in terms
of parental occupation or education (7,8,10). However, we
considered that SSS is a useful indicator that taps aspects of
social status beyond objective measures such as educational
attainment or occupation, Third, we used only relative
childhood SSS, but not other aspects of childhood adversity

the questionnaire; suggesting that our reported results might

deresti the true underlyin iations. Sixth, the
AGES cohort excluded persons with ADL limitations from
the baseline study sample, which may have led to an under-
estimation of the impact of height on functional limitations.

In y, our fi implicate the “long arm” of
childhood  socioecor i 1 on functional
capacity at older ages. Policies that mitigate childhood
adversity may vield health dividends at a distant point in
the futare. Conversely, policies to address the prevention of
old age disability need to target not just those in midlife, but
points that are further “opstream” in the life course.

SUPPLEMERTARY MATERISL

Supplementary msterial can be found st hupibiomedgeroniology.
oxfordjournals.org/
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Abstract

Background: Caste, a proxy of socioeconomic position, can influence the neurodevelopment of children through
several pathways, including exposure to toxic elements. Studies from developing countries where caste is
represented by prevailing caste groups and people are highly exposed to toxic elements can provide useful
insights intc the mechanisms of neurodevelopmental inequities among children. This study aims to investigate the
impact of caste on the neurodeveloprent of children from birth to 36 months of age in Chitwan Valley, Nepal,
where people are exposed to high levels of arsenic {As) and lead (Po).

Methods: Participants (N = 94) were mother-infant pairs from the Chitwan district in Nepal. The neurodevelopment
of the infants was assessed using the Brazelton Neonatal Behavioral Assessment Scale, Third Edition, (NBAS Hl) at
birth and the Bayley Scales of Infant Development, Second Edition, (BSID 1l) at ages 6, 24, and 36 months. Caste was
categorized based on surname, which, in Nepal generally refers to one of four caste groups. We alsc measured the
concentrations of As and Pb in cord blood.

Results: Caste was positively associated with the state regulation cluster score of the NBAS Il at birth after
adjustment for covariates (p for trend < 0.01). Adding cord blood As levels attenuated the association (p for

trend = 0.12). With regard to neurodevelopment at six months of age, the third-ranked caste group scored higher
than the first-ranked caste group on the Mental Development Index (MD}) of the 8SID If {coefficient = 3.7; 95%
confidence interval (Cf) = 1.3 to 6.0). This difference remained significant after adjustment for cord blood As levels
and other covariates was made (coefficient = 3.9; 95% Cl = 1.2 to 6.7). The remaining clusters of the NBAS il and
BSID Il at 6, 24, and 36 months were not significantly associated with caste group.

Conclusions: Caste was positively associated with the state regulation cluster score of NBAS It at birth. This
association was partially mediated by cord blood As levels. However, the negative impact of caste on
neurodevelopment disappeared as the children grew. Furthermore, an inverse association between caste and MDI

at six months of age was observed. Additional studies are needed to elucidate the mechanism of how caste affects
neurodevelopment.
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because this district is exposed to high levels of As via

Exposure to socioeconomic disad ge during pr
and early childhood impairs rewrodevelopment in children
{1,2]. Despite evidence indicating that the association be-
tween socioeconomiic position (SEP) and the neurodeve-
lopment of newborns and young children {3-9], the results

of epidemiological studies on the association of SEP with'

later neurodevelopment have been inconsistent {6,7,10].

For example, in the Port Pirie prospective cohort
study, Tong et al. [7] reported a 0.8~2.0 unit increment
in children’s cognitive scores per ten-unit increment in
their SEP scores, while in 2 Bolivian cohort, Ruiz-Castell
et al. {10} could not detect an associetion between SEP
and cognitive devel Such discrepancies may have
been caused by differential representation of actual SEP by
the assessment indicators used. In the Bolivian cohort,
most of the participating families did not have any mem-
bers with permanent jobs (rather, they held temporary,
short-term jobs); thus, parents’ occupation (which was
used as a proxy of SEP) likely did not reflect actual social
or economic level. However, although SEP was evaluated
by a similar indicator {i.e., parents’ occupation) in the
Port Pirie cohort, the fact that they held professional
(permanent) occupations may have reflected their actual
social or economic level. Other studies have considered
family income, education, and occupation as proxies of
SEP {6,11-13]. However, the use of these proxies might
not exactly represent SEP as such, because each proxy
measures a different aspect of SEP [14]. Considering
these disadvantages of SEP measurement, caste group
might be a good indicator of SEP. To the best of our
knowledge, no previous studies have evaluated the effect
of caste group on neurodevelopment in young children.

Caste refers to a person’s status within the sructure of
society. In Nepal, the caste system still forms an important
pillar of the social hiesarchy [15], even though it was offi-
cially abolished by law in 1964 {16]. The Hindu caste
structure segregates people into four caste g;'oups on the
bases of ritual purity and occupation, namely B

high-level As o ination [20]. In addition, Pb exposure
is high in this district because the region is situated at the
junction between two main highways from Kathmandu
and East-West Highway; this location serves as a major
artery for a number of vehicles that emit Pb into the en-
vironment via leaded gasoline {21]. Further, this district
is well recognized as a central immigration target among
many caste groups from different parts of the country
[22]. Thus, it was hypothesized that the association be-
tween neurcdevelopment and caste group via exposure to
toxic elements would be more visible in the Chitwan dis-
trict versus othess in Nepal. The objectives of the present
study were to investigate the impact of caste on newrode-
velopment scores from birth to three years of age, and to
investigate whether it is driven by exposure to toxic ele-
ments during pregnancy in the Chitwan District.

Methods
Study sample
The eligibility critedia to be met for participation in the
present study were as follows: living in the Chitwan Valley
for at least two years, full term pregnancy {i.e, more than
37 weeks of gestation} at a specified hospital visit, aged
18-40 years, per vaginagm delivery, singleton bmh and
no reports of diabetes, hypertension or pre-eclamyp
Two hundred pregnant mothers were approached from
September to October 2008 in the Bharatpur General
Hospital of the Chitwan district. Among them, 119 were
eligible to participate in the study. Eligible mothers were
informed of the background and objectives of the study,
what they would experience during the study process,
the potential benefits they might experience and poten-
tial {although unexpected) risks. One hundred women
(84%) signed a letter of informed consent and partici-
pated. The study protocol was approved by the Ethical
Coramittee of the Graduate School of Medicine at the
Umverstty of Tokyo {approval no. 2244) and that of the
wratpur General Hospital, Chitwan, Nepal.

Chetri, Vaishya, and Shudra. The Brahmins—who taught,

interpreted religious customs and rules, and admini 1
the Hindu religion—were at the top of the hierarchy. They
were followed by the Chetri, who were considered the
rulers and warrors of society. Next in the hierarchy were
the Vaishya, who were farmers and merchants. At the
Jowest level were the Shudra, who were laborers made
to serve those belonging to the upper three castes [17].
We hypothesized that caste group is associated with
neurodevelopment in young children through exposure
to toxic elements during pregnancy. Toxic elements, such
as lead (Pb) or arsenic (As), are harmful to neurodevelop-
ment because they can induce oxidative stress and the
production of free radicals, resulting in neuronal apoptosis
{18,19]. We targeted Chitwan Valley in lowland Nepal

Neurodevelop ! indicators

The third edition of the Brazelton Neonatal Behavioral
Assessment Scale (NBAS I} [23] was used to assess
neurodevelopment at birth. The NBAS I has frequently
been used in the field of neuratoxicolegy {24,25). Details
regarding NBAS 1II assessments and research findings
from this cohort have been published previously [26].
NBAS 1II clusters were composed of 7 dimensions: habitu-
ation, orientation, motor system, state organization, state
regulation, autonomic stability, and abnormal reflex.

The second edition of the Bayley Scales of Infant De-
velopment (BSID II) [27] was used to assess neurodeve-
lopmental status at ages 6, 2¢ and 36 months. The BSID
II scale has also frequently been used in the field of
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neurotoxicology [28,29]. The BSID Il provides three
neurodevelopmental clusters: Mental Development Index
(MDI), Psychomotor Development Index (PDI), and
Behavioral Rating Scale (BRS). The MDI reflects an in-
fant’s level of cognitive function, language, and pex-
sonal and social development. The PDI reflects gross
and fine motor function, and the BRS is a record of the
examiner’s impression of the infant’s neurobehavioral
integrity.

The BSID II test was conducted in the infants’ homes
and administered within four weeks of the target age (ie.,
at age 6, 24 or 36 months * one month). The infant’s age
in number of days at the time of testing was also recorded.
Single rater (RPP) conducted both the NBAS III and BSID
1 assessment.

Caste groups

During the interview process, the complete name, detailed
home address, and mobile or home phone number of the
parents was collected to enable the collection of prospect-
ive follow-up data, There is no single widely accepted def-
inition or classification of each caste group [30]. Thus, we
classified participants into the four ancient caste groups
according to occupational specialization (ie, Brahmin
[priest], Chetri [warrior], Vaishya {trader and farmer], and
Shudra (laborer]) [31). These groupings are widely ac-
cepted despite the formal abolition of the caste system. In
the present study, the classification was based on the sur-
name of the father of the cohort baby (see Table 1 for de-
tails). However, in cases of confusing surnames, phone
conversations were held with parents to ascertain their
caste groups. The rank of the caste group was placed in
the following order: Brahmin, Chetri, Vaishya, and Shudra
were ranked first, second, third, and fourth respectively.

Measurements of cord blood toxic elements levels
To assess the levels of toxic elements, cord blood was
collected from the placenta by midwives following cornmon

Table 1 Categorization of caste groups according to

surname

Caste name  Surname or Family name

Brahmin Khael, Adhikari, Subed), Kandel, Chapagain, Gaire, Dhakal,
Neupane, Sharma®, Gautam, Sopkota, Rijal, Dowadi, Neure,
Kattel, Khanal, Pargjuli, Wosti, Pathak, Puri, Nepal,
Poudel, Aryal, Lamichhane, Bhattarai, Prasai, Ghimire®,
Shinkhado,

Chetri Thapa, Chhetri, Kuwar, Khadka, Khetri, KC, Thakuri,
Burlakoti, Yadav

Vaishya Chaudhari, Shrestha, Mahoto, Monandhar, Rauniyar, Lama,
Tamang, Aale, Guruag, Thapa

Shudra Pariyar, 8K, Sunor, Kumal, Giri*, Sharma?, Boraili, Nagarkot,
Rana, Darai

*The same surname is currently being used by Shudra for social assimilation.
However, they were categorized into four caste groups based on home and
phane consultatians,
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aseptic procedures. Cord blood (10 mL) was collected into
a trace-metal—free cryovial that contained ethylene diamine
tetra-acetic acid (EDTA) as an anticoagulant. Cord blood
samples were stored in a standard freezer (-20°C) for less
than one month, then kept frozen with dry ice during
transport to a laboratory in Tokyo where they were stored
in a deep freezer (-78°C) until analyzed. Detailed methods
regarding the measurement of cord blood As and Pb levels
in this cohort have been published previously {26].

Covariates
The height and weight of mothers were recorded before
delivery. Body weight was measured to the nearest 0.1 kg
using a portable digital scale (Model BF-046 WH; Tanita,
Tokyo, Japan). Height was measured to the nearest
0.1 cm. Body mass index (BMI) was calculated by divid-
ing weight (kg) by height squared (m?). The birth
weights of the newborns were obtained from hospital
records. Height and weight were also taken at 6, 24, and
36 months of age using the same devices and methods.
The following information was collected during hospital
face-to-face interviews via a structured questionnaire:
mothet’s age, mother’s parity, baby's gender, gestational
age, time and date of delivery, mother’s level of educa-
tion, annual family income, mother's smoking status
during pregnancy, and mother’s status of alcohol intake
during pregnancy. A single rater (RPP) visited the home
of each mother-infant pair approximately 6 and 36 months
after delivery and evaluated the postnatal home envir-
onment on the Home Observation for Measurement of
Environment scale (HOME) [32].

Statistical analyses

The distribution of all variables were examined for normal-
ity. Cord blood levels of toxic elements and annual family
income were log transformed. Associations between caste
group and demographics, birth outcomes, and prenatal
and postnatal environmental varjables were analyzed by
linear trend tests.

Using a bivariate model, the individual associations
between caste group and each NBAS I cluster score
were analyzed. Multivariate analyses were conducted
and adjusted for mother’s age {33}, parity [29], family in-
come [34], mother’s level of education [29,35), mother’s
BMI before giving birth [36], gestational age {36] and
infant’s age at the time of the NBAS III assessment
(Model 1). Further, As levels were adjusted {Model 2).
For ages 6, 24, and 36 months, multiple regression models
of each BSID II cluster; MDI, PDI, and BRS were adjusted
for maternal age, maternal education, log-transformed in-
come, parity, maternal BMI, birth weight, concurrent age
at BSID assessment, infont weight, and HOME score
(Model 1) and log As levels was further adjusted (Model 2).
The 6-month-old HOME score was adjusted to create the
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model for 24-months-old since the 6-month score can
represent the home environment for up to three years.
Trend tests for neurodevelopment indicators were also
performed by caste group. Statistical significance was
determined with a criterion level set at p < 0.05. All ana-
lyses were performed with a statistical software package
(Stata version 11.0).

Results
Table 2 izes the ck ristics of mother-infant
pairs at birth and at 6, 24, and 36 months after birth.
The maternal, household, and newborn characteristics of
this cohort have been published previously [26]. The
mothers’ level of education showed a linear trend in terms
of caste (i.e., more education among higher-ranked caste,
P < 0.001). Infants’ ages during the six-month BSID IL
assessment also varied by caste rank (p = 0.02). Evalu-
ation using the BSID 1l began in areas distant from the
Chitwan Valley, where predominantly lower-caste parents
reside. Thus, babies’ ages at BSID II assessment were lower
among lower-caste groups. The HOME scores were con-
sistently higher among high-ranked caste groups than low-
ranked caste groups at ages 6 and 36 months ( < 0.001),
Table 3 surmmarizes the distribution of cord blood Pb
and As levels, and birth outcomes according to caste
group at birth and 6, 24, and 36 months after birth, Higher
cord blood levels of As were found among lower-ranked
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caste groups (p < 0.01), but Pb was not significantly associ-
ated with caste (p = 0.59). Birth weight and body weight at
ages 6, 24, and 36 months did not differ by caste group.
Among the NBAS III clusters, the newborns’ regulation of
state cluster score (as evaluated by the NBAS III) was
more elevated in higher-caste groups (p<0.01). The
remaining clusters of the NBAS ITI were not associated
with caste group. Scores on the BSID II indices (ie, MDI,
PDI, and BRS) did not differ by caste group at ages 6, 24,
or 36 months.

Table 4 shows the coefficients of NBAS III clusters at
birth by caste group with reference to Brakunin, the first-
ranked caste group. In Model 1—which was adjusted for
maternal age and education, log-transformed income, ma-
ternal BM], age at NBAS III assessment, parity, and birth
weight—the state regulation cluster score for Vaishya (i.c.,
the third-ranked caste group) was lower than the score for
Brahmin (coefficient = —3.6; 95% CI = -5.8 to —~1.3). While
attenuated, the association remained significant in Model
2 when including log As as a covariate, (coefficient = -2.8;
95% CI = -5.3 to ~0.3). Although the trend was significant
in Model 1, it became insignificant in Model 2, suggesting
that cord blood As levels mediated the association be-
tween caste group and state regulation score at birth.
Interestingly, significantly higher scores in the state
organization cluster were found among the third-ranked
caste group in Model 1, however, the corresponding

Table 2 Characteristics of participants in a birth cohort study: at birth, 6, 24 and 36 months after birth

Caste groups, Mean (SD) or N (%) P for trend

Brahmin Chetr Vaishya Shudra

(N=37,39.4%) (N=13,13.8%) (N=26,27.7%) (N=18,19.2%)
Mothers characteristics at birth (n=94)
Age {years) 23430 224 (25) 231 (44) 223 (45) 041
Primipara n (%} 26 27.7) oLy 13 (i38) 12(128) o3
Education level (median, years) 12 10 8 8 <0.001
BMI tkg/m?) 23325 229 (23) 227 (38 24.1 (29) 06
Newborn bables characteristics (n=94)
Gestational age (weeks) 391 (14) 395(1.7) 39113 388 (09) 061
Sex of baby n (9 male) 19 (51.4) 7 (54.0) 1 423) 8(444) 048
Age of neurodevelopmental assessment
NBAS lll at birth (in hours) {n=94) 172 (40} 17.1 {29) 177 30) 176 25) 056
BSID i assessment at & months (in days) (n=94) 195.3 {13.2) 199.2 (12.7) 188.7 (12.3) 188.9 (12.6} 0.02
8SID i assessment at 24 months {in months) (n=89) 259 (04) 259 (04) 257 (04 259 (04) 036
BSID i assessment at 36 months (in months) (n=83) 369 {04) 369 (03) 36.7 (04) 369 (04) 037
Household characteristics
Annual family income (USD) 2891 (3256) 1944 (1697) 2798 (3434) 1771 (1744) 006
Total HOME Scale score at 6 months (n=94) 31.8 (5.4) 303 (4.0) 26.8 (4.7) 26.5 (4.3} <0.001
Tortal HOME Scale score at 36 months (n = 83) 41.2 (6.0 400 (8.0} 36.5 (6.8) 33.9{7.6) <0001
Bold signifies p < 0.05.
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Table 3 Distribution of birth outcome variables by caste groups in a birth cohort study: at birth, 6, 24 and 36 months

after birth

Caste groups, Mean (5D} or Median P for trand

Brahmin Chetri Vaishya Shudra

N=37) {N=13) (N=26) N=18)
In uteso exposure of toxic elements {n =54), mean
Arsenic {g/)8 13 (1.4) 13 (3) 1.7 (0.7) 15 (05) <0.01
Lead {pg/L}§ 305 (403) 314 @77 367 (396) 264 (175) 059
Anthropometric characteristics, mean
Birth weight (kg) (n=94) 3005 30(04) 3.1 (04 31035 Q16
Body weight (kg) 2t 6 months after birth {n=94) 7300 73 (08) 7307 7308) 093
Body welight (kg) at 24 months after birth (n=89) 1N5(16) 1.0(13) 108(1.2) 108010 008
Body welght (kg) at 36 months after birth (n=83) 12907 12501 124014 126 0.3) 030
NBAS {ll cluster score at birth (n=94), median
Habituation 27 27 28 265 047
Orientation 45 37 44 38 030
Motor system 26 24 255 26 021
State organization 1 14 155 95 058
State regulation 28 28 25 26 <0.01
Autonomic stability 13 13 13 13 026
Abnormal reflex 7 7 s 5 023
BSID 1 cluster score at 6 months after birth (n=94), median
MD! 104 104 107 104 007
POI 103 100 1015 104 080
BRS 122 127 124 i21 039
8SID If cluster score at 24 months after birth (n = 89), median
MDI 94 94 94 92 043
PDI 100 107 1045 100 075
BRS 106 114 1085 104 043
BSID H cluster score at 36 months after birth {n=83), median
MD} 95 93 97 20 a9
POl 116 116 19 18 060
BRS 106 104 102 104 017
$Log transformed values were tested.
Bald signifies p < 0.05.

NBAS: Brazelton neonatal behavioral assessment scale, BSID: Bayley scale of infant

index, BRS: behavioral rating scale.

association was not significant in Model 2. The remaining
NBAS HI cluster scores were not associated with caste
group.

Table 5 shows the coefficients of the BSID I index
scores at 6, 24 and 36 months after birth by caste group,
again, with reference to Brahmin, the first-ranked caste
group. In the crude model, Vaishya (the third-ranked
caste group) showed higher MDI scores at six months of
age (coefficient = 3.7; 95% CI = 1.3 to 6.0) than Brahmin.
This association remained significant after adjustment
for covariates (Model 1, coefficient =4.0; 95% Cl=14
to 6.7) and covariates plus log-transformed As levels

MDE mental index, PDE:

(Model 2, coefficient = 3.9; 95% CI = 1.2 to 6.7). However,
the trend in MDI scores by caste at six months of age was
not significant (p=015 for Model 1 and p=0.19 for
Model 2). The remaining BSID II cluster scores were not
associated with caste group at ages 6, 24, and 36 months,

Discussion

Caste was positively associated with one cluster of neuro-
developmental indicators at birth, namely state regulation
as measured by the NBAS 1L It was not, however, associ-
ated with BSID II scores at ages 6, 24, or 36 months,
excluding MDI at 6 months. The positive association

Parajull et al. BMC Pediatrics 2014, 14:56
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Table 4 Coefficient and 959 confidence interval of sodal status or caste group with NBAS Il clusters at birth using

multivariate regression model (n=94)

Brahmin Chetri Vaishya Shudra p for trend Constant
MN=37) ®N=13 =26 =18
Habituation Crude Ref 04 18w 25 16 (0 0 33) -0 (200 18 047 264
Model 1 Ref 05181028 15 {01 w3 A0 24 w0 23) Q53 274
Model 2 Ref 04 (1910 28 18¢03 w38 01 #2510 23) Q&2 272
Orlentation Crude Ref 5.7 {12410 10} 05 (48w 55 -45 (108 w0 1.1 030 421
Model 1 Ref 55126 1.8 026310 59) 631351008 033 74
Model 2 Ref -54 (1251017 03 {6010 67 60 (13310 13) oz 277
Motor system Crude Ref 07 (261 L1} 02¢13w 1 11 {05 10 28) a2 2435
Model 1 Ref -05 (2510 1.4} 03 14020 14 {05 1o 34) Qa0 266
Model 2 Ref 05241015} 08 {0910 25} 17 {03 w37 Q09 72
State organization Crude Ref 07 25 w0 40) 18 {0710 45} ~21 {-50 10 05 059 135
Model 1 Ref 1717w 52 31{01t060) 04 (29103 52 &7
Model 2 Ref 1517050 22007 w052 -09 {44 1025} 058 556
State regulation Crude Ref -19 (47 16 08) 3.6 (-5.8t0-13) -25 (5.0 10 00) <0.01 85
Model 1 Ref L3S w1 -35{-59t0 -1.8) 18647 10 10) 003 156
Model 2 Ref Q337w 2833003} ~L4 43w 1 Wiz 183
Autonomic stabiliy Crude Ref -01 (1.1 t0 09 07 F13w 0 <02 11 o 07 026 132
Model 1 Ref 02098t 12} 04 (13w 03) 02{091013) gt 85
Model 2 Ref 01¢091012) -05 150 03) AR RLRRI] an 83
Abnormal reflex Crude Ref 03-22w 17 -15¢30w0 01 0522w 13 023 89
Model 1 Ref -02{231020 -11 {2810 08) 006221621 ki) 58
Model 2 Ref -02-231019) ~14{331009) 02 {24 0 200 Q51 56
Bald signifies p< 005,

Mode 1 Adjusted for age of mother, matermal education, log income, maternal B4, age 2t NBAS Wl assestment, partty, and birth weight.

Model 2 Adjusted for Model 1 phus Log As.

between caste group and state regulation at birth was par-
tially mediated by cord blood As levels. Interestingly, the
third-ranked caste group showed significantly higher MDI
scores than the highest-ranked caste group.

To the best of our knowledge, this is the first study
that has evaluated the effects of caste on neurodevelop-
raent in younger children. In 1964, King Mahendra abol-
ished caste system laws, declaring that as a nation Nepal
opposed this form of population categorization. However,
it is interesting that neatly 50 years after this abolition, the
caste groups still show prominent assoclation with neuro-
development at birth. Thus, caste-related health disparities
might still be prevalent in Nepal.

Similar to earlier studies {3-5,7,8,37-39], newborns in
lower caste groups showed less optimal neurodevelop-
ment at birth. This trend was partially mediated by cord
blood As levels, suggesting that in utero exposure to As
could drive the occurrence of lower-state regulation scores
among lower-caste groups. The present study also showed
that cord blood As levels were harmful to NBAS III state
regulation cluster scores among the sample as a whole
[26]. We also found that the Vaishya caste group showed

higher cord blood levels of As than the Brahmin caste
group. Since people from the Vaishya caste group are
traditionally engaged in agricultural and outdoor activities,
they may be more likely to be exposed to As.

The BSID 1 cluster scores did not differ across the
caste groups at ages 6, 24, or 35 months. As suggested
by Henn and colleagues, attenuation of this effect during
the postnatal period may be one reason for this [40]. For
example, urinary excretion of most of the As burden from
the infant’s body may have occurred since decreased urin-
ary As concentrations were also reported during the first
four months after birth (80 pg/L during the first two days
of life to <30 /L at four months of age) [41]. Hence, the
harm induced by cord bleod As levels on the neurodeve-
lopment of infants might not persist until six months of
age. Furthermore, the neuroplasticity of the immature
brain may contribute to the attenuated effect of cord
blood As over time [42].

Interestingly, infants from the Vaishya caste group
achieved higher scores than those from the highest caste
(Brahmin) on the MDI index of the BSID II scale at six
months of age. Since those categorized as Vaishya members
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Table 5 Coefficients of caste group on MDI, PDI and BRS scores of BSID Il at 6, 24, and 36 months using multivariate

regression model

Brahmin Chetri Valshya Shudra p for trend Constant
{N=37) (N=13) (N=26) (N=18)
6 months MO Crude Ref 14 (1610 43) 3.7(13106.0) 10¢161037) 007 103.1
=94) Model 1 Ref 21 (0910 5.) 40{14t067) 10¢21 040 015 1184
Model 2 Ref 21 (091051 39{1.2t067) 106211041 0.19 1185
PDI Crude Ref -05 (66 10 55) -09 (-5.7 10 40} -04 (5810 5.0 080 102.2
Model 1 Ref 164610 79) 1.1 (4410 6.6) 22 (-431087) 052 1230
Model 2 Ref 1.6 (4610 7.9) 10 (4.7 t0 68) 22(441088) 053 1230
BRS Crude Ref 623410159) -0.1-(-78to 76) -40 (126 10 46) 039 1199
Model 1 Ref 652510 167) 45 (4.1 10 132) 02 (103 to 100} 082 %7
Madel 2 Ref 638 (-2.8 10 165) 29(59t0 117 -1.1 (11310 90) 095 776
24 months MDI Crude Ref 21(6110102) -2.1 (8810 45) -1.8 (921057} 049 916
{n=89) Model 1 Ref 46 (2910 122) 51¢18to 11.9) 44 (37 10 124) 019 073
Model 2 Ref 48 (-2.710124) 63 (0710 133) 503110 13.0) 013 -37
PDL Crude Ref 40 (-55 10 136) -25 (10310 5.3) 02 (85 10 89) 075 1033
Model 1 Ref 64 (3010 157) 31 (53t0115) 42 (5810 14.1) 042 -184.5
Model 2 Ref 63(3010157) 30 (57101172 41{5910142) 043 -1844
BRS Crude Ref -05 {-115t0 105) -06 (-96 to0 84) 47 (-148t0 53} 043 1069
Mode! 1 Ref -03 (11710 111 1.2{9.1 10 11.5) 6.1 (18210 6.1) 049 572
Model 2 Ref 04(11810110)  02(105t0108) 67 (18910 56) 038 -523
36 months MDI Crude Ref -14 (7910 52) 14 (3910 67) -58 {116 to 0.0 020 974
n=83) Model 1 Ref -08 (-64 10 4.7) 30{181079) -19(-80to 4.1) 091 5334
Model 2 Ref -0.8 (64 10 45) 27 (231077 -21(-82t0 4.1) 098 5385
PDI Crude Ref -43 {10510 1.8) -06 (56 to 44) -20(-75 to 35) 060 1157
Model 1 Ref -36 (9010 1.9) -05{521t043) -14 (73 to 46) 074 4385
Model 2 Ref -35 (8910 18) -15 (63 to 33) -1.8(-726 10 40) 051 4494
BRS Crude Ref 71 (220 0 79) <76 (-198 10 4.5) -81 (21410 53) 017 1057
Model 1 Ref 70 (221 10 80) -57 (1881074 -125(2891039) 015 430
Model 2 Ref 70 (2211082 -67 (-203 10 68) -129 (294 10 3.6) 012 540
Bold signifles p< 0.05.
MOl: mental index, PDI: devel index, BRS: be rating scale.

Modet 1 of 6 months adjusted for baseline characteristics (matemal age, matemal education, log incarne, parity, maternal BMI, birth weight), age at BSID assessment on
6 months, welght of Infants at 6 months, and HOME score at 6 months. For Model 1 of 24 manths, baseline characteristics plus age at BSID assessment on 24 months,
weight of infants at 24 months, and HOME scere at 6 months were adjusted. For Model 1 of 36 months, baseline ics plus age at BSID on

36 months, welght of Infants at 36 months, and HOME score at 36 months were adjusted, Model 2 of all months adjusted Model 1 plus log As.

are merchants and agricultural workers, their infants may
benefit from an environmentally enriched setting due to
community visits to their houses and shops. Such an
atmosphere might induce a level of neural stimulation
etiologically relevant to neurodevelopment and learning,
ultimately evident as higher MDI scores at six months of
age. Alternatively, the higher MDI scores at six months of
age among Vaishya members might be due to chance
since we made 10 comparisons (7 from NBAS III and 3
from BSID II) that revealed a negative association between
cord blood As levels and the NBAS III state regulation
cluster. This negative association may be plausible because
it: was measured close to the time of birth,

The current study has some limitations, which should
be considered. First, the small sample size and hospital-
based sampling technique limit the generalizability of the
findings. As such, associations alternative to those pre-
sented here may have been missed due to this lack of stat-
istical power. Second, the classification of caste groups
was based on family names. Although we can categorize
caste precisely for Brahmin and Chetr), similar stenames
and controversial classifications between Vaishya and
Shudra might have caused occasional misclassification of
caste groups. Third, postnatal As and Pb exposure was
not measured, including levels in breast milk, drinking
water, or other foads digested during the study period.

Parajuli et al. BMC Pediatrics 2014, 14:56
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Fourth, we did not assess breastfeeding status, although
previous studies in Nepal reported that ever-breastfed
rate was more than 99% regardless of SEP [43,44]. Fifth,
additional confounds, such as history of asphyxia at birth,
iodine status, and significant illness in early infancy, were
not measured. Sixth, the Nepali translated version of the
BSID II was not standardized in Nepal; thus, the findings
in this study may not be generalizable to this specific
region. Overall, this study has a number of strengths. The
sample is the first longitudinal birth cohort from Nepal
about which considerable information was collected re-
garding cord blood levels of toxic elements and potential
confounds. Moreover, the NBAS III and BSID II were ad-
ministered by a single investigator within the participants’
homes, increasing inter-rater reliability and diminishing
underperformance effects by infants attributable to being
assessed in an unfamiliar environment.

Collectively, these findings indicate that health educa-
tion and awareness should be developed and implemented
by local governmental health institutions among lower-
ranked caste groups, especially among Vaishya members,
in order to educate them with regard to the detrimental
effects of As exposure on neurodevelopment.

Conclusions

Using a birth cohort study in Chitwan Valley, Nepal, re-
vealed that caste was positively associated with NBAS
111 state regulation scores at birth, possibly mediated by
cord blood As levels. Contrarily, BSID II scores at ages
6, 24, and 36 months were not associated with caste
group. Finally, an inverse association between caste and
MDI at six months was also observed. Further studies are
needed to replicate the associations docwmented herein
between caste and neurodevelopment at birth and their
mediation by cord blood As levels. Most importantly,
health policy recommendations should include measures
to reduce exposure to As in Chitwan Valley, Nepal, espe-
cially among lower-ranked caste groups.
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The data used for this study were taken from the Longitudinal
Survey of Babies in the 21st century conducted by the Japanese
Ministry of Health, Labour, and Welfare from 2001 to 2004. The
study sample included all infants born in Japan during the periods
of January 10—17, 2007, and July 10~17, 2001 using the birth record
list {N = 53.575). Questionnaires were mailed to all subjects when
the infants were aged 6 months. The subjects were considered to
have agreed to participate in the study if they returned the ques-
tionnaire to the Ministry. The total number of respondents was
47,015 (response rate, 87.8%). The second and the third question-
naires were mailed in 2002 and 2003 to all subjects who partici-
pated in the first survey when the children were aged 18 and 30
months, during which 43,925 and 42,812 subjects responded,
respectively (response rates, 93.4% and 91.1%, respectively, of thase
responding to the first survey). The fourth questionnaires were
mailed in 2004 to all subjects who participated in the second or the
third survey (N = 45,072) when the children were aged 42 months
and 41,559 subjects responded (92.2% of those responding to the
second or third survey). Because this study focused on breast-

1 ito, T. Fujiwara / Annals of Epidemiology 24 (2014) 267272

Methods sample size for this study was 38,757 (Fig. 1). Because the study was
based on an anonymous public use data set with no identifiable
Contents lists available at ScienceDirect Study sample

information on the survey questionnaire, this study has been
exempted from ethical review.

Feeding pattern and breostfeeding duration

Information regarding feeding pattern and breastfeeding
duration was obtained in the first survey. Participants were asked
about the duration of breastfecding and formula feeding for the
past 6 months. Jf the mother answered that she had not given any
formula, she was included in the category of “exclusive breast-
feeding.” If she answered that she had given only colostrum or had
not given any breast milk, she was included in the category of
“formula only.” Finally, if the mother answered that she had given
both breast milk and formula, she was included in the category of
“partial breastfeeding," Thus, we categorized the feeding pattern
during the first 6 months of life as “formula only,” “partial breast-
feeding,” or “exclusive breastfeeding.” All infants were also cate~
gorized into four groups according to the duration of breastfeeding:
never, 1-2, 3—35, or 6+ months.

Atopic dermatitis

—6LT -

feeding and AD up to the age 42 months, subjects without record of
Article history: Purpose: The purpose of this study was (o i igate the iation between br ing and atopic breastfeeding status (n = 308) and those whe did not answer the Information regarding dactor-diagnosed AD was obtained in
iccg;)‘?:;iil;g 3:‘ fcr 2013 c:;rr;wa;xtxsn (f\D)r up o the. ageuél months. stionbased birth co dying g question about AD in every survey (n = 1720) were excluded. We  the second, third, and fourth survey using the following question:
¢ : U ethods: Data from a nationally representative population-based birth cohort study in Japan were use further excluded multiple births (n = 832). Therefore, the final L oul i 3 i
‘waliable online 21 Navember 2013 O oy Bendbng netrern o L C Y e aires whon P! ( ) 3 Has your child seen a doctor for AD or eczema treatment in the last
p ” infants were aged 6 months. Physician-diagnosed AD during the previous 1 year was ascertained via
eywords:

questionnaires when the children were aged 18, 30, and 42 months. The associations between feeding
patterns orb ing duration and ich i AD from the age 6 to 42 months, categorized
by AD status (no history of AD, episodic AD, and persistent AD), were analyzed using ordered logistic

Eligibility: 53,575 babies born in Japan
during January 10-17, 2001, and July

Rreastfeeding
Infant formula
Atopic dermatitis

10-17, 2001,

Allergy regression adjusted for covariates.

Cohort study Resuits: Breastfeeding was positively associated with AD, with dose-response association {P for trend < =
.001). Exclusively breastfed infants were 1.26 times more likely to have AD (95% confidence interval, 112 P
~1.41) than infants fed formula alone. Furthermore, children with a longer breastfeeding duration were N = 6,560

also significantly more likely to have AD (P for trend < .001).

Conclusions: Breastfeeding is associated with an increased risk of AD up to the age 42 months. Further

study is needed to elucidate the mechanism underlying the association between breastfeeding and AD.
© 2014 Elsevier Inc. All rights reserved.

1* survey
47,015 responded

I N

] 1 n=309
2™ survey
43,925 responded
N
Introduction criteria included nonreliance on prolonged maternal recall, strict Non-respondents
diagnostic criteria, severity of outcome, assessment of effect in N=2,260
Atopic dermatitis (AD) is one of the most common chronie skin children at high risk, and adequate statistical power. No studies

disorders among infants and young children, which is character-  have completely fulfilled these standards thus far [16}. Further- 39 survey
ized by itchy skin with eczematous changes [1]. The association more, the location of the study may be relevant. Studies in Finland, 42,812 responded
between breastfeeding and AD has been studied for more than 70 Denmark, New Zealand, or Japan—countries in which people eat N=942
years [2], but the results have been controversial, Although some relatively large quantities of fish-—showed a positive association Non-respondents
epidemiology studies including meta-analysis [3] showed that between breastfeeding and AD using a prospective study design N=2,195
breastfeeding had a protective effect on AD [4-6], other studies [8-10.17], suggesting that the contents of the breast milk may be -
suggested that breastfeeding increased the risk of AD [7-8] orthat  associated with the risk of AD. A survey
there was no relationship [10-12]. These differences may stem The Longitudinal Survey of Babies in the 21st century is a 41,559 responded
from differences in study design, the definitions of exposure and

outcome, sample size, or adjustment for confounders {13-15].
Kramer [14] proposed 12 criteria to assess study designs addressing
the relationship between breastfeeding and atopic disease. Those
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nationwide large birth cohort study implemented by the Ministry
of Health, Labour, and Welfare in Japan. It investigated feeding
patterns and breastfeeding duratiou forinfants at the age 6 months,
and physician-diagnosed AD during the previous 1 year was
queried for children at the age 18, 30, and 42 months, Using the
data, the association between breastfeeding and AD can be inves-
tigated by adopting a prospective design with sufficient statistical
power. The purpose of the present study was, therefore, to inves-
tigate the association between breastfeeding and the duration of
Dbreastfeeding on the development of AD in young children from the
age 6 to 42 months in Japan.

[—> Lack of breastfeeding status (N = 308)

Lack of atopic dermatitis status all the 2™, 3, and 4%
survey (N =1,699)

> Multiple bitths (N = 795)

ere analyzed

Fig. 1. Rlow chart of study participants.



