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Wit A4 v 2 YRR ENT (insulin-like-growth factor-I : IGF-I) &% E R HHRMRER DI
EICHEELRZRE 2RO NT WS, F2T, HBBETIT-> TWwW5b early aggressive
nutrition (LN EAN) 23 IGF-1 252 A B oW THE 21T-72. 2008 4E 8 A5 2010 4E
SHETICYUFREICABR LB AEAKEIR 4 %0955, BRGERIETH % B & 20 B 1
BLOARE 2 B O IGE-T AW BETDH - 72 25 Bl 2 i RIS E R R EBE & o IcD
WTHIE 21T o 72, CORR, 1) A 2 HMOKE SD 2 2 7 IE AR T - 1.0SD(95%
CI: —12~08SD, P<0001) & FL7%%, ZoOMOILE IGFIEICIZAELZIERS R
Bdroiz. 2) BB 2BOIGFIEZMEESE L, EaE% mANKE, P, A% 28
DOREEAERENE, RELAVY—HIGE, &IEEKED S ER 2 8 F CORERINEE %2 MoT
EHRELUTCHERBFINMZITo72E2 A, AEICHETLIERIZEAEMARE (B=0672, P=
0.008) LAKEIMFE (B = 0366, P =0036) TH-o7. LEXD, EAN Efr FCTidfkE SD
AT WAL TH IGFIEIEHAELXVICHREEINTBY), ZoREO IGFIfizHiET 5
DI AARTE & Mg MR =M DR OERERINTH 5 2 LAVRE 7.

X—T7—K: A4 YR UEEERT, early aggressive nutrition, HAGLHEARE IR

VEAE, A AR E VR o0 NICU ABerh o i 2 4t
PHROBERCTEETHRICKE B I3 Rtk
MRS, TE L2 L FEORERHKES
MEHRT LD EELEZ SN TWEY, Lol
FEBTILBBE T % BBy T DB IEE A Y DR E A3 A
b ENEE AL (Extrauterine Growth
Restriction : EUGR) BA% <, bHPEIZBWTYH
ZOFAFIIE Y. EUGR DA% Bl < 72d121d
T2 PR B R BIR A BAAAIE 70 & O A BFE & Hk )7 8 L)
5 LRI AR R I OREIREZ U ZIEL T L
VEELEZONTBY, BILICII2EmREL L
BT, MAER2SHEHIIREEZEZIHT S L) early
aggressive nutrition &\ 9 FEAVHOAE T A
ENDLEHITHoTETWS.
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WBHFCIGF-1 25 s 5. ZORAED S ® IGF-1
GAEIR A S BN 2 TR LA 55 720,
X RETHALZIRIEFERFIEICHRTIGET 1
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R IR D S OB 7 I BRO MG DS AT AR
T USREHLEKICH A 720, S 5IZIGFIIZETFLE
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Him L, IGFI DT 2P 720 1T AR & )
S R R REME T HUENDH HH, EAN &4
BRI O ER IGF-1 LX)V TOREMEIZOWTIX
RIEAMH R A, G P TRAG I AR E RS L
TIVF— VI 7> TwAb EAN 34 2 AR FEE T
BT T LI END, TOMOKREBEBIGE &K
£, IGF-1 & OO W TR B ISHE L 72,
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1 x4

5%, 2008 4 8 H~ 2010 4 3 H £ TITHEAIKR
7 e RS G JE RE I BE - R > & — NICU 12 ABE
L 72 AR EE 1500 g A O WA H AR EIE 44 4
96, MBICANIZENS %2 XHEB L CHETHML
AR S, I RIS X OV 2 M T ol
WRAPETH 72250 TH 5. F-ANIEIL
AR ZERARGHEZ B RO KRB A CEm SN
(FF5 605).

2. Hik

1) bivbhofizk TR ARER IS 2
EAN & LT, WKLY 7I /82~ 3g/kg/H,
Hi 1 X 0 IRIHEANC X AR G- 21TV, 2512
TREZRBR ) B2 S BRI X AR REL 1T .

2) EAN 342 EMIZETIEITRTTZ 0
5, WAREIL, B XA 2 EICEIRILD L <
IR & D IGE-T 2% L7z, IGF-T i 53-8 %
W HE R F L Human IGF-I Quantikine ELISA Kit
(R&Dsystems 1) z HwWCTlllg L7,

3) MAARES X A% 2 B OKE 2 785 T
WA R B % %) & 12 SDscore (SDS) Z & H L,
1% 2 B ORE SDS & WA {KH SDS @7 % ASDS
L7

4) %28 F CORBAAEIGED X URRT
ANF—HELAZFHRE L. Ao A VY —mB
X OEAROEHIZ Ttabashi & OFEY 2B E1K
Dz, NTIIEBAEKRERH IV (GPP) % ff
HL7.

5) SDS IZBd# 9 2 ZH KT % K 5729012, TF
faE%, YR, WAEARE, Atk 2 Mo IGFI, A%
2 F CORBEAHENE, TAVF—HIEL D
L ICE LRGN Z AT 5 72,
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J A — 7 M HE OB Pearson DA R E B L O
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L7z

S

1. NREHEHER (Table 1)

RO AKREIZ1021 g £ 286 g (409 g ~
1469 g), “FIIAENGEENE 293 = 268 (245~ 339:H)
Thotz. AYEEFIE (Small for Gestational Age :
VLT SGA) 1394 (36%) &FhTw7z. Table 212
% 2 EOME, REENELRT. A% 2 AMOR
MEHERE X 399 = 56 g/kg (21.3 ~ 490 g/kg),
BT AV X — IR 1149 £ 135 keal/kg (983 ~
1416 kcal/kg) TH-7-.

2. 1K= SDS & IGF-1 0¥t

AR IGF-LIE AR & A RICHE L Tz
(Table 3, Fig. 1). 1K SDS (& A KE & A 2
BATIEFEHISDETFLTWA (5% CL: —1.2 ~
08SD, P <0001) (Fig. 2). Wi IGF-I1& 244 +
128 ng/ml (7.0 ~ 52 ng/ml), % 2 BT IGFI 1k
306 = 214ng/ml (70 ~ 84 ng/ml) THY, ZDIH
?D IGFIICABELRZILIZFEO 5N h -7 (Fig 3).
F 72 SGA JE L fE s M 4 1k & )& (Appropriate for
Gestational Age : LF AGA) ThERfIL & A% 2 38
TO IGFI DZALR 2 AT L7245, Wil CH & k4
D Lo Tz,

3. At 2B IGF-1EICBH 3 % K- (Table 4)

etk 2 B0 IGFI 2@ Af L L, el i
AR, PEW), AR 2 MM o BEEAEENE, #
I AV F—#HE, REEEL2LAZ2HEETO

Table 1 Patients characteristic (n = 25)
mean 1SD
gestational age (weeks) 29.3 26
birth weight (g) 1021 286
birth weight SDS - 14 15
height SDS - 14 1.6
head circumference SDS — 05 1.1
sex ratio 12:13
SGA (%) 9 (36%)
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Table 2 Growth and nutritional intake until 2 weeks after birth

mean 1SD

postnatal day at lowest body weight 3.7 2.1

body weight SDS at 2weeks after birth — 24 12

ASDS *1 -1 0.5

weight gain rate from lowest body weight (g/kg/day) 14.2 83

total amount of glucose intake (parenteral/enteral) (g/kg/2weeks) 118 (58/60) 10 (15/20)
total amount of lipid intake (parenteral/enteral) (g/kg/2weeks) 572 (10.3/46.8) 124 (7.2/164)
total amount of protein intake (parenteral/enteral) (g/kg/2weeks) 399 (185/214) 56 (88/75)
total amount of shortage of protein intake (g/kg/2weeks) *2 9.1 5.6

total amount of energy intake (parenteral/enteral) (kcal/kg/2weeks) 1149 (400/749) 135 (173/262)
total amount of shortage of energy intake (kcal/kg/2weeks) *2 531 135

amino acid intake until 24 hours after birth (g/kg/day) 19 04

*1 ASDS: the defference SDS at birth and 2weeks after birth
*2 fetal requirement: protein; 3.5 g/kg/day, energy; 120 kcal/kg/day

Table 3 Multiple regression analysis of variables for contributing to cord blood IGF-I

B Standerd Error B t D
gestational age 3.072 0.864 0.634 3.555 0.002
sex (man) — 5703 4.284 — 0227 — 1331 0.197
birthweightSDS 5551 148 0.634 3724 0.001
R2 = 0500; Adj R2 = 0428 (p = 0.002)
B Standerd Error B t P
gestatonal age — 0537 1.009 — 0111 — 0533 0.6
sex (man) — 5.004 4.151 - 0.199 — 1.205 0.241
birthweight 0.035 0.009 0.781 4.071 0.001
R2 = 0536; Adj R2 = 0470 (p = 0.001)
o RTRHIIAR A A Z T Y L C RIS 24772 &
N . * 25, HEICHET 2 ZHIGHARE (8 = 0672,
Ri=0.4746 P =0008) &AkEHIN= (B = 0366, P = 0.036)
w0 | . Th o7z,
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Fig. 1 Correlation of umbilical cord blood IGF-I and
the birth weight
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227 A LT IGF-I i3 A L OV 2 &
NTBY, oML IGFIEZHET 5D A
R &M R IR A B OREI N CTH 5 Z & 28
RENTz.
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Fig. 2 Change of the weight SDS
until 2 weeks after birth
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3 Change of the IGF-I concentration
until 2 weeks after birth

Fig.

Table 4 Multiple regression analysis of variables for contributing to IGF-I at 2 weeks after birth

B Standerd Error B t P
gestational age (week) — 3433 1.92 — 0425 — 1.788 0.091
sex (man) 7.274 7.162 0.174 1.016 0.323
birth weight (g) 0.05 0.017 0.672 3.008 0.008
weight gain rate from lowest body weight (g/kg/d) 0.94 0415 0.366 2.263 0.036
total amount of protein intake (g/kg/2weeks) — 0496 0.731 — 013 - 0.679 0.506
total amount of energy intake (kcal/kg/2weeks) 0.059 0.034 0.371 1.735 0.1

— B INB R A TIREH R T AV F— BRI
WIGFIZSEA T2 MM TS, HARK
HEONSRIBIZORBERAPER E12 L 1 HiE
BOVbLY L2 OFRFEEHSHEE T, IGF1I®
HEFFASRE & 2 BTV 5.

Hansen & O #E 1912 XX, 1E0E 31 B Ao
FLREN 64 44 % WP GO AR R L IGFL, AR
DL OB 2 kR, WA RO RE R A
WL -&E, TR VF—&E IGFL fK% SD
227 EDORICEEIZED S hr oz, —T, 1K
HEINCHR U220, REBEENE LRESD 227
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R2 = 0612; Adj R2 = 0482 (p = 0.005)

EOMICIEOBEMEDS A LN TWE., ZOHED X
I, MAKEO/NSWRTIE, ZORMMERABE
FEIC X ) B o R BEMSHEEEE Xh, EAN®
B 28 B3R wv, — 7, Ao T
X, EAN 2 {7352 12X 0 IGFIIZHAEL X
VIZHERF S T 7z,

A% 2 B O IGF-T AL M £ ) S el ™ & Tt
RTCHED o722 5, BURO EAN 12X D IGFI
R LAV ERIBRICHER T2 2 L IINEECH L L
Ao d, S0 25 6% RICER Sz EAN IZ
X0, BERMICERL -2&H XY 29 g/ke/
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day G, T ANV ¥ —mid 82kcal’kg/day TH - 7-.
i, BRRLERE (EALEE 35 g/kg/day, =
AV F — DLBERE 120 keal/kg/day) VS - 5 &, B
b, BEAEAR 06 g/kg/day, TRV F—EER
A% 40 keal/kg/day AL TWAHZ LIZR D, L7z
HoT, SHOMETIGFI A ZICHML Twi
Mo7-BpE LT, UBETITo> T EAN TlEF 72
FEHR T AN T =R T 5 Thh o 720 5EEDs
ZzoHNb, ToM, EHRPIEREENECSLE
WKHEDLSTRIEHA T TH LI REDHHETE
W, T, bbb ok TiT-o> TWwWaAHIKD
EAN 3RIEDR L VWE S Z5DTHA I H. — KIS
KRR E LK TTHZ 12D, IGFI LA
RT3 528, SOXROFHMEIZA BB IE
Lol bDOMICHELRKTIROLNTELT,
Eero K O 912 X 2 AR E R 041 2 B
IGF-I 2%%42 10 ~ 20 ug/ml Th o722 L L L T
b, SO IGFLIER L T Id i v 5. B
FIIZBUIRD EAN IR IRLERIZE > TId v
Lo 7208, IGEI O RIEHHELZON 5.
I, EAN 2479 2 &2k, A ARERA %
OREIEINZ O %23, FRMIZIGFI & EA- 38T
WAHHREEDE Z 5 5.

IGF-T XTI CrEA: SN B R A IVE Y (GH)
WO ERTFTH Y, KEEARERIZBNTY
GH DA 5 R R IR Z M5 2 L TE
BHW. AR, IGE-1 28 0 2 O 14 O KM% D 5 3%
ZARAE X2 2 R, IGF-T AMEAl 72 35 & R 2k 2 1
& %iE (Retinopathy of Prematurity : ROP) % 5| &
He U REMEDRIR S TR ) AR IGFT 21K
TERERVWE ) REHIETh LY,

R A IR A 1ML IGE-1 W AR h O BEAR 0 S AR IRRE R
R I H T, REEEF LRI T
519 FTENEERER D EFEHARICERS
L IGFI W ERE SN TWAEY, SEIOMEIC
BT H B O & AR A RE O 7 Il IGF-T
I ARREE S B LTl 0 AR OB A
REDIGFI A AT ABEELERTHLHLEEZ 5.

AR O IGFT I AR E & ARE =12 5
LTWwWh7zd, 2MPICE 5 CBRERRT AV
F—2WIMSED L) LREBEEHEIToZREITLD
TVREBINC O %A%, IGFI S LA 20 % B
T5HZEFESBOMETHS. Emrah C HIZ LT,

TEMG 34 AWM R LT, HAERIZT I VB3 g/
kg/H E MR 2g/kg/H # M H L 728 (aggressive
PN#) 73 /W 15g/ke/HENEN1g/keg/H %
fHiH U728 (conventional PN #) (240 T IGF-I &
HIREE & MG L2 f 0, 40 M o EH &
IGF-I X aggressive PN HEDO B EBEIZE o2 &
WELTWAEY,

F 7oA AR E I L CAEB RIS FFP %
BH45Z LT, IGFIAINT 292 LR, HjE
WK L C rhIGFI 285956 2 & T, FEEEICHRK
HDIGFIEMT 522 L bWHSENITH > TW
20 R 5 5 B0 RAEFHLEE L
THEEENS.

SO FE DR & U CRGHERI A 25 B & A7
WZ L ERBEEZBVWTWRWZ EBHIFHENS.
F - RIS IGFI 23l L, IGF-1 283 5L
WhILTW5b ROP 7 EDEPHREDIAERITICD
3Bk EEAN ORI RERE T 5L H 5.
LSHEOIENBRAZHEPL L TRET A2 8, Btk
EAN %47 5 72 B2 IGF-I @ ZEALIZ D W T4 Al D &
B WM T 52 EAETH 5.

BlIRD EAN 47T T CIIAE SD 2 2 725584 L
T IGFTIFHAELNVICHBEIATBY, Zok
MO IGFI % B E T 5 D AR E & s =
WOBOKERINTH S Z LR EN BAICE
VB MERTIRFZE Tl IGF1IEA ¥ KR v 7 vV K
O — 2 D%HE L B 520 2 & RRi A A R
ADEEZEDLLEDRFED DAL DD, TR
IGF-I 28l C© & % AR H AR B2 B v Tg,
EUGR ® ROP BHED Y A 7 &b L, HAREMFED
FERLT 20 IGFI 2L F X 80w ) 2%
ML Z 2 5. WA ORRER & A
BEMOKRERINEZ X 5IRT & 9 2REFEEO
WES DT ) LD 5.

FEB/R
BB LB & R B 2 v

X #

1) Clark RH, Thomas P, Peabody J. Extrauterine
growth restriction remains a serious problem
in prematurely born neonates. Pediatrics.
2003;111:986-990.

2) American Academy of Pediatrics Committee
on Nutrition: Nutritional needs of low-birth-



3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

&2 K %= 13»

weight infants. Pediatrics. 1985;75:976-986.
Sakurai M, Itabashi K, Sato Y, et al. Extrauter-
ine growth restriction in preterm infants of
gestational age <or = 32 weeks. Pediatr Int.
2008:50:70-75.

Ng PC, Lam CW, Lee CH, et al. Leptin and met-
abolic hormones in preterm newborns. Arch Dis
Child Fetal Neonatal Ed. 2000;83:F198-F202.

Ye P, D'Ercole A]J. Insulin-like growth factor
actions during development of neural stem
cells and progenitors in the central nervous
system. J Neurosci Res. 2006;83:1-6.

Lofqvist C, Engstrom E, Sigurdsson ], et al.
Postnatal head growth deficit among premature
infants parallels retinopathy of prematurity and
insulin-like growth factor-1 deficit. Pediatrics.
2006;117:1930-1938.

Langford K, Nicolaides K, Miell JP. Maternal
and fetal insulin-like growth factors and their
binding proteins in the second and third tri-
mesters of human pregnancy. Hum Reprod.
1998:;13:1389-1393.

MAGHRIR, BRI IR, ME R, 3. FL
U AE T T A0 A TR AR A AR HE A 0D A (2D
T. H/MRSA&RE 2010;114:1271-1293.

Itabashi K, Miura A, Okuyama K, et al. Esti-
mated nutritional intake based on the refer-
ence growth curves for extremely low birth
weight infants. Pediatr Int. 1999;41:70-77.
Hansen-Pupp I, Lofqvist C, Polberger S, et al. In-
fluence of insulin-like growth factor I and nutri-
tion during phases of postnatal growth in very
preterm infants. Pediatr Res. 2011;69:448-453.
Ziegler EE, Thureen PJ, Carlson SJ. Aggres-
sive nutrition of the very low birthweight in-
fant. Clin Perinatol. 2002;29:225-244.

Engstrom E, Niklasson A, Wikland KA, et al.
The role of maternal factors, postnatal nutri-
tion, weight gain, and gender in regulation of
serum IGF-I among preterm infants. Pediatr
Res. 2005;57:605-610.

Kajantie E. Insulin-like growth factor (IGF)-I,
IGF binding protein (IGFBP)-3, phosphoiso-

426

14)

15)

16)

17)

18)

19)

20)

21)

forms of IGFBP-1 and postnatal growth in
very-low-birth-weight infants. Horm Res. 2003;
60Supple3:124-130.

Smith W], Underwood LE, Keyes L, et al. Use
of insulin-like growth factor I (IGF-I) and IGF-
binding protein measurements to monitor feed-
ing of premature infants. J Clin Endocrinol
Metab. 1997,82:3982-3938.

Smith LE. IGF-1 and retinopathy of prematurity
in the preterm infant. Biol Neonate. 2005,88:237-
244,

Verhaeghe ], Van Herck E, Billen ], et al. Regu-
lation of insulin-like growth factor-I and insulin-
like growth factor binding protein-1 concentra-
tions in preterm fetuses. Am J Obstet Gynecol.
2003;188:485-491.

Malamitsi-Puchner A, Briana DD, Gourgiotis D,
et al. Insulin-like growth factor (IGF)-1 and in-
sulin in normal and growth-restricted mother/
infant pairs. Mediators Inflamm (Internet).
2007;2007:42646. (accessed 2013 May 13)
http://www.ncbi.nlm.nih.gov/pmec/articles/
PMC1852886/pdf/MI12007-42646.pdf

Can E, Bulbul A, Uslu S, et al. Effects of ag-
gressive parenteral nutrition on growth and
clinical outcome in preterm infants. Pediatr Int.
2012;54:869-874.

Hansen-Pupp I, Engstrom E, Niklasson A, et al.
Fresh-frozen plasma as a source of exogenous
insulin-like growth factor-I in the extremely
preterm infant. J Clin Endocrinol Metab. 2009;
94:477-482.

Corpeleijn WE, van Vliet |, de Gast-Bakker DA,
et al. Effect of enteral IGF-1 supplementation
on feeding tolerance, growth, and gut permea-
bility in enterally fed premature neonates. J
Pediatr Gastroenterol Nutr. 2008;46:184-190.
Friedrich N, Nauck M, Schipf S, et al. Cross-
sectional and longitudinal associations between
insulin-like growth factor I and metabolic syn-
drome: a general population study in German
adults. Diabetes Metab Res Rev. 2013;29:452-462.



FAR AR AR I 4 2 EAN o)

EFFECTS OF EARLY AGGRESSIVE NUTRITION IN VERY-LOW-BIRTH-WEIGHT
INFANTS ON GROWTH AND INSULIN-LIKE GROWTH FACTOR-I LEVELS
IN THE FIRST TWO WEEKS OF LIFE

Hiroshi SASAKI, Motohiro TAKI, Tokuo MIYAZAWA,
Yuya NAKANO, Motoichiro SAKURAI, Fumihiro MIURA,
Katsumi MI1ZUNO and Kazuo ITABASHI

Department of Neonatology, Showa University Hospital

Abstract —— Insulin-like growth factor-I (IGF-I) is regulated by nutrition and plays an important
role in growth and development. The objective of this study was to examine the effects of Early Aggres-
sive Nutrition (EAN) in very-low-birth-weight (VLBW) infants on growth and the serum IGF-I levels in
the first two weeks of life. The study included 25 VLBW infants admitted to our NICU between August
2008 and May 2010. The plasma IGF-I concentrations were measured at birth and two weeks after birth,
and the correlation between these values and nutritional intake and growth was analyzed. Standard de-
viation scores (SDS) for body weights were calculated based on a birth weight criterion classified ac-
cording to gestational age. SDS degree (ASDS) was defined as the difference between SDS at birth and
two weeks after birth. SDS values for the body weight calculated at two weeks after birth decreased
compared to those calculated at birth; on the other hand, IGF-I levels did not differ significantly. At two
weeks after birth, IGF-I levels were associated with birth weight (8 = 0.672, p = 0.008) and body weight
gain (B = 0.366, p = 0.036), although there was no association with gestational age, sex, total protein, or
energy intake. These results indicate that EAN maintains IGF-I level at birth and two weeks after birth
based on the birth weight and body weight gain.

Key words: insulin-like-growth factor-I: IGF-I), early aggressive nutrition, very low birth weight infant
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