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ABSTRACT

Purpose: The aim of the study was to examine whether the degree of fetal smallness
in small for gestational age (SGA) infants would increase the risk of catch-up-growth
failure at 12 and 24 months corrected age (CA), and whether the high-calorie nutri-
tional support would improve catch-up growth between 12 and 24 months CA.
Methods: We conducted a retrospective cohort study on 103 preterm infants born
between January 2010 and December 2011. Logistic regression analysis was per-
formed to investigate whether the birth weight z-score would be an independent risk
factor for catch-up growth failure at 12 or 24 months CA. Among the 46 infants with
failed catch-up growth at 12 months CA, 16 infants were provided high-calorie nutri-
tional support, including nutritional supplements and medium chain triglyceride
(MCT) oil at the pediatric gastroenterology clinic.

Results: Of 103 preterm infants, 34 infants (33%) were SGA and 69 infants (67%) were
appropriate for gestational age (AGA). One birth weight z-score decrement increased
the odds for catch-up growth failure 2.9 times at 12 months CA and 3.0 times at 24
months CA after adjustment for major neonatal morbidities. The increase in z-score
between 12 and 24 months CA was significantly greater in the infants provided
nutritional support than in the infants who were not provided nutritional support.
Conclusion: The birth weight z-score can be used as a predictor of catch-up growth
failure. High-calorie nutritional support may improve weight gain during the second
year in preterm infants with failed catch-up growth at 12 months CA.

Key Words: Small for gestational age, Preterm, Catch up growth, Z-score, High calo-
rie nutritional support

MEZ

FT Aolste] Wt o5 T]ee] TER v]gol APEEC] Aasial, 4wl of

Received: 19 June 2015

Revised: 28 July 2015

Accepted: 5 August 2015
Correspondence to:

Chang Won Choi, M.D., Ph.D,,
Department of Pediatrics, Seoul
National University Bundang
Hospital, 82, Gumi-ro 173 beon-
gil, Bundang-gu, Seongnam 13620,
Korea

Tel: +82-31-787-7286

Fax: +82-2-787-4054

E-mail: choicw@snu.ac.kr

Copyright(c)

By Korean Society of Neonatology.

All right reserved.

This is an Open-Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/
by-nc/3.0), which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided the
original work is properly cited.



neonatal
medicine

E

0%k
o,
i)
=)

"

—t{r

A Aot 5 A5 HY o]F-¢ mlsote]
F#4lo] S7FekaL T, mlgrobs whatold|
7 HA U £, 2ok AN 44
JEo] ul-¢- FoH, ol2]gt HHF] =
Q37 A o] T L, o] F 3] 57]E A%
AT 7P AR, kA vlgolEo] 2o S A5
Aol A B3k o] Fof| = Aol ek A|&2Q] dzko] Hastar,
A AAo] = Al ol 8% A7 EAIR Qs 3
LA G Y BEE 5T Y NS oA uet ]
S olF F A oh= mEo] L asith

AA7HA] H-iF ZdeFol(small for gestational age, SGA)<} A7
A Z-oHappropriate for gestational age, AGA) &2 TC.2 3+
we} 7] A7l BEE AFEA dedhe AgEe] Kl
FAPY, SGA= &4 A Jote] 7)ot #aH gz S AT
2 24 717} 3 AE] A9 Sxpol| vlsl 2 &5 HAMstanr
dard deviation, SD) ©]3}, 32 10 W&-9] S=(percentile) ©]5}d
2 Yol SGAZ S| Fl= ARlell= XA o, Ak
W 24, mAS dE ERk 7] ol A F9, thejol ¢4l
Fo] Xl g Ao, iR - dlo] BHEA|A] B 735
7F o, dubE o 2 7|2 Hgko] gl WAt SGAE EA F )
2 7] A4S ks Aoz dEA du. dF AFECA
= SCAR ZAS 79 oF 46%01| 4] 34|17} 2 wj7k4] AGAS] H]3]
A|Fo] Friar B s 1Y, SGAR EA3 39 A JI7R %
2 Stk Zlo] dEA Qo] B s 28 X|wUt aEYr|e
P10 Knops 52 325 H|gke 2 ZAE v]&olr) 1047} 5
A& ) AGAIAME A% X|910] §iRlon, SGAR EAYEH Z-9-of
= % AdS Btk B skl om, 24 2719 AT S o
57+ 5 Had7 kAo el S8% ol F dxbekar BoP

3 Zg Ul A7 A o] W SGAY 79 AdR171el AE A
A%} A} Sl o]k 7heAde] Erhal ®Bargk AEo]
UTH o) = A7 U] 47 A S SCARE A% Ao Ffrol]
£ Hol ARI719] 1A Al 7R 714 RS RS AAE
El=

T @A7ER 2] AFE FollA w|&o) SGAS] whet 3]
Foll 24 Al AFY AL Aer) vA= s A% AT
==tk

wheEbA], 2 ATl A= Hlsol B SGANA] 4l Loldl] HE| A
ol A Wie A=, & A AT Z A5 ASsted, AA
FY AT AETE, & 24 AFY 2 A97F EeTE 1A
12709 B= 2470971 whet 3471 Ad7doll Ao 7o) =ot
A Folthel= 7HS A8t} ekt =3k w77 A7)
Aozt AN g AF BE2E TS of vt 7] 3%
o] WA= =A] Lolr 312} STt

0.‘>’_lz é
g

iz~

il

=2

=

ok

W
ox

do & T oox
N
TS
off
SO
01)1 }o[l
oL o do
off aZ ri
> rﬂ
olN

2
e
N o

=2
N

rrox

Neonatal Med 2015 August;22(3):142-149
http://dx.doi.org/10.5385/nm.2015.22.3.142 143

CifAr 2

1. CH&

20109 19 195E 2011 1249 3194714 B3-St
oA At Aol HF X F Aol YdsIFE Yo
n|gk mjsol 1627 FollA 1) 9 71k 5 APgE 37, 2)
o] 1270 €& AR FAzko] HA] g9k 48,
T Aol det Y v Ao A= 2SS

© vlobEn, 2 A R0 A S Nk 47,

1ok
El
o,

El
iy o2
oz £ AN e

w
I

)
=

>1\1
]
%0,

718 AN F- 788 S ET1E 7 AL H A7 2rg 3 AAA] o]
& B 8 A% 7%l SelE 27 A9l 10370] HE A

T eI,

2. K= =% 4hH

FF Ao 1037 FollA SGAT 349(33%), AGAE 697
6790100k, A F w7g vho] 127193 24704 e] Al Z 3
TE AR, BApel Abe o Q18hA] 9l 9] S5l o
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= Y AT HA LT Bl w IE 1271971 B8
skt

o] A7 EoperstuY 6293 (institutional
review board, IRB)®] Q1 ¥¢kom(B-1503/292-114), &+
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THE 2B g BAA 42 SPSS Version 21.0 (SPSS
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N APA et 337] 7ol Y-S v AAE Hlalslr] 9
3 ZAIAE 3|7 EA4E AFEiTE 24 Al ATl AETE
w7 12709 B 2470 ol M AlFo] 2HE Aloleh= 7 e A
Ss7] Sl 24 Al AF Z et wig 12719 B 2471 A
o] AlFe] 2 FA53t A7 37 A4S Al 4% A ATl
A G FE Bxrt wAy ol 127083 2470 Abel ] AlE
7ol G = Aol /M-S AT S8 vhE 2k S5
(repeated ANOVA) #2438 Al&J3IAT). P-value 7} 0.05 H]FH1
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1. 2| M 5 M7

10399] A mlsof S} Foll A SGATS] FAY AT 1,132
+311 g o] o, AGATS] 4 AT 1462+504 g 02 F
T gl BAR SR folgk &fo] 7t YATHK0.001). SGAT-}
AGAT 7tol] BPDS} A& WA & NEC] A HIE, ¢
A1 ve], 100 mL/kg/day /2] B34 =2 459 9 7IkF

neonatal
medicine

o

Frogk AFol= fiieh

IhH WA Lol 12719} 2471 Lol A whet 3] A% Aufie] 1l
= 742} SGATOIA] 70.6%S} 67.9%, AGAT-O1 A 294%S} 21.8
%= 127147} 2471Y BFo)A SGAT-AIA] AGAT] vl <]
3HA =¢ktH(Table 1, Figure 1),
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(Table 2).

3. W 1271, 2470 Em] k2t £7| gEol| ks Fe 20l

WA 127883} 247 Lol A whe} 7] Aol Auflol] 9IS 5

Table 1. Characteristics of Infants

Variables SGA (n=34) AGA (n=69) P-value
Birth weight (g) 1,132+311 1,462+504 <0.001
Gestational age (wks) 317 (27) 29" (3" 0.03
Severe BPD 6(17.6%) 14(20.3%)  0.724
NEC without operation 5(14.7%) 3(4.3%) 0.068
Failure to thrive* 22(64.7%) 18(26.1%) <0.001

The days at feeding 13.88+14.19 14.69+15.24  0.653
100 mL/kg/day
Days of hospitalization 55.91+37.18 54.76+35.52  0.791

*failed catch-up growth, with weight z-score below the 10th percentile
at 12 or 24 months corrected age.

Abbreviations: SGA, small for gestational age; AGA, appropriate for
gestational age; BPD, bronchopulmonary dysplasia; NEC, necrotizing
enterocolitis.
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Figure 1. Scattergram of birth weight by gestational age.
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A1 vo], AkEe] vl thejol, Ylald 1
S AEEHA] 92 FAY de] o 55 wek
Z=(confounding variable) 24 Fdlo]| EEA|A ZAAH 3
AE Al WA 127X 9] whet 3] A7 Aol =
HHoz JFg vA = 2ae A AT Z F5(<0.001)9}F A1
Aol 1% X734 AY7IZHP=0.007)°1tk. EA A% Z 52
et 371 A7 Aol digk tf-8-H](odds ratio)= 2.88%, o=
A AT Z Jg7h 1 A ue 37] o] A 9™
o] 2.9u Z715HE 2u]EtTt Ao HF 254 11717k u}
2 7] A48 Aeflel digk gj-&8]= 1022, o] Aol 15 X
B4 7Rl 19 15 g vo] 1270 olA wet 3
7] 745 A $13e] 1.028) 73S SJnlsksit) wg vol
2470714 2190] Q)2 S5 Tztol| A EEtE]o], 8278 (FA] A}
9] 79.6%)& tFo 2 ZAIAY 37 A& Al w8 o
o] 24711l x 9] whet 7] 37 Aol FEFE PR FHAA
A= A AT Z Ao Jqrh(K0.001). 24 AT Z A
o] WA vo] 2471 oA 9] whet 37| Aufje]] gk tf-§-H]= 2.98
2, ol ER AT Z 97T 1 ATEE WA Yol 24714
et 337] A37-S Al $13e] 2.98%icH(Table 3).

ST

)

4, 24 FIS 7 el I LIo| 12748 s 2474HolMe]
Z 7 m4olo] Al |
24 AFe) 7 A%sh 4 Vol 1270283 24/499) AF) 7
Bt 77} ojn] Qe o] A WS BITHFigure 2) (Fig

Table 2. Clinical Characteristics of Mothers

Variables SGA (n=34) AGA (n=69) P-value
Preeclampsia 17 (50%) 7(10.1%) <0.001
Multiple pregnancy 12 (35.3%) 19 (27.5%) 0.420
Maternal age 33.08+3.77 32.61+£3.98 0.751

Abbreviations: SGA, small for gestational age; AGA, appropriate for
gestational age.

Table 3. Logistic Regression Analysis of Determinants for
Catch Up Growth at 12 and 24 months Corrected Age

S.E P-value  Adjusted OR
At 12 months CA
Days of hospitalization 0.007 0.007 0.980
Birth weight z-score 0.254 0.000 2.884
At 24 months CA
Birth weight z-score 0.284 0.000 2.977

Abbreviations: CA, corrected age; S.E, standard error; Adjusted OR,
adjusted odds ratio.
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ure 2A: X0.001, Figure 2B: <0.001).

5. w7 LIO| 1270t 2471 Zof| M2 ka2t &7 | A& Aulo| of

& EEN S ME Z ol TIEHN JiX|

S AT 7 Ag7F w4 vrol 127143 2471 Loll A ¢ whet
7] 47 AR E A5 = e ARZEA Y JDH T 5 EAE)
7] 918l receiver operating characteristic (ROC) 341 712 <
A wh& Ttk 2 o] 1270elA wt 7] A AdE
A5 T e 2 AT Z A9 JA| 72 04101037, =4 Al
F 2 A57F 041 B} ubs wf wA vho] 1270l A wt 347
A A2 o &= w7 (sensitivity) = 71%, E©]%(speck
ficity)= 73%0]AtHFigure 3A). 278 vho] 2471 A whef 3
7] B AslE A5 e 2 AT 2 AT 9 32
-091 °IAaL, &4 AT Z A7t -091 Ko} whe o wg o)
2470 €A wt 37] 2378 Aol dSshe TEE 80%, 5ol
== 61%0]At}H(Figure 3B).

6. Itk 7| A% koI TR Het ol Fut
we 7] 4 Aol dokasb|gerst e 4

12 month Weight z-score

Birth Weight
Z-score
*

|

3

»
‘. * v L, " y=0.586x-0.941
51, R'=0.207
-6
A 24 month Weight z-score

y=0.677x-0.818
R*=0.322

Figure 2. Correlation between birth weight z-score and weight
z-score at 12 months (A) and 24 months (B) corrected age.
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Figure 3. Receiver operating characteristic curve of birth weight z-score for the prediction of
catch-up growth failure at 12 months (A) and 24 months (B) corrected age.

Table 4. Clinical Characteristics of the Group that received Nutritional Support and the Group That Did Not Receive Nutritional

Support

Variables Nutritionz(i:ls:ul%[)mrt group No nutritio?sizl(;;))port group = lue
Birth weight(g) 1,000+446 1,210+384 0.26
Gestational age (wks) 3043 29+3 0.29
SGA 9 (56%) 15 (50%) 0.26
Days of hospitalization at the NICU 75.25+50.04 60.34+37.41 0.23
The number of readmissions after discharge from the NICU 5(31%) 4(13%) 0.03

Abbreviations: SGA, small for gestational age; NICU, neonatal intensive care unit.

EEPAAN VT Y AL sFRE w mek 7] 478
AR = J=A] ol ] 8, WA vl 12719, 52 2470
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Halol] F2Jgt 2po)7) JUEAE HHE B4 S B4 (repeated
measure ANOVA)S AF-&-3}o] dolHgltt whe} 7] A7l 4l
I3 mlS2ol 58 F 46m0]QaL o] Fol] U A AT 167, H]
A2 307 0] AL

QS AL vRLT Tl A" T A AT 2 A
SGA oI5, Aol & 254 AdLdgell= BAXSE o3
ztel7} gl vlwA e kol ik iyt Ao} 5 X854
E9 o]F 549 o) AYLstE 3t Y Aol A o =9k
om, o] FAXLE Fostith(Table 4). At Hlo=
FE ALTeME 31%%] 5780] S FHoE P A8E
Hkokom oJ o nix YTl A= 13%R] 49 FollA] 3e] 357
Al 7, 170] 23PA Aoz 5Y ol de] U X85 Wk
o} G AL A Gt BT w4 Lol 127096 vlEl 24714
o) AF2) z AT} Fetes A4S BYAT Gk x| gto] H]

A Qdol vl&l WA vo] 127183} 2471 Alolol =2 Z H4=
7+ o8kl E7ksk Ak (Figure 4).

D
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12713} 2471l A 9] wet 337] 7o) A 93e] =35
B0, ST Z a7 g vro] 127183 24714
o] wet F7] el AE e A AR E 5T = e A
7FE S-S RAFRIT) wek wA Lol 127 A ujek 7
7] 237l At m|solEol|A| Aot &3] A FEHS Bl
L FF ALE AFAE W) Y AL S A FRkE AT
ol mv]al wALto] 1270l A 24709 Ato]e] AlFo] -2k =
7FeE B3l

Altigani S22 AEA AFole] Agor S T A 24F 5
¢+ whe} 7] 7ol Bl o]Fo] Xkl eFint. BEg Hack 522
of oJehH =4 AT FAoke] A L oot =7] ghE
71744 whek 3371 Aol ool -4 Ao Al 717 B
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Figure 4. The changes in the weight z-score between 12 and 24 months corrected age according to whether
high-calorie nutritional support was provided in preterm infants with failed catch-up growth at 12 months

corrected age.

A AYo} 237 3319 S0 9) el Eghtial shelth

Lei 59 278 AlFotoll vlsf 73 Aol Z-¢-oll mt
7] A7l Ao FEo] =o} 22.4% oA = what 7] A7l
sjete] Goprlell= 2 AFe] =i, 7AI7HA] A7 <o) Fik
), A%s A7k wekal B gk up Qlok wEgk o]l Blsf AU A
utel 7] A7l el mad 392 8.9% olAE vk Fet 4
<o A E B gA S5 AT S-S Barg vl ol

upeba] & Aol xdE WA el 2478h7kA] 9] wet 3] A
4 B A o7t 11 o] 5o el T8 XxTE 2l
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