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The study on physical development and nutritional status of full-term small
for gestational age (SGA) infants within 24 months of age
ZHANG Nan.GAQO Xueting, LUO Dan,QU Pengfei, WANG Wen, TENG Wei
(Department of Child Health ,Northwest Women’s and Children’s Hospital ,Shaanxi Xi’an 710000 ,China)

[Abstract] Objective To explore the changes in physical development and nutritional status of full-term small-for-gestational-age
(SGA) infants within 24 months of age, providing scientific evidence for timely intervention and management. Methods A total of 89
370 infants who underwent health check-ups in the Child Health Department of a hospital from January 2018 to December 2024
were selected as study subjects. They were divided into two groups based on their birth conditions:the SGA group (n=9 767) and
the appropriate for gestational age (AGA) group (n=79 603).Basic health data and physical examination data at different months
of age were collected for all subjects. The t-test and chi-square test were used to analyze the physical development status (including
length, weight, head circumference, BMD) and nutritional status (including underweight,normal,overweight,and obesity) of infants
in the two groups at different ages. Results At 1 month of age,the length, weight, head circumference, and BMI of infants in the
SGA group were significantly lower than those in the AGA group (1=53.36,40.23,34.89,and 26.50, respectively,all P<(0.05).At
3,6,12,18,and 24 months of age,the length (z-values ranged from 17.72 to 34.13) ,weight (z-values ranged from 14.62 to 26.48),
head circumference (z-values ranged from 12.23 to 23.68),and BMI (z-values ranged from 2.28 to 10.82) of infants in the SGA

group were also significantly lower than those in the AGA group (all P<C0.05).From 1 to 24 months of age,as the infants grew
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older,the proportion of infants with normal nutritional status increased in both groups, while the proportions of underweight,

overweight,and obesity decreased.In the SGA group,the proportion of infants with normal nutritional status increased from 88.5%

(1 month) to 96.1% (24 months) (X*=216.64,P<C0.001).In the AGA group,the proportion increased from 88.6% (1 month) to

91.5% (24 months) (X*=2191.56,P<C0.001).In the SGA group, the proportion of girls with normal nutritional status was higher

than that of boys (86.7% ws.84.9% ,X*=18.51,P <C0.001).In the AGA group, the proportion of girls with normal nutritional

status was also higher than that of boys (85.0% ws. 81.3%,X% =253.71, P <C0.001). Conclusion By 24 months of age, the

nutritional status of SGA infants has caught up to that of full-term AGA infants.However,in terms of physical development, full-

term small for gestational age infants still have not reached the level of full-term appropriate for gestational age infants. These

findings provide support for timely intervention and management of infants with poor physical development and nutritional status.

[ Key words] full-term small-for-gestational-age infant;0-24 months of age;physical development;nutritional status
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Table 1 Comparison of general data between the two groups of infants [ x & s,n(%) ]

i H SGA 4 (n=9 767) AGA 9 (n=79 603) X%/t P
AR E (kg) 2.6240.22 3.2940.27 238.33 <<0.001
A K (em) 48.69+1.55 50.1140.67 161.36 <£0.001
S W 2 JE (D 38.57+1.21 39.1441.10 47.43 <0.001
P 45.58 <<0.001

E:) 4 835(49.5) 42 283(53.1)

iy 4 932(50.5) 37 320(46.9)
A 41.53 <0.001

17 2 351(24.1) 21 489(27.0)

3 Ak 2 244(23.0) 17 852(22.4)

6 H i 1788(18.3) 14 173(17.8)

12 A% 1997(20.4) 15 684(19.7)

18 A 947(9.7) 7 019(8.8)

24 H# 440(4.5) 3 386(4.3)
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Table 2 Comparison of physical development indexes between the two groups of infants (x &=s)

i 12y SGA #(n=9 767) AGA #H(n="79 603) t P
1 J#(n=23 840) K (cm) 53.85+1.93 55.81+1.67 53.36 <<0.001
1A (kg) 4.3040.57 4.800.57 40.23 <0.001
S Cem) 36.9341.08 37.6440.92 34.89 <<0.001
B (K /ikE 12.704:1.39 11.78+1.26 —33.21 <0.001
BMI(kg/m?) 14.624:1.07 15.254:1.09 26.50 <£0.001
3 A (n=20 096) HHK (cm) 60.36+2.92 62.38+2.61 34.13 <<0.001
R (k) 6.1940.90 6.7240.85 26.48 <<0.001
3% Bl Cem) 39.9141.43 40.611.29 23.68 <<0.001
B (KO / 1k & 9.9041.10 9.40420.95 —23.05 <<0.001
BMI(kg/m?) 16.8341.24 17.1341.26 10.82 <<0.001
6 Hir(n=15961) B (em) 66.46+2.50 68.21+2.03 33.40 <0.001
A (k) 7.7940.85 8.27+0.78 24.57 <0.001
3 Bl Cem) 42.64+1.24 43.2541.09 22.13 <0.001
B (R /R E 8.61+0.74 8.31+0.68 —17.73 <0.001
BMI(kg/m?) 17.544-1.16 17.6941.21 5.15 <<0.001
12 A (n=17 681) K (cm) 72.24+3.31 74.13+2.88 27.18 <<0.001
AT (kg) 8.9441.00 9.5140.90 24.34 <£0.001
3%l (em) 44.761.39 45.40£1.19 22.26 <0.001
B (KO /R E 8.1540.67 7.8440.59 —21.26 <0.001
BMI(kg/m?) 17.044:1.08 17.2441.15 7.47 <<0.001
18 AW (n=7 966) B K (em) 79.0243.24 81.32£2.76 23.49 <<0.001
R (k) 10.1541.01 10.8040.92 20.00 <<0.001
3k Bl Cem) 46.34+1.24 46.98+1.06 17.09 <0.001
B (KO / k& 7.844-0.57 7.5740.53 —14.24 <<0.001
BMI(kg/m?) 16.174-0.94 16.2741.05 2.82 <0.05
24 J#%(n=3 826) K (cm) 84.48+3.57 86.99+2.68 17.72 <<0.001
A (k) 11.20+1.15 11.93+0.97 14.62 <<0.001
3% Bl (em) 47.26+1.28 47.9141.02 12.23 <<0.001
B (R /R E 7.60+0.55 7.3340.49 —10.72 <0.001
BMI(kg/m?) 15.614-0.82 15.7240.97 2.28 <0.05
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Fig.1 Trend graphs of length,weight,head circumference,and BMI of infants in the two groups
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Table 3 Comparison of nutritional status between the two groups of infants [n( %) ]
BRI SGA #H(n=9 767) AGA #(n=179 603) x? P
L] A 7 64.36 <0.001
HERES 17€0.2) 332(0.4)
EH 8 381(85.8) 66 117(83.1)
I 1257(12.9) 12 375(15.5)
JIE JH 112¢1.1) 779(1.0)
x4 AGAHBHILEFRRS 0]
Table 4 Distribution of nutritional status in the AGA group of infants [n(%)]
BRI 98 EH HE NE e x? P
VERIcS 2 191.56 <<0.001
1 Hi(n=21 489) 267(1.2) 19 040(88.6) 2 01709.4) 165(0.8)
3 A (n=17 852) 45(0.3) 14 624(81.9) 2 935(16.4) 248(1.4)
6 Hit(n=14 173) 9¢0.1) 10 729(75.7) 3211(22.7) 224(1.6)
12 Hit (n=15 684) 2(0.0) 12 525(79.9) 3033(19.3) 124(0.8)
18 H#% (n=7 019) 3(0.0) 6 100(86.9) 906(12.9) 10¢0.1)
24 Ay (n=3 386) 6(0.2) 3099(91.5) 273(8.1) 8(0.2)
P 253.71 <£0.001
B (n=42 283) 231€0.5) 34 380(81.3) 7131(16.9) 541(1.3)
4 (n=37 320) 101€0.3) 31 737(85.0) 5 244(14.1) 238(0.6)
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Table 5 Distribution of nutritional status in the SGA group of infants [n( %) ]
B IR 98 L B HE Jie X% /Fisher K i 8 % & P
i 216.64 <£0.001
1 H#(n=2 35D 16€0.7) 2 080(88.5) 235(10.0) 20€0.9)
3 A (n=2 244) 0€0.0) 1.824(81.3) 377(16.8) 43(1.9)
6 Ay (n=1788) 1€0.1) 1 446(80.9) 308(17.2) 33(1.8)
12 A (n=1997) 0€0.0) 1742(87.2) 241(12.1) 14€0.7)
18 A (n=947) 0€0.0) 866(91.4) 79(8.3) 2(0.2)
24 A% (n=440) 0€0.0) 423(96.1) 17(3.9) 000.0)
P 18.51 <<0.001
B (n=14 835) 15€0.3) 4106(84.9) 646(13.4) 68(1.4)
Z(n=4 932) 2€0.0) 4 275(86.7) 611(12.4) 44€0.9)
3 it .

3.1 SGA WE & & B R RIRIT

A IE K BUR TR A I B9 SGA 412824 )L & K &
L K& BMI ¥ )5 T AGA 412 4) JL(P<<0.05).
e T o I =1 S| R SR NS B s R
PRETLUARMESE 1 2 24 ARAE) SGA 4240 LAY ik &
IR T AGA 45 JL (P <C0.001) , [A] i} 44 & 1) F
P2 1 A 0.5kg BW R 2 24 HIR W
0.73kg, $&7 W0 41 (0] %2 4y JL % 14 8 2= S B T % iy 3
Ramsghn . Sk B &k F RG2S i KN B —
ST AEN Y ARBFSE 1 & 24 AR SGA 41232
HILE L% 5 T AGA 24 JL(P<C0.001) ,{H
KEMEEEZRN T B 0.71em B FE = 24
FR 1 0.65cm, 42 7% P 41 18] 22 4y JL i) 3k Bl 22 5 bl F)
A ) 8 R T 32 T A DS . PR/ B K R S T A 2R
LR K B R FNE 7 KOF 10 5 B2 I8 4%
SR ILREFIRDA AP 1 2 24 J]
W) SGA HEA LIRS/ K B Em T AGA 2
HIL(P<<0.00D) AH B KA FEE2E RN 1 H i
1) 1.96cm &2 12 Hid 0 1.89 J5 X F 24 A& 1T+
F251lem KB T B R EZS WM. &4
555 22 5 4 R 4y — B0 AR R SGA
A A K BYE TR AGA, HfE4 IE R 12
H A BT JE 1 SEBA RGE B . BMI 2 A it 2240 )L ik
B B K E] 0GR 0 I8 bR 76 PPl d FER 0 | i
EESE R MW A KR T AR A
St DR RHE T 2 A LR B4 L H A BT
AT % WL 20 B2 407 )L i) BMI [ 4F 48 485 K, 728 fk e #4

43

3.2 SGA MEFR R

AW & B, b B B4 LAR I B K SGA A
TE A A B Ay LY L i B 1k B i (88500 ~
96.1%) . JH 7 (0.7% ~0%) M H (10.0% ~3.9%)
FIAE B (0.9 % ~ 0%6) B4y L 1 Lh 491 & 3 0 /b, 5
AGA 24 LI E F RO HA L, X b FmT
AESE F T 2240 LA WA i 2 v g i 1 i wl Gk 31 T H
WAL TS I S5 B A K B LR AR B ) fig
IR 7S 328 0 1 28 2 gt IR 2 o) B2 o AR ol
A 2 8 W ) A R R SRR O I L 24 AR
DL B4 L AR/ B4 0 b o 25 AT LU 4 1) PP Ak 22
YR VEFRE N EBIEN. A5 kM. SGA 4
WLl LA T R IR O AR L Y L R T
B, 5 AGA HB L LA, SGA A2 4 LY &
L)L LA O AR T 9 R AE ik 2R &) L B A il —
o, O T AR T B AT LA P 1 XU 3
T B 1L A8 s FUE PR () InF o mT BB 51 % B K A
ST A1 e A RAE PP A T AR S 22 4
DU LR 52 184 o A PECRITARR 1) kAR 238, 0 17T 52 )
Hoatzg ™ AHESE b, 9 R A R Y L R
A i HE 2 AS [ 1 725 bt 3, T 9 L 01 e 2
R R R B ) S R T R RN 1 e g, L
Hh R RIS R Y L i (3 AE 6 T I e A7 B, X
— 2R R T T B Al L Adk R R L R L
Bk, 5 — S BEAEMFAAFO . FAMER
R A 0 & 24 H R IE MR B WAL 3278 T 2 4))
L7 37 5 i B 2 U0 A O L DA B 300 1 100 R AR 30 45 B



TEZE A M ik hetp: //mchchina. xjtu. edu. cn

LiLprik. = 24 AW, R H/NT R ILE 57
SVARSER oIS BT i) )WY SR RN =
A HNT IR LA R 38 2 2 H 38 T I i L 8K F
IR FTEE Ry 1 e B2 4l LAt R B B AR K O A%
ST HE FRAR DA B 4l L 14 B ik 1 TR B ik A7 B
AL

(5% k]

[1]Finken M J J,Steen M V D,Smeets C C J,et al.Children
born small for gestational age: differential diagnosis,
molecular genetic evaluation,and implications[J ].Endocr
Rev,2018,39(6) :851-894.

[2]Yee L M. Caughey A B, Cheng Y W. Association
between gestational weight gain and perinatal outcomes
in women with chronic hypertension[J].Am J Obstet
Gynecol,2017,217(3) :348.e1-348.e9.

[3]Nzelu D, Dumitrascu-Biris D, Nicolaides K H,et al.Chro-
nic hypertension: first-trimester blood pressure control
and likelihood of severe hypertension, preeclampsia,and
small for gestational age[J].Am J Obstet Gynecol.2018,
218(3):337.e1-337 .e7.

[4] Vollmer B. Edmonds C J.School age neurological and
cognitive outcomes of fetal growth retardation or small
for gestational age birth weight [J]. Front Endocrinol
(Lausanne) ,2019,10:186.

[5]Rotstein M, Stolar O, Uliel S, et al.Facialexpression in
response to smell and taste stimuli in small and appropri-
ate for gestational age newborns[J].J Child Neurol,
2015,30(11):1466-1471.

[6]Hansen A T.Sandager P, Uldbjerg N, et al.Copeptin is
not a useful biomarker for small-for-gestational-age: a
case control study[J].Scand J Clin Lab Invest.2014,74
(8):687-692.

C7I5RM0 . 5K %A . 5K U 55 b T A [) 6 o6 5 26 Lt A 1 7 i
LTI LT]. A LR 25, 2015,53(2) :97-103.

C8IXNM = , MR A B IE & L AR 24 ) B I O [J] . [
ML AR E % ,2011,18(6) :524.

[9]WS/T423-2022,7 % LA FIL#E A K FRAELS].

[10]Lange N, Froimowitz M P, Bigler E D, et al.Associa-
tions between 1Q,total and regional brain volumes,and
demography in a large normative sample of healthy
children and adolescents[J].Dev Neuropsychol,2010,35
(3):296-317.

[11]Zhou L, Zhong W, Liu L.Investigation and influence

analysis of motor development in preterm infants[J].
Am J Transl Res,2023,15(1):273-280.

(1203 58, R el WRLRR 00, 45 L /N TG i L A A 2R K
FIph 28 % 8RR B0 /Y BE U7 B 5T L] b /N L 2 B
%#,2020,27(9):671-673.

[13]Du D.Jing Z.Zhang G.et al.The relationship between
central obesity and bone mineral density:a Mendelian
randomization study[J].Diabetol Metab Syndr.2022,14
(1):63.

[ 14 JWHO.Obesity : preventing and managing the global epi-
demic.Report of a WHO consultation[J].World Health
Organ Tech Rep Ser,2000,894 :i-xii, 1-253.

[15]Medvedev M M, Brotherton H.,Gai A, et al.Develop-
ment and validation of a simplified score to predict
neonatal mortality risk among neonates weighing
2 000g or less (NMR-2000) : an analysis using data from
the UK and The Gambia [J]. Lancet Child Adolesc
Health,2020,4(4):299-311.

[16 ]Inoue S.Naruse H. Yorifuji T,et al.Association between
short maternal height and low birth weight:a hospital-
based study in Japan[J].J Korean Med Sci»2016,31(3) :
353-359.

[177Li N,An H.,Jin M,et al.Association of infants small for
gestational age with anemia under five years old in two
large longitudinal chinese birth cohorts[J].Nutrients.,
2022,14(5):1006.

[18]Engelgau M M.Tackling health disparities: many chal-
lenges ahead[J].J Am Coll Cardiol,2020,75(1) :57-59.

[19]Song P H.Xu W Y.Chisolm D J.,et al.How does being
part of a pediatric accountable care organization impact
health service use for children with disabilities? [J].
Health Serv Res,2019,54(5):1007-1015.

[20 188 Wl .o 4 B LR 5 S LM 1 1 b PR 3 Ik & R0 o
FELD1.FE & R, 2010,

(210254 3K ¥ e B0UR . 45 LB Ml A= K /N TG 8 LD
T TG U L2 T 0T 0l P ) B e LD ] AR ) 7 R
2% 7K,2019,22(11) . 767-773.

L2205 e £, =W W, 55 W8 38 L /N F R L 0~ 24 F i 1k
A6 A AR 1 B0 e O T B 1 BA B AF S L L AR
J4 75 ,2025,33(2) :185-190.

(23] F &M I &L, B i = . % P 0~5 % JL 2 5 A
SRR LT ] AP AR AT P2 2R, 2018,39(6) : 710-714.

L& b T2 AT G - X 2R T
[ s i AR s D Sl -4 5]

44



