B R S B e i 30(3) © 336~348, 1997

£

dole] AAfElel mhE AAE%) FeEel HlsL QT

d F AW oW 5
CREEL LR S LR b

The Longitudinal Study of the Growth by Feeding Practice in Early Infancy

Ahn, Hong-Seok - Bai, Hyun-Sook

Department of food & Nutrition, Sungshin Women's University, Seoul, Korea

ABSTRACT

The objectives of this study were to examine the growth pattern of infants by anthropometric
measurement according to the 5 feeding practices of infants with the subject of two hundred
healthy newborn babies from their birth dll sixth month of age at intervals of two months.
Breast group(BF, n=38), formula group(FF, n=102) and mixed group(MF, n=14) were fed
breast milk, formula milk, breast and formula milk, from birth tll 6 mo. of age, respectively.
Convert 1 group(C1F, n=14) and convert 2 group(C2F, n=32) were fed breast milk and mixed
milk at 2 mo. of age afterthat switched to formula milk, respectively. From these, the following
results were made.

All the infants of this study showed superiority to Korean standard growth rate in regards to
each growth item for cach month age.

In the case of males, at their birth, the subscapular skinfold thickness and the total skin fold
thickness in the BF group was significantly larger than in MF group and FF group(p<0.05). At
6th month age, the chest circumference of MF group was 45.9cm, and significantly larger than
those of BF, FF and C2F groups(p <0.05). In the case of females, at their birth and 2nd month
age, there was no difference among all the feeding groups in regards to each growth rate. At 4th
month age, the Kauf index of CIF group was 16.21 and significantly lower than those of four
groups(p <0.05). And total skinfold thickness in BF group was larger than in CIF group.

The increase rate per month age of all growth items were larger at 2nd month age than at the
later months both in males and in females. And until 2nd month age males showed more
increase than females in regards to each growth item but after 2nd month age, this aspect did
not show up.

Multiple linear regression was used to determine predictive factors for infant growth. It was
expected that at 6th month age, in the measurement of head circumference and chest
circumference and cross-sectional fat area, BF-males were bigger by 22— 39% of the explanation
index than the infants of other groups.

As a result, in spite of the significant lower intakes of energy and nutrients in breast-fed infants
than in formula-fed infants, breast-fed infants showed more growth than the average of Korean
infant standard growth rate at every month age, and showed no significant growth difference
among feeding groups. (Korean J Nutrition 30(3) : 336~348, 1997)
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Table 1. General characteristics of infants and their mothers
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Infant Total (n=200) Female (n=98) Male (n=102)
Birth weight(kg) 3.3+0.4" 33404 3.4+04
Birth lengh(cm) 49.8+2.1 495422 50.1+1.9
Birth head circumference(cm) 341416 339+1.8 344+14
Birth chest circumference(cm) 33.0+1.6 329418 33.0+1.3
Parity 1.3+0.5

Mother Total (n=200)

Gestational age(WK) 399+1.19

Maternal age 294+34

Maternal education year 14910.6

Working outside of home(%) 17.5

Pregnancy weight gain(kg) 13.4+39

Delivery type(% of NSVD) 57%

1) - x+SD, NSVD : Natural spontaneous vaginal delivery
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Fig. 1. Weight z-scores of 5 feeding groups.
BF : Breast-fed group
FF : Formula-fed group
MF : Mixed-fed group
C1F : Breast-fed pattern is changed to formula fed
one at 2 mo
C2F : Mixed-fed pattern is changed to formula fed
one at 2 mo

Fig. 2. Length z-scores of 5 feeding groups.
BF : Breast-fed group
FF : Formula-fed group
MF : Mixed-fed group
C1F : Breast-fed pattern is changed to formula fed
one at 2 mo
C2F : Mixed-fed pattern is changed to formula fed
one at 2 mo
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Fig. 3. Head circumference z-scores of 5 feeding groups Fig. 4. Chest circumference z-scores of 5 feeding groups.

BF : Breast-fed group

FF : Formula-fed group

MF : Mixed-fed group

C1F : Breast-fed pattern is changed to formula fed

BF : Breast-fed group

FF : Formula-fed group

MF : Mixed-fed group

CI1F : Breast-fed pattern is changed to formula fed

one at 2 mo one at 2 mo

C2F : Mixed-fed pattern is changed to formula fed C2F : Mixed-fed pattern is changed to formula fed

one at 2 mo one at 2 mo
Table 2. Anthropometric index of 3 feeding groups at birth?

Female Male
BF(29) FF(48) MF(21) BF(23) FF(51) MF(25)

Witkg) 33+05" 3.2+04 32403 34404 34403 33404
Length(cm) 49.7+1.8 49.1+2.4 50.1+1.9 50.6+1.4 50.0+1.8 50.0+2.5
Kauf 13.44+1.2 13.3+1.5 12.940.9 13.4+1.2 13.4+0.9 13.1+1.4
Circumference
HC{cm) 340+1.8 33.8+19 33.8+1.7 346+14 344+14 341416
CClcm) 33.2+19 329+1.8 325+1.4 333115 33.0+1.0 329+1.7
AC(mm) 10.5+0.8 10.5+0.9 10.6+0.6 10.8+0.8 10.5+0.6 10.64+1.0
Skinfold thickness
Abd(mm) 3.8+0.9 3.7+06 36+04 4.0£1.0 5.6+0.6 3.6+0.6
Sub(mm) 49+09 46+0.8 4.4+0.5 50%£10 43+£0.7* 4.4+0.9*
Triimm) 54+1.1 53%1.1 54+0.7 6.0+1.1 55410 54%+1.0
TSK{mm) 14.0+2.6 13.6+2.2 13.4+1.1 15.0+2.7 13.4+2.0* 13.4+2.2*
Body composition index
%BM(%) 49.0+2.3 49.5+39 50.7+4.2 49.7+2.2 48.7+3.7 50.0+3.7
AMA(cm?) 6.2+0.7 6.2+0.9 6.3+0.6 6.3+0.8 6.1+£0.6 6.3%+1.0
AFA(cm?) 2.6+0.7 2.6+0.7 3.6+0.5 3.0+0.7 2.7+0.6 2.7+0.7
1) 1 x%SD, () : Number of subjects
HC : Head circumference, CC : Chest circumference, Wt : Body weight

Abd : Abdominal skinfold thickness, Sub : Subscapular skinfold thickness

Tri : Triceps skinfold thickness, TSK : Total skinfold thickness
: % Body muscle, AMA : Arm muscle cross sectional area

AC : Arm circumference, %BM
AFA : Arm fat cross sectional area
* . Significant difference from male BF(p <0.05)

' No significant difference between sexes within the same feeding group(p <0.05)
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Table 3. Anthropometric index of 3 feeding groups at age 2 months=

Female Male

BF(22) FF(48) MF(5) BF(16) FF(54) MF(9)
Wi(kg) 57+06" 54+0.6* 5.5+0.4* 6.01+0.7 5.8+0.6 5940.5
Length(cm) 57.4+1.8 57.1+1.8* 57.5£1.9 58.1+2.3 58.1+19 58.4+2.1
Kauf 17.2+1.5 16.7+1.4* 16.7+1.2 17.7+1.2 17.3+£1.4 17.2+1.0
Circumference
HC(cm) 38.7+1.2 38.5+1.0% 385+1.3 39.2+1.2 394+13 39.0+1.2
CC(cm) 38.7+1.8 38.0+1.6% 389+2.38 39.8+2.2 39.6+1.5 39.1+19
AC(mm) 13.3+1.1 13.0+1.0* 13.1+0.8* 13.8+0.9 13.4+1.0 13.7+£0.8
Skinfold thickness
Abd(mm) 8.8+1.3 83+£13 8.5+1.1 8.8+1.3 84+1.6 8.6+1.2
Sub{mm) 9.1+1.2 89+1.5 9.1+1.2 9.2+1.8 9.2+1.9 8.8+1.6
Tri(mm) 10.0+1.0% 10.2+1.4 104+1.6 11.0+1.6 105+1.6 10.6+1.3
TSK(mm) 28.0+2.9 274437 279+3.2 29.0+3.8 28.2+4.3 28.0+3.2
Body composition index
%BM (%) 47.0£5.2 47.2+4.2 47.1+4.4* 481139 47.1£4.1 48.4+4.1
AMA(cm?) 8.2+1.8 7.7+t1.5 7.7+0.9*% 8.6+1.3 8.2+1.3 85+1.4
AFA(Ccm®) 5.9+£09* 59+1.0 6.0+1.2 6.6+1.1 6.2+1.1 6.4+0.9

1) 1 x£SD, () : Number of subjects

HC : Head circumference, CC : Chest circumference, Wt : Body weight

Abd : Abdominal skinfold thickness, Sub : Subscapular skinfold thickness

Tri : Triceps skinfold thickness, TSK : Total skinfold thickness

AC : Arm circumference, %BM : % Body muscle

AMA 1 Arm muscle cross sectional area, AFA : Arm fat cross sectional area

=~ : No significant difference among 3 feeding groups of both sexes respectively(p<{0.05)
* : Means significant difference between sexes within the same feeding group(p <0.05)
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._Table 4. Anthropometric index of 5 feeding groups at age 4 months

. Female Male
BF(22) FF(48) MF(5) C1F7) C2F(16) BF(16) FF(54) MF(9) CIH7) C2F(16)
Witkg) 7.20 ) 6.87* 7.02 6.31* 6.95* 7.56 7.51 7.70 7.66 7.41
. +0.84 +0.65 +0.51 +0.55 +0.56 +0.85 +0.70 +0.83 +0.82 +0.41
Length(cm) 62.47* 62.35*  61.96* 62.43 62.64* 64.33 64.18 65.29 63.69 63.80
+1.76 +1.84 £2.04 +2.67 +1.83 +2.02 +2.00 +2.82 +1.31 +1.23
Kauf 18.42 17.67 18.30 16.21%)  17.72 18.23 18.22 18.03 18.86 18.21
+1.79 +1.51 +1.30 +1.09 +1.33 +1.24 +1.23 +1.13 +1.73 +0.76
Circumference
HClem) 41.30 40.82* 4096 40.71* 40.98* 41.95 42.12 41.56 42.19 41.95
+1.46 +110 +1.73 +1.44 +1.37 +1.27 +1.13 +1.68 +0.88 +1.01
CClem) 41.83 41.33*  41.20* 40.00* 41.25 42.94 42.53 43.67 42.74 42.00
+2.14 +1.36  +1.10 +1.12 +2.20 +1.63 +1.88 +1.66 +0.99 +1.18
AC(mm) 14.29 14.19*  14.04 13.30* 14.56 14.88 14.56 14.44 14.66 14.53
+1.27 +088 +0.76 +0.71 +0.69 +0.93 +0.93 +0.83 +0.68 +0.72
Skinfoldthickness
Abd(mm) 10.70 10.01 9.86 8.99 10.06 10.26 9.61 9.93 10.09 9.92
+1.57 +1.43 +094 +1.30 +1.14 +1.46 +1.47 +0.94 +0.97 +1.46
Sub(mm) 9.99 9.76 9.72 9.37 10.15 9.83 10.07 9.52 10.03 10.09
+1.73 +1.51 +1.62 +0.90 +1.34 +1.43 +1.63 +1.01 +1.51  £1.50
Tritmm) 11.25 11.30 11.32 10.87 11.61 11.60 11.63 11.40 11.54 11.71
+1.35 +1.02 +1.09 +0.89 +0.97 +1.08 +1.37 +1.26 +1.31 +1.00
TSK(mm) 31.94 31.07 30.90 29.23 31.81 31.69 31.31 30.86 31.66 31.72
+4.17 +3.32 +3.51 +2.24 +2.47 +3.26 +3.95 +2.86 +3.01 +3.27
Body composition
%BM(%) 45.73 47.31 44.93 45.93 48.85* 48.18 46.40 45.56 45.84 46.37
+4.20 +360 +296 +3.15 +2.82 +4.88 +3.56 +4.25 +4.22 +2.33
AMA(c?) 9.29 9.05 8.77 7.81* 9.50 10.10 9.53 9.42 9.72 9.40
+1.89 +1.24 +0.73 +0.98 +1.05 +1.43 +1.48 +1.04 +1.10 +1.10
AFACm?) 7.08 7.03 6.97 6.31* 7.40 7.60 7.42 7.24 7.42 7.44
+1.26 +0.91 +0.99 +0.70 +0.85 +1.06 +1.09 +1.09 +0.96 +0.84

1) : Mean=+SD, ( ) : Number of subjects

Wt : Body weight, HC : Head circumference, CC : Chest circumference

Abd : Abdominal skinfold thickness, Sub : Subscapular skinfold thickness

Tri © Triceps skinfold thickness, TSK : Total skinfold thickness, AC : Arm circumference

%BM: % Body muscle, AMA : Arm muscle cross sectional area, AFA : Arm fat cross sectional area
* : Means significant difference between sexes within the same feeding group(p <0.05)

 : Means significant difference female BF, FF, MF, C2F female infants(p <0.05)
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Table 5. Anthropometric index of 5 feeding groups at age 6 months

Female Male
BF(22) FF48) MF(5) CIF() C2F(16) BF(16) FF(54) MF9  CIF(7)  C2F(16)
Wikg) 8.26°  7.87% 756  7.41%* 807 8.73° 8.48° 8.73 8.91° 8.28°
+1.15" +066 +0.62 +0.89 +059 +093 +0.93 +093  +082 +057
Lengthicm) 66.37*  66.95*  66.04° 66317 67.36° 68.40° 6851  69.00°  67.96°  68.20"
+251 169 +2.64 +353 +209 +223 4230 +287 +187 +1.15
18.73°  1755®  17.38®  16.83°* 17.83*®  18.63° 18.06° 18.34° 19.32° 17.80°
Kauf +225  +131  +171  +110 +173 +145 +163 +168 +215  +1.09
Circumference
HC(em) 42.84°% 42,64 4244 4253 4274  43.71° 4375 4336°  43.87° 4363
+133 +120 +1.69 +145 +101  +122 4119  +124  +1.03  +0.89
43.52%  42.97% 4254 4216 42.03°  4496°  44.14°  4594°  4569°  43.26°
Clem) +270 4206 +1.29 4148 +353 +127 4270 +223  +294 1164
15.20° 14.69™* 14.44" 1404 15.06° 15.43° 15.16° 15.44° 15.56 15.04°
ACmm) 197 4083 082 £078 +077  +116  +099  +1.08 +099  +0.84
Skinfold thickness
Abdimm) 11.14° 9.94®  10.08* 8.80* 990 1075 9.81° 10.72° 10.37° 9.80°
+174  +159  +093  +090 +1.60 +125 +143 +179  +1.14 +173
Sub(ﬁwm) 10.39° 9.95° 9.68° 870 10.34°  10.83°  10.12°  10.28° 1048  10.19°
+157  +135 +150 +093 +1.67 +130 +153 +172 +1.17 +134
_ 1191 11.63*  11.60° 1026 11.65° 1218 1173  11.83"  11.41° 11.78°
Tri(mm) +117  +124  +139  +£118 4144 +126 +155 +148 +073  +1.32
TSKmm) 33.44° 3152 3136° 2776 31.89° 3375  31.66°  32.83°  3226° 31.77°
+408 +3.55 +2.89 +£203 +£3.84 +343 +396 +447 +190 4365
Body composition
- 47117 4690°  46.62°  45.91°  48.06°  47.14°  47.14° 4758  46.72°  47.23°
+243  +291  +206 +401 +320 4462 +3.13  +300 4519  +3.07
AMAG) 10.54° 9.74™  930™  9.36™ 1040° 1079 1055  11.00° 1148  1027°
+192  +119  +095 +131 +136 +192 +160 +157 +1.88 +1.23
, 7.98° 7.50° 7.34° 6.38*  7.71° 8.26° 7.28° 8.07° 7.85° 7.78°
AFACT) 1133 1104 £144 1086 4101 4132 4128 +135 4075  =1.11

1) : Mean (SD), () : Number of subjects, Wt : Body weight, HC : Head circumference
CC : Chest circumference, AC : Arm circumference, Abd : Abdominal skinfold thickness
Sub : Subscapular skinfold thickness, Tri : Triceps skinfold thickness

TSK : Total skinfold thickness, %BM : %Body muscle

AMA @ Arm muscle cross sectional area, AFA : Arm fat cross sectional area
a-b : Values with the same letter are not significantly different among 5 feeding groups of both sexes respectively{p <0.05)
*  Means significant difference between sexes within the same feeding group(p <0.05)
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Table 6. increment of growth

Female Male
BF(29) FF48) MFQ21) CIFZ) C2F16)  BF(23) FF(54) MFQ25 CIF7) C2F(16)
0 - 2mo.
Witkg/2mo) 2.36° } 223 230" j 254 253 260° i j
+042" 4039 +0.37 +066 +052 +034
Lengthicy2mo) 766" 804 748 B B 750° 834" 831 B .
+129 4208 +1.70 4212 4133 +2.12
HClem2moy 473 4727 4771 B B 464 494 493 B B
+1.82 +185 +1.94 +166 +141 +1.76
CClempamo) 549°  5.14% 638 ) ) 649° 669"  6.21° B .
4221 +1.82 4292 +244 4151 4244
13.91°  14.02°  14.58° 13.94°  1499° 14.99°
TSKmm2mo) 55y 31 433 ” - £334  +454 +306 B
2—4 mo.
Witkg/2mo.) 153 150  1.50° 1390 173 159° 153 153 149  1.51°
+056 +036 +023 +026 +043  +041 +047 +041 +1.18 +0.24
Y 5.27%  575%  6.15% 623  593* 598 553 491"  631° 544
+1.00 +125 +084 +087 +130 +150 +1.39 +101 +275 +1.31
HC(em/2mo) 2470 228* 248  230° 259 265 277 2710 273 228
+063 +070 +046 +052 +095  +094 +080 +1.04 +1.80 +0.91
Clempamo) 284 297 308 253  3.19° 334 344 281° 343 165
£131 4175 +1.66 +148  +£3.11  +195 +1.65 +210 +£252 +1.41
3.66° 299" 455 374 3.99° 443 343 377° 354 275
TSKmm/2mo) 41302 4268 4201 +196 +222  +291 +322 +£199 +£229 +1.60
4 -6 mo.
Witkg/2mo) 104 096" 054™ 091° 096 1.05°  097° 097 069"  1.10°
+058 4038 026 +049 +057  +£058 +042 +041 +055 +0.35
Lengthicm/2mo) 373 4370 555 346° 394 448 434 440° 454 450
$200  £122 137 +131  £1.14  +142 +150 +150 +2.19 +1.07
HClem/2mo) 165° 165 198 187  151° 2060 164 1.24° 1774 2.00°
+0.66 +074 +087 +078 +1.13  +098 +070 +0.68 +072 +0.59
171 1.80°  200° 154 171 1627  1.86° 0.80° 046° 135
CClem/zmo.) +185 4177 +151 +138 +344  +141 +179 +178 +274 +1.66
TSK(mm/2mo.) 136  153*  055° -151° -036® -035 0.35° 1174 -037° -0.03
+309 4266 +223 4221  +322  +257 +280 +234 +203 +2.64
1) : Mean+SD

Wt : Body weight, HC : Head circumference, CC : Chest circumference

TSK : Total skinfold thickness

a-b : Values with the same letter are not significantly different among 5 feeding groups of both sexes respectively(p <0.05)
* : Means significant difference between sexes within the same feeding group(p <0.05)
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Fig. 5. Total skinfold thickness(TSK) of infants.
BF : Breast-fed group
FF : Formula-fed group
MF : Mixed-fed group
C1F : Breast-fed pattern is changed to formula fed
one at 2 mo
C2F : Mixed-fed pattern is changed to formula fed
one at 2 mo
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Table 7. Regression results of factors affecting growth of 6 month old infants

Anthropometry Variable Regression SE p R?

Head circumference Birth weight 1.10 0.25 0.0001 0.39
Weight Birth weight 073 0.19 0.0003 0.28
Length Birth weight 2.44 0.52 0.0001 0.27
Protein intake at 2mo. 0.31 0.13 0.02 0.27

Arm circumference Birth weight 0.76 0.22 0.0009 0.25
%Body muscle Birth weight 1.68 0.72 0.02 0.22
Arm muscle crosssectional area  Birth weight 1.21 0.35 0.0009 0.25
Arm fat crosssectional area Birth weight 0.64 0.27 0.01 0.22

SE : Standard error
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