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Effects of Supplementary Diet on Iron Status and Development in Infants*

Lee, Jong Mee’

- Park, Hea Jin

Department of Food and Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was carried out to evaluate the effects of supplementary diet in infants. Influence of appropriate dietary
habits on infants was also examined by being applicable to diets fortified chewiness as a means of intervention. The
iron supplementary diet was supported to the healthy infants twice a day for three months. Measures of hemoglobin,
hematocrit, RBC count, serum iron, TIBC, ferritin, development examination, and dietary intake patterns of experi-
mental group (n=25) and control group (n=20) were performed before and after the intervention. The amount of
iron intake from the supplementary diet in the experimental group was 1.77 & 0.80 mg/day. After the intervention
period, the experimental group not only had increased intakes of grains also decreased intakes of milk. Qutcomes
observed in infants receiving iron intervention showed that the improved trend of excessive milk intakes and the
possibility as a regular diet by serving the iron supplementary diet which can apply to main dish. All measures in blood
did not provide significant differences except TIBC between the experimental and the control group before the inter-
vention. But, after the intervention, the experimental group improved most levels of measures, especially significance
in hemoglobin, but serum iron. Development of two groups did not differ significantly and both groups were in the
range of normal infants’ development. However, the levels of MDI and PDI evaluated by BSID-II in the experimental
group were slightly higher than the control. Furthermore, the development of cognitive and languistic function was asso-
ciated with infant growth in the experimental group. In conclusion, this research demonstrated that the iron supple-
mentary diet could affect the iron status and the development of infants despite low-dose supplementation of iron.

(Korean J Nutrition 38(3): 226 ~231, 2005)
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oA LS AFARE p <
ol g3gict, 1 A3, BE4 100 g@ olvA] 60 keal, &
WA 56 g Z4E 22 mg, A 3.9 mg, o}d 0.40 mg &
FaT, BEA 19 13] 32 50 goller, tiitel
A M 2318 BEAS AHNES 3ick

2. CHATHAAL M7 S MEAN

2003 8¥REH 2003 9E7HA AAEFS A8 M
Al FERALY WAis 13~157029 HolE tigos
B Ao HXE Asty 370Y7E ATl Foid Japt
A e Ak die 53 Ago] gl ofwy
U 25 5 235ap) @3 @7 e folE AAsision,
INET HEAE A TEE YT B35S AT ¢
& Y2 ToR TR BFAS AT Mol ZE o

Table 1. The diagnostic range of developmental score in BSID-II

SCORE RANGE

=115 Accelerated Performance
85-114 Within Normal Limits
70-84 Mildly Delayed Performance

< 69 Significantly Delayed Performance
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oAl DuARE, AAASZAL el o) HegPdH,
7L, AOMIAZATE Aldsilch. A dde] o
HUel A BE2AE olgsl TARIROH, AASZAR:
A, A%, HElEd, sigeEE A% SEAR Aeld
HAZAR: AP 1959 ool A% doldAUES 24
Azt S S o] 438te] 2AFERAL Can~Pro 2.00% +4
SISt = HRAZ o1& fobel Ba KA
TR, AT, AERFTAL) AATT 5
AR

3. BRI HETYYE 2
thgel gt Aol Yol BRGPINS B

3l 2 gHolA hemoglobin, hematocrit, RBC count
55 3}

c
stglon, dAolA ferritin, TIBC, irond ¥4
%t} Hemoglobin, hematocrit, RBC count¥ 1153HP
(SE 9000 + RAM1) o2 #4391, serum ferritin
MEIAY (AXSYM, AbbottAb 2.2 #4831 om. TIBCS
serum iron< Ferrozine (Hitachi 747) & o]-4314t}

4. BSID-IIE °|8%t 4= %

AR obg g ATl SJal froke) ofriy e} A
19 1 A 2 #3ks E35ke] BSID-1I (Bayley Scales
of Infant Development— II) & 4331911, ARBIASEA
AF (SMS) & B335t} BSID— I %A+ mental scale
(MDI, AAIA %), motor scale (PDI, 253 %)E =43}
|, mental scales 7149, &%, ¥4 2, 7] <Al
g, dutgl, B7, o3, Ao, Al 7es S &
@&o g FAE 1, motor scaled S} £22F &
ARE, & T27), 7171, ¥, A71, 27, H7], A=Z3p]
o} #HE 25 A7, 2] BT AT A, &2
59 2y 58 =33} BSID-19 84S MDIg} PDI
o] Aol wet BFE Fta, AP ZT2HAA <l
=} (cognitive), Ao] (language), Z27]% (motor) o} o
St argds-S ALl dexgE2] Hetk ¥ Table
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\ Initial Subjects (n = 47) j

Control (n = 21)
blood iron status,
anthropometric exam
developmental exam,
nutrition assessment

Experimental (n = 26}
blood iron status,
anthropometric exam
developmental exam,
nutrition assessment

Intervention period (3 months}
A A
Experimental (n = 25) Control (n = 20)
blood iron status, blood iron status,
anthropometric exam anthropometric exam
developmental exam, developmental exarn,
nutrition assessment nutrition assessment

Fig. 1. Scheme of the studly.

Table 2. Characteristics of the subjects before intervention study

o} AR wix gl wiR-g2 Jehigla, Qe
YR 9 AAAAEAE BT BELAE JERIL
om zt FollA FAAF zlo|gt T FTF xpole 24z}
paired t—test®} t—testS A3}
i @ A
1. Opyo] yuatet
oMU E slF frobrt vl AdFHT REAY 3 7)F
SHA| ot BFA o 2R E HHE HEY ¢S A A7,
FA713ERt A¥ro] B o RE AHS HE9 &
< H{ 1.77 £ 0.80 mg/day°l ATk
] duiate 9 A ASE Table 28} Table 3¢
YeRRT SR divde Fo 982 ¥ TS 14.2870
¥, L 13.8071olgith tide] 2418 H4HE 9
T2 ojgdte =7 dif-iol ergelgle BE dit
oA HERZFAE 58311 WUk AP TolA dixz
H)3l 2Ake] o] Qe A7 Ba 9 AE7H g
< A%E 1ok A g FAFo| A¥TL AAt
A7 Tk A HS T FaEe] AlgHo]
}_‘_ Z;«l_}_ o]sgg]tq ﬁ-xlx-lgl A'!‘Gl:__i aibz;};]i—_ 7:1z’sk
< B3tk g9 7], AF AeEd, 7ieEde vlxd
A& B33 BT AR At

2. 234 FN°I UE e TS B3y

FA7IZEEAE] FFHZS] W Table 49 veh
Atk FAR APTE 83248 £ 76. 80 kcalf—’— 33 uk
A 272 1080.20 + 92.24 kcalZ AFHste] APl
A G% ARFe] AR FAFE ’éb’éff—: 939.54
+ 59.94 kcal, iETE 925.33 * 74.22 kcalZ AYT

Table 3. Frequency of diet and anthropometric characteristics
of the subjects before and after intervention study

(o3

Control  Experimental
Age (months) 13.80 £ 0.77 14.28 = 0.94"
Sox Male 10 ( 50.0%) 17 ( 68.0%)%
Female 10 ( 50.0%) 8 ( 32.0%)
Person to care Relatives 7 (350%) 3(120%)
for subjects  Mother 13 ( 65.0%) 22 ( 88.0%)
Spoon 15 ( 75.0%) 16 ( 64.0%)
Hand 5(250%) 4 160%)
Ig;"dsigog' Nusingbottle 0 ( 0.0%) 3 ( 12.0%)
Fork 0C 00%) 1( 4.0%)
Cup 0( 00% 1( 4.0%)
Use ofiron  Yes 0( 00% 0(C 00%)
supplement  No 20 (100.0%) 25 (100.0%)
Classify of the Yes 19 ( 76.0%) 20 (100.0%)
meal No 6(240% 0 0.0%)
Mitk 2 (100%) 6 ( 24.0%)
Soy mitk 8 ( 40.0%) 4 ( 16.0%)
Fruit 5(250% 7 ( 28.0%)
Thekindof  cookie orsnack  1( 50%) 1 ( 4.0%)
food of
frequently Corn, potatoes 2 (100%) 0 0.0%)
eafing ~ Candy 0( 00% 2( 80%)
Fruit juice 0( 00% 3(120%
Bread, cake 0( 00% 2( 8.0%)
Others 2(100%) 0( 0.0%)
" mean * SD

?n (%)

Control Experimental
Frequency of diet  Before  2.65 £ 0.59 246 + 072"
(times/day) After 269+ 052 268+ 057
Frequency of snack Before 275+ 129 230 1.51
(times/day) After 239+143 150+173
) Before 78.02 +3.58 78.80 = 3.44
Height (cm)
After 83.24 = 2.48 84.39 = 290
Weight (kg) Before 10.69 +=1.17 10.68 = 0.87
Affer 1194 +1.15 11.51 £1.03
Head circumference Before 46.40 + 1.56 46.66 + 1.39
(cm) After 47.63 = 1.48 4729 +2.18
Chest circumference Before 47.53 +2.06 47.63 £ 1.63
(cm) After 4881 + 147 49.59 +1.99

" mean * SD



Table 4. Daily nutrient intakes of the subjects before and after
intervention study
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Table 5. Serum profiles of the subjects before and after interven-
tion study

Control Experimental Control Experimental
Energy Before 1080.20 92,24™"? 832,48 + 76.80 Hemoglobin Before 1194+ 0.15" 11.65+ 0.25
(keal)  After 92533+ 7422 93954 + 59.94% (g/dd  After 1216 = 0.11 1222 = 026
Protein (g) Before 3559+ 291 3219+ 253 Hematocrit Before 34.84 = 031 3410+ 0.56
After 3450+ 312 3049+ 248 (%) After 3573+ 0287 3583+ 058"
Fat (@) Before 2652+ 3.84 2262+ 591 RBC count Before 454 = 007 4.54 + 0.06
9 Atter 2371+ 3.62 2290+  4.49 (10°%cm®  After 459 = 007 473 + 007"
Calcium Before  593.90 + 98.62 462,30 £ 63.82 Ferritin Before 23.44 + 3.88 21.31 = 5.80
(m@)  Affer 39594+ 67.00 34387 + 38.87 (ng/dh  After 18.83 = 290 17.24 = 422
ron (ma) Before 779 £ 071 582+ 0.60 TIBC Before 371.40 = 12.27 409.75 £ 13.19
S atter 656+ 096 538+ 047 (egfd)  After 38020 = 11.30  402.92 £ 1091
Zine (ma) Before 529+ 0.89 447 £  0.68 Iron Before 6720+ 7.78 53.92 + 523
l * *
© After 4.68 + 049 421 = 026 (pg/di After 88.73 = 7.97 75.33 = 7.61
Vitamin A Before  389.88 + 10581  470.44 *+ 897.65 i 2490,; + %E different by baired Hest between bof o ot
ignificantly different by paired t-test between before and after
(g RE)  After 19470 £ 4613 308.80 + 189.05 in control and experimental (+: p <0.05, *+: p <0.01, ##x: p<
Vitamin B, Before 067 = 041 058+ 0.15 0.001)
(m@)  After 049 + 0.19 049 = 031
— " " Table 6. Bayley Scales of Infant Development it and SMS score
Vitamin 8, Before 082+ 012 074+ 017 of the subjects before and after intervention study
(MY After 067+ 009 068+ 024 Control Experimental Average score
V”?m"; B, Before 069 0.7 064+ 0.3 oy BE0re 10660 = 1977 105.20 + 187 e 969
m : X
Q) After 075+ 006 076+ 0O Affer 10630 +227 10648 +218  sD109
V”Smi')‘ C Before 4001+ 999  3076% 824 | Before 10975 =293 106,04 + 2,05 PDI: mean 1004
m
— d After 3296 = 12.96 5792+ 13.13 After  109.55 + 2.82 108.36 + 2.05 SD13.4
Mean £ S.E. Assessed by CAN-Pro 2.0 program
? not significantly different by paired 1-test between before and Before 136.45 + 3.18 134.68 + 2.67 About 70 - 130
after in contfrol and experimental After 136.75 £ 2.77 135.12 £ 2.33
¥ accounted except for the amount from supplementary diet T NViean + SE

o] = JHFo] Tk Ag BAFAck a8y 4%,
S e, AR, old T U AHTL FART
FHA Apol7t e A ghghel BERE 2 ATrellA ZA}
B A FEdFTS 2001 3% AT - JUFAF
A Bagt 1~2419] 19 19 FFa3Z< il 1080.5
keal, @& 395 g, X4 33.4 g, Z 580.2 mg, A 8.1
mg$} w3 Thi A AFE Hilth

3. 234 FAc| ME oyl Seyyyel Mt

Aol w2 FBAgade) Wsk= Table 5o eI
o] HJrRPMIEE AP ToA ZFAHA hemoglobin®]
11.55 £ 0.25 g/digev} SAF 12.22 £ 0.26 g/ dI22
7k #28 718 BAFAT (p <0.05). Hemo-
globin®]o] & hematocrit, RBC count, iron3r&lX%E Zt
7} 34.10%, 4.54¥%cm?®, 53.92 pg/ dielA 35.83%,
47399 em®, 75.33 pg/diE A F7HE HAFY
I (p <0.05), TIBCE 409.75 pg/dioA] 402.92 pxg/dl
2 JAEE A B89t vbE d)ZFolM & hematocrit

? not significantly different by paired t-test between before and
after in control and experimental
¥ reference: Park HW'™

¢} ironelXE tha F7HE BIoY o] #AES F
AAF] FAHQA 2lo]E YEhHA] G} £F F 2ol
A ferriting F2|HolA= FAT Aishe FFE E3h
FEdHFIM B s} veEhA] ekeolE 279
I 329 FHE ol R RS T HEFH #
e gAY AL 7k AL vl FriEe A%
olch

4, HFA ZA] ME el BIGAES] 3}

Table 6°v TAAF] HEHASFAE YRR
BSID- 1ol &% MDI, PDIS} SMSATE= FAF AEF
oM ti & AT E 4 ot BE g A
Fo] S YR T FAAFA A F421 Aol7t
Rk 1Y Table 700 vEpd 23 vz, did
9] QA|7)5ol tigt wEAFHL FAAE F I Aol
7} Aoy ATl AP T FHoz wE g
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Table 7. Cognitive, motor, language developmental age from
Bayley Scales of Infant Development Il before and after inter-
vention study

Control Experimental Normal
range
. Before —1.95=0.294" -212+0.176
Cognitive . .
-2.50 + 0.224™ —1.40 = 0.365" T
Before —1.70 £ 0.430 ~1.72 + 0.344 +4
Motor .
After  —160+0.303 -1.00+0311" months
Before —1.55 +0.235 —2.24£0.1857
Language .
After —2.40+ 0.255" -2.32 £ 0214

"Mean + S.E.

2 Significantly different by paired t-test between before and
after in control and experimental (x: p<0.05, *+: p<0.01)

® Significantly different by t-test between control and experi-
mental in before and after (1: p<0.05)

2 UEhIGIE (< 0.05), Qoi7lse FAel Aol
FolMoz wstort (< 005) FAFIE F F3 Ae)
g UehiA 2ot 3, FAVIEE AT A%
ool wr ME W noltkn & & ek E
NSNS EZS FARFA HH Aol7t ¢
o} ABTANE FAFA f9Hoz g dge v
vt

2 7o) gl oJsha, fole] A9 402 ARe A
H3p7) oleigols 27ehT 3T 2402 ARE B
Folgle W £ ARHANE 2oty a2
Aol ARETI} b 4 glow], Agpel wale] &
A Bl e AMEDHE Z1HE 4 948 AR
ik, uk ohjet SAHAS Robel e Fge v
F 9l 79 BoiFgE, A S Jsk et
Sgobrt mlZgolel vls) ZAYE} dolugols tha
£& %ol Yokn IHAE, ¥ A7) Y 2o}
Pisel g B9 the we A% mych Td6, 2
34 ZA6) I Aol7l5el AFTo] tha W=l 4

Y ¥

A8 AL ARl G SHUAS B w5 ¥
32 2UE & 9= 7S AN Frize Av

T % gk ok $RAPY Bk AR L)
A

3
IR A B e f2lsor wi,

it
rHu

B A9 anE Brkstr] Ask] E3A%0] gl
7% frobellAl 3L 3k 234 AH Jidst B3
& ATk, SA A3l Aojx2] HEGPIENFAL (he
moglobin, hematocrit, RBC count, serum iron, TIBC,
ferritin) ¢} 274 BSID-T % ARBASE AAD, 2
oJFFHZARE AT FAZIMERY BE BAE £
e e AET 25%, dERT 20%0I%eH, S
A ) e f3L AT 14.28709, thEF 13.8070

Holgitk. oY 7}t B1d FA717HERt AE o] B3
o ZRE Ak BT 1.77 £ 0.80 mg/day STt

FA Fol, AP TS dFdF o] FrIsta 3 H 3
—’r‘— ‘7’1 i AFHSGTE Aste], FAo] 88 F Qe

A9 AFE Fte] F AF7F FHEshA gskd A

&C’] ARAEPQT FE A A0 29 7S RoiF
Fel=d

Yol HEGWIE= AE A hemoglobin®] 2
Aoz we =718 ¥393 (p < 0.05), hemoglobing] <l

% hematocrit, RBC count, iron¥#oX% {23 =
7V BAF309 (p<0.05), TIBCE 7/IH=lE Ade B
ok vk gz AE hematocrit® irondiAE tha
F7FE B0 0]9]9] FXE2 TAAF 4 A 2
o]& YERAA & 9&1’4

] Bt BE ULoX 73Q1 Aol Y
WA 3t B tide] AAE Q] wETe] aEIch
tiel, ZA| Fof, BSID-T 2 ZAK MDI (mental scale)
3} PDI (motor scale) 7} AgaollA &zt Absw o) ®&
§ AA715T Aojr)w] WdelA APl T HT)
S 2HY 4AE RAFITE §, 4% HREERFE
%‘TL;]'P_ %’ﬂ.% Z5t ARe] BFo] Ao FEFPdH
FEE vE F USE RAFHUT

A =
B A7l BE5E FA ME AEEALY AN

(F 3k BAR o= EA FA=H YT,

Literature cited

1) Grantham-McGregor SM, Ani CC. The role of micronutrients in
psychomotor and cognitive development. British Medical Bulle-
tin 55(3), 1999

2) Walter T. Effects of iron deficiency anemia on cognitive skills
and neuromaturation in infancy and childhood. Journal of the
Korean Dietetic Association 5(2) : 225-230, 1999

3) Bruner AB, Joffe A, Duggan AK, Casella JF, Brandt J. Rando-
mised study of cognitive effect of iron supplementation in non-



anaemic iron-deficient girls. Lancet 12: 348(9033): 992-996,
1996

4) Brown D. Link between iron and youth cignitive skills? Journal
of the American Dietetic Association 101(11) 1 1308-1309, 2001

5) Williams J, Wolff A, Daly A, Macdonald A, Aukett A, Booth TW.
Tron supplement formula molk relate to reduction in psychomo-
tor decline infant from inner city ares: randomised study. BMJ
318: 693-698, 1999

6) Krebs NE. syposium: Dietary Zinc and Iron-Recent Perspective
Regarding Growth and cognitive development. Dietary Zinc and
Iron Sources, Physical Growth and Cognotive Development of
Breastfed Infants. American Society for Nutritional Sciences 130:
358s-360s, 2000

7) Sungthong R, Mo-suwan L, Chongsuvivatwong V. Effect of
haemoglobin and serum ferritin on cognitive function in school
children. Asia Pacific J Clin Nutr 11(2) 1 117-122, 2002

8) Grantham-McGregor S, Ani C. Iron-Deficiency Anemia: Reexa-
minine the Nature and Magnitude the Public Health Problem. A
Review of Studies on the Effect Iron Deficiency on Cognitive
Development in Children. American Society for Nutritional

BE SR8 eE 38(3) :226~231, 2005/231

Sciences 131: 649s-668s, 2001

9) Yalcin SS, Yurdakok K, Acikgoz D, Ozmert E. Short-term de-
velopmental outcome of iron prophylaxis in infants. Pediatrics
International 42 65-630, 2000

10) Kwon JW, Park H, Whang EM. The effects of milk group ontake
to dietary diversity score and nutritient adequacy ration among
toddler. Korean Journal of Nutrition 34(1) : 30-38, 2001

11) National Rural Living Science Institute. Food Composition Table
sixth revision, 2001

12) Park HW, Jo BH, Choe HJ. The standardization of Korean Ba-
yley Scales of Infant Development (K-BSID-2): A Pilot Study.
The Korean Journal of Developmental Psychology 16(4): 121-
134, 2003

13) Ministry of health and welfare. Report on 2001 national health
and nutrition survey, 2002

14) Chung MIJ, Rhee UH, Park KJ. A Preliminary Study for the
Standardization of the Bayley Scales of Infant Development for
Korean Infants. Korean Journal of Childstudies 14(1): 5-21,
1993



