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A Study on the Iron Nutritional Status with Biochemical
Parameters in Preschool Children®

Yu, Kyeong Hee'
Department of Hotel Culinary Arts, Ulsan College, Ulsan 682-715, Korea

ABSTRACT

The purpose of this study was to determine the iron status of preschool children in Ulsan, Korea. The study was con-
ducted using 95 children aged 3 to 6 years by investigating the anthropometric indices and assessing the dietary intakes
and biochemical analysis. A questionnaire for dietary intakes using 24-hr recall method were carried out by the mothers
of the 95 subjects. And also a study was conducted to assess hematological and biochemical status of iron and prevalence
of iron deficiency. The average height and weight were 105.4 = 7.0 cm, 18.7 £ 3.2 kg in boys, 103.8 + 6.7 cm, 17.6 T
2.7 kg in girls. These were lower than the body growth standard values of Korean pediatrics. There was not a significant
difference in both between boys and girls. For the daily nutrient intake, energy was 1201.5 & 280.9 kcal (79.3%RDA),
protein was 63.8 = 28.2 g (219.4%RDA), iron was 11.9 * 4.5 mg (133.2%RDA). The iron nutritional status by he-
matological assay found that Het was 34.7 = 2.0 (%), Hb was 12.0 = 0.8 g/dl, RBC was 4.3 + 0.3 (10% u1), MCV
was 80.5 *+ 3.0 fl., MCH was 27.8 *+ 1.1 pg and MCHC was 34.6 = 0.6 g/dl. The biochemical measurement of serum
iron was 75.6 = 30.3 pg/dl, TIBC was 320.3 + 34.1 ug/d), serum ferritin was 30.0 = 14.8 xg/L, Zinc-protophor-
phyrin (ZPP) was 32.7 = 8.0 ug/dl, and ZPP/Heme was 71.1 & 19.5 ( zmole/mol heme) . The prevalence with Hct,
Hb, TS and serum ferritin less than cut-off value was 8.4%, 9.5%, 12.6% and 4.4% respectively. But the prevalence of
iron deficiency estimated with ZPP and ZPP/Heme criteria were 25.3% and 27.4%, and were higher than in case of any
other indices. The prevalence of iron deficiency anemia ( (low Hb (< 11.0 g/dl) and low serum ferritin (<10 zg/L) or
low TS (3 — 4 years: <12%, 5 — 6 years: < 14%) } was found in only one 3 year old girl. The prevalence of iron
deficiency except Hct and Hb was the highest in 3 year group, but the prevalence by Het and Hb was the highest in 5
year group. Iron deficiency and iron deficiency anemia do not seem to be a major public health problem in preschool
children in Ulsan. (Korean J Nutrition 38(7) : 533 ~543, 2005)
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Table 1. Distribution of subjects by age and sex
Age (year) Boys:No(%) Girls: No (%)  Total: No (%)
3yr 8 9 17 € 17.9)
Ayr 19 18 37 ( 38.9)
5yr 10 12 22 ( 23.2)
o6yr 13 6 19 ( 20.0)
Total 50 (52.6) 45 (47.4) 95 (100 )

Table 2. General characteristics of children

Variable

No. of children (%)

Mother’'s education
Middie school
High school
Coliege or university
> Graduate school
Father’'s education
Middle school
High school
College or university
> Graduate school )
Family income per month (10,000 won)
<150
1580 — 199
200 — 249
250 - 299
300 — 349
350 — 399
> 400
Mother's job
Having a job
No job

101D
44 (46.3)
47 (49.5)
3(32

2(21
33 (34.7)
52 (64.7)

8 (84

6 (63
19 (20.0)
22 (23.2)
16 (16.8)
10 (10.5)
14 (14.7)

8 (84

57 (60.0)
38 (40.0)

Table 3. Height measurement of children by age and sex

2. MNWZE

ZA 2 ofFo) AL HA FH 104.7 £ 6.9 cm
Fom Holo] AL 1054 £ 7.0 cm, o)) 73$ 1038 +
6.7 cmE Yo E J ofzo| ol {2 Xpolzt Q)
At (Table 3). Ul Lopds BEXP o Yehd 2
QB H AT H|R Al B AL i offlo]d A
B2E AFelA @A vebsith

AL MA He 18.1 + 3.1 kg3, goF 18.7 = 3.2
kg, oo} 17.6 + 2.9 kg & A o= Hd ofdo] 3t
ofl= 238t &fo|7} ¢liT} (Table 4). F+ A5 FA| ¥
gjue} 2obihg TEXP 9} v)mA] Hd offo] BF 3~4
Aol BEX RO O 2oy 5AREE 28] B @
2 28 YL Sond} Park® 9] ditollA] ¥ gt A
EAA AL5F oJHol A Al H A1Fo] 989 +
4.7 cmBA £ 7 ojdolEre} FloH, 44¢E 106.3 =
4.3 cm, 54l 111.5 = 4.2 cm, 6A9l= 116.7 %
cmZ Bisl 2 A Akt ok 4 emAE 717 E A
o2 yepstth AFel olxe 34 14.9 + 2.0 kg, 4
Aol '16.8 £ 2.1 kg, 549 18.4 £ 2.0 kg, 641l 21.5 =
3.7 kg7 X3l 3~4*ﬂ°ﬂ“: 2 AT ool &Y AF

o] ot ko) 54 o|FREHE vlg AuE BYvk w
A B AT ofjlo| o] MEA|Y o-olERY e 7

For] AFL vixg FEo2 vRL AR Y £S A
o2 Az
9N B3t 2 54 ofolS thdo R AR Choish

Lee™ 9] A7l oJshd Exlojdlo)e] B 7= 111.7 £
5.4 cm, 9=} oJ¥o}e] A 109.0 = 5.0 cm$ieH, AF
2] A2 Jzlojdolr} 19.6 + 3.5 kg, ojxteido)r} 18.7 +

Age Boys Standard values” Girls Standard values Totat
3yr(n=17) 965 +34 978 4.4 95.8 = 2.6 96.5 =43 96.1 =29
4yr(n=237) 102.8 = 5.1 105.1 = 4.5 102.7 + 3.9 103.8 + 4.4 1027 £ 4.5
5yr(n=22) 107.7 = 4.1 111.3 4.6 106.1 + 4.5 1104+ 4.5 106.8 + 4.3
6yr(n=19) 1129 = 3.1 117.2 + 49 1148 + 40 116.1 £ 4.7 1135+ 34
Total (n = 95) 1054 + 7.0 103.8 = 6.7 104.7 = 6.9

1) Body growth standard values of Korean pediatrics in 1998
Table 4. Weight measurement of children by age and sex

Age Boys Standard values” Girls Standard values Total
3yr(n=17) 163+ 13 155619 159 +1.8 148 £ 1.8 16,1 £ 15
4yr (n=37) 177 1.8 175 £ 22 169+ 19 169 + 2.1 173 1.9
5yr(n=22) 187 £24 196 =25 182 + 2.2 19.1 £ 24 184 + 23
6yr(n=19) 214 .43 220+ 34 209 =50 21.3 £ 3.0 213+ 44
Total (n = 95) 18.7 £ 3.2 176 £ 29 18.1 = 3.1

1) Body growth standard values of Korean pediatrics in 1998



Table 5. Mean daily nutrient intakes and% RDA of children by sexes
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Nutrients

Total (n = 95) Boys (n = 50) Girls (n = 45) p-value

Energy (Kcah 1201.5+ 2809 ( 793+ 18.3) 12656+ 2529 ( 828+ 16.4) 11303 £2957 ( 754 £ 19.7) 0.018* (0.048")
(%RDA)

Protein (Q) 63.8 £ 282 (2194 = 93.0) 66.4 = 34.1 (227.0 = 112.D) 609 £ 196 (211.0 + 64.8) NS (NS)
(%RDA)

Fat () 450 = 164 472 % 140 425+ 185 NS

CHO (@ 181.8 = 44.2 1921+ 419 1702+ 443 Q.Qis*

Fiber (g) 30+ 17 33 21 27+ 1.2 NS

Vit A («gRE) 440.2 + 489.8 (1127 £1225) 502.2 £ 657.9 (127.8 + 164.3) 371.3 £145.6 ( 95.9 + 37.9) NS (NS)
{%RDA)

Vit.C (mg) 487 + 244 (101(.4 + 50.1) 474+ 231 (97.5% 456) 50.1 = 26.0 (105.7 % 54.8) NS (NS)
(%RDA)

Vit.B: (mg) 07+ 02(940x 31.0) 07+ 02(9.3% 298) 07+ 02(915%£324 NS (NS)
(%RDA)

Vit.B: (mg) 08+ 04(792x 432 08+ 030807+ 24.6) 08% 06(77.5=%575) NS (NS)
(%RDA)

Vit.Bs (Mmg) 13+ 052200 77.9 1.3+ 052239+ 749 12+ 05 (216.0 %+ 80.5) NS (NS)
(%RDA)

Niacin (mg) 86t 32(825+ 204) 88+ 31(8B35x 265 84+ 33(81.4=%326) NS (NS)
(%RDA)

Folic acid 133.7 = 518 (1393 + 52.8) 1445 + 582 (1493 £ 59.1) 1217 £ 409 (1282 = 42.7) Q.031* (Q.047%)
(%RDA)

Calcium (mg) 597.9 = 2333 (103.3 = 404) 66132418 (113.4+ 40.6) 527.5 +203.8 ( 92.1 £ 37.6) 0.005* (0.010")
(%RDA)

Iron (Mm@) 19+ 45(1332 = 48.6) 126 £ 500402+ 52.5) 1.0+ 3.8 (1254 43.0) 0.087* (0.140)
(%RDA)

Zinc (mg) 57+ 16(757% 21.0) 62+ 1.6(810% 209 52+ 1.4 (699199 0.003* (0.010%)
(%RDA)

*: There is a significant difference of mean between sexes at 0.05 level by -fest
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1265.6 + 252.9 kcal, UHZ2] 82.8%%F, o#t o{¥o]<]
729 1130.3 * 295.7 kcal, A% 75.4%F AAH=
Hoz ZAkE ] i ofdelzte| oiAx] A Folt 2h

°)7} Uit} (p < 0.05). 12t THlE AFe) oiXE A
A o]Pol9] A¢ 63.8 + 28.2 g2 AHst T A
219.4%% 3381 oA A vis) GEy JHPo)
E3ton) HY ojfojziel] whild MHcE Feldt Apoizt
KAtk AEe] HHe AA) o)t HF 450+ 164 g
£ Ao di ofdlo] Al Rl zpol7t ek
A g A0 F FAuES ANE Ay FF
62.5+56% :21.7 £3.3% : 157 £ 4.4%2] vj&2 4
FHdhs 20 UER} AL Uy ojdole) dF H3t &
WMol go] o[FoiX 1 &S & § 33tk ol élﬂ
A73E AFde G o) A% e gk

o] Eotie m}a} G el g o OVM #H
9 A58 g zde_a A}sﬂu}

Dol 2 P e T Ao
EM B a7 ojdo)?) Ze HAE i o
‘Tf 5979 £ 233.3 mgo & AFEY 103.3%
aaorq, 3} ojglo)7} ofat ojglolol B3} felah o)
YA 24} SRRl 89% olgol Y +4E 17]

oV ehAlE RoE ZAsIglon, SRl e



538 /w133t of5e] AEAFde)

Table 6. Iron status indices by sexes (mean * SD)

Index Total (n = 95) Boys (n = 50) Girls (n = 45) p-value
Het (%) 347+ 20 348 = 2.1 346+ 19 NS
Hb (g/dh 120+ 08 120+ 08 119+ 08 NS
RBC (10°/ pl) 43+ 03 43+ 03 43+ 03 NS
MCV (fL) 805+ 3.0 803z 23 80.8 + 3.6 NS
MCH (pg) 278+ 1. 278 £ 09 278+ 1.3 NS
MCHC (g/di 346+ 06 346+ 06 345 + 0.(? NS
Serum iron (xg/db 75.6 + 30.3 79.7 £ 29.8 70.9 + 30.4 NS
TIBC (xg/dh 320.3 + 34.1 327.4 + 322 312.3 + 348 0.030*
1S (%) 238+ 97 245 + 9.1 229 +10.2 NS
Serum ferritin ¢ zg/L) 300+ 148 278+ 135 324 160 NS
ZPP (peg/dl) 327+ 80 317+ 87 - 338 71 NS
ZPP/Heme ( uzmole/mol) 711 £19.5 68.6 £ 204 739+ 182 NS

*: There is a significant difference of mean between sexes at 0.05 level by t-test

2 $/E T8k Zlo] duksle A9z 1o Fch

HE M w3 37 119 + 4.5 mge® AR
133.2% % AFst] 433] B & AAskE e
B2} oj@o)7t ojx} ofolrr} FeldAlE ot A A
Fslgt). ool Bl HEL dRZ2H FEE AR
7171 f18 Festy AH 3717} F7FetEA AW HiE
ok /A7) Y E Hesltt ok 0.5 g A
HE-E At glos AUo)ES A% INEHAE B
Froll JxBl] YA oz RIS FAIE F 9o
I % 3/MERE 397X E 8kl 1~1.5 mg/kg 7FXI7}
ZAsitty E3x Qi el < 10 mgF =] Hi A
%L GFRe] A%H ojPolSeAE FRsIL” ok
AHFL 5.7 + 1.6 mgo 2 AFH] 75.7% FF0I e
o] Y ofo|zhe] Feldt xtol7} AT

7 9ol WiER A7} HF 4402 + 489.8 #gRE (1127 +
122.5%RDA) & AFsk= 202 ARSI eH, Hata) v
B Bee 242} 133.7 = 51.8 (139.3 = 52.8%RDA),
1.3 = 05 (220.1 + 77.3%RDA) & A& o) AH s}t
+ 20F A 2y A dEe S8 we 5
Foz A HE 3.0 £ 1.7 g A= Aoz ZAEY
o wjell Co) Aoz AX) H 48.7 £ 24.4 mg®
2 AR 1014 + 50.1% AHdH= Aog FAMEY o
Ho|E2] AAlof opalr} B3 dAS wtgdsIsick HlER
B, B, niacin 52 -84 vlEp1E AP X vjX= F
FoFZ AU

RA7|% ofolE ko g ZAKSE Park 72 A9l ]
23] B ouR) AF o] 1844 kcal® E AT Adrc
Fhon, o 65.8 g, H]EM] B, 1.15 mg, HIEF B,
1.36 mg, Holotal 14.7 mg, HIER C 61.3 mgl & &

g vEk HF7F & Jd7EY 953 w4t & A7 2
W7} Fe YA FE oHo|YoM e HAlw &7 whe ¢
71X GEE FH w3 Qltkn Boj Zrt ofe]Eo] 2
AR wjdel RiZkekA e =2 4 QIYeH ol2 <l
3 A ol AA ke Aoz AU 2EyY
Park $%2] 7oA ZF 578 mg, A% 10.8 mg, BlEt
9l A 3633 pgRE., A4 523 g0 8 Byg Axel vlw
AlE Blg £ES B3tk

1999 TAl AAES olYo)E d¥C2 ¥ SonH
Park™ 9] aere e HdFZo] 3, 4, 541 27+ 7.0
mg, 7.4 mg, 6.9 mgo T ARFe] 75% vl en 6
Aol 8.8 mglE BAFS] 88.0%FA & AT ojFo]
E9] AR AHF vl A olF B FFollon, HE
Selutel ool S 9] AAMA el A Bk ReR
ArgEch _

2001'@ 907 - QAL A6 28k 3~64] o]
dole] s H odlux] YATE 1448.3 keal (96.0%
RDA), @A HH% 49.2 g (170.2%RDA), Z& 419.5
mg (72.7%RDA), & AHAZL 7.0 mg (79.8% RDA)Q!
Az Hws B & AT o]yo)E9 U] AHFL ¢
< uha gs) g ARAAHFS ofF w2 Aoz
257¢=8

2003d Choig} Yoon® 2] FAte]| clshdd oluix] AHF
0] 1272 * 422 kcalZ ¥ A7 A7} v|zslgion o
2 HFHere 519 +58.1 g0 thh W AHE wyrt
ZH5 AZ=E (496 £ 270 mg: 83.0%RDA) % -] 43
2 (7.3 + 3.6 mg: 81.0%RDA) %3 & A7 Ay} wur}
w2 AHE Bk

2 2} o ojRiole] Qo AIE Ferd oA

S



Table 7. Iron status indices by age (mean + SD)

HEExES2EE 38(7) 533~543, 2005 /539

Age

3yr(in=17) 4yr (n=37) S5yr(n=22) 6yr{n=19) p-value
Index
Hct (%) 345+ 1.7 341+ 21 352 20 356+ 20 NS
Hb (g/di 11.8+ 08 1.8+ 08 122+ 07 122+ 08 NS
RBC (10°%/ ul) 44+ 0.2 42+ 03 43 £ 0.2 44+ 0.2 NS
MCV (fL) 789 + 2.3° 804 + 26%® 819+ 47° 805+ 2.2% 0.018*
MCH (pg) 270 10° 279+ 1.7° 283+ 1.1° 279+ 09° 0.002*
MCHC (g/dl) 342 £ 06° 347+ 05° 348+ 06° 346+ 0.6° 0.019*
Serum iron (pg/dl) 58.8 + 25.4° 73.0 + 29.1% 82.1+357° 88.1 + 22.9° 0.018*
TIBC (uxg/dD 304.6 £ 37.7° 316.0 = 33.9° 324.7 £ 291 337.6 + 30.4° 0.022*
TS (%) 194+ 83 233+ 9.2 257 =121 263t 7.3 NS
Serum ferritin ( £g/L) 36.9 £ 13.9° 31.6 +£19.2% 270+ 89° 241+t 7.0° 0.041*
ZPP (ug/dh 372+ 82° 334+ 86 206+ 56° 309+ 7.5 0.009*
ZPP/Heme (uzmole/mol) 82.0 = 20.8° 73.7 + 20.6™ 63.0 +139° 65.6 £16.8° 0.003*

= There is a significant difference of mean between age at 0.05 level by one way ANOVA, Values in a row not sharing the same

subscripts are significantly different with Duncan's multfiple range test

A T We $Folgon, e duds 2%, By
ARAE ok ®E R0 Yeht YYRAV} 2 Aoz
el Y& Aol BAV} G 2oz vepdny, o]
e 8 24} AT ofolo] elnzze] o3 el
T Qe ROE olF JUiol tE AHHA JFnS
&% vl Atk

4, "4oeN B Hi}

AL A F ool AR ) A Ee e 2
Ad3R= Table 6 YERASITE A oflo]e] Fot HA
8ha BAx)9] A72E Het 34.7 = 2.0 (%), Hb 12.0 +
0.8 g/dl, RBC7} B# 4.3 + 0.3 (10% ¢D) god, MCV
80.5 + 3.0 fL, MCH 27.8 + 1.1 pg, MCHC 34.6 = 0.6
g/dIZ Fd of=o] 7ol f2% 2ol (ATt H Ho
AA 3 ool FHFghe 75.6 £ 30.3 pg/dlE FA
F23t 2po)7t Qg ev), TIBCE it 320.3 + 34.1 1/
die|gem iy of’o] Tt {elst Ajo)7} QlRltt. TS+
BF 23.8 £ 9.7%% 00 B4 ferritin He 30.0 + 14.8
pg/LE2A 1 of#o] 7ol Rl Aot gigiet. ZPP2
74= AA| ofo] A 32.7 + 8.0 pg/diFen, ZPP/
Heme ratiox 71.1 + 19.5 (zmole/mol) 24 Fd o}
o] ztelle 3 2Jo)7} Ui

AYT ZPP1= HAPAY Wge] ME FAEA 84
of T3t AF-5o] 3] My=|glon], A ferritinX| 9} 2
2 Az e e AFPIE g AP TN nE
A AAPAYE 27] A9 = ok e

ZPP/HemeZ Qo] Al&t=7] el 27] AYE o}

lo

|

3 5 9 s, JHE B ohizh ue 4BNH =

AL Bhgo|tk® ZAA 02 heme AEAY HFE dAlolA
+ HERTE v|#e] oldo] protoporphyrine]] A¥ehH,®
wj2bA] A A erythropoiesis Ao ZPP2] AAdo] =
7Fetct.

ZPP2] Ao tfd] McLaren 572 cut—off valueE
375 pg/dE JP1, Marsh 592 ZPP2] H#x 9 &
F B Rk 39109 + 5.7 pg/dl, o=k A9 146 +
7.2 pg/diztal st B HAE FRk A9 1~28 pg/d,
Rk A 2~36 pg/diolety st £ ATl E g
okl A% B 31.7 + 8.7 pg/dlZA YN 2F
Hlold Fxjol, ojofe] A 33.8 + 7.1 pg/dlEA B
Aol &3l o), e 259 =Rl ozpr} Ealug
oA EA4 Yehtbe 22 Byd A A3
Tchai $79 QM= 54 o8} ojlo)2] ZPP Hi#gk
2 A} ojHole] A4 36.4 = 7.6 pg/dl, 9=} o]=o]9
74 339 £ 8.0 pg/dlE Ex} oA} HA B HY
oo, & A7 diidAts} vldt 318 Jehigich

B ZA F2) o]-o]9) ZPP/Heme ratio= 68.6 *
20.4 (pmole/mol), o1&} oJ>ol= 73.9 = 18.2 (#mole/
mol) 24 &z} ofFo)7} & Ao R ZALETE Tchai
572 A= 54 ©]3} oJ#o|2] ZPP/Heme ratio 3
T2 G4 ool A9 74.3 £ 15.4 (umole/mol),
Az} o) 2] A4 63.3 = 14.9 (zmole/mol) & EA} o]
o7} A By Ho| & Ae} v A3E nck 2
ZA} o]dolEe] 329 WelE ZPP7L B 24z 17.0~
55.0 pg/dl, 22.0~57.0 pg/dl 2 ZPP/heme ratios &
v 47 37.7~124.5 (gmole/mol) ¥ 44.0~133.7
(#mole/mol) & 723t o] wolx] ¢gfsich
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Table 8. Prevalence and cut-offs for abnormal values of iron status indicators by sexes

No. of children below criteria. (%)

Index Cut-off values
Boys Girls Total
3 -4 years: <32
Het (%) 5 - 6 years: <33 5 (10%) 3(67%) 8 ( 8.4%)
3—-4years: <110
Hb (g/dh 5 6 years: <115 6 (12%) 3(67%) 9 ( 9.5%)
3 —4vyears: <75
MCV (1L 5 - 6years: <76 0 0 0
3—-4years: <24
MCH (pg) 5—6years: <25 0 0 0
3~ 4years: <12
TS (%) 56 years: <14 6 (12%) 6 (13.3%) 12 (12.6%)
Serum ferritin ( xg/L) <10 1( 2%) 1(22%) 2 ( 4.4%)
ZPP (pg/dD >37.5 10 (20%) 14 (31%) 24 (25.3%)
ZPP/Heme (umol/mol) >80 12 (24%) 14 (31%) 26 (27.4%)
Diagnosis of anemia® 0 1( 2.2%) 1(1.1%)

Diagnosis of anemia®: low Hb (< 11.0 g/dl) and low serum ferritin (<10 pg/L) orlow TS (3 -4 years: <12%, 5 — 6 years: < 14%)

Table 9. Prevalence by abnormal values of iron status indicators by age

Age No. Hct Hb TS Serum ferritin PP ZPP/Heme
3 17 1059 2(11.8) 4 (23.5) 169 9 (62.9) © 9529
4 37 2(54) 0 4 (10.8) 1@7) 8 (21.6) 10 (27.0)
5 22 3(13.6) 3(13.6 4(182) 0 3 (13.6) 3 (13.6)
6 19 2 (10.5) 4 (21.0) 0 0 4(21.0 4(21.0

Total 95 8 9 12 2 24 26

*: No (%) of children with abnormal values

ZAFAF olWole] AP HFAE Table 70 Ue
Welek o) 2 FntEelw HE2eRe 3, 44 weke
U 5Ajol 423K ko) Eol Agke ugith A
T FA) = 440 RopAles AEE 2429 MCV, MCH,
MCHCE= 34l B]8) 4o oot FolE: Asg B
k. @4 W3 AXFEE o7} Yol ukzt M) =
olXe e By on 5Hd= $olskA okt 18

U 232 Fa ol AT B0 A Uo7t
Soj7baM ARAE} vhibd e vehidek 838 ferritin
=3 3410 Hl3] 5ol flatA WolAE AgS Kol 3
Al o1 FRE Azt AR Ao ngo] o]FojAtky Ko A
t}, 3] ZPP, ZPP/Heme & da} WolAl 540 f2JsiA)
wstou} gloll thA] Folxli= Ago|dtt. Tchai 579 2
o]l oJahE A ALY Hlmol gloA 54 o8k oA
ol 7P & $XE Mot} Uo7} B zF
old WA wl&E AER FAEE 07 Husje] & A
T Asze}l ke A9 Jehgic,

olite] ATE 3 B 3MoA] 60l o)27)7HA &
AW 27k ARA Faw Fah ARAer) B2
AL AT 5 Qglont 1 9] Umx) AEAHREE
Atz oz 349 vla) 5H7] dARoR SAHE A

olgit}. FopollA fol2 ol 24RH A de nd
2 ARt v ERloll thd A} AlEelH, 641 o
T vhilR] = RYFTHE APk sk 34 o)1 E
HE 7 sk Ee A7 2ot 1o ok

5. B2 FIVH 2o

ZA} At R A9 HEE v 3 H A
2 ZAE T} (Table 8). dWIEARE NE0 2 319
o ol M= 10%, HololA 6.7%F Rof A oj@o]e]
8.4%%) APES BTt FRIEH 71F0F 3RS o @
o7} 12%, oobr} 6.7%F Ho] HA 9.5%F HE A o
Hol2] A9 oy} ofolef vl H AYFo] & ZloF
Vel A TIEE 71F0 2 S90S o dolr) 12%, o
o}7} 13.3% %01, X ferriting o]t VA3 F¢
GOk 2%, oot 2.2%E Bl A7 el o] Al7]e A
o] A7} Qe Rog AR 18v} ZPP/Heme #°
2 Hr1ele u dololdE 24%, ool 31%S B
I g H AgEo) 27.4%S Ueh) tE oW X Eu}
7 vttt

Hb (<11.0 g/dD) and low serum ferritin (<10 zg/L)

te |o

T Hb (K 11.0 g/dD) and TS (3~4A: < 12%, 5~6A:
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Table 10. Pearson’s correlation coefficient between iron status indices

Hct Hb RBC MCV MCH  MCHC Fe TIBC TS Ferritin ZPP  ZPP/Heme

Hct 1.000
Hb 0.950** 1.000
RBC 0.842** 0.781* 1.000
MCV 0.116 0.134 -0.365"* 1.000
MCH 0.105 0.241* -0.391** 0.812** 1.000
MCHC 0.061 0.307** —0.074 0.061 0.538** 1.000
Fe 0.136 0.227* -0.003 0.198 0.330** 0.332** 1.000
TIBC 0.236* 0.189 0.266** -0.110 -0.145 ~-0.130 0.081 1.000
TS 0.066 0.168 -0.071 0.216* 0.350** 0.346** 0.967** -0.155 1.000
Ferritin -0010 -0032 -0.051 -0010 0025 0.057 -0.058 -0473** 0034 1.000
ZPP -0.250* -0.286** -0.141 -0.168 -0.192 -0.155 -0.194 -0.241* -0.135- 0.194 1.000 )
Ipp/Heme -0.437* —-0.486** —-0.296** ~0.190 -0.239* -0.224* -0.237* —-0.248* -0.171 0.185 0.974** 1.000
*: p<0.05, *+: p<0.01
Table 11. Pearson’s correlation coefficient between iron status indices and anthropometric indices

Height Weight  Hct Hb MCV  MCH MCHC Fe TIBC TS Feritin ~ ZPP  ZPP/Heme
Height 1000 0.728** 0.248* 0.272** 0225 0276** 0201 0.285* 0,143 0241* -0102 -0.239* -0.274*
Weight 0.728** 1.000 0.251* 0.255* 0171 0.20% 0.096 0.149 0179 0097 -0101 -0.184 -0.223*

*: p<0.05, #+: p<0.01

<14%)E 5 & 39 2 294 wdz $3ssick” of
735 AA AL i ofRio] F WIgE AR ofglel= 34
oo} 19 (1.1%) oz =y, A3 I Hyse »EF
71%3) olslE UEhHQITE 9~627099) n|F 8 ool S o)
Fo ARt TFQ A7V 2atd AXudo] 10.5%,
HAHo] 2.8%, A4PY WEo| 1.1%2 H1sle] FAY
7 AAPZ N A=Y ollA vl e oj7olg] uEAl
7} obd & AAIkh

B A% ZPP E= ZPP/Heme &4 oJgt 42
A Astae wHe ojHole] FAge] AEE 10% W
92 78 & A= ol o]F Ao A APE]
g A&A1 ZYEe|oe] Pasict sl

HE G B v X1l oJgh dHE AYo]
HIEE Table 9o Jehiglel dxgznloly sutEas
< Astae 344 7P Z2g ol A veked, A
Age) HF HAZ Frlslke sRZ2Rlol SnlEs)
o3 NTE 5, 649 A JER nF et ofo)o] HE
JepdEE 3ARE ubde A8 5 A

6. HZ JYYH I¥2 A 22

o &} ofdol9] Fokh AF AdEl, AAAS A, Ut
2] 5/90] A ARG ARl v FF§LR
& A9 R7] 98 Pearson A& AFE o] &ttt

Table 102 E¥sta) HEAHFY] S vepD A
o7 FutEadxe eI (r=0.950, p<0.01), RBC

(r=0.842, p<0.0D) S} HZE T 52| 32| FBAA
£ Yehigl o, ZPPY ZPP/Heme K= ket &9 Aaa
AS Yelgich glR2 e w3 RBCo= 72435k 9ko] A
#AAE RQon (r=0.781, p<0.01) MCH, MCHC$}
= oo AR#AEZ, ZPP, ZPP/HemesSH= &9 A3
£ Bth RBCE MCV, MCH, ZPP/Heme91= &9 B
£, TIBCSh= <49 AAaAE 2v. 83 He d¥3)
S8} 75t ko] AABA (r = 0.967, p< 00D E HIS
¥ ZPP/Heme = 59 A4884E Jehisly, TIBCE
A ferritin, ZPP, ZPP/Heme® £-9) ABAAES BT}
AAA 22 7PP/Heme Het, Hb, RBC, MCH, MCHC,
3 &, TIBCS Antd oz Zo] ARAAE Yepdoz
Al H gFde7t F85F protoporphyrin®] zincSt 2
= go] ¥ Ao Wo] ZPP/Heme H]&o] R A%
2 FEEE JeEich
AAAS A9} Ak AP 7] FHdel 3loiA
A& A BE X E} 2] Aol glen ZPPs) ZPP/
Hemesh= 59 482415 vepiieh A5S Hetst Hb
o} g B9 ABIE YEMIY O ZPP/Heme B &
o] BHABAE o] 7)7} E45 o] £245 3
JIFE e 4F 3 207 WAH AT} (Table 11).
S AFH e ddEtd FEAR e e B
A% 29 AFJA FoJe e Yehggion 4
Q= S g7} oERen, AR oldol
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54 =3 AR Gl A 9FE WA

£ A7 ] FTAIYY ofeojRE o] &k | 3~6
Al ofdo] 95 d o T AAMIS, Al AS D EAE
A& Falo] st A ool AERFF ol ist T8
712 A5E vkdstaat sk

£ d7oM ol Axts eokshd tgy gt

1) AT P ool A2 AA) He 104.7 £ 6.9 cm
gon dole] 3% 1054 + 7.0 cm, ook} A$-103.8 +
6.7 cmE Zt A Gzt f-2gt Aol Ut AF
2 AA H 18.1 = 3.1 kgo & go} 18.7 + 3.2 kg, o
o} 17.6 £ 2.7 kg oH HA] A T ofo] el
2t zlo|7F A

2) 8% 7 oME A ool A4 12015 *
280.9 kcal2A AR 79.3%F Ao Aot 3

ofoll vlal FofahA W& AHE Btk BE A A

A ojgole] A9 63.8 + 28.2 g (219.4 + 93.0%RDA)
= AFAHF o FE) 4H= 119+ 45mg 1332 +
48.6%RDA) Z AFsk= o2 A= AR ] AFo|
2] F& AU HEe] AHe FE3 RoE A
ok 2o A3 w3 5979 + 233.3 mg (103.3 *
40.4%RDA) & A= A og A ]h

3) ZAL t ofRlole] PHstky PMA g SutEE]
E7F34.7 £ 2.0 (%), AEEFEW 120 £ 0.8 g/dl, B8
T4 4.3 £ 0.3 (107D ¥eod, MCV 805 = 3.0 fL,
MCH 27.8 + 1.1 pg, MCHC 34.6 + 0.6 g/dIZ ¥ ¢
#o] 7ol Rl Aol gl

Aslstd FMZT 84 Aol ik 75.6 = 30.3 g/
digon, TIBCE B 320.3 + 34.1 pg/dlE Y o™
o] zholl Reldt Ao)7} Uitk TSE B 23.8 £ 9.7 (%),
A ferritin® FF 30.0 £ 14.8 xg/LEA Y o]>o]
Tl F2l%t o)z} ek

Zinc protoporphytin (ZPP) 8] 739 %+ 32.7 + 8.0 pg/
digl e, ZPP/Heme ratiot A Hd 71.1 £19.5 (zmol/
mol) 24 'Y ojfo] Ztel= fo)Fk zlo)7} AT &
ofe] Hlal oot B Aog ARG A vlwe| ¢
oAM= 3Alo) Hl&l 54 Felle AFEE AT ZE Y
9] A #7} 3AEE Ao, A 2 I 9§
A 34 odel ARl FHo] o]FolATF ok T

ol

4) ZA} oA AR AP9NEL WsE o Wko
u, 91 o] " ARl A AYL 3] dolgleE Hew =
AFE QL FRPET RS 71E0 R SIS u) A of¥ele)
8.4%7t B¥ ARES BoY, FHARIEW JIELR 3}
g o A 9.5%% AR FPEo] B2 ATl #
g A ofdo]Y] A doprt Holel vls) A APEol =2
Aoz yehgth 4 L 7IE0 R 35S we 126%
7} Aoz w=]lon ¥4 ferriting ©]-83l] WYF
A ol I FRF B AR Holli= o] A7)l ALl &
A7t Q= Aoz oA T ojlole] WAY Ay
£ WASR=H| sensitived}™, specificdtx, ¥=3 cost—ef-
fective 3 FAIZ d#lR ZPP o2 HrlslgS u Yo}
ol 20%, otellA] 31%E By Hy A AP Bo)
25.3%% vER T2 ol AgHot A Jeksith

Hb (<11.0 g/dl) and low serum ferritin (< 10 zg/L)
T Hb (K11.0 g/dD) and TS (3~4A: <12%, 5~64:
<14%) & 9= & 7% 4 23949 N¥= Wgelch o] A
5 ZA] AL U ofelF WEE WY ofHole 34 o
ol 1402 EEEN, AR H, ANIE BF 7|FA o]
3+ YehSic

Aol & FAPEY v&L HRIENY FuiES
& Alglstas 3M0l 7P wA vebtor dzaznls
ol o3 AP 5, 640 7 A Yeht v
& ojfo]Q] A P BE7) 34 o|HRE Hags
UERASIT

£ AqoA AR st Fopdel T4E A% AL
A e o2 o8 njFElk ofdo)e] Y, A

E foskA A 3HA] £3 SAEE Ay AT 1)
F e ojdol] HEYFHE AR F3d Ao A}
Aok WA &5 njH e oj3iole] AR FoFdele] ol
3 A= Z0 sensitivedhy, specificstAl BE AFWA
= U2 F e A 19 side] Fsi
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