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ABSTRACT

This study was designed to assess the iron nutritional status of girls at puberty in Kangnung area. The subjects consisted of 161
adolescents in sixth-grade in primary school and first-grade in middle school girls. Anthropometric measurements were taken for
body weight, height, percentage of body fat, and drcumferences of waist and hip. Nutricnt intakes were assessed by modified 24-
hour recall method. Food models and other measuring tools were also used. Fasting blood samples werc obtained and analyzed
for hemoglobin(Hb) concentration, hematocrit(Hct), serum iron(FE) and total iron binding capacity(TIBC). Mean values for Hb,
Hect, Fe, TIBC, TS and serum ferritin were 13.6+0.9g/dl, 39.64+3.9%, 91.3£36.3pg/dl, 327.9+452pg/d!, 28 34+11.8% and
37.4+24.2ng/ml, respectively. Prevalence of iron deficiency greatly varied by indices from 4.8% when judged by Hb to 18.4%
by serum Fe concentration. The Hb concentradon was posidvely correlated with Het(r=0.641), serum ron(r=0.266) and
transferrin saturation(r=0.237)(p<0.05). On the other hand, serum ferritin concentration showed significantly negative
correlation with TIBC(r= - 0.572). Mean daily intake of iron was 14.94mg and hemc iron intake was 1.13mg which was 7.6%
of total iron infake. Total absorbable iron calculated by the method of Monsen was 1.38mg and bioavailability of dietary iron
was 9.3%. These results suggest that the prevalence of iron deficiency of pubertal gitls is very high, therefore the guidelines for
diet and social supports, such as, school food scrvice system should be provided to improve their iron status in middle school
students, (Korean J Community Nutrition 4(2) : 139~-148, 1999)

KEY WORDS : iron status - iron-deficient anemia - hemoglobin - hematocrit - scrum ferrditin - iron availability + heme iron -
pubertal girls college students.
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Table 1. Anthropometric measurements of subjects

Characteristics Mean+S5.D.
Number of subjects 161
Agelyears) 12.5 £ 6.27
Height(cm) 1544 + 5.72
Weight(kg) 46.8 + 843
BMI(kg/m?) 195 £ 292
Rohrer index((kg/cm®) % 107) 126.5 £18.25
% ldeal hody weight 100.8 +14.86
Body fat(%) 28.1 + 5.48
Waist circumference(cm) 62.2 = 6.98
Hip circumference(cm) 790 £ 597
Waist/Hip ratio 0.78+ 0.05
Table 2. Distribution of obesity index*
Number Percentage

Underweight 59 366

Normal 73 453

Overweight 17 10.6
Obesity 12 7.5
Total 161 100.0

*Underweight : below 90%
Overweight - 110 -120%

Normal : 90-110%
Obesity = over 120%



142 - A}&7] 28] AR ookl

Z7(15.0%)2 o 23, F3AFF(53.6%) 7 vT(19.
3%)& o AL Aoz JEpgth g HRE LAY
104 o} ez & AT - o] Y3} 1986) 27
(14.9%)¢ 329 258 o5 (3} - L7 1993)
o} H]gto] -&(8.1%) Bt ©¥strt. o)=igt 23+ & A7

Table 3. Biochemical indices of iron status and prevalence rates of
iron deficiency of the subjects

Mean-+5.D. Critfer.ia for  No. of s..ubjlects

- deficiency  below criteria(%)
Hb(g/dl)” 136+ 09 <12 7( 4.8)
Het(%)” 396+ 3.9 < 36 13( 8.9)
Fe(pg/dl)” 91.31+36.3 < 60 28(18.4)
TIBC(ug/dly* 32794452 =400 9 5.9
T5(%)" 28.3+11.8 < 15 21(13.8)
Ferritin(ng/ml) 374£24.2 < 15 24(15.8)

1) Hb : hemoglobin
3) Fe : serum iron
5) TS : transferrin saturation

2) Het © hematocrit
4) TIBC : total iron binding capacity
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Fig. 1. Distribution of subjects by different biochemical indices for iron nutritional status.
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Table 4. Prevalence rates of iron deficiency by obesity index

old% - o - utAY - LA 143
2E ZAgAte] vige Wrlehe ARy FH we, 1
g1 z+ A ¥ 7715 (cutoff point)ell w=t 2 Bl&o]
t}26}. Table 3914 HXo] Fe 5= 60ug/dlE 7152 3
< o] AY¥Lo] 184%= 7V EgkaL, 2 vheo] EH for-
ritin 5 15ng/ml o|315 71Eo 2 HIlsle& we] Zg
H]go] 15.8%= ¥}, 28t o9 & AdE AT F
(1997 °] Fe, TIBC, TSE ol&atq (& dTelxe} &
cutoff pointE 7|F22) ¥ 2 fPTe vLs Hrl3]
o ¥ W2-(28.2%. 81.6%, 28.2%) BT w9t
TSFE 15% ©l31E 71Fo2 F7kA] A date] 13.8
%7t AEEPL B ZF5AY F4olee] 22 A9uE
(14.6%)3} s»2k3kth Het vl 36% S 7)Eo2 B7)
Al 8.9%9) FEZEH &S JEN ZA5AG F4 ofF
(A7 - AA3) 1997)¢ &AL (5.8%) 2oke ¥
%ot MEAY ALES vF4 2580 o5& tideR
& A4 5(1990)8) AFolM Hud 16.3% R @
sttt dutzoz ALgEH = HE 9A7|E0b 5 12.0g/
dl olsh) o= HrtA] AA diadzte] 4.8%7F 118 3E =
= o= Vet
olAF Hi FFdH Bt Aol w7t AR A v E
o] g tFstgiw, ol AR ddidely Wl w
2Z+zke) 7} A Egkol ¥Hdhe rEAe] thEr] diejt)
FAM AL vwiee) b AR Ay A Ed HE
£ Table 49} 2t Hbskx 12g/d1E 71Ee= Hrlg &
w249 A& A Y, v|PolEelM 16.7%= 7HE =
Gz, The-2 AAIFLE 3.0%, FAFoE 125% £
Z vehton] Het HlE 36%E 7|Fo2 H713h A3 o]
TrolE-& 16.7%, A0l 13.6%, FAFols 12.5
% =219t

Underweight Normal Overweight Obesity Total
1(1.9 2( 3. 2(12.5 6.7 7( 4.8
Hb <12g/dl 2(1 ) (3.0 (12.5) 2(16.7) (4.8)
y= 7.176 df=3 p=0.066
6 . 2012, 6.7 1 .
Het<36% 96 9(13.6) (12.5) 2(16.7) 8(12.3)
1= 0.668 df=3 p=0.881
13(24. 129 . 3(25. 8(18.4
Fe <60ug/dl ] (24.5) 9(12.9) 3(17.7) (25.0) 28(18.4)
Y= 3110 di=3 p=0.375
9 3( 4. 2(11. 5. .
TIBC> 4005g/d] 11( 1.9) ( 4.3) (11.8) 3(25.0) 9( 5.9)
¥*=10.768 di=3 p=0.013
K K 17. 5. .
TS<15% 9(17.0) 6( 8.6) 307.7) 3(25.0) 21(13.8)
x'= 3.533 df=3 p=0.316
2 . . . .
Ferritin <1 5ng/ml 27(13 ) 8(11.4) 5(29.4) 4(33.3) 24(15.8)
Y= 6417 df=3 p=0.093

Abbreviations : see Table 3

( ) : % to subgroup by abesity index
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71Een Hr e W vigtEel 33.3%7F HE 299
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Z7AAEol T ARTH wF T A3y AR 9
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ZAMR ARk 19 G922 A FL Table 59 21} 9
# 8} gl wElEl B, HIER B, velopd, Hlg ¢ 4
FFL FAF AT AFvEe] D2 114.7%, 122.7%,
140.0%, 100.0%, 123.8%. 151.0% %2 PFFH} =8 9
< AFsta oo, AR Zge] MFe Axfa
B3 82.8% 9} 58.1%2 AF 3t Yct.

2 A7) BB AHFE 14918 Tmge 2 BHA
A2nEZ 5ohd AgA(ESm| - A% 1997)9) AR AH
F(7.3%2.6mg) ok &okou), & 68hd QA (%3]
7 1997)2] HE 43 %(19.8+7.9mg) B ri= ok}

Heme Z#3} nonheme B&9] H3jgk 2 AR F4d
< Monsen 5(1978)%] Wrg o= A5t Table 60 A
AlBtEe), AA) AR 43 3(14.9mg)F 92.4%7} nonhe-
me FEOE AHFH L AN, YA 7.6%0 A==
1.13mg%*] heme AL FEHZE HHHNUT. =3 & AE
M#HF F 1.38mee] 55 AAZ AgaA o] &5 E
b o]e} 22 HE ol & F 225%9 77.5%7F heme B
7 nonheme FE|R}. A4S HE) E5ES he

Table 5. Mean daily intake of nutrients of subjects

Nutrients Mean+5.0. % RDA
Energy(kcal) 2180.0 +1121.0 1147
Fat(g) 776 + 59.1
Carbohydrate(g) 3211 + 1594
Protein(g) 73.6 + 457 122.7
Fiber(g) 367 246
Iron(mg) 149 £ 87 82.8
Calcium(mg) 4645 £ 3238 58.1
Vitamin A{(R.E.) 358.3 + 67254
Vitamnin Bi(mg) 137 1.01 1400
Vitamin Bi{mg) 125+ 107 100.0
Niacin(mg) 16.1 £ 106 123.8
Vitamin C(mg) 746 £ 815 1510

me 20| 27.2%<) W9, nonheme BE-2- 7.7%2 e}
Wi, & AR 582 9.3%5 By

HFH 5(1997)0] FIRAES ko ZAE R
‘2eiel wiwd] B, heme BEAFHFL 4.812.1mgo) 3,
nonheme FEHHTHL 7942 2mgl = heme HE 43
Fe B ATAY B} %A nonheme AE-e] AF
2 3oty o] Ztzke] ARL & AR HFAWe 37.0%9)
63.0% & A std £ A7l 449] heme 2 : nonhe-
me A29] B](7.6: 92.4) BT} ekF AT

ZA AR 9] 7] HALERE MPF v[Eldl C, &
£ FrUAe] 24958 AR A7 (Table 7), o}3l4)
b3 A aAlEThe AAdAbelA MPFS HlEl C 2
2R FrAA S48 %ol =t ols 25w BFS
g Bt AFHE FAAALe] Ho| ofFe 714
oAl A Algelz ol AL B A 2jate] Arr) 7] Q)
AOR JAAth A5 AL WFeR A7
5 19973 Az} vjws) B MPFe EE E4<171e]
F AFEL W74 25, B 24 i) o w9

HAE )8k =, 2P S5 F34S F= MPF 2 ¥
BRl C A% (Lee JW & Park CK 1997) 52 7|&0
E2 A7) AR A -, & - Aol4E AR ERS A=
Table 8% 20}, AA4oz AHBA A -, F- Ho]&
= HALY] Hgo] 2z} 48.0%, 30.1%, 21.9%% Holf%
ALY Hlgo] 71 w9k ol F Ao 9 Had
d AuAE dadez # AT7NA olFE F(1997)0]
B3 Ao) & Aate] H&(59.2%) 2 A9 oA ot

e >

Table 6. Dietary total and available iron intake calculated by Mon-
sen's method

Total iron Available amount  Availability
intake(mg) (%] of iron(mg)[%]  of iron(%)"
Heme iron  1.13+1.50[ 7.6] 0.1£0.39] 22.5] 27.2
Nonh
i::): eme 13.8437.07[ 92.4] 1.07+0.92[ 77.5] 7.7
Total 1494+8.72[100.0] 1.38%1.13[100.0] 9.3

1) © Available amount of iron/total iron intake

Table 7. Intake of MPF, vitamin C and total enhancing factor by meals

Total enhancing

Meal MPF(g) Vitamin C(mg) factor

Breakfast  23.94+ 48.84 6.34+12.66 30.28+ 54.02
Lunch 7942+ 7597 12.75x21.06 92,17+ 82.80
Dinner 56..1 T£111.20 7.68+£14.53 63.79£114.00
Snack 5.78+ 16.55 47.84+72.03 53.61+ 76.33
Total 165.20+£155.90 74608152 239.80%182.20

MPF : meat, poultry and fish
Total enhancing factor=MPF(g)+ Vitamin C(mg)



Table 8. Distribution of meals according to availability of iron as cl-
assified by Monsen's method

Classification Number of meal(%)

of meal Breakfast Lunch Dinner Total

Low

availability meal” 113( 70.2) 29( 18.0) 90( 55.9) 232( 48.0)

Medium # P 30(18.6) 84(52.2) 31(19.3) 145( 30.1)

High » P 18(11.2) 48( 29.8) 40( 24.8) 106( 21.9)
Total 161(100.0) 161(100.0) 161(100.0) 483(100.0)

1) MPF<30g and ascorbic acid<25mg

2) 30g <MPF < 90g and 25mg <ascorbic acid <75mg

3) MPF>>90g or ascorbic acid> 75mg, and 30 <MPF<90g and 25
mg <{ascorbic acid <75mg
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Table 9. Food frequency test score of the subjects
Food group Mean+5.D.
Livers 0.70£1.56
Eggs 343+1.69
Fish 3.38+1.45
Beef 2.63+1.56
Shell - fish 1.21+1.38
Perilla leaf, spinach 2.43+1.69
Beans, sovbean curd 3.25+1.81
Carrots, cabbage 2.61+1.93
Potato, sweet potato 2.90+1.85
Laver, sea - mustard 3.22+1.81

Maximum score for each item : 8

Table 10. Nutition knowledge test score of the subjects

Contents Maximum score Mean=+5.D. (%)
General nutrition 11 5.89+2.67(53.5)
fron nutrition 4 2.29+£1.18(54.5)
Total 15 8.17£3.30(57.1)

() : Percentage of correct answer to maximum score
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Table 11. Correlation coefficients between biochemical indices us-
ed for assessment of iron nutritional status

Hb HCT Fe TIBC TS
Het 0.641%*
fe Q.266% 0.082
TIBC -0.067 0.018 -0.015
TS 0.237* 0.057 0.950%* —0.284***
Fervitin 0.061 0.069 -0.038 -0.572** 0.112

* 1 p<0.05, ** : p<0.01, ** : p<0.001
Abbreviations : see Table 3

Table 12. Correlation coefficients between nutrition knowledge test
score and variables related to iron intake

Nutrition knowledge General  Iron Total
. fest score . .

Variables nutrition  nutrition score
Total iron intake(mg) 0.346%* 0.218%  0.351**
Total iron intake(mg)/1,000keal - 0.041 0.046 -0.013
Heme iron intake(mg) 0.078 0.012 0.051
Total available iron{mg) 0.236* 0.158 0.243*
Availability of dietary iron(%) 0.258*  0.185 0.275%*

* 1 p<0.05, * : p<0.01, *** : p<0.001
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