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ABSTRACT

This study was designed to investigate the effects of iron supplementation and nutrition education on the iron status and anemia
of high school girls. The subjects resided in Ulsan city in Korea and were already diagnosed as having anemia or iron deficiency.
Over a period of three months, one iron tablet (80 mg Fe as ferrous sulfate /day) was administered to the iron deficient subjects and
two tablets (160 mg Fe as ferrous sulfate /day) were administered to the anemia subjects. The average height and weight of anemia
subjects were 161.24 + 4.50 cm and 50.87 + 5.86 kg, respectively. The average BMI (kg/m? was 19.58 + 2.03 and the PIBW
(percent ideal body weight) were 92.52 + 9.84%. Except for vitamin A and vitamin C intakes, the intake levels of all other nutrients
were below the RDA. Total calorie intakes of anemia subjects were 73.5% of RDA. The iron intakes of subjects from food were 69.
1% of RDA and the Ca intakes were 59.1% of RDA. The basal hemoglobin (Hb) concentration of anemia subjects averaged 10.77 &

1.33 g/dl, and this increased significantly (p < 0.001) to 12.12 + 1.08 g/dl, after iron supplementation. The basal ferritin, and
transferrin saturations {TS (%)} of anemia subjects were 12.51 + 15.19 ng/ml and 8.43 + 7.56%, respectively, and these
significantly increased to 20.59 + 22.39 ng/ml and 15.56 + 12.87%, respectively. The level of total iron binding protein (TIBC)
significantly decreased from the initial 486.80 £ 70.16 pg/dl to 417.86 + 67.73 pg/dl (p < 0.001) after iron supplementation.
For the iron deficiency subjects, the ferritin, iron and TS (%) levels were increased significantly (p < 0.001) and the TIBC levels were
significantly (p < 0.001) decreased after iron supplementation. Anemia symptoms such as 'Feeling blue (p < 0.05)', 'Decreased
ability to concentrate (p < 0.001)' and 'Poor memory (p < 0.05)' improved significantly after iron supplementation in the anemia
subjects. The number of tablets administered was positively correlated with changes in serum hemoglobin (t = 0.194, p < 0.01),
serum ferritin (t = 0.181, p < 0.01), TS (% (t = 0.141, p < 0.05), and hematocrit (t = 0.254, p < 0.01), and was negatively
correlated with changes in TIBC (t = —0.143. p < 0.05) and red cell distribution width (RDW, t = -0.140, p < 0.05). In
conclusion, daily iron supplementation was effective in improving the iron status and reducing symptoms of anemia in high school
gitls. (Korean J Nutrition 35(9) : 943~951, 2002)
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Table 1. Physical characteristics of subjects (n = 211)

Anemia” Iron deficier;)cy Significance
(n = 67) (n = 144)
Height (cm)  161.24 £ 450 16138 + 4.89 NS
Body weight 5087 + 586 5209 + 7.23 NS
BMI (kg/m)® 1958 £ 2.03 2007 £ 255 NS
PIBW (%)" 9252 £ 9.84 9499 + 12.38 NS

1) Hemoglobin < 12.0/dl

2) Hemoglobin > 12.0/dl and (transferrin saturation < 15% and/for
ferritin < 12 ng/ml)

3) BMI (kg/m?): Body mass index

4) PIBW: Percent ideal body weight, ideal body weight = {height
{cm)-100} x 0.9

5) Not significant

Table 2. Average daily intake and %RDA of subjects (n = 211)
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B A7didate] JFAE, AFS Table 10 WYERIR
g NgEz 3gE qu 1389 A3 161.24 £ 4.50
cm, AEL 50.87 + 5.86 kg® & Ahn S0l Ru%
ZA¥A W8 Ande A% FEA 1604 cm, AT 54.6
kgohe of7he] Atol & UERITE WIE 4] HAAIA
ZFZA)4 (BMDE 19.58 + 2.03, PIBW (percent ideal
body weight)E 92.52 + 9.84%2 A=t Hem-
oglobin FX& Aol AW #HFsl= ohdAte]
ZAS AF 52.09 = 7.23 kg, AF 161.38 + 4.89 cmeE
g ugET o2t 2 FeS U oY f93AQ1
zolE JENA & &t} QEA dnAS dide® &
AP M APoy MIE2 BAYH o1 249 73
9 HBF AL 161.62 cmE H|3 o, AF 53.87
kg2 ¥ ARG o7t & FAE Bt

2. YN AAFFLHATY NEYA U

e 9 YU HHBE Table 20 Hehlsich
ddz g4dd due U4 AT 129 9N
of wlal WA vpeh, @ HARE 52.94 + 17.13 g2
2 A% 88.1%° ABHNH, vl B 1.10 £
0.37 mg2-2 BHH 84.6% < Yehich. £4%F 43
FL 1544.74 + 353.42 keal2 AFFS] 73.5%.

Anemia (n = 67)"

Iron deficiency (n = 144)?

3) Significance
RDA Mean + S.D. %RDA Mean * S.D. %RDA
Protein (g) 60 5294 + 17.13 88.1 53.07 + 17.36 88.4 Ns*
Fat (g) 3379 + 10.81 3631 £ 1044 NS
Carbohydrate (g) 257.11 + 5291 25753 + 61.29 NS
Fe (mg) 16 1106 + 403 69.1 11.56 £ 431 72.2 NS
P (mg) 800 776.25 + 249.24 97.0 784.43 + 259.99 98 NS
Ca (mg) 800 472.83 + 180.87 59.1 486.58 + 193.36 60.7 NS
Vitamin A (RE.) 700 748.80 + 356.78 106.9 818.43 + 410.57 116.8 NS
Vitamin B, (mg) 1.1 073 + 024 66.3 076 £ 026 69.0 NS
Vitamin B, (mg) 1.3 110 £+ 037 84.6 1.13 £ 041 86.9 NS
Niacin (mg) 14 1193 +  4.24 85.2 1223 + 432 87.3 NS
Vitamin C (mg) 70 88.76 + 41.05 125.7 101.60 + 49.23 145.1 NS
Total energy (kcal) 2100 1544.74 + 353.42 73.5 1571.51 + 376.11 74.8 NS

1) Hemoglobin < 12.0/dl

2) Hemoglobin > 12.0/d} and (transferrin saturation < 15% and/or ferritin < 12 ng/ml)

3) RDA: Recommended Dietary Allowance (2000)
4) Not significant
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1592.44 kcal (A339] 75.8%), &84 5450 g (AZF
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Table 3. Food frequency of subjects (n = 211)

Food Anemia” Iron deficiet:)cy
(nh = 67) (n = 144)

Kimchi 504 + 214 504 £+ 2.23
Vegetables 4.08 + 2.15 4.27 + 2.06
Greasy food 3.65 + 1.89 373 £ 165
Fruit 363 £1.76 402 + 1.76
Milk everyday 3.58 + 1.85 4.07 + 1.02
Bean or tofu 332+ 142 3.23 + 1.46
Green leafy vegetables 327 + 1.88 3.25 + 1.83
such as carrot or spinach
Eggs 3.02 + 1.54 3.15 + 1.43
Pork 2.83 + 145 2,65 £ 1.00
Beef 275 + 1.47 264 £ 1.16
Seaweed 272 + 1.44 294 + 144
Fish 2.56 + 1.35 251 + 1.6
Chicken 239 +1.24 242 + 091

1) Hemoglobin < 12.0/d!

2) Hemoglobin > 12.0/dl and (transferrin saturation < 15% and/or
ferritin < 12 ng/mb

3) 8: 3 times a day, 7: 2 times a day, 6: 1 time a day, 5: 5~6
daysiweek, 4: 3~4 days/week, 3: 1~2 days/week, 2: a litdle bit,
1: no

4) Mean + S.D.

g g2 dFPNME EASRT B AYEE 9%
aF 24, 2, Ve AZ Jelda, Park $79 A
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2.15), 71§22 23 3] (3.65 £ 1.89), #Y (3.63
1.76), 5+ (3.58 = 1.85), ¥+ (3.32 + 1.42), B2, Al
T3] 2 =34 A2 (3.27+1.88), A (3.02+ 1.54),
HA 7] (2.83+ 1.45), 237] (2.75 + 1.47), 28
(2.72 & 1.44), B4 (2.56 + 1.35), B37] (2.39 + 1.24)
9] €27 JElyt, 229 due A9 A9 A3
s (5.04 = 2.23)7F 7P B3, A (251 +1.16),
H117] (242 £ 0.9D) 9 A== 3 ZAE YU

Table 4. Improvement of dietary attitudes of subjects after nutritional education (n = 211)

Dietary attitude

Anemia (n = 67)"

Iron deficiency (n = 144)?

Restricted coffee or tea right after meal
Increased consumption of vitamin C-rich food
Increased iron-rich food consumption
Improved regularity of meal time

Tried to maintain optimum body weight

Had more balanced-diet

Increased protein-rich food consumption

Had more food to increase iron absorption
Intake iron supplement

229 + 1.7 222 +1.13°
2.08 + 0.90 1.85 + 0.85
1.94 + 0.89 1.67 + 0.77
1.94 + 0.78 1.73 + 0.85
1.90 + 0.96 1.93 + 0.91
1.85 + 0.80 1.70 + 0.82
1.81 £ 0.74 1.78 + 0.80
1.77 + 0.83 1.62 + 0.72
1.67 + 0.79 1.63 + 0.83

1) Hemoglobin < 12.0/dl

2) Hemoglobin > 12.0/dl and (transferrin saturation < 15% and/or ferritin < 12 ng/ml)
3) Not improved: 1, Improved a little: 2, Improved somewhat: 3, Improved a lot: 4
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A3 HAAPTEE ol &3l d BEAl 43 AF9
A 1A e] GHTA RS 413 A4S Table 590 YERY
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Hdoq el A9 vid 2739 AGYAE BEA 2
3 hemoglobins =+ & B3 Aol 10.77 + 1.33 g/dl
£ JehRed, ol BE $ 12,12 + 1.08 g/dIE £9)
o= FUks (p <0.001), FAY dn4e ASE=
jd 139 AGYA HE & hemoglobins =7} 2 &
7} %ol 1ot f-9) A Q] Aol & Holx)&= gl

3 ferriting v AW A AFFE 2 dgsFE A
24 8H ferritin®] 20 ng/mlojslo]d M BEo =2 7}
FEty I 9E Juge] AS H BEH] 83
ferritin® 12.51 + 15.19 ng/mlZ v|-$¢- wkor} oj= H 1
% % 20.59 £ 22.59 ng/ml2 FeH ez (p <0.005) Z7}
HAx, B2 quRe] FE 93 zhe] (p <0.001)
o zo|2 Frke Ao Yepdt} o1 23S tiyes
g OJHATF M E HHF F ferritin FE7} 13.24 +
11.66 ng/mlolA 32.14 & 21.14 ng/mlE ZA Z7HEY
& B3 vt gih

TIBC= transferrindll 232 dF<] o2 A5y
2 ARAl mEA Z71.? TIBCE Wdduae 1
2 % 486.80 + 70.16 pg/dlolA BE ¥ 417.86 + 67.63
pg/dloz, HAY uAo A9 BE A 451.56 + 71.46
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Table 5. Hematological indices before and after iron supplementation (n = 211)

Hemological indices Anemia (n = 67)"

Iron deficiency (n = 144)°

Before iron After iron Before iron After iron
supplementation supplementation supplementation supplementation
Hb (g/dl)? 10.77 £ 1.33 1212+ 1.08%* 12.88 + 1.26 13.02+ 0.65
Ferritin (ng/mi) 12.51 + 15.19 20.59 + 22,39%* 19.91 + 15.88 28.50 + 19.05***
Fe (pg/dl) 36.58 + 35.97 60.75 & 44.93** 49.25 + 26.78 78.85 + 32,87+
TIBC (ug/dly* 486.80 + 70.16 417.86 + 67.63**+ 451.56 + 71.46 396.61 + 53.51+**
TS (%) 843+ 7.56 15.56 + 12.87++* 1098 + 5.78 20.29 + 8.97*
Hematicrit (%) 3351+ 3.08 3593+ 291 39.14+ 199 3777+ 3.50
RBC (10%mm?® 435+ 030 442+ 035* 449+ 026 438+ 0.45
RDW (%)" 1681+ 2.31 1669 + 212 1459+ 178 1503+ 1.17
PDW (L)® 1704+ 077 1690+ 0.79 1699+ 0.73 1690+ 0.72

1) Hemoglobin < 12.0/dl

2) Hemoglobin > 12.0/dl and (transferrin saturation < 15% and/or ferritin < 12 ng/ml)

3) Hb: Hemoglobin

5) TS: Transferrin saturation

7) RBC: Red blood cell

*: p < 0.05, **: p < 0.005, #++: p < 0.001

4) TIBC: Total iron binding capacity
6) RDW: Red cell distribution width
8) PDW: Platelet distribution width
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Table 6. Changes of clinical symptoms before and after iron supplementation (n = 211)

Anemia (n = 67)" Iron deficiency (n = 144)”
Symptoms Before iror? After iron. Before iror? After iron_
supplementation supplementation supplementation supplementation
No appetite 217+ 0.87 205+ 1.00 2.6 + 0.80 1.82 & 0.76%*
Feel dizzy when standing up 247+ 110 2.56 + 0.89 236+ 098 242 + 1.02
Shortening of breath when going upstairs 277+ 1.00 264+ 097 2,67 + 094 245+ 1.03*
Inflamed inner mouth 1.94 £ 0.96 1.87 £ 095 1.85+ 0.94 1.77 £ 0.99
Tired out easily 271+ 099 285+ 098 287 £ 0.9 2,67 £ 0.99*
Get a cold easily 2.47 £ 1.00 231+ 1.04 251+ 098 2.19 + 1.08%**
Have headache 2.27 £ 1.00 249+ 1.01 228+ 0.92 236+ 093
Feeling blue 239+ 110 2.13 + 0.92* 209+ 097 1.99 + 0.96
Cold hands & feet 241+ 1.26 230+ 1.02 241+ 1.15 227+ 1.1
Difficult digestion 224+ 105 211+ 098 219+ 097 208 1.01
Be bruised easily 217 + 1.09 1.93 + 0.96 1.86 = 0.95 1.69 = 0.92
Pale face 1.76 £ 1.04 185+ 1.03 1.49 &+ 0.82 144+ 0.78
Suffering from constipation 197+ 1.07 2.03+ 098 182+ 096 181+ 098
Decrease ability to concentrate 292+ 0.85 2.43 + 0.90% 2.84 + 0.88 229+ 0.97*
Poor memory 255+ 1.00 2.30 + 0.92* 246 + 0.82 220+ 1.01*
Be dizzy wusually 248+ 1.03 236+ 093 252+ 081 221+ 112

1) Hemoglobin < 12.0/d!

2} Hemoglobin > 12.0/dl and (transferrin saturation < 15% and/or ferritin < 12 ng/ml)

Score: never = 1, seldom = 2, sometimes = 3, often = 4
*: p < 0.05, #xx: p < 0.001

TS (%) TIBCO Wik &4 o] v &2 AtE e,
H o] yeld 4% €4 4 3 #4453 TIBCE 5
71517 B 2 AP W1d & o AHA = Bd 7]
F02 AXNE Yt} E AFoA widouge] F nE
Ao TS (%) 843 + 1.56%0X BZE F 1556 + 12.87%
o2 $93xez (p <0.001) FVEReH, AAY oAz
Aol A9E AR BF T Fo4 5 (p <0.00H)2
2 Z71900. old A7 e QYA 2F F TS
(%)= 18.42 + 10.12%04 B3 ¥ 335 + 16.64% 2
g3 oz (p <0.001) /=AU SS L3R

RDW (red cell distribution width)= 483 Ax¥ =2
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AR, AW 4T ASE BE Fo| 49979
(p <0.001) 71743 w9t}

PDW (Platelet distribution width)= d4-%9] 37]9]
BIEEE Jehll= A0 HAPA F7iEEH, 9d a4
L BE A 1704+ 07N BHE F 1690 + 079, &
A7 3L 1699 + 0.73(LoH BE F 16.90 + 0.72 fL,
2 BEAF) 2 wslE JehilA et
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Table 7. Correlation between hematological indices before and aft-
er iron supplementation and total intakes of iron supplement

Hematological index difference before  Total intakes of iron

and after iron supplementation supplement
Hb" 0.194**
TIBC? —0.143*
TS (%) 0.141*
Ferritin 0.181*
Fe 0.122
Hematocrit 0.254**
RBC" 0.071
RDW® -0.140*
PDW? 0.055

*Correlation is significant at the 0.05 level
+Correlation is significant at the 0.01 level
1) Hb: Hemoglobin

2) TIBC: total iron binding capacity

3) TS: transferrin saturation

4) RBC: Red blood cell

5) RDW: Red cell distribution width

6) PDW: Platelet distribution width
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(t =0.141, p <0.05), hematocrit (t=0.254, p <0.01)
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