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ABSTRACT

The study was designed to assess the effect of iron and cereal supplementation on children’s iron nutritional status in
social welfare institutions. Dietary survey was carried out methods of food weighing and record by interview (n=74).
A nutritional intervention study was carried out through supplementing iron supplements and cereal for 4 weeks in 4- 12
years old children. Children received daily 40 mg elemental Fe as iron protein succinylate (n=23) and 3.6 mg ele-
mental Fe as 100 g cereal (n=24), respectively. Blood samples were drawn before and after supplementation. Nutri-
ents which children’s intake was less than two-thirds of the RDA were vitamin A, vitamin B-1, vitamin B-2, calcium
and iron. The mean daily intake of iron was 5.1 mg for male and 4.9 mg for female, and 52.3% for male and 45.4% for
female of Korean RDA. The proportion of children with iron depletion assessed by TIBC (> 360 pg/dl) and serum
ferritin (<20 ng/ml) were 56.6% and 58.7%, respectively. The proportion of children with the iron deficient eryth-
ropoiesis assessed by serum iron (<70 zg/dD), Hb (<12 g/dD), Het (<36%) were 76.0%, 58.7%, 64.0%, respectively.
After iron supplements treatment, Hb (p <0.001), Het (p <0.001), serum iron (p <0.001), transferrin saturation (p <
0.001) and serum ferritin (p <0.01) increase significantly and only TIBC decreased slightly. After cereal supplement-
ation, in anemic children, Het (p <0.001), serum iron (p <0.001) and transferrin saturation (p <0.001) were signifi-
cantly increased. The effect of iron supplements and cereal supplementation in children with iron deficient eryth-
ropoiesis were more effective to improve the iron nutritional status than children with iron depletion. It was concluded
that cereal supplementation program in anemic children was also effective to improve iron nutritional status. (Korean J
Nutr 2007; 40(4): 362~370)
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Table 1. Distribution of the total subjects

Iron

Age Gender » Ceread” Confrol  Total
supplements

4-6 Male 6 5 3 14 25
Female 3 3 5 11

7-9 Male 3 1 2 6 15
Female 3 5 1 9

10-12 Male 5 4 10 19 34
Female 3 6 3 15
Total 23 24 27 74 74

1) 40 mg elemental Fe as iron protein succinylate per day
2) 3.6 mg elemental Fe as 100 g cerea! per day
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Table 2. Mean daily nutrient intakes and percentages of Korean RDA by age
Male
Nutrient
4-6years old 7-9 years old 10-12 years old
Energy (kcal) 12958 +£137.0" ( 81.0)7 1371.8 £350.6 (76.2) 1581.0 =292.8 (719
Protein (g) 405 £ B85 101.4) 485 L 164 (97.1) 604 = 119 (100.6)
Fat (g) 28.6 £ 6.2 293 + 118 332 + 10.6
Carbohydrate (@) 210.5 + 227 217.6 + 450 2479 + 39.4
Vitamin A (R.E.) 147.8 = 82.1 (. 36.9) 2400 += 752 ( 48.0) 196.8 £ 69.6 (328)
Thiamin (mg) 052+ 011 ( 64.5) 059+ 0.6 (651 073 012 ( 66.0)
Riboflavin (mg) 055+ 013 (551 085+ 012 (772 085+t 017 (657
Niacin (mg) 1112+ 235  (101.1) 1284+ 421 (107.0) 1573+ 403 (1124
Ascorbic acid {(mg) 588 = 29.3 (147.1) 47.6 = 121 a19.n 454 + 184 ( 90.7)
Calcium (mg) 337.3 + 84.6 ( 56.2) 433.2 +138.3 ( 61.9) 497.5 £160.2 ( 62.2)
iron {mg) 503+ 1.07 (503) 636 293 ( 53.0) 830+ 248 (69.2)
. Female
Nutrient
4-6 years old 7-9 years old 10-12 years old
Energy (kcal) 1261.6 *£1743 (789 1326.0 +229.0 (73.7) 1421.7 £231.2 (74.8)
Protein (g) 385 = 83 (96.3) 464 £ 105 (928 511 = 105 (852)
Fat (g) 304 = 7. 240 = 7.5 263 = 10.2
Carbohydrate (g) 200.7 = 27.0 221.4 = 409 2349 + 249
Vitamin A (R.E.) 1239 + 750 ( 31.0) 201.3 + 96.2 ( 40.3) 183.3 £ 69.0 ( 30.6)
Thiamin (mg) 048+ 0.2 (599 052+ 0.09 (57.9) 059+ 0.14 ( 59.4)
Riboflavin (mg) 050+ 0.17 ( 50.4) 075t 0.16 ( 68.5) 077+ 0.16 ( 63.7)
Niacin (mg) 108 = 191 (97.7) 1225+ 279  (102.1) 13.3 + 235 (102.3)
Ascorbic acid (mg) 50.4 = 31.5 (126.1) 592 + 21.2 (147.9) 510 + 238 (101.9)
Calcium (mg) 307.2 + 98.1 (51.2) 4400 +139.8 ( 62.9) 462.7 +£130.9 (57.8)
fron (mg) 496+ 089 ( 49.6) 576+ 1.53 ( 48.0) 659+ 181 ( 36.6)

1) Values are Mean £ S.D.
2) Percent of Korean RDA (6th revision)

Table 3. Frequency distibution of nutrient intake as the percen-
tage of RDA

Less than 75%  75-100%  More than 100%

RDA RDA RDA

No. (%) No.(%) No.(%)
Energy (kcal) 32 ( 432" 39 (52.7) 3 (41
Protein (g) 13 (17.6) 30 (40.5) 31 (41.9)
Vit. A (R.B) 74 (100.0) 0 (00 0 (00
Bl (mg) 61 ( 82.4) 13 (17.6) 0 (00
B2 (mg@) 62 ( 83.8) 12 (16.2) 0 (00
Niacin (mg) 6 ( 81) 27 (36.5) 41 (55.4)
Ascorbic acid 25 ( 33.8) 8 (10.8 41 (55.4)

(mg)

Ca (mg) 16 ( 21.6) 58 (78.4) 0 (00
Fe (mg) 10 ( 13.5) 64 (86.5) 0 (0.0

1) percent of Korean RDA (6th revision)
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Table 4. Hematologic parameters on the serum and whole bl-
ood related to iron status by age

Table 5. Prevalence rates of subjects with iron depletion or with
iron deficient erythropoiesis

Male
4-6 7-9 10-12
RBC count 439+ 030" 413+ 032 411+ 031
10*/mm?)
Hematocrit (%) 34.58+ 234 3480+ 244 3490% 194
Hemoglobin 1169+ 088 11.78+ 082 1193+ 062
(g/d
MCV (zm%) 7884+ 523 8437% 3.57 8500+ 4.00
MCHC (g/dl) 3378+ 1,50 3390+ 1.95 3420% 1.06
Feritin (ng/ml) 1655+ 830 26211140 3256*26.6
Serum iron 60,79 +35.9 4533x270 5532+29.2
(ng/dh
TIBC (ug/dD)  372.8 +48.1 361.5 +£357 376.4 +50.1
TS (%)” 1632+ 866 1221+ 598 1499+ 831
Female
4-6 7-9 10-12
RBC count 409+ 025 410+ 0.15 431+ 0.23
(10°/mm®)
Hematocrit (%) 3407+ 162 3359% 1.02 3696% 1.65
Hemoglobin 1146+ 074 1152+ 032 1241 % 0.48
(g/dD
MCV (zm®) 8326+ 3.66 8189+ 250 8566+ 255
MCHC (g/dl) 3367+ 157 3431+ 070 3341% 1.15
Ferritin (ng/mb)  23.91 £ 11.1 2227+21.4 1736 7.75
Serumiron 45.73+£29.5 40.78£19.6  646.73£35.1
(ng/d)
TBC (ug/dl) 3499 +449 3580 +442 380.0 +40.7
1S (%) 13.06+ 844 1179+ 602 17.62% 9.05

1) Values are Mean = S.D.

Serum iron (¢ mole/L)
TIBC (2 mole/L)

2) 18: Transferrin Saturation (%) = X100

Z37%%5¥ (Total Iron Binding Capacity: TIBC), E
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Table 6. Comparison of hematological parameters by kind of supplementation in iron status of subjects

Iron supplements group

Male

Cereal group

Pre Post Pre Post
RBC count (104/mm°) 411+ 027" 454+ 0217 439+ 0.34 460+ 0.41**
Hematocrit (%) 3449+ 206 3980+ 1.88™* 3529+ 2.63 37.94+ 304
Hemoglobin (g/dl) 11.60+ 0.62 1299+ 0.70™* 11.87+ 1.04 13.98+ 6.11
MCV (zm®) 8398+ 3.84 2830+ 225" 80.77 x 7.78 27.25+ 332"
MCHC (g/dI) 33463+ 1.4 32460+ 0.44 3363+ 1.48 32.10+ 0.70%*
Ferritin (ng/mi) 23.06 219 2512+15.6 22.23+15.5 1529 +11.8*
Serum iron (zg/dh 70.10+36.7 97.10+17.2% 37.60+183 4556+185
TIBC (g/dl) 379.00 =349 368.70£16.3 385.80 + 44.6 383.33+ 63.1
15 (%) 18.33+ 8.75 2626 + 4.00% 10.00 £ 5.09 1226+ 576

Fermale Iron supplements group Cereal group

Pre Post Pre Post
RBC count (10°/mm®) 413+ 0.28 481+ 035" 427+ 0.24 451+ 022
Hematocrit (%) 3477+ 1.94 4204+ 308" 3568+ 2.46 38.52+ 2.54***
Hemoglobin (g/dl) 11.30+ 0.57 1371+ 0.98*** 12.09+ 0.85 1241+ 0.80
MCV (zm?) 84.30% 275 27.44+ 1.62°7* 83.49 + 3.81 2830+ 1.48™*
MCHC (g/dl) 3254+ 188 3261+ 038 3386+ 0.77 32.22+ 0.58™*
Feritin (ng/mi) 1880+ 9.17 20.79 + 7.11 19.57 + 7.10 16.89 + 7.54
Serum iron (zg/dl) 48.43+30.7 87.43+ 327" 4514+ 233 77.43£29.9
TIBC (pg/d) 362.86+ 412 352,14+ 509 367.07 £33.6 373.71 £ 450
1S (%) 1287+ 7.58 2427 + 7.10""* 1244+ 6.43 20.68 = 7.20"*

1) Values are Mean + S.D.

2) Significantly different by paired t-test: *p <0.05, **p <0.01, ***p <0.001
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3097 BEAI7) % FntEadE, dRIEY 55, 84
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Aodotgel e AEYRAE F eI EE HE
AA e A 37.2%0 BEF F 40.7%2 FAHA F
V2 B3 (p<0.05), AlEldE BEAIZ A9 37.68%
oA 39.9%2 A F712 B} (p < 0.01). X3
8 5 AEde BEANF 29.42 ng/mlelM 19.71
ng/mE ZAEgoy EdAHY Z3EE HEAANE
BEA ol 23.0%04 28.0%% FHoE F7te
pei=g
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oM 40.74%%, AEIFZH FE= 11.29 g/dlieA 13.28
g/dl2, 8% #Hgesss 13.359004 19.03 ng/mlz, &

Table 7. Comparison of prevalence rates of iron deficiency by supplementation in iron status of subjects

Iron supplements group

Iron depletion Iron deficient erythropoiesis

Parameters Criteria for deficiency Pre N (%) Post N (%) Pre N (%) Post N (%)
TIBC (xg/dl) 360< 11 (64.7%) 11 (64.7%)
Ferritin (ng/mb <20 12 (70.6%) 3 (47.1%)
Serum iron («g/dl) <70 9 (52.9%) 3(17.6%)
Hemoglobin (g/dbh <12 14 (82.4%) 0 ( 0.0%)
Hematocrit (%) <36 13 (76.5%) 0 ( 0.0%)
15 (%) <16 8 (47.1%) 1(59%)
Cereal group Iron depletion Iron deficient erythropoiesis
Parameters Criteria for deficiency Pre N (%) Post N (%) Pre N (%) Post N (%)
TIBC (zg/dh 360< 14 (58.3%) 12 (50.0%)
Ferritin (ng/ml) <20 12 (50.0%) 17 (70.8%)
Serum iron (zg/dD <70 22 (91.7%) 16 (66.7%)
Hemoglobin (g/dl) <12 11 (45.8%) 7 (29.2%)
Hematocrit (%) <36 13 (54.2%) 5 (20.8%)
1S (%) <16 19 (79.2%) 11 (45.8%)
Table 8. Effects of iron and cereal supplementation on the iron stafus in anemic and normal children
Anemic group Iron supplements group Cereal group
Pre Post Pre Post
Hematocrit (%) 3381+ 038" 4074+ 075" 33.68= 0.40 3690+ 075"
Hemoglobin (g/dl) 11.29+ 0.12 13.28+ 0.23"** 11.29+ 0.21 1183+ 0.26
Ferritin (ng/ml) 1335+ 1.7 19.03+ 202" 1254+ 1.71 1276+ 3.03
Serum iron (zg/dl) 34.55+ 6.42 81.55+ 873" 37.32+ 277 60.52+ 518"
TIBC (zg/dD 3944 + 7.78 3761 = 7.8 4010 = 7.00 4102 +129
1S (%) 825+ 1.32 22,51+ 198" 925+ 076 1594+ 145"
Normal group Iron supplements group Ceredal group
Pre Post Pre Post
Hematocrit (zg/dl) 3720+ 047 4070+ 131" 37.68% 0.44 39.91+ 0.50"
Hemoglobin (g/dl) 12,33+ 0.20 13.33+ 0.61 12.59 £ 0.16 1412+ 1.43
Ferritin (ng/mi) 40.40£10.3 33.69 + 8.01 29.42+ 233 1971+ 219
Serum iron (zg/dh) 9113 7.56 106.1 = 5.03 93.50+ 23.5 111.50 = 44.5
TIBC (zg/dl) 3320 = 395 3358 +153 3383 + 556 335.0 + 3.40
1S (%) 2304+ 135 28.04+ 1.25" 19.68 %1 296 22.60 + 5.07

1) Values are Mean = S.D.

2) Significantly different by paired t-fest: p <0.05, *+p <0.01, **¥p <0.001
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