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ABSTRACT

This study was designed to assess the iron nutritionat status and anemia of high schoo! students. 383 female subjects in Ulsan
Metropolitan city were evaluated using a questionnaire, and a measurement of hematological indices. The average height and
weight of the respondents were 161.24 + 4.90 cm and 53.12 + 6.37 kg, respectively. The average BMI(body mass index) was
20.43 + 2.26 which was in the normal range. The average hemoglobin(Hb) concentration of the subjects was 13.14 + 0.97 g/dl,
and the average hematocrit(Hct) level was 40.84 + 17.40%. Transferrin saturation{TS(%)} was 20.86 + 10.32%, and the ferritin
level was 26.74 + 19.98 ng/ml. Iron deficiency ancmia among the subjects was estimated at 6.3% by using Hb(< 12 g/dl), 4.7%
by Het(< 36%), 27.2% by TS(< 14%), 26.6% by ferritin(<{ 12 ng/ml). As for clinical symptoms, the greatest number of
respondents reported that they experienced ‘decreased ability to concentrate . Mean daily intakes of iron were 14.89 + 448 mg and
heme iron intakes were 5.04 + 2.13 mg, which was 29.6% of total iron intake. The total iron binding capacity(TIBC) was
negatively correlated with Hb concentration(r = —0.222, p < 0.01). Serum femitin was posidvcly corrclated with Hb
concentration(r = 0.323, p < 0.05) and negatively correlated with TIBC(r = -0.367, p < 0.01). TS(%) was positively
correlated with Hb concentration(r = 0.402, p < 0.01) and positively correlated with serum ferritin{r = 0.413, p < 0.01). As
for the correlation between blood biochemistry and clinical symptoms related to anemia, the Hb concentration was negatively
correlated with ‘shortening of breath when going upstairs(p < 0.05) and ‘cold hands and feet’ significantly(r = -0.109, p < 0.05).
The level of Mean corpuscular volume(MCV) was negatively correlated with ‘feel dizzy when standing up’, ‘tired out easily’, and
‘decreased ability to concentrate’ significantly(p < 0.05). In particular, the level of Fe was negatively correlated with ‘shortening
of breath when going upstairs and feeling blue significantly{p<{0.01). These results suggest that the prevalence of iron
deficiency of female high school students is very high, therefore guidelines for diet supports and nutrition education to improve
their iron status should be provided. (Korean J Community Nurition 6(1) @ 28~35, 2001)
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Table 1. Physical characteristics of subjects{n = 383)

Mean = SD Range
Age 1631 + 0.5 i5 - 17
Height{cm) - 161.24 £ 4.90 150 -177
Body weightikg) 5312 + 6.37 400 - 79.0
BMItkg/m*)" 2043 £ 226 15.7 - 3047
PIBW? 96.63 + 11.10 73.00-144.40

1) BM! : Body Mass Index
2) PIBW : Percent Ideal Body Weight, Ideal Body Weight = {height
{cm) - 100} x 0.9

Table 2. Hematological indices and prevalence rates of iron defici-
ency in the blood of the subjectsin = 383}

- % iron
Hematalogical indices Mean + SD Crlt_er‘la for deficiency
deficiency .
anemia
Hb(g/d)” 13.14 £ 097 <12 6.3
Het(%) 4084 + 1740 <36 4.7
TIBC(pg/dly® 442,67 + 75.14 > 400
TS(%)" 2086 + 1032 < 14 27.2
RBC(10%/mm?)® 464.72 1 2605
Ferritin(ng/mi} 2674+ 1998 <12 26.6
Ferritin(<{ 12 ng/ml} 36.6
andfor TS < 14%
Fe{pg/d)) 88.84 + 39.18
MCVL® 88.07 + 385 82-92
MCH(Pg)” 2900 + 1341 28-32
MCHC(g/dI)® 33.62 +£ 1470  32-36

1} Hb : Hemoglobin

3) TIBC : Total fron Binding Capacity
4} TS : Transferrin Saturation

6) MCV : Mean Corpuscular Volume
7) MCH : Mean Corpuscular Hemoglobin

8} MCHC : Mean Corpuscular Hemoglobin Concentration

2} Hct : Hematocrit

5) RBC : Red Blood Cell
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Table 3. Average daily intake and 9%RDA of subjects(n = 383)

Nutrients RDA" Mean + SD %RDA
Protein(g) 65 6263 £ 16.29 96.35
Animal Pratein(g) 2996+ 11.86
Plant Proteinig) R+ 791
Fat(g) 341 + 922
Carbohydrates(g} 279.6 & 57.32
Fe(mg) 18 1489+ 4.48 8272
Heme Feimg) 504+ 213
Non-heme Fe(mg) 986+ 327
Pimg) 800 9443 + 2447 118.04
Ca(mg) 800 622.1 + 1901 77.76
Vitamin A(R.E) 700 12024 £ 4914 171.77
Vitamin B,(mg) 1.1 096+ 0.27 87.27
Vitamin B.{mg) 1.3 145+ 041 111.54
Niacin(mg) 13 1505+ 4.26 115.77
Vitamin Clmg) 55 1464 £ 594 266.22
Total Energylkcal) 2100 16748 + 347.6 79.75

1) RDA : Recommended Dietary Allowance{1995)
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Table 4. Food frequency of subjects(n = 383}

Food frequency Mean * SD
Eat proper amount 401 £1.19
Kimchi 397 +1.22
Fruit 381 +£1.22
Milk everyday 3.75 + 1.50
Vegetables 3.67 +1.27
Qils and Fat 359 £ 1.9
Green leafy vegetables such as carrots or spinach  3.07 3 1.22
Bean or Tofu 2.65 + 1.09
Meat 2.63 £ 086
Eggs’ 262 + 094
Seaweed 2.46 + 1.00
Fish 2.25 = 0.83
Chicken 193 £ 073
Consider food compounds when eating 1.74 £ 1.22

Score D No = 1, 1 -2 timesiweek = 2, 3 -4 times/week = 3, 5-
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6 times/week = 4, Always = 5 # v =& =gk A
Table 5. Clinical symptoms of subjects(n = 383) N{%%0}
i

Symptoms Never Seldom Sometimes Often (Mei(r:\ori— 5D)
Decreased ability to concentrate 12( 3.1) 149(38.9) 127(33.2) 95(34.8) 2.80 + 0.85
Tired out easily 260 6.8) 140(36.6) 124(32.4) 93(24.3) 2.74 + 0.90
Shortening of breath when going upstairs 33( 8.6) 174(45.4) 114(29.8) 61(15.9) 253 + 086
Feel dizzy when standing up 39(10.2) 179(46.7} 87(22.7) 78(20.4) 253 + 093
Poor memory 360 9.4) 184(48.0) 102(26.6) 651(15.9) 249 + 0.87
Cold hands & feet 95(24.8) 114(29.8) 66(17.2} 107(27.9) 248 + 1.14
Have headache 63(16.4) 173(45.2) 76(19.8) 71(18.5) 240 £ 097
Catch a cold easily 73(19.1) 150(39.2) 94(24.5) 66(17.2) 240 + 0.98
feel dizzy always 88(23.0) 169(44.1) 71{18.5) 55(14.4) 2.24 + 097
Diificult digestion 92(24.0) 175(45.7) 59(15.4) 57(14.9) 2.21 + 098
Suffering fram constipation 117(30.5) 140(36.6} 64{16.7) 62(16.2) 219 £ 1.04
Feeling depressed 84(21.9) 197(51.5) 58(15.1) 44(11.5) 2,16 + 0.90
Inflammation in inner mouth 140(36.6) 167(43.6) 34( 8.9) 42(11.0) 1.94 £ 0.95

1) Score : never=1, seldom= 2, sometimes=3, often=4
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Table 6. Menstration state of subjectsin = 383}

Menstration state N* %
. Yes 382 997
Menstration
No 1 0.3
. Ireepular 167 442
Menstration state
Regular 211 55.8
< 3 days 11 29
Duration of 4-5 days 127 333
Menstration 6-7 days 189 49.6
7-9 days 50 13.1
> 10 days 4 1.0

* . There are differences in the numbers because of missing data

Table 7. Pearson correlation coefficients between hematological indices

FeH
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Table 7ol ¥ A&k 43348 Yeliid. TI-
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g} oo} ARAAE BT, TIBC(r= -0.182, p <0.01)
= 2o FURAE Ve, gL gies §
A - o]498(1992)8] ATFNME BF ferritin =7
Hb 5%k, Het B, SHHE £ TS Fo)g ko] Ao
BA7 98L& Bag u) e

Table 8ol FNAES} )57 FRAAE e}
Wi, thA3eg RBC, Hb, MCV, MCH, 3 Fe,
ferritin, TS5-& U4 5443 &9 AuBA #AFL &
olx, TIRCE 9454w 2o <o AdaaAg 2t
= A%gez et Hb 55& Adg 08 o &) 2}
t(r=-0.119), ‘&do] At (r = 0.109)7F #H &
o FaaAE veEian(p <0.05), FFo it de
p <01 FZoljr o] JHPASE Vehiickr = 0.085).
E MCVE 2t dojubd oAy (r= -0.103). 27

Hf"::;?lzf'cal Hb Het MCV MCH MCHC Fe TIBC Ferritin TS
Hb" Z
Het® 083 -
MCV? 071 002 -
MCH® 079 - 001 015 -
MCHC® 028 000 ~ 002 - 002 -
Fe 437 037 095 ~ 038 - 002 -
TIBCY —222% 030 052 _ 106* 021 - 182 -
Ferritin 323% _ 015 065 026 078 3487 — 367 -
Ts” 402+ 033 090 -0 ~ 010 946% - 049 e -

*1p < 0.05 = :p <001

1} Hb : Hemoglobin

4) MCH : Mean Corpuscular Hemoglobin
6) TIBC : Total Iron Binding Capacity

2) Hct : Hematocrit 3) MCV : Mean Corpuscular Volume
5) MCHC : Mean Corpuscular Hemoglobin Concentration
7) T5 : Transferrin Saturation
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Tabfe 8, Pearson corrrelation between hematologic indices and clinical symptoms(n = 383)

Symptoms RBC" Hb? Het”  MCV®  MCH?  MCHC® Fe TBC”  Feritin  TS”
Feel dizzy when standing up 072 -.072 .073 -.103** - .050 021 -.069 050 -.053 -.058
Sh;’:::gg :gs?ar?r:th when _074  -119% 070 -.099* 076  O0B4 - .142% 008 - 077 - .128%
Inflammation in inner mouth -060 -.018 051 - 049 007 007 -025 010 -.014 -.020
Tired out easily -.053 -.069 .060 =.101** - 044 07 —-.053 012 —-.011 ~.048
Frequent cold -.023 -.048 -.079 -.075 -.025 030 - .006 .008 —-.049 ~.008
Have headache -.010 -.085* 068 -.036 -.086* .084* - 055 059 -.071 ~.055
feeling blue 003 -.042 -.018 -.075 - 1072 - .007 -.111* 045 —-.142%F ~ 118%
Cold hands & feet -.023 —.109** 055 -.074 .055 .018 -.062 -.047 -.014 - .046
Suffering from constipation 038 028 -009 -0Nn 089* 044 021 013 009 008
Reduced concentrate 042 050 078 -.106** —.043 076 00 019 049 ~.016
Poor memory 019 036 092 -.083 - 023 .ggi+  -.035 -.023 067 ~.038
Feel dizzy always 061 - 041 .088* -.024 -.024 -.014 -.078 076 - 097 -~ 086*

*1p <01, % 1p <005 +++:p <001
1) RBC : Red Blood Cell 2) Hb : Hemoglobin
4) MCV : Mean Compuscular Volume

=z (r = -0.101), FF=He] AT ¢ = - 0.106)2
p <0.055%0A &2 AAAAE bl 83 Fer:
= AwE 25 o go] Aok (r= -0.142, p <0.01), %-

3 (r= -0.111, p <0.01)$ B2 54349 £ 4
AAAES WYD forritin 2= SLIF (r= -(.142,

p <001 &9 AdRAE L}E}Lﬂﬁ“? TS(% Y= At
LE v #o] A= -0.128), 2 r = -0.118)%
p <0.05 &AM &9 4AaAE JeRiG. o)g
ol AR B9} Y4 F4e] ARTATE glgo] veloern
2 JAEAE A BEsl AYETE B ER 9
AN S o2 B Fo] desittm Bl

29

X AE

B e 44 GAE g oeR dto] AF g3
£ H715l7] st ghE B-Mstn ARAE Bt 94
48 A ARGWTHE Fotskgo

1) ZA4AA AA9 2RYHE 2R A4 A5
161.24 + 490 em 2 53.12 + 6.37 kgolle™ HFAA|
FHAF(BMDE 2043 + 2.2602 Qadel £ o PI-
BWE 96.63  11.10%°l%it}

2) ZAF diAdAte] g HbsEs 13.14 £ 0.97 g/dl o
A2, HF Het{E 40.84 + 17.40%°10h. TS(%)=
20.86 + 10.32% = YERGo ferritin %% 26.74 =
19.98 ng/mle)ch. FAMSA T AE A¥4H W8 Hls
& Hb(<12 g/dDE& 712 &9 6.3%, Het(< 36%)
283 47%, TS(< 14%)e 27.2%, ferritin(< 12 ng/ml)

5) MCH : Mean Corpuscular Hemoglobin
7) TIBC . Total Iron Binding Capacity  8) TS : Transferrin Saturation

3) Het © Hematocrit
6} MCHC : Mean Corpuscular Hemoglobin Concentration

o2 26.6%22 VIRt Fenitin 559 TS(%)8 20l
AFR2 AHLPE S, ferritin 5571 12 ng/ml Bk 2A
U TS7H 14%5.0h @2 u]&-2 4A] gidate] 36.6% =
5l o] Hig Hlss) vi e 252 & 5 Yh

3) ZANRAAE] okh HFH SRS 1A, 9, HlEHIA 1]
e}9l B,, ttolobal vlEM] CE A9dlas BE 4Yi A
F ol AAFRT BA JEldel. AE 80% W 4
3 i ZE, FEDoINe, AR 432 3%
o) 82 72%, v} B2 87.27%, ©uid 7 AHFL
62.63 go 2 I WAkl 96.35% & LIyl BE 4
FHZE 14.89 + 4.48 mgol}il ©] F heme BE HHAF
2 5.04 + 2.13 mge|{3l. nonheme & HH L 9.86
+ 327 mgo.2, A ¥ 433 F heme ZEF nonhe-
me 252 43882 7kt 29 6% 9} 70.4% = vhebykoh

4) ZA AR 4 FAE ‘5] dolAk st Al
4 A Jepdon o ooz YA w23t AdE
R.F wf o] A} o2 Fde] vehgten ¥ "iu)st
Q¥ $-EEY, Yote] ey = Fo) A ERR] &
= Aoz e

5) WA FE7e] 4AFAS A TIBCE Hb ¥k
(r=-0.222, p <0.01)¢ &< A g Vehi L, fer-
ritins 5= Hb FX9h 4] A e = 0.323, p <0.05)
2 BT, TIBCH: &9 4aaAr= -0.367, p <0.01)
VEligie ™, TS(%)= Hb 5= = 0402, p <0.01),
ferritin $%(r = 0.413, p <0.01)¢} <ko] 4ABAZ
230 ei=N

6) QA E3} vy gAEdnte) ARdAS

=
=

29 Hb



FTEES ALE L8 o Hol AY, o] Ak otE
47 FoHQ £ ABRFAL Jehdon(p <0.05),
MCVeE "9t} dojupd of gy, A W 2sic}, ‘FEe
o] Hojrts} &9 freldel #AE vehickp <0.05).
53] Fe'skt Add 28 9 o] A, &8t o
< ol g9 ARBAE BycHp < 0.01),

ol el AT ARE Falo AR Y Ael WA
e AR A e ¥ ferritin FRE 71EL
3 AR AY H]&o] 266%E EA Jehgn, EF fer-
ritin T3 TS(%) & 2] ARZ AHE§S S 44 o
A2 36.6%7F AF AR HALEHSL g et
8 vt A A9 A%h A3 go] Azt Huly
QA FLEFY defel gl 4 AT F2) @A U
Eh, o] e8] AR dditeie) EAHS A4 )8 &
AN717) A1E A% 2 Fu5) wesn By wa
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ZaoF & RoE Al )

BAg2d

19982 e} - o k2 AH1999) © Bt B B

A3 - W3]<d(1993a) : Falie}l F2 Aol ofAle] Byl el
olel L F= Aol 2ol FA(D): Yelle] AReoke] X
o W)= ol B4, P Y]] 26(6) 1 692702

AsH - W F(1993b) 1 $-2be} B Aal o] A A Bdofidg]
olo Aate T o) 29l BN : F& A E2] A ¥AH
AL AT R EE ok FFY e A 26(6) : 703714

Aez] - ddd - Hodd - HEE - 354 - S w5 o9
A(1998) : FAHA 2F32 S04 A AAPHNY S
sl 9 Ao)obe] FAl. HeFE o 578 %] 33(2) : 215-223

WA - o] e (1992) @ el WiAle] AR A ek o okabe o)
gk o 7. g oFar e A] 25(5) © 404412

T - &05(1998) - A S-S uivhd] #A% QAT AF

2 Y R AT WAl 2 AL o perEa] 32) ¢ 202209
nm . Hn - A% - o} U1995) 1 YT ok, BUEHA}
A - & A -0lgu)(1989) - Fande) e AE, A4 545

ek ¥ Ao st A7, I Sw YA I 4761

50 - A90(1998) 1 A A E IS A HRdFde e B
{ AT A AL 93] & 3(4) 1 556-564

EFA - o]AE - FEr)(1999)  AAPA WY o ma)2] Hio|y
F 37 2 ARl S uAL ofskaq B4 §F
of of&F5) ] 32(7) : 787-792

Frd - olodd - o1 5(1998) : B Yo TU e sk v
A& 9% Y Q7 FFY YA 300 ;3645

ol A4 - F9AH1997) 5 - 2EE L) AldgA T ook A
e o} 2] A =) of 4l F o o8] <] 2(3) : 294-304

a
i

4 Kl

Fed

- q]-,xol-.ﬁ_ .35

o174 - AFH - 2pE|(1990) - 3P A Al Fale) @AY
AT H 2§ 16(1) © 48-61

ol - AL - AvA(1997) : AT AY An A ¥y
ol B ot @) AL F GFEER] 4(2) 1 139-148

o17]d - E£4-A(1998) : 2|4l o <ksl, pp.536-540, =&}

ol4s} - o] e(1983) : &AW S FH4Fe| A4 @i dof
AHAH B # st BA. A FHA 211D : 3748

o - qA T - S 3(1980) : e A4S YAE YA
A B Fdofabdlel B8 dF. e 954 1302)  B2-90

HFEY - 4AY - o] DE - F5A - o) - A FA(1997) 0 S84
8 Ao oRdelel oixle Auistd W 24 FFy ety
2] 30(8) : 960-975

e F - AlgE el AR - FEF - A 2D(1997) 1 A EA
o9 Ay A Y S % IPYN. PR
30(3) : 326-335

e 2L - AAEN99) : 24 YR ge] Aiedokay
et Wl B8 A7 @4 F S o784 28(5) © 1151-1157

Bainton DF, Finch CA(1974) : The diagnosis of iron deficiency ane-
mia, Am J Med 37 . 6265

Beaton GH, Myo Thein Milne H, Veen MJ(1970) : Iron requirements
of menstruating women. Am J Clin Nutr 23(3) © 275-283

Cook JD, Lipschitz DA, Miles LEM, Finch CA(1974) : Serum ferri-
tin as a measure of iron stores in normal subjects. Am J Clin
Nutr 27(7) : 681-685

Cook JD, Skikne BS(1982) : Serum ferritin : A possible model for the
assessment of nutrient stores. Am J Clin Nutr 35(5) : 1180-1185

Du S, Zhai F, Wang Y, Popkin BM(2000) : Current methods for es-
timating dietary iron bioavailability do not work in China. J
Nutr 130(2) : 193-198

Finch CA, Cook JD(1984) : Iron deficiency. Am J Clin Nutr 39(3) :
471477

Gibson RS(1990) : Principles of nutritional assessment, pp.349-472,
Oxford university press. New York oxford

Herbert V(1988} : Recommended dietary intakes of iron in human.
Am J Clin Nutr 45 : 679-686

Lee RD, Nieman DC(1996) : Nutritional assessment(2nd ed), PP-
405, Mosby-YearBook Unc, St Louis, Missouri

Looker AC, Dallman PR, Carroll MD, Gunter EW, Johnson CL(1997)
: Prevalence of iron deficiency in the United States. JAMA 277
(12} : 973-976

Maeda M, Yamamoto M, Yamauchi K{1999) : Prevalence of anemia
in Japanese adolescents : 30 years' experience in screening for
anemia. Int J Hematol 69(2) : 75-80

Mortenson GM, Hoerr SL, Garmer DH(1993) : Predictors body sa-
tisfaction in college women. J Am Diet Assoc 93(9) : 1037-1044

Skinner JD, Salvatti NN, Ezell M, Penfieid MP and Costello CA
(1985) : Appalachian adolescents’ eating pattern and nutrient
intakes. J Am Diet Assoc 85(9) @ 1093-1099

Spear B(1996) : Adolescent Growth & Development. In : V.1 Rickert,
ed. Adolescent Nuirition, Assessment & management, pp.1-24,
chapman & Hill



