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ABSTRACT

To evaluate iron nutritional status and to comparc biochemical indices used for evaluation
of iron nutriture, fasting blood sample was taken from 96 Korean female college student
and hemoglobin(Hb) concentration, hematocrit(Hct), serum iron, total iron binding capa-
city(TIBC) and serum ferritin concentration were measurcd and transferrin(TF) saturation
was calculated. Prevalence of iron deficiency varied from 42 % when judged from Hb conce-
ntration and Hct to 38.5% and 40.6% when TIBC and serum ferritin concentration were
used. TIBC was negatively correlated with serum ferritin(r=04561, p<(0.001), while other
indices showed positive but less significant correlations(p<(0.05). Regarding iron status
judged by serum ferritin was regarded as true iron status, the present cutoff points ol Hb,
Hct, serum iron, TF saturation were very insensitive in identifying the subjects with iron
deficiency. Only TIBC was suitable for detecting iron deficiency in the study subjects. Tt
is concluded from the study results that iron deficiency in young Korean adult women
would be significantly underestimated with presently uscd biochemical measurements except
TIBC and new cutoff points of these indices were proposed based on scnsitivity, specificity,

measured prevalence, and positive and negative predictive values.
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NAF AZHL Ag Athe] AFFe 19~24
Asl ANAZ A7 BAA HE 2 HBES T
AgHez FARNE A

9% 96E L YYo=
AA A EAL 12430 o] A T5F 4
ol x] AFHBHh AT Ao RS
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o R B FIAA S Ee
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Hb% 5= cyanmethemoglobing o] &3 colori-
metric method® &, Het cell counter(Autornatic
Hematology Analysis System STKR, Coulter Elect-
ronics INC, USA)E o[£3lo &gt €%

23 TIBCE colorimetric methodE o] &5 &
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Table 1. Evaluation ot iron nutritional status asscs-
sment indicators as screening test for rrue
iron deficiency judged by serum ferritin
level?®

Serum ferritin

Deficient  Normal Total
Assessment indicator
Dclicient a b a+b
Normal ¢ d c+d
Total a+tc b+d N

sensitivity=a/(a+ c)
specificity=d/(b+d)

measured prevalence= (a+b)/N
positive-predictive value=a/(a+b)
negative-predictive value=d/(c+d)

Table 2. level of biochemical indices and prevalence tate of iron deficiency in the blood

of the subjects

Criteria for No of subjects

Mean=+ §.D. deﬁciency below criteria

N (%)
Serum ferritin (ug/l) 26.32+ 24.47 < 15 39(40.6)
Serum Fe(pg/100ml) 99,72+ 45.26 < 6019 19(19.8)
TIBC (pg/100ml) 348.38+ 54.07 360! 37(38.5)
Hb(g/dl) 13.49+ 1.07 < 1929 4( 4.9)
Hct(%) 40.07% 2.51 < 362%) 4( 4.2)
Transferrin saturation( % ) 29.14% 18.77 < 1519 12(12.5)

*Total number of subjects is 96
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Fig. 1. Distribution of subjects by different biochemical indices of iron nutritional status.
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Table 3. Prevalence of Fe status indices in subjects

of iron deficiency and iron overload
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Ae ¥ 29 A9 E bre dAS A &
Aol s)Fas tdRte] B &2 Table 3¢ #|A|
= o] ol & EZE(iron depletion) BAE= A
Feo]l 743 dAZ €3 ferritin &7} 74
gt} 38 AR A FH (iron-deficient erythropoie-
sis) @ACME B3 HEo] 60ug/dl o w
vk TIBCYY A58t TF X3 %7 15% 1]
gho 2 Holx A fch 2 Z¥ A ¥E (iron-de-
ficiency anemia) @Al ME HA HE o] 40pg/dl
vigte 2, E3 fermund 15pg/dl Fivte = A
3h1 TIBCE 410ug/dl o)At e 2 F7hgiuh. 2 x4}

according o sequential stages in the development

Iron Iron Iron deficient Tron deliciency
Normal . . - ’
overload depletion erythropoicsis anemia
TIBC 18(18.8)2 41(42.7) 18(18.7) 5( 5.2) 14(14.6)
Serum ferritin 0( 0.0) 21(21.9) 36(37.5) 39(40.6)
Serum iron 6( 6.3) 25(26.0) 46(47.9) 14(14.6) 5( 5.2)
Transferrin
ransiers 3( 3.2) 41(45.2) 39(41.0) 12(12.6)
saturanon

2 Number of subject (percent)
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Table 4. Correlation between biochemical indices used lor assessment of iron nutritional status

Transferrin

Hb Hect Ferritin TIBC .
saluration
Hct 0.9431%*#
Ferritin 0.2539* 0.2095%
TIBC —0.4494%*% = —0.3624%%% —0.45617%"
Transferrin saturation 0.4595™%" 0.4464%"* 0.2867%* —0.50017%"
Fe 0.4542%%* 046167 0.2076* —0.2780%*  0.9578"""
2-tailed significance . *p<(0.05, **p<0.01, ***p<0.001
R RE 2] 2 @R 79 (iron overload) 7o) (a)
Sl WAAE TIBCE AMgae BYE A .
74 o e ARE AT AslE e 120 .
dol 3RS Ao AYH A¢E A fe )
Aoz Azted, 2
= 301 -

2. 82 @7t NF vl Y Wt £ ol . v
Table 49} Fig. 2 24 tiddge 4% 29 4 ceage "
B7h A3te) ABAAS e Aotk Z A £ PTIN Frs
Fe AT 4979 FBBAE RAL <0 20 st
05) B3 ferriins E92] AP = TIBCE A o o ..'- _?i.‘?z “ -
gslneE ve Ho g ol goA AAE HE 8 9 10 11 12 13 1415 16

2% B3 An vzsva s Hemotobin(e/dD
Graitcer 192 Hb3 HotHAN7} AA2 2o (r=02539. p<L0.05)
SRRIA NYE B S A2 Ak A (D)
ta Hark & Hotg AH4Re 9 3L :
Hb %9l ojdolSe] 1~10%7 Mgz Ags | ]
gom HbEES 71F02 YR FHY oY g0
olEe 20~50%7t BHHY HakE& Uehl % 4 .
k. WA feritin} TIBCE the dPIAE 3 E ..
AV r=—023 (P<0.05), NEH gF 2 5 P2 "
go] ¥ FAMGHE r=—076(P<0.001)E & a0 . _'_‘_ - - .
29 43 BAZ Ve e
AR Jie 25 olw kA Wyl 9 g L R
&317] Bore oJdvhA e A% = o R R
=24 2gatd Ag3t= Aol Basith. Cooks TIBC(pg/dl)

W2 1,564 9 A7 I ZAbe A whek g7bA
AAZ AR RS WA &3hd NP Ee] 109
%82 AA 8.3%H} o 2% 2717 AAME
v A 2FL ¥¥EEe] 28292 371A H
AZY HI A DL NEEC] 8% FU L B

(r=—04561, p<0.001)

Fig. 2. Plot of serum ferritin concentration with (a)
hemoglobin and (b) TIBC of the subjects.
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2 E2E 83 AR Qg vy He] (day-to-
day) & ZAlele 95% AFF3L 20% AFE
A dag 2AAFE T3 23 Hb, Ha, TIBC,
A ferritin 19, plasma transferrin receptors<=
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gyo g A sted Hb, Heto] JHQIW Weo)rt &
AEe duztgont A wa} B ferritind
2o FEPS AdE s 9% A"t 7
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Aol W A 77t 23 Aoz A
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A T8 0] ¢ Fol A Hb, Herd A ferritin 55
Abolofl ok} AFRAATL Akl E1F 2™ CookE
Dol o M= TIBCS ¥F ferriingtel] 22
FABAZ BEEH 47 B A7 AT} b8
Gk TIBCE T A F A e o588 #2331
AA ¥ 2Y delele F2E G A9y
F 9 A0l Qo) M HA ferriind §r B2
A9 N8 BAse {83 Az gk

3R ferriing =0 o3 AR de H7E 7
o2 e AR AFE2 1 71X FFAHL
2x2 Table® ZA8ke] Table 5, 6, 70] A A D
vhebte) AZFHATE Table 5= HbyZ S @A)
ALS-3he 12g/d1E 71EA 2 AHE-SE W 498

ekl Zolth. o % 7122 HEHE W, sensi-
tvit7} 919 ol A 2WY ARE Fotd B
&o] o9 v Uk speicificity$} positive predic-
tive valueZ} 12 Hbs 57} 7|2K ) e sz
ESF 84 ferritin s © % 7|E X olstgr}. o] uf,
negative predictive value:s 0.622 4o 2 B3 H
Arge 88% 7 AARE ¥R ferriting 27} 71
A o)ttt ol dA S HbHAA 71Fe] £ of
BAAZA e UE @A AASASS A4
oz sAT. 747 g2 4987A HbeEES
Ab&-3 4] Table 59} o] A 4+gk 2 77} Table 6]
2o} Qo

Freire?& Hbo] ¥1¥ %7}e] X E & o] &5 7)
AaM e e 2AE HEAACk Foha A A
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Table 5. Comparison of the cvaluation of iron nut-

ritional status by hemoglobin concentra-
tion with current criteria of 12 g/dl

Serum Ferritin(pg/1)

Det Normal  Total
(=15) (>15)
n
Hb(g/dl)
DelP(<12.0) 4 0 4
Normal( =12.0) 35 57 92
Total 39 57 96

2Sensitivity = 4/39=0.102
Specificity=57/57=1.000
Measured prevalence=4/96=0.042
Positive predictive value=4/4=1.000
Negative predictive value=57/92=0.620
EDef. b : Deficient

Table 6. Evaluation of different hemoglobin concentration for identifying true iron deficiency judged

by serum ferritin concentration

Curoff Predictive value
Hb Sensitivity Specificity Measured

(g/d1) prevalence Positive Negative
12.0 0.102 1.000 0.042 1.000 0.620
15.0 0.333 0.912 0.188 0.722 0.667
13.5 0.539 0.649 0.427 0.512 0.673
14.0 0.718 0.368 0.667 0.438 0.656
15.0 0.949 0.035 0.958 0.402 0.500

*Cutoff point for serum ferritin for idendfication of iron deficiency was 15 pg/l.
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predictve valueZ} ] 322 Yig 2 SR 9 Alghol
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B¢ Ecuadord4HH-E tides AR ZAPLL
Hrhg A7lA Hbe Fgs B 7|FEL 18.3g
/A1) B} Garby%Vo] B E S 3597 &) Sweden
A A4E gaes A HEd oE Bee
Agos AE AUE Wrkd QTN 2%
ol 2¢] Hb#A Zlgez 12.5g/dl7} HFsidn
sto] @AY Wt 7120 RABEE AHFAh
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ER-EE

B A7 AAE Freire?7} AAF 2
LB dFeE OE F AT
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A A

] 2] sensitivity,

o]9) ) FE FH 7t AR S
*}%51% H7t 7l AL
specificity, measured prevalence, predictive value
Eo] Table 8o #Ajde] it
Z1Ed A He TIBCECIH UmA=
sensitivity7} 3 specilicity?} el #ajel &3
71l HE BEg AlAbE] Euh 2 A FE
)3} Table 6 AAIE A7 22 Wyoz &
8k 7|22 2ol Table 99 A A8-G T} TIBCS
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Table 7. Comparison of proposed cutoff value of Hb by different investigators

Researcher Garby et al 29 Freire 200 Prescnt study

Study subjects Adult women Pregnant Young adult
(N=3559) women(N=412) women(N=96)

Proposed cutoff level 12.5g/dl 13.3g/dl 13.5g/dl
present cutoff level?® (12.0g/d1) (11.0g/dl) (12.0g7d1)
sensitivity 0.30 0.66 0.54
specificity 0.83 0.65 0.65
True prevalence 0.17 0.62 0.41
Measured prevalence - 0.54 0.43
Positive predicdve value 0.47 0.76 0.51

Table 8. Evaluation on present cutoff level of different biochemical indics for iron deficiency

Predictive value

Cutoff points  Sensitivity Specificity Measured
prevalence Positve Negative

Hb (g/dD) 12.02® 0.102 1.000 0.042 1.000 0.620
Het (%) 5628 0.105 1.000 0.042 1.000 0.626
Serum Fe(ug/dl) 609 0.307 0.877 0.198 0.632 0.649
TIBC (ug/dl) 36019 0.615 0.807 0.365 0.686 0.754
Transferrin

1519 0.282 0.982 0.145 0.917 0.663

saturation( % )

- 699 —



Ao ge) BELY

A1

o

H7h AF H@

Table 9. Suggested cutoll levels of different biochemical indices for iron deficiency

Predictive value

Suggested cutoff Sensitivity  Specificity =~ Measured
prevalence Positive Negative
Hb (g/db) 13.5 0.539 0.649 0.427 0.512 0.673
Hct (%) 41 0.652 0.491 0.558 0.45% 0.667
Serum Fe(ug/dl) 85 0.564 0.737 0.385 0.595 0.712
TIBC(ug/dl)* 5600 0.615 0.807 0.865 0.686 0.754
Transferrin 29 0.539 0.804 0.337 0.656 0.714
saturation( % )
“Same as present cutofl level
AgHE BN B ¥ e £EoR JEdth  Z0Z BAd. E ATdAE 24 dae Ao
35V Hbe o 8% WY B4 JFA= B 24 €8S T SeU ol5EY Be
AT A AL B 1EA By 28 5L 14 JAEL X ¥ste B #EY & 79 =3 ]
gdig AddAed o8 2o Sae 4% dano

-
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positive predictive valueiz 0.5602. 2 v}el} A A
Hlgol Al & FHAQlow Any= 279 F
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B AR 4 4598 ¢+ AT E Ha
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76.2%, 40% 2 & Aol 42922 iAo
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AetstG =0 o= 7jEL Z A 2wy false nega-
tive ratce 36.8% 2 Q%9 FEo| telAr

GarbyS2D o] ~gdle] 749 of A4 395 9] HE
28 &3 AT A false negalive predictive value
10%, false positive predictive value 82% & %8
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3} false negative predicrive value 21 %, false po-
sitive predictive value 17% 2 13 8ohH He o
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