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Hemoglobin, Hematocrit and Serum Ferritin as Markers of Iron Status

Chung, Hae-Rang * Moon, Hyun-Kyung * Song, Bum-Ho - Kim, Mi Kyung*

Nutrition Research Division, Korea Advanced Food Research Institute
*Department of Foods & Nutrition, Ewha Womans Universily

ABSTRACT

The iron status of 57 female college students was evaluated by measurements of hemoglo-

bin(Hb), hematocrit(Hct) and serum ferritin (Ferritin). Mean values for Hb, Het and Ferri-
tin were 13.9+ 0.96g/dl, 414+ 2.85% and 20.7% 15.5ng/ml, respectively. Ferritin as well as
Hb, Hct were not statistically different from normal distribution, although ferritin were
skewed to the right. The prevalence of anemia defined by Hb <{12g/dl, Het £36% and
Ferritin <{12ng/m! were found to be 5.3, 103 and 36.8%. respectively. By using Hb as a screening

tool at a cutoff point of 12g/dl, 2.8% of healthy subjects will be incorrectly classified as anemic

and 90.5% of anemic as healthy. Sensitivity and specificity were calculated at various cutoff

points of Hb and Hct. The estimates of sensitivity and specificity allow Hb 14.0g/dl as cutoff

point for good predictor of anemia.
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Table 1. General characteristics of subjects

MeanZ $.D Range
Age(year) 19.5+ 0.6 18—21
Height(cm) 160.0+ 48  147—172
Weight(kg) 53.0% 5.6 43— 68
BMI 20.6x 1.9 17—27
Blood pressure{(mmHg)
Systolic 119 9.1  98—146
Diastolic 70+ 7.5 54—86
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Hb¢} HetE &A% A A ferriins &4 3}
Al Hbe} Hcas Y SvsmaxAle) Cell counter
(model K1000) 2, ferritin€ double-antibodv '*°1
radioimmunoassavmoﬂ 2]&] Diagnostic Products
CorporationA} €] kitg o] &3&te] E X519t
29" A4RE 2 YA NERE 48D
1 E ¥ 7} A 38 E 8= %] Kolmogorov-Smirnov
testol] 93 AZTsFHH. NP NEAE
WHOS 9¥4 Wd A8 91487 Agsle
Aoladz 71229 Hb 12¢/dl, Het 36% 2 3+9]
o1, serum ferritin®] 7] Worwood2? o] 2]3)
A A E 12ng/mlZ 3G} Hb, Het 2 serum ferri-
tin 7ol A TS B 7] 9351 & E 71| Pear-
T3te] vl
LT ERE

son’s correlation coefficient?® & F#

Hb, Hced} ferriting] #AE

o
BYYEl T 99 DR FYsE 1]
dstel 3 ARAHES NLSA NGE ferri-

ino2 B4 U2 el Aol ta Hbuh Hoe2
FAFS W9 sensitvity, specificity$} false-posi-
tive, false-negative rate & positive, negative-predic-
tive valueZ Table 29} Z-& ¥yl o 2 A3}

Table 2. Tabulation format for the comparison of

Hb and Hct as screening test for ane-
mia*

Serum ferritin

<curoff(+) >curtoff(—)

Hb or Hct
<Zcutoff(+) A B A+B
>cutoff(—) C D C+D
A+C B+D N

*sensitivity=A/(A+C), specificitv=D/(B+D),
false-positive rate=B/(B+ D)

false-negative rate=C/(A+C)
positive-predictive value=A/(A+ B)
negative-predictive value=D/(C+ D)

5. o37]1 4 sensitivitve AA Aol AA Atgho]
I A &) Aol gle Aoz e He
AL E, specifictvie A 2 Ao AIA ¢
Abghol AL At Aol ZeA] e RAoE &
A= 5 S 23t} False-positive, false-negative
rate-Q Z+z} AA] Aol Aol AL ATt A o)
Ae Aoz, Aol e AMde] A Aoz
2% AR d F5& watm, positive-predictive va-
luess A4 93] Ago] e Aoz AHFA
AlE AA Aol 9l ¥l&E, negative-predic-
tive valuex ZAAlo] o3 AAQ Aoz HWAH
At AAle 2ol e H$E 47 vERiTh

I}

2% o

1. Hb, Het, serum ferritin §39] 23E

Z A A RS 2] Hb, Hct, serum ferritin §F8k 2]
B, BFAA, T4 AN R 2 E 9= Table
33 2okt

Hb 32 11.7-15.7g/dle], Hctx] & 85.0~47.0
% 9] H9oll EEHo AT} Serum ferritin
o] HAzhe 20.7+ 155ng/mlGg ot ¥zt 1.
0~81.0ng/mle 2 W ow, Higtol v %4
wel 20% A= AA vEy 1 X7 9%
=¥ Jog YEsth. Hbet Hadl 3¢-& %
% Fabgkol 2aletel 1 B R} Aol ke
o2 ZAL o} ferriting Aoy HHH
FUgkol O ol 1 ghgo] A%z WFH R
A & ghgel Yt A0E FHHUT Ferri-
Table 4. Kolmogonov-Smirnov p-values for testing

normal distribution of data

M&.ﬁl»‘.ﬁlrﬂ

p-value
Hemoglobin 0.352
Hematocrit 0.217
Serum ferritin 0.267

Table 3. Mean, Standard deviation, median, Mode and Range for Hb, Hct and serum ferritin

Mean S.D Median Mode Range
Hemoglobin(g/dl) 13.9 0.96 14.1 13.6 11.7~15.7
Hematocrit( %) 41.0 2.85 42.0 43.0 35.0~47.0
Serum ferritin(ng/ml) 20.7 15.5 16.5 3.4 1.0~81.0
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Table 5. Correlation coefficient and regression equation for Hb, Hct and serum ferritin

T

Regression

Hb vs Hct
Hb vs ferritin

0.9467%%*
0.5396"

Hct vs ferritin 0.5591 =%

Hct=2.284+2.81 XHb
log(Fer)=—1.624+0.20 XHb
log(Fer) = —1.7840.07 X Hct

##*significant at the a=0.001 level

tin &3 300ng/ml o]4o]d iron overloadZ X
EH) B 2AGRRA F old dgEe Aee
& HE A

Table 4= 2 FAMNAAE2] Hb, Hc, ferri-
tingto] AFEE 322 B7] 93+9 Kolmogo-
rov-Smirnov testE 3 Z3o|t}. Hb, Hete E8
ferritin®. 25 B+ X3 che 7Hg o A Blojyx
Wt Aoz vEhdd. CooksO0) 948 F
JFzAe) Fold 20-5049) A P 212}
17499 1529 € oo B AlAE Wy
B ferritno] S5t AHE LS 2
L2 veEgo

Hb, Hct, ferritin7te] ztzvo] a7 e 3|7
2Jo] Table 59| A A=t} Hb g3} Heex| 7t
e r=0.9467(p<{0.001)E HL AAAAS B
Fon 1 E 719 AA+ ((Hematocritx]) =2.98
+2.81(Hemoglobin &3))9] 3A4 e 2 eyt
t}. Hb9} serum ferriin ZHoll&= r=0.5396 (p<{0.
001) 2 2 (log(ferritin  §HgF) = —1.62+0.20(He-
moglobin 3}&)>9] WA E, Had} serum ferritin
ZHll= r=0.5591(p<C0.001) 2 & {log(ferritin g
&) =—1.73+0.07 (Hematocrit] ))&} #A & B g
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d7kAl= AEEE o] AL 2AETEIE 70 o
Rz 2AE FEE I QAP 2 G THE S

B gzte) AL 7009 10.9% A 7839 10
72 7+ Ary) uusld HodE uawys
& AFE Aom oA 3 ol o] &3
AHGEL HbPorz B ZAME e A

Table 6. Prevalence of anemia against Hb, Hct and
serum ferritin

criteria N(%)
Hemoglobin <12g/dl 3( 5.3)
Hematocrit <36% 6(10.5)
Serum ferritin <12ng/ml 12(36.8)

% AFY NEAT A7 ARE Holth
dol| A52o] A 107 AN F
906% & 422 Z A1 vhol W2 o7} 4o
HF HbE 12.6% 1.30g/dl, Hetls 37.4%3.00% <
v} o] gte B AL AAbe] 18.94 0.96g/d], 41.0
+9285%¢9 H]a] BW Hb, Het % 2 ZAHY
A7 378 Emokth o)A 1Fd IRl A
FEFET) Fol Hog B £ JAon 2
ZAM A o] ZAMHGAE Mg A diE A EA
4 T o A AFAAH FH o] AT
Beo| AeEtt B7] fEor B Fx AT 2
ZAFe] Hb, ferritin®] H{ #+& w2 NHANES
119} ‘reference population’ & 20~444] o z}2]
percentile 332409} W3] ¥ Hbi= 50-75percen-
tleoll, ferritin®  25-50percentilec] 333} H T
Cook 5290] JH4H F AFQ F 7h7ASe A
QoA e AZ 25%0) :HFEE 1,564W S
Aoz ZALEE vlo] 93 serum ferriting]
Fdeko] 18~454] x}e] A §- 25ng/mlZ vreEht
B zZA AR 16.5ng/mlol] B3] =9ttt 1g
o2 B ZARAAEL 9 5AS YRS 9
o] & A Ay BT} Hbe WA ot ferritino]
A vrEeRsEe

Table 62 HAFE) M2 NILALEE A
3 Zlolth. Hbol| 93 W1y #4g-2 12g/dlv| v+
712 2 FFEH ©] k2 WHOR o} 7= 9
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Table 7. Sensitivity(Sn), specificity(Sp), false-positive and -negative rates, and positive- and negative-pre-
dictive values for different cutoff points of Hb or Hct

Predictive value

Cutoff Sn Sp false false — -

pssitive negative positive negative
Hb 11 0.000 1.000 0.000 1.000 - 0.632
(g/dl) 12 0.095 0.972 0.028 0.905 0.667 0.648
13 0.238 0.917 0.083 0.762 0.625 0.673
14 0.667 0.694 0.306 0.333 0.560 0.781
Hct 36 0.190 0.944 0.056 0.810 0.667 0.667
(%) 38 0.238 0917 0.083 0.762 0.625 0.673
40 0.571 0.806 0.194 0.429 0.632 0.763

ALgsln Q& et Hb ggoz #AE
73S ZAMNZAY 5.3%7), Hag 71E28 &
AL 105%7F Wigdg BAH QoY serum ferri-
tine] A9 FA Y AFALS] 36.8% o] d|F Bt 214
o] ¥1¥ 2 WHAGHAUL} o9t o] Wde] AR E
Foll wret 3 gl A Aol sl E Aol

2 WA HgFog EFIAY T 1
weh o] A7t AA Bt mEbA B A A AR
4% Hbl} HaZ @3 A & 27] 183HE0]
A3 9SS 4 £ o, B FA AR B
o $Euel sy d JF3HE BV 9
A& HbRT £¢ HIe EAHFTEHo] 973
o B ¢ gtk

3. Hb, Hetoll 98 Wig#Ag o A= Hut

5% Aol 2 A 28R ¥ ARE
TE37] 93 Ao A2 &= sensidvity$} speci-
ficitys T 2o 24 & 5 Utk Table 72 Hbs}
Herol] 213k #guho] o= Az Mg 2t
EAE 1] 93t sensitvity 9} specificityE -3¢
ZAzolt). ouf H]mof o] 5= W2 serum fer-
ritin ol gk W1 |G otk

B ApoAe dutdoez Hg By A go
o] & =& Hb 12g/dl mlwko]u} Hct 36% ©]3}&
7Eo2 R u sensitiviyZ} Z+zt 0.095, 0.190
o2 u]$ wgko ] specificityes F H¥ EF 0.9
ooz Wl F& G& B ch(Table 7). o] 31-&
AA7IFEo] L ooz A HAAHULTS ¢
o/ d}. HbE WA A] false-positive rate 0.028

o]l o1}, false-negative rate 0.9052 }elL} 4
A HIFQ Atgto]l Ao E AP 9o W&
Z1tk. Hb®] positive predictive valuet 0.6672
el mgFoz A" A £ 333%7F 4
Ae B4 AHEEoIUtk. 3 Hb2l negative
predictive values= 0.648 2, Hbol] o]3] AT o2
B4E A F 35.2% 7o) AHA A Ae=
Yebtt) Heeol 74 -$-o)+ Hboj H| 3| false-nega-
tive value7} 0.8102.2 k7 W& ubH positive va-
lues 0.056 0.2 Hboj H]&] FE k). Predictive va-
lue:= Hbo] 73¢9 fAMSE @& Bt o8 &
s 29 Hb 12g/div} Her 36% S N RA 7)
FRAZ T Ao HA g Aol ZAAT
scrcening®l Al ¥ Ago) Ao, 71EHE Hb
12g/dl2 & oo} Het 36% 2 & wjo] Q3o A
=& "3t Jehdd

Garby 520 29 de] 71y S oz,
AR Z g WgE TAR & 9E Q7N
Hb 12g/dIE W18 AAHXNZ A& o FFAY 21
%7t B W8 17%7F 7242 HER), ==
Aoz B Hbe HZY Ade £& A
7 €A Reda o, gel o et
YABRE o s 3§ Cook 539 dAFgAME
U839 30%7 AYToE BHFHNLH HA
A4 Aol Y182 AR EFS e AHR
AA N8 Alge] R} grly &4} Freire!
7} Ecuador®] QAR E thidoz 3 AfolMe
Hb 12g/d1E 7]E 0.2 & 7§ positive predictive
value7} 1.002 2 eI} Hbol] 9J3) 918 2 d3 ¥
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AlgE AA 5 ¥ Alge g 9w 2
g} 2AF AGe] d AP J189 2@ o] o
Az Ao wel & sensitivity®} specificityS
Zt=t} slejgle predictive values @EtAA
z2b 8 A0 %= B 71ENE 443
do] Fostty AzEn. =3 99 =EF
A BZ A H3S AR AA N A
AEE v B AZgME ferriin® A2 8}
Ronz, o)t 2 WY ol M 2= A7t
AE F AW wetr o] F uhy zhe] F#Ade)
W A7 o] FojAe} Hagn o}

L ARG B 2R 47

Hb} Hcte] A 71F A7} D2t A A sensitivity
¢} specificity7} W 3}gich 2 24} 23} Hb 12¢g/
dlv} Hct 36% ©]3lE 7|Fo =2 AL o sensit-
vityes o9 @k b o) specificitys wl-$ Fo}
#A7IEo] UR @A AFH Aoz B} o
&9 Aol g wolop B3 X 8o A o4
o] A7 lvhd, AAY specificity7} Yol AT
2% sensitivityE 0]+ A o] ulgrF &}, Table
72 Hbu Hcto] BAH7IEX ] WE sensitivity,
specificity @ false-positive rate3} false-negative
rate 2 JEMA Aolt} Freire: Hb7 2342
B7reted o857 fMME oy 2 A
54& JHAKE I Ak & sensitvitys
(1-specificity) Bt} Ao} &0, w3 0.5 B} #o}
ot 2449 UL specificiyd] g 1 B2}
F oF &}, sensitivity®} specificity?] g% 1 Bt}
ok &y B zAMNAGAS] Z$o o] dAE
ALA71H NE AA7NIER = 14g/dI2 3= Ao
B Aoz By 14gdlE N5 A =
Al g =lel 43.9% 71 W82 A=, sensitvity
T 0.667, specificity= 0.694% v}el st ol posi-
tive predictive valuex 0.5600]¢1T}. Freire! 7}
Ecuadore] A& o2 S of e}gst &
A71ZH = 13.3g/dl Gt

Hct®) A9 % sensitivityE Eo]7] 9siAe
HG7EE 86% Bk Y Fart d& R Zo.
38% 5 BANEANZ & Z Lol false-positive

it o e

rate= 8.3%, false-negative rate= 76.2% 2 }Eh}
o] A 3] false-negative rate7} v} -9- E4ch HAH XN E
40% 2 & 7% 9 false-negative ratet= 42.9 % ¢ c}.
Garby §%0] 2#Qe #7243 7Hdd44e Oy
o2 3 AFAME 38%2 FAY H$o false-
positive rate2 17 %, fale-negative rate2 21% 2
Uebsteh

ol M9} o], serum ferritin 12ng/ml2 FA
S o AR 368%7F ¥lEE AAH
e, Mg e opAs GAlol A YERE Hb 12
/dIvt Het 36 % 8 7120 S B Fo€ 242 53,105
%7t NE2 yehy & 2AARES 27 1
A0 we Aoz man B AN
olUH e AqRPES AFEH F9 °FE 7]
UE AzZe 297t gonz Ay 3 9%
e BB Fo G dRYES A9
a7t e ez B 28y JA7Ide
oz & 23S 3 AZGA7A Bo17t o
RolBg #A7IEX ] A A4 A A7 E 4
Aste] FFYH N A EE Eol=F dof
g Aot}

=) o]
a1 b |

R R ELEE NI L P
BHA AR me B FRES w7
Aste] o114 AR 18~20A 9 A 7S
oz AR £ Hb, Het, serum ferriting
2gsm 2 JBEe BARYD

1) ZAHNZ3ALe] Hbe H ol 13.9+0.96g/d],
Fogto] 14.1g/dl Yo}k Hetd HHFS 41.4+2.85
%, 97 42.0% P A, ferritin FHF 20.7+ 15.
5ng/ml, F <%k 16.5ng/ml, X3k 3.40ng/ml ot
Hb, Hct, ferritingt 25 Kolmogorov-Smirnov
testZ27 AFEE e Ao E e

2) Hbs} HcglolE 1=0.9467(p<0.001) 2
(Hct=2.28+281XHbye] 3AAAE Bk
Hbe} ferritinZbel] & r=0.5396(p<0.001) 2 {log
(ferritin) = —1.62+0.20 X Hb)E, Hct9} ferritinZ}b
o= r=0.5591(p<0.001)& <{log(ferritin)=—1.
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73+ 0.07 X Hep 8] 3 H2lo] a4t

3) Y18 E-§ 2 Hb 12¢/d1E 7)F 4] 5.3%, Het
36% 7] A] 10.5%, ferritin 12ng/ml 7|15 A] 36.8 %
At

4) Ferritin & &g 7|#3}lod Hb, Hctd A o o
NS B4 A3, 118 BA A Boj o] &5
Hb 12g/dl B]2roli} Het 36% o0]&2 718
o) T Hb B sensitivity 7} o9 290 ™ specifi-
citve ¢ & @2 Ho, Ay d¥HEo] 2
$eyeke) 4% HbY Hadl B471EAE ¥
gart Jdv HoZ JErsT

m{o fr rot

5) W BHE AT AP HbE
24\_ sensmvuv, specxﬁmw % _TLE% EL u}] %;g
71EXE l4g/dlz e Zo] g§YE Ziii u
Ack. Hee] 29 BHAE 40%2 5L 35l

false-negative rate7} 42.9% 2 ol }h
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