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Free Erythrocyte Protoporphyrin for Diagnosis of Iron Deficiency and
Iron Deficiency Anemia in Adolescent Female Athletes
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Byong Kwan Son, M.D. and Han lk Cho, M.D.2

'Department of Pediatrics, College of Medicine, Inba University, Incheon,

’Department of Laboratory Medicine, Seoul National University College of Medicine, Seoul, Korea
Background: If hemoglobin (Hb) synthesis is impaired by factors other than a deficiency in free eryth-
rocyte protoporphyrin (FEP) synthesis, the amount of FEP might be increased. In this study, we analyzed
the statistical values and contribution of FEP for the monitoring and diagnosis of iron deficient anemia
in adolescent female athletes according to various sports.

Methods: We collected whole blood from 64 adolescent female athletes 13 to 19 years of age. The FEP
was measured fluorometrically. After other hematological indices were evaluated, statistical analysis was
performed to compare the data among various athletes.

Results: The mean age was 14.8+1.7 (13~19) years old. The number of runners, badminton players
and shooting athletes were 46.9% (n=30), 12.5% (n=8) and 40.6% (n=26), respectively. The prevalence
of anemia, iron deficiency and iron deficiency anemia were 23.4%, 23.4% and 14.0%, respectively. The
measured concentration of FEP was 48.7+21.1 ¢ g/dL (12~125). A moderately negative correlation of
Hb and FEP was noted and was found to be statistically significant (r=—0.571, P<<0.001). Among serum
ferritin, TS and FEP, there was no statistically significant correlation. For the diagnosis of iron deficiency
anemia, FEP was the most statistically significant index (P<0.001). For iron deficiency, sensitivity, spe-
cificity, positive predictive value, and negative predictive value were 88.9%, 30.4%, 33.3%, and 87.5%,
respectively. The receiver operating characteristic curves, showed that FEP had excellent diagnostic power
to detect iron deficiency. There was a significant difference in the prevalence of iron deficiency among
the three athletes, with runners and badminton players tending to be affected more frequently with iron
deficiency than static athletes such as the shooters (runners and badminton vs. shooting athletes, 33.3%
and 25.0% vs. 19.2%).

Conclusion: Our results confirmed FEP to be the most significant factor for the diagnosis of iron defi-
ciency in athletes. Proper nutritional counseling and monitoring need to be tailored to various sports,
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especially in terms of static versus nonstatic sports such as runners and badminton players versus shooting

athletes. (Korean J Hematol 2007;42:367-374.)

Key Words: Anemia, Iron deficiency, Adolescents, Free erythrocyte protoporphyrin
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A AoliM FAFS 27 Addslr] 93 AdEy
= g A 4 (hemoglobin, Hb) ¥ &3] &

=
g3 2 E ¥ 23 (free erythrocyte protoporphyrin,

ru

FEP) ZAl7} @) o] &5 a 9ot 2 A¥dAz
M o] Hbe @A 9F 25%2] $ApRhE zrold & gle
= Ao 9 Aow Bugm Yo 19289

Hijmans van den Bergh$} Hyman'’o] ¥.113} FEP:=

Hb e d7Ed=x Hb &4l Astd 5 e
FE A 1 FA 7L F7kske 542 A lvh FEP
T HbETh Lo} hate] A A 9 27] 2tk
oS e Aoz dHA slon, nxdis A
Hl- o2 HAsHA & de AR de A
g3 ek

(static) +FX 49 57, )

¢

mic) +EM G 1te] HAY FHE Aol & 71&
o] dHgty A F 9} FA 7k ZollA FEPY] A &
SAS Ha EXste] AAH] 2] A g ¢
ol 112} &9t}
CHAM 9 Hie
1. CHA

2 7o giAAEL 20039 3€EE 20033 7¥
M2l S7RE Bk A Al F, el AE F2U, 1349
A 1A 7EA] AR L] AR} FAAS 64 o2 519

Hd
=

2.

0z

BE ZAMA SHAEL 124]7F o] 3 218 AH ol
A oA Foll st APt A SA] o
2mL dHE oddlltolyl  A}Z4H(ethylenediamine
tetra-acetic acid, EDTA) §H.o] o} Hb, A8+ &7
(hematocrit), 2 & 82 (mean corpuscular volume),
3148 78 A A F(mean corpuscular hemoglobin),
g3 9 P4 2 Sysmex SE 9000™ (TOA Medical
Electronics Co., Ltd, Kobe, Japan) 2 243} t}.
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Table 1. Age and hematologic characteristics in adolescent female athletes
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Runners Badminton players Shooting players
P-value
(n=30) (n=8) (n=26)
Age (years) 14.9£1.7 16.3+2.5 14.4+1.0 0.064
Hb* (g/dL) 12.3£1.2 13.1+1.6 13.4+0.8 0.002
Ferritin (ng/dL) 18.3+10.5 18.6+8.8 21.1+1.8 0.061
TSt (%) 26.1+14.3 26.3+15.3 25.5+13.1 0.097
FEPT(ﬂg/dL) 54.8+£25.3 50.8+19.4 41.1+12.7 0.048

Data are meanzstandard deviation.

Abbreviations: *Hb, hemoglobin; T8, transferrin saturation; TFEP, free erythrocyte protoporphyrin.

9, AR FHo| we galo Hal Fd g4
st A4S a3 oS, &, 2235 (total iron

binding capacity), | 2] €l (ferritin) = A 2 &34
d 9 TIBC AALE £33 %1 (spectrophotometry) ]l
ola] Attt @4 EdMAv A E 3} (transferrin
saturation, TS)¥= A& TIBCE UiF Fholl 100 F38to]
T3, Fd-e HAFH A Z% H (radioimmunoassay)
o7 A5t

FEPE= A& (%1fl) 3mLES EDTA FHo| Y1 243,
WA H Fslo] =4 2}e] & 2] HH(Seoul, Korea) & 53}
Specialty Laboratories (Santa Monica, CA)<l 2] 2|3}
FFEAs7Igel ot FEHOKEIR, aqueous
phase) ol A &&3H¢ 9 WEgo] 22 404 2 658
nm¥ Wl 45kt

B o] oA IDAE Dallman £'V0] A|A13 7] 53]
o a4, 1) #l2ld 12ng/dL w7, 2) TS 16% vt
= 1N o1& w5 Hb =217} 12g/dL W] gkel
A2 Foetatt. 2292 deld 12ng/dL m v
2 Zolstoint. =gk AP S I #eldl, TS 2 FEP
7hEH Ao ® F 7HA7F B TlEd] we AR F
2] 8} National Health and Nutrition Examination Survey
(NHANES) '] o3t 2Ag 9 FHEE I 24}
sttt AR S 123 FEPY cut-off ZE-S 36 ue/dL
ol oz 59l

3. 84
BE SAEAL SPSS 14.0 (Chicago, IL)& ©] 43}
th Al T 2] WA vl ANOVA testS o] &3
o

o, At 2% 7to] dojE FHAFE Fot
cddeld 2 Fo AT 71X S dolr ] 935l
ol g 5A A 7A=E s AEA
otolygkt}. FEPS] A AR tid Adkd &

o I R 38 38

Table 2. Iron status in adolescent female athletes

o Prevalence
Criteria

% (n)

Anemia Hb* <12g/dL 23.4 (15)
Iron deficiency Ferritin <12ng/dL 23.4 (15)

IDAT 14.0 (9)
NHANES 11T 26.6 (17)
FEP® (ug/dL) FEP>36 . g/dL 73.4 (47)

Abbreviations: *Hb, hemoglobin; *IDA, iron deficiency
anemia: anemia and (1) ferritin <12ng/dL, or (2) TS<16%;
TNHANES Ill, National Health and Nutrition Examination
Survey lll: Two or more indices should be required for di-
agnosis of ID among serum ferritin, TS, and FEP; §FEP,
free erythrocyte protoporphyrin.

SAE 2] Ysted FalAl 22 B4 34 (receiver
operating characteristic curve, ROC curve)< ©]-&3}%1
o} B 5AXE Pvalue 0.05 7S] o §o] 3
Aoz AHst

ot 7t EA kA 2R E F HbZ} FEP7} Al & Zbell A
= o2 893 xto|E HHTHTable 1).
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73] Ho 72| €} FEP 4] Alo]o
AZF A, Felg FAA on7t 9l
P<0.001, Fig. 1). =3 Ad 5 BExA 3
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Fig. 1. Negative correlation between hemoglobin and free
erythrocyte protoporphyrin. * r is a Pearson correlation co-
efficient, P<0.001. THb, hemoglobin; TFEP, free erythrocyte
protoporphyrin.

FEP Ztoll& M2 43 @A77 $llth(Fig. 2). T3 &
Agulgol 7z dojsta A FS5o EAZ 7)ox
FEP7} w3 R-A|F3t 294%= 713 =9ton] o=
AR o & 9]k tHP<0.001, Table 3). F 2 &S 7]
To2 HZAFY A 7 EE WG LF5AF oA
FEP] 21Tt &84S Lolry| 9kl ZAbe W17k

T, Eolx, A =2x, A== 47 88.9%,
30.4%, 33.3%, 87.5%% V}EFGLTH
4. EZE MY HAAMEMN FEPS 58
HARFY Akd] glo] ROC A4 YEht FEP
F44€ ROC FAFRA ] 0027 w§ 58 £7
oln, 0.83% 1ol Heel it} o $43 Aoz UE
woh(Fig. 3)
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Fig. 2. Dot matrix plot of free erythrocyte protoporphrin, ferri-
tin, and tranferrin saturation.

Table 3. Summary of the multiple regression model with contribution for the diagnosis of iron deficiency anemia

) . Standardized . . -

Unstandardized coefficients o Collinearity statistics

Model coefficients t Sig.
B Std. error Beta Tol.* VIFT

Constant 14.325 0.545 26.297 0.000
FEP -0.033 0.007 —-0.558 -4.989 0.000 0.894 1.118
Ferritin 0.001 0.013 0.010 0.088 0.930 0.902 1.108
TS 0.004 0.010 0.046 0.421 0.675 0.938 1.067

R?=0.328 Adjusted R®=0.294 F=9.763 P=0.000

Abbreviations: *Tol., tolerance;

TVIF, variance information factor.
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_______

— FEP
---- Ferritin

Sensitivity

AUROC* of FEP'=0.92
AUROC of ferritin=0.83

40 60 80
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100

Fig. 3. The receiver operating characteristic (ROC) curves
of free erythrocyte protoporphyrin and ferritin in adolescent
female athletes with Iron deficienty. *AUROC, the area un-
der an receiver operating characteric curve; TFEP, free ery-
throcyte protoporphyrin.
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Table 4. NHANES lll-based iron status according to the groups

Runners Badminton players Shooting players
(n=30) (n=8) (n=26)
FEP
ID* IDAT ID IDA ID IDA
n (%) n (%) n (%) n (%) n (%) n (%)
=36mg/dL 9 (30.0) 6 (20.0) 2 (25.0) 2 (25.0) 4 (15.4) 1 (3.8)
<36mg/dL 1 (3.3) 0 (0) (0) 0 (0) 1 (3.8) 0 (0)
Total 10 (33.3) 6 (20.0) 2 (25.0) 2 (25.0) 5 (19.2) 1 (3.8)
Abbreviations: *ID, iron deficiency; TIDA, iron deficiency anemia. P=0.045
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