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ABSTRACT

Using the hematofluorometer, normal values of the erythrocyte zinc protoporphyrin(ZPP)
and ZPP/Heme ratio were measured in 312 males and 163 females aged from 6 months to
73 years old and compared with those of anemic persons.

The mean SD values of ZPP of normal Koreans were 285+ 64(ug/dl) in males and 31.8% 7.
7 in females. The meant SD of ZPP/Heme ratio were 49.5% 12.3(umol/mol heme) in males
and 62.0% 15.8 in females. The difference in the mean ZPP and ZPP/Heme ratio values between
male and female subjects were statistically significant(p<C0.0001), In male subjects, the mean
ZPP and ZPP/Heme ratio of the age groups less than 15 years old were higher than adult
groups and the difference between age groups was significant(p<(0.005 and p<(0.0001 respecti-
vely). The normal upper limit of the meant 2SD in normal male and female subjects were
413 and 472 for ZPP, and 74.1 and 936 for ZPP/Heme ratio, respectively.

The mean values of ZPP and ZPP/Heme ratio measured in the anemic persons were higher
than those of normal subjects, and did not show any significant difference by the sex and
age groups except in 6~14 years male group. The test specificity(positivity) analyzed in the
anemic persons by the cut-off values calculated from the normal data were 506% for ZPP
and 730% for ZPP/Heme ratio.

The correlation analysis between blood hemoglobin and erythrocyte ZPP or ZPP/Heme
ratio in the total 801 normal and anemic subjects showed that there are very high logarithmic
correlation between the hemoglobin levels and ZPP/Heme ratio(r=—0.8339) and high correla-
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tion between the hemoglobin levels and ZPP concentrations(r= —0.6372).
These results suggested that the measurement of the erythrocyte ZPP and ZPP/Heme ratio
with the hematofluorometer can be a usuful screening method for iron deficiency anemia

because they provide a reliable immediate result with a small amount of sample, and are

relatively simple and inexpensive.
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Table 1. The mean values of the erythrocyte ZPP and ZPP/Heme ratio by the age and sex in 475 normal

subjects
Age Hb yp ZPP/Heme
Sex Number

(years) (g/dl) (pgrdD) (umole/mol heme)

Mean= SD Meanz SD Meant SD

Male =35 8 12.7£ 0.4 3641 7.6 7431 154

6—14 8 13.01 0.5 28.81+ 6.6 57.8+13.2

15—29 34 15.4%0.7 259+5.7 43,51 10.4

30—39 97 152+ 1.0 28.1+6.3 48.0t 11.5

40—49 83 14.9+09 29.1£6.5 50.7% 120

50—59 71 15.0£ 0.9 28,7+ 5.9 49.6% 10.6

=60 11 15.0£0.9 28.31+ 6.6 489+ 12.2

Total 312 15.0£1.0 28.5£ 6.4 495+ 12.3

Female =5 14 159+ 1.2 33.9+8.0 63.5% 14.9

6—14 14 18.8£1.0 32.4+9.7 61.7+21.2

15—29 36 184+ 0.8 308+72 59.3+13.8

30—39 4] 1331 0.8 32277 63.0£15.7

40—49 29 13.1+£0.9 329+79 65.5+ 16.9

50—59 17 12.9+0.7 208+ 8.4 59.5+16.9

=60 12 13.01 0.9 303+ 5.6 60.7£12.7

Total 163 183+ 09 318% 7.7 620X 158

p<C0.005 : ZPP between age groups in male(one-way ANOVA rest).
p<C0.000] ; ZPP/Heme ratio between age groups in male(one-way ANOVA test).
ZPP and ZPP/Heme ratio between male and female(ungaired t-test).
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Fig. 1. Frequency distribution of erythrocyte ZPP and ZPP/Heme ratio in 475 normal and 326 anemic subjects ©
(A) ZPP, (B) ZPP/Heme ratfo. Arrows represents the calculared upper limit of normal.

- 611 —



AL 7PP T ZPP/Heme AA A

9 15~500] 32, ZPP/Heme ratios F1 242} 27~93
2 30~982 £2/% Xole HolA gkgkont, W
E = (skewness) ¥ ZPP7} Wi zHz} 0.873 2 0.526
o], ZPP/Heme ratio’= Z} 0.85% % 0.2530.% %
X9 BEAHL Aol7t DS & F AN (Fig. 1).
ARFY HFAE AANME EA oz #9
3 zo)7t gdert, WA 54 o)a oA ZPP
WFH 7} 86.4% 7.6, ZPP/Heme rado= 74.3% 1322
g2 dHTH HEtedegy dEdEs {45
gto]7} AT p<C0.005 © p< 0.0001).
A+ 2sDE A FAF DA ZPPY) ¢
e ztzt 15.7~413 2D 16.4~47.2, 123 ZPP/
Heme ratios Zt 24.9~74.1 9 350.4~93.60]t}
FH NEFE YA 1749, 9= 1529 o R
g oAy, 1;;]’@ ZPP @ ZPP/Heme rato2] HF
A& Table 29} #ASich HYWT zpPHFAE B2}
A= 49.14 18.1(ug/dl), ARME 46,62 1752, =
2] 11 ZPP/Hemie ratiod] 7 X = Z 27} 126.8+

49.2(umol/mol heme) 2 119.1% 51.92 A A 44910
Hlale] 2w sl7te] Etow BAHOE fFeld
(p<0.005) AolE RY, 2 WAL ZPP Y
2} 15~99 L 21~117 12|31 ZPP/Heme ratio¥:
36~354 ¥ 46~3142, ZPP9] 7% R Akl of u] 5l
24|, ZPP/Heme ratio= 5~4uf2] Y2 W9 Az
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Table 2. The mean values of the erythrocyte ZPP and ZPP/Heme rado by the age and sex in 326 anemic

subjects

Sex Age Number Hb ZPP ZPP/Heme
(years) (g/dl) (pg/dl) (umole/mol heme)

) Mean+ SD Mean= SD Meanz 8D

Male =5 19 96+ 1.1 453+ 16.7 12524 56.3

6—14 7 9.9+ 29 73.4+18.7 208.0% 83.3

15—29 21 104+ 1.7 48.0+ 135 124.3+ 49.5

30—39 87 10.7£ 1.5 50.0+19.8 128,21 67.6

40—49 29 107+ 1.3 53.3+18.5 131.9+ 50.3

50—59 21 10.6% 1.7 47.3%19.3 192.7% 68.2

" =60 40 107 1.7 443+ 15.1 112.41 49.2

Total 174 105+ 1.6 49.1£18.1 126.8% 59.9

Fernale =<5 6 10.0£ 0.5 55.5110.6 142.8+ 24.9

6—14 4 99113 46.3% 16.4 125.8+ 56.4

15—29 26 103+ 1.3 4641 16.3 119.7+49.3

30—39 47 105+ 1.3 48.9+ 20.9 124.9% 62.9

40—49 22 106+ 1.4 479+ 205 121.81 63.0

50--59 18 108+ 0.3 407+ 93 98.9+ 925

=60 29 10.1+1.2 44.91 147 114.4% 40.1

Total 152 104+ 1.2 46,6+ 17.5 119.1+51.9

p<0.05. ZPP and ZPF/Heme ratio between age group 2 and others in male; ZPP/Heme ratic between

age groups in male(one-way ANOVA test).

p<.0.005 : ZPP between age groups in male(one-way ANOVA test).
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Fig. 2. Correlation between blood hemoglobin concentation and erythrocyte ZPP or ZPP/Heme rato in total

801 normal nad anemic subjects :
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