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Abstract

Since the major physiological control of erythropoiesis is related to the eryhtropoietin
(EPO) level, correlating the EPO level with hematologic parameters in healthy adults, which
constitutes an inexpensive and simple routine laboratory report, would be very useful. Two hun-
dred healthy adult blood donors, 100 males and 100 females, aged between 17 and 60 years old
were randomly chosen. The EPO reference range was determined by enzyme linked immmuno-
sorbent assay (ELISA) using a reagent kit from Research & Development Systems Inc. The
hematologic values for reticulocyte and red blood cell parameters were assessed using the Tech-
nicon H*3 RTC, an automated blood cell analyzer. The EPO reference range in the studied
population was 2.21-20.95 mU/ml. The correlations between the EPO level and hematologic
parameters were between -0.302 (p<0.01) and 0.294 (p<0.01). The results suggested that there
were none or low correlations between the EPO level and hematologic parameters in healthy
adults. According to our results, these parameters could not be used to indicate the level of EPO in
healthy adults.
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Erythropoietin (EPO) is a 30,400 MW gly-
coprotein produced mainly by the peritubular cells
of the kidney and has a predominant effect on the
committed erythroid cells, colony-forming-unit ery-
throids, promoting their proliferation and differen-
tiation into proerythroblasts(1). Therefore, deter-
mining the level of EPO is a reflection of bone mar-
row erythropoietic activity. Although the reference
level of EPO is the important baseline parameter to
understand the physiology of erythropoiesis, there is
no reference level of EPO in Thai adults. There were
reports(2:3) suggesting that the physiological stimu-
lus for EPO production was tissue hypoxia, which
in most instance was directly related to the number
of circulating eryhtrocytes. Nowadays, with the
development of a sensitive and accurate assay, EPO
can be detected in the serum. However, the assay
technique is expensive and not practical. Recent
studies(4-6) demonstrated the capability of hemato-
logic parameters generated from an automated blood
cell analyzer, which was widely available in the
routine hematology laboratory, that could be used to
indicate the response to recombinant human EPO
(rHu-EPO) in anemic patients. The correlation
between the EPO level and hematologic parameters
still constitutes one of the open questions in healthy
persons.

The purpose of this study was to determine
the reference range of EPO level in Thai adults. In
addition, the correlation between the serum EPO
levels and routine red blood cell parameters would
be analyzed with the aim of using routine red blood
cell parameters, which are cheaper and more conve-
nient to determine, to indicate the serum EPO levels
in this population.

MATERIAL AND METHOD
Samples and Subjects:

Two hundred subjects (100 males and 100
females) were recruited from blood donors of the
Thai Red Cross between January and May 1997. Age,
gender and history of illness of each subject were
noted at the time of the sample collection. The inclu-
sion criteria were those subjects without any history
of illness, which was likely to influence the com-
plete blood count (CBC). All subjects had normal
results in terms of blood pressure and blood exami-
nations according to the Thai Red Cross criteria for
blood donors. No anemia was found using the WHO
criteria(7). The exclusion criteria were those subjects
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who had abnormal blood pressure or blood tests,
such as anemia or were flagged on CBC reported
by Technicon H*3 RTC. Since the state of erythro-
poiesis can be assumed to have been in a steady state
within 3 months after the last blood donation, the
subjects who had donated blood within 4 months
prior to the study were also excluded in order to
avoid any interference resulting from the recent
donation.

Blood samples of healthy adults were drawn
into clotted blood tubes and tubes coated with tri-
potassium ethylene diamine tetraacetic acid (K3
EDTA) before donation. Using evacuated tubes
(Venoject), 3 ml of clotted blood were collected and
stored at -20 OC for measurement of the serum EPO
level by ELISA (Research & Development Co.).
The assay was performed according to the Benchtop
Protocol (n = 30). The coefficient of variation (CV)
within the assay for serum EPO (<100 mIU/m})
ranged from 2.84 to 5.22 per cent and for the pre-
cision of the method ranged from 4.24 to 8.25 per
cent (Quantikine TM In Vitro Diagnostic: Human
EPO Immunoassay 1997)(8). For hematologic para-
meters, 3 ml of blood samples were collected. The
ratio of 0.06 ml K3EDTA (0.235 mol/l, 10.5%) to 3
ml of blood was maintained. Samples were stored at
room temperature (20-25°C) and then analyzed by a
Technicon H*3 RTC. The system was calibrated
and operated as recommended in the manufac-
turer’s instructions (Technicon H*3 RTX TM Sys-
tem Operating Guide 1993)(9). Storage times in anti-
coagulant before analysis varied from one to three
hours. All the experiments were done at room
temperature.

The following hematologic parameters
i.e., red blood cell count (RBC), hemoglobin con-
centration (Hb), packed cell volume (PCV), reticulo-
cyte count as percentage (%) and absolute number
(#) were used in this study. With the Technicon H*3
technology, the reticulocytes were subdivided into
three populations i.e., low, medium and high RNA
content depending on the amount of the RNA con-
tent. The high RNA content, reported by Technicon
H*3 as high-reticulocyte (H-retic), was considered
typical for the most immature reticulocytes, while
medium-reticulocyte (M-retic) and low-reticulocyte
(L-retic) represented the more mature and the most
mature reticulocytes, respectively(9). However, H-
retic and M-retic were still considered the immature
reticulocyte fraction(10),
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Calculation:
1. The reference range of EPO

To establish the reference range for EPO,
we chose to follow the recommendation of the
National Committee for Clinical Laboratory Stan-
dards (NCCLS)(11) using the reference limit of the
2.5th percentile and 97.5th percentile in 95 per cent
of the population observed. The mean value of EPO
level was analyzed. Difference between genders was
calculated using the unpaired Student £’ test. p<0.05
was considered statistically significant.

2. The correlation between the EPO level and
hematologic parameters

The mean and standard deviation of the
EPO level were determined. For hematologic para-
meters i.e., red blood cell count, Hb, PCV, reticulo-
cyte count (percentage and absolute number), the
mean values and standard deviations were also
analyzed. The correlation between the EPO level and
these hematologic parameters was determined using
Pearson correlation coefficient. The statistical signi-
ficance of difference between EPO levels and hema-
tologic parameters was evaluated using the two-
tailed Student’s #-test for unpaired data and corre-
lation was considered to have significance at p-
value < 0.05.
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RESULTS

A total of 200 healthy subjects were ana-
lyzed, 100 (50%) males and 100 (50%) females,
aged between 17 and 60 years, mean age 38.93%
10.20 years. The reference interval of EPO was
2.82-16.68 mU/ml for females (mean = 8.40 mU/
ml, range = 1.03-20.40 mU/ml), 1.76-25.29 mU/ml
for males (mean = 8.62 mU/ml, range = (0.70-30.50
mU/ml), and 2.21-20.95 mU/ml for the total (mean
=8.51 mU/ml, range = 0.70-30.50 mU/ml). Based on
our results, there was no statistically significant
difference between the EPO mean of females and
males (p=0.751).

Table 1 demonstrated the means (xSD) of
EPO and hematologic parameters in females, males
and the total. Table 2 showed the correlation between
the EPO level and hematologic parameters in
females, males and the total. Fig. | demonstrates
the linear regression of EPO and hematologic para-
meters.

According to the results in Table 1, there
was a statistically significant difference (p<0.01)
between hematologic parameters i.e., red blood cell
count, Hb, PCV and reticulocyte count, among
females and males whereas there was no such dif-
ference for EPO level regarding the sexes.

Table 1. The means (+ SD) of EPO level and the other hematologic parameters of female, male and total

are shown. The mean levels between female and male are considered statistically different when

p <0.01, Student’s f-test for unpaired data.
Parameters Female Male p-value Total

(n = 100) (n=100) (n = 200)

EPO level (mIU/ml) 8.40 (+3.82) 8.62 (+5.83) 0.751 8.51 (x 4.93)
Age (year) 37.2(x10.32) 40.65 (x9.82) 0.016 38.93 (x 10.20)
Reticulocyte count (%) 1.4 (= 0.44) 1.6 (£ 0.45) 0.005* 1.5(+£0.45)
L-retic (%) 84.76 (+ 4.83) 83.46 (x 4.73) 0.057 84.11 (x4.81)
M-retic (%) 1217 (x3.91) 13.64 (+ 3.50) 0.006* 12.91 (£ 3.77)
H-retic (%) 3.08 (£ 1.99) 3.00(x1.73) 0.759 3.04 (£ 1.86)
IFR (H- + M-retic) (%) 15.25 (£ 4.84) 16.64 (x4 98) <0.001* 1595(x4.77)
Reticulocyte count (x 1091) 61.40 (£ 20.84) 78.51 (+ 38.54) <0.001* 6791 (x22.42)
L-retic (x 109/1) 51.62 (£ 16.26) 64.90 (£ 29.25) <0.001* 56.59(x 17.18)
M-retic (x 109/1) 7.83(x4.61) 11.06 (= 7.00) <0.001* 9.18 (+ 4.90)
H-retic (x 109/l) 1.96 (+ 1.63) 2.62(+£329) 0.073 2,18+ 1.75)
IFR (H-retic+M-retic) (x 109/1) 9.79 (£ 5.85) 13.68 (£ 6.66) 0.063 11.36 (£ 6.26)
RBC (x 1012/1) 438 (+0.32) 491 (x0.44) <0.001* 4.65(x047)
Hb (g/dL) 12.7 (£ 0.66) 144 (£0.74) <0.001* 13.5(= 1.1y
PCV (decimal fraction) 0.39(x0.02) 0.43(x0.02) <0.001* 041 (x0.03)
IFR, Immature fraction of reticulocyte

* Statistical significance at < 0.01
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Table 2. The correlation (data presented as linear regression value, r) between EPO level and the other
haematologic parameters in female, male and total.
Parameters Female Male Total
EPO level (mIU/ml) 1.000**h 1.000** h 1.000%* h
Age (year) ol1iln 0.176 R 0.147*n
Reticulocyte count (%) 0.218*1 0.178 8 0.191%* n
L-retic (%) -0.204* 1 -0.239*1 -0.220%+1
M-retic (%) 0.205* 1 0.172n 0.180* 1t
H-retic (%) 0.077n 0.250* | 0.170* n
IFR (H-retic+M-retic) (%) 0.205* 1 0.242* 1 0.221** 1
Reticulocyte count (x 109/1) 0.294%x 1 0.040 1 0.061 0
L-retic (x 109/1) 0.282%* | 0.012n 0.022 10
M-retic (x 109/1) 0.285** 1 o.101n 0.144% 1
H-retic (x 10971) 0.138 0 0.1381 0.161*n
IFR (H-retic+M-retic) (x 109/1) 0.263** 1 01161 0.158* 1
RBC (x 1012/ -0.086 1 -0.302%* 1 01710
Hb (g/dL) 0.015n -0.289* | -0.098 n
PCV (decimal fraction) -0.0140 -0.275%+1 -0.114 1
IFR, immature fraction of reticulocyte - (minus), inverse correlation
*, Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)
correlation; 0.8-1.0 h, high correlation

0.5-0.8 = m, moderate correlation
0.2-0.5 = 1, low correlation
0.0-0.2 = n, no correlation

There were low correlations between the
EPO level and some hematologic parameters (Table
2). There was no corrrelation between the EPO
level and age. There were low inverse correlations
between the EPO level and the red blood cell count,
Hb and PCV levels in male.

DISCUSSION

Our study demonstrated the EPO reference
range, was 2.82-16.68 mU/ml for females, 1.76-
25.29 mU/ml for males, and 2.21-20.95 mU/ml for
the total, in healthy Thai adults. The normal level
of 9-55 mU/ml was reported in a study that mea-
sured EPO level by ELISA in 18 normal donors(12).
The discrepancy might be due to the differences in
the characteristics of the studied population i.e.,
race, age, gender etc. This was not to mention the
number of the population which was much lower
than our study. Another study suggested a range of
18-35 mU/ml by radio-immuno assay (RIA)(13),

In healthy adults, it was not surprising that
there was a significant difference between females
and males in terms of red blood cell count, Hb, PCV
and reticulocyte count. There was no such signifi-

cant difference for EPO level. Our results were in
accordance with another report done in normal non-
anemic males and females that there was no diffe-
rence between the EPO level in males and females,
no significant correlation between serum EPO level
and age and serum EPO level was not correlated to
the hemoglobin level(14),

Based on the results in Table 2, the EPO
level positively affected the reticulocyte parame-
ters. The higher the EPO level, the more the reticu-
locyte count increases, especially increasing in the
absolute number rather than the percentage change.
This could easily be explained since the percentage
of the reticulocyte depended on the total number of
red blood cells counted irrespective of the indivi-
dual’s condition e.g., anemia, polycytemia. In other
words, when the retculocyte count was reported as
a percentage, it did not indicate the absolute num-
ber of reticulocytes being produced. This informa-
tion suggested that depicting the reticulocyte count
as an absolute number would be more accurate in
reflecting eryhtropoiesis since as a percentage it
reflected changes in the balance of the production
and the destruction of RBC. As reported in other
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studies we also found the correlation between EPO
level and the absolute reticulocyte count was absent
in males since erythropoiesis in males was not only
influenced by the EPO level but also the testoste-
rone level.(15-17) We also investigated the corre-
lation between the EPO level and reticulocyte frac-
tions i.e., the more mature fraction (L-retic) and the
immature fractions (H-retic and M-retic). There was
no conclusive information in terms of the reticulo-
cyte fractions that could be deduced in this study.

A number of reports demonstrated that the
EPO level in healthy adults was not affected by
testosterone despite showing that testosterone
stimulated erythropoiesis(15-17). Since we found
low inverse correlations between the EPO level and
some hematologic parameters i.e., red blood cell
count, Hb and PCV in males but not in females,
these might reflect the influence of testosterone as
one of the many factors controlling the erythro-

poietic activity. Further investigations are required
in order to answer this question.

The inverse correlations seen might sug-
gest that the EPO level and erythropoiesis were
part of a negative feedback cycle that controled the
number of erythrocytes circulating in the blood. It
should also be noted that in the normal physiolo-
gic level, EPO production had a direct effect on Hb
and PCV, and this relationship is part of a negative-
feedback control. In a person with normal kidney
function, the level of EPO increased as the Hb
decreased(18). Previous reports done in anemic
patients suggested that a proper EPO response could
be assessed when the EPO level was assayed to-
gether with either Hb or PCV value since the Hb or
PCV results correlated well with the EPO level
(19-21). In other words, either the Hb or PCV value
could be used to reflect the EPO level in an indivi-
dual with anemia.
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The mechanisms of increasing EPO pro-
duction during tissue hypoxia which resulted in the
increase of erythroid precursors and reticulocyte
numbers in response to EPO were interrelated. EPO
synthesis as the kidneys’ response to hypoxia has
been shown to be exponential(3). In addition, a
linear decline in PCV was accompanied by an expo-
nential increase in plasma EPO level in an indivi-
duals with a normal capability to produce EPO(22,
23). As a result, they suggested the use of PCV and
reticulocyte count as indicators of the EPO res-
ponse with a sensitivity of 96 per cent, a specificity
of 79 per cent and an overall accuracy of 88 per
cent, respectively. These were reported in cancer-
related anemic patients having received rHu-EPO.
A recent study investigated the capability of hema-
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tologic parameters to indicate the response to rHu-
EPO in cancer-related chronic anemia(3).

We concluded that the EPO reference
range was 2.21-20.95 mU/m! for healthy Thai adults
and there were none or low correlations between
the EPO level and hematologic parameters in healthy
adults. As a result, the studied hematologic para-
meters could not be used to indicate the level of
EPO in healthy adults.
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