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ABSTRACT
In this study, the normal hematological values in healthy adults living in Erzurum area in Turkey at
moderate altitude (1869 m above sea level), and the effect of moderate altitude on these hematological
values was investigated. The study population comprised of 929 females and 1204 males aged between 17-95. The mean values for red blood cell and leukocyte counts, and hemoglobin level were significantly higher in males than in females (p<0.0001), whereas platelet count was significantly higher in females than in males (p<0.0001). In conclusion, we could not find an increase in the number of red blood cells as well as other hematological parameters in healthy adults living in Erzurum area. Hematological values in this study were similar to those reported in the previous studies carried out with those living under 1869 m.
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INTRODUCTION
Blood cell values are known to vary according
to age, sex, and race. In interpreting a patient’s laboratory test results, the clinician usually compares the reported values with the reference values[1]. In clinical practice, reference values are often printed by the laboratory on the same document with the results without specifying where
they live[2-5] . Since the absence of a reference
range for hemoglobin concentration and other blood cell values, reference values obtained for a
predominantly population living in North America
and Europe[6].
There is little information regarding normal hematological values at different altitudes above sea
level. Hurtado et al published a curve of blood hemoglobin values at altitudes ranging from sea level to 4540 meters. The curve was based on Hurdato’s finding in groups of 32 to 40 people living at
altitude above 3700 meters and on data reported
by his co-workers[7] .
It has been reported that up to moderate high
altitudes, an adaptation mechanism causes increasingly higher numbers of red blood cell[7,8]. Although the major aim of endurance training at moderate altitude is to increase the amount of total
body hemoglobin, the results are conversial[9,10] .
It is accepted that moderate altitude does not cause the increase in leukocyte counts. But different
opinions concerning the platelet counts are in question[11].
We investigated if moderate altitude had an
effect on hematological values and the normal hematological values in a large number of healthy
adult population living in Erzurum area (1869 m
above sea level).
SUBJECTS and METHODS
The study population consisted of healthy
adults living in Erzurum area for at least one year.
Subjects were excluded if they had a history of recent infection, any chronic disease, any abnormal
bleeding, pica, were at present pregnant or had
been pregnant within the last year, and if they had
donated blood within the previous 6 months. We
did not attempt to detect, ß-thalassemia trait ca-
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ses because previous studies have shown its
much lower prevalence in our region[12] .
Fasting prior to the procedure was not required. Biood sample was collected from each subject in tubes containing EDTA and sent for a
complete blood cell (CBC) count. The CBC counts were performed between 2 and 3 hour following sampling. The analyzed hematological values were hemoglobin (Hb), hematocrit (Hct), erythrocyte count (RBC), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC), leukocyte count, and platelet count. Hematological values were determined on a analyzer (Coulter, Model STKS) according to the manufacturer’s instructions. The analyzer was calibrated each day using commercial standards recommended by the manufacturer (Beckman Coulter
Company, Florida, USA).
Laboratory results were statistically analyzed
using a Statistical Product and Service Solutions
(SPSS) program. The dispersion of the hematological parameters within a group is given as mean
and SD and the outliners were excluded if the individual values greater or less than 2.5 SDs from
the mean. The normal range determined encompasses approximately 95% of population and was
derived from 2.5 and 97.5 percentiles for those
parameters. The Student’s t test was used to estimate the significance of differences in the mean
values of the variable between two groups of subjects.
RESULTS
The study population comprised of 2133 subjects (929 females and 1204 males), 2091 participated in this study. The number of reference subjects varied for each index because of the variable number of subjects excluded. The mean ages
were 37.2 years for the females and 37.6 years
for the males, with ranges from 17 to 95 years for
both sexes. The mean ages of females and males
were not significantly different (p> 0.05).
There were highly statistically significant differences for all hematological values between females and males (p< 0.0001). The mean values
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Table 1. The hematological values of all the subjects
Male
RBC,

x101 2/liter

Female

Total

n

Mean ± SD

n

Mean ± SD

n

Mean ± SD

p

1174

5.12 ± 0.4

912

4.64 ± 0.4

2086

4.90 ± 0.5

< 0.0001

Hb, g/dL

1186

15.4 ± 1.3

901

13.6 ± 1.2

2087

14.6 ± 1.6

< 0.0001

Hct, %

1185

45.0 ± 3.9

910

40.0 ± 3.8

2095

42.9 ± 4.6

< 0.0001

MCV, fL

1181

88.2 ± 4.0

883

86.7 ± 4.6

2064

87.5 ± 4.3

< 0.0001

MCH, pg

1183

30.2 ± 1.6

886

29.4 ± 1.8

2069

29.9 ± 1.7

< 0.0001

MCHC, gr/dL

1182

34.1 ± 0.9

909

3.8 ± 0.9

2091

34.0 ± 0.9

< 0.0001

WBC, x10 9/liter

1167

7.8 ± 2

908

7.46 ± 2

2075

7.6 ± 2

< 0.0001

1176

235 ± 52

901

253 ± 56

2077

243 ± 55.1

< 0.0001

Platelet,

x10 9/liter

for RBC and leukocyte counts, Hb level, Hct value, MCV, MCH level, and MCHC were higher in
males, whereas the mean values for platelet count was higher in females. The hematological values of all the subjects are shown according to sex
for the study population in Table 1.
DISCUSSION
Data derived from unselected populations, or
populations selected for disease by virtue of having laboratory investigations performed, are likely to yield biased values. Even with the best of
reference standards, there will be an overlap of laboratory values of mildly affected, abnormal individuals into the normal reference range[2,3] . The
values reported here were derived from a large
population sample and that subjects were excluded by using rational, statistically driven criteria,
we argue that it is appropriate to compare hematological values derived from our study.
High altitudes will cause tissue hypoxia leading to the release of erythropoletin, and in turn
an increase in the rate of red cell production,
eventually a polycythemia with an enhanced oxygen carrying capacity[13-15] . On the other hand,
there is a risk that the stress hormones may induce a relative depression of the bone marrow particularly in the early phase of altitude training
when adaptation is minimal and the stress reaction is most accentuated [14] .
An increase of total red cell volume as a result
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of the stimulated erythropolesis at moderate altitude was reported. In recent reports, however, investigators suggested that the marked erythrocytosis at altitude reported in early studies (25 to
30% higher hemoglobin concentration, hematocrit,
and red cell mass values in high Andean natives
than in subjects at sea level) may largely reflect
selection of subjects with pulmonary disease because an agrarian population from the same area
exhibited only a 10 to 12% increase above values
obtained at sea level[16] . But this increase rate
mentioned has been found out for the altitudes
much more above 1869 m.
We could not an increase in the number of red
blood cells as well as other hematological parameters in healthy adults living in Erzurum area. Hematological values in this study were similar to those reported in other studies with large, well-selected samples [5,9,17] . However, Akdag et al reported
that median values of RBC, Hb, Hct, and MCV at
1869 m altitude have been found to be higher than
the study carried by Yip et al with the group aged
between 6-14 living at sea level values (0.47 x
1012/1for RBC, 1.3 gr/dL for Hb, 4% for Hct, 2 fL
for MCV)[18] . But we saw that there was not a significant difference between our study and the
study carried out by Yip et al[19] . (Their study uses
different age groups and we recalculated the median value for 17-74 years old in order to be able
to compare the results). The median values of
RBC, Hb, and Hct were slightly higher in our study,
MCV slightly lower than the sea level values (0.22
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x 10 12/1 for RBC, 0.3 gr/dL for Hb, 0.9% for Hct, 2
fL for MCV). We are in the opinion that for an accurate result the study should be carried out with
the same group both at sea level and at high altitude.
But the studies failed to demonstrate an increase in total body hemoglobin during training at
moderate altitude[20]. Gore et al reported that in
highly trained athletes, four weeks of training at
an altitude of 1740 m produced no change in
mass of hemoglobin in the blood and only a small
increase in maximum oxygen consumption [21] . At
the same time Friedmann et al reported that 18
days of endurance training at an altitude of 1800
m does not lead to an increase in total body hemoglobin [15] . It is possible, however, that an altitude greater than 1869 m may be required to induce an increase in Hb mass.
This implies that there might be a kind of threshold of how high living and how long a training
camp at altitude must be to sufficiently stimulate
erythropolesis for an increase of total body hemoglobin. The normal difference in hemoglobin
concentrations can be estimated to be about 12%
between permanent residents at sea level and at
2500 m above sea level. This difference indicates
a necessary adaptation time of about 12 weeks[14]. Levine and Stray-Gundersen suggested
that the altitude in erythropolesis stimulation for an
increase of total body hemoglobin should be at least 2000-2500 m and this altitude has been suggested above 3000 m by Arnaund[22,23] . An increase in total body hemoglobin or red blood volume
has been found in athletes who for 28 days either
lived at about 2500 m or in another study lived in
apartment in normobarric hypoxic conditions equivalent to approximately 2500 m[22-24] .

that the highlanders living at 3658 m had a significantly high platelet count than lowlanders living
at sea level[25] . Hudson et al reported that the mean platelet counts were low in the residents of low
altitude than high altitude and demonstrated a significant and sustained elevation in platelet numbers within 48 h of ascent to high altitude[26] . But
almost all of the studies have been carried out
much more above 1869 m. We could not found a
significant difference in platelet count. It is not suitable to compare the platelet count between the
studies above and our study since the altitudes
are quite different.
In addition, the mechanisms of adaptation to
living at altitude apparently are multiple, and differ
for different ethnic groups[23,27-29] . Previous studies of the erythropoletic response to hypoxia in
high-altitude natives suggest that the hematocrit
and hemoglobin values in Himalayan natives
(Sherpas) are lower than expected for the altitude, perhaps because of a genetic adaptation[27,29]. In adaptation mechanisms, genetic factors are most likely to be relevant. There is sex difference in total leukocyte counts, and platelet counts which are apparent in all ethnic groups and
this seems to be a genuine biological difference[46]. The cause is unknown [4].
In conclusion, we could not find increased
number of red blood cells as well as other hematological parameters in healthy adults living in Erzurum area. Hematological values in this study
were similar to those reported in the previous studies carried out with living under 1869 m. In addition, the hematological values presented here are
derived from a large, representative population
sample; therefore, the results are likely to applicable to the subjects in other areas in Turkey.

Physiological variations in leukocyte count
may occur in healthy people. Diurnal variations
may effect the total leukocyte count as well as other celi types[3] . Previous studies show that the
leukocyte count often is normal in those living at
high altitude[11] . We, too, could not found a significant difference.

1.

Platelet counts usually are normal or high in
those living at high altitude[11]. Sharma reported

3.
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