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Abstract: The underlying mechanisms of altitude training are still a matter of controversial discussion. The aim
of this study was to compare the hemoglobin concentration, red blood cell count and volume between
normal and high altitude situations and their persistence after returning back from higher altitudes. The study
population included male students of Ardal Branch, Islamic Azad Umversity. Twelve apparently healthy
individual with high level of physical activity, mean age of 22.6+1.50 years were selected through purposive
and available sampling method. In this study, blood samples were collected at different time and altitudes in
order to compare the changes of Red Blood Cell (RBC), Mean Cell Hemoglobin (MCH), Mean Corpuscular
Hemoglobin Concentration (MCHC) and Mean Cell Volume (MCV). The first blood sampling was conducted
at the altitude of 1830 m. The subsequent blood samplings were conducted 48 and 72 h after reaching the
altitude of 4000 m and 24, 48 and 72 h after retuming back to the altitude of 1830 m. The statistical method used
in this study was repeated measurement ANOVA. Red Blood Cell (RBC) changes between onset of climbing
to 1830 m and 24, 48 and 2 h after sojourn at 1830 m height (after retirming from 4000 m altitude) was
significant. Mean Cell Hemoglobin (MCH) showed no significant change m any of the altitudes. MCHC
changes between onset of moving toward altitude 1830 meters and 24, 48 and 72 h after sojowrn at 1830 m height
(after retuming from 4000 m altitude) was also significant in addition, MCHC showed a significant difference
between 24 h staying at 1830 m altitude with 48 and 72 h staying at 4000 m altitude. Mean Cell Volume (MCV)
showed no sigmficant difference between 48 and 72 h staying at 4000 m altitude and also between 24, 48 and
72 h staying at 1830 m altitude; however, there was a significant difference between onset of moving toward
1830 m altitude with 24, 48 and 72 h staying at 1830 m altitude and also 48 and 72 h staying at 4000 m altitude.
The results showed that being in altitude has significant effect on RBC and MCHC.
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INTRODUCTION

Oxygen pressure is significantly reduced in high
altitudes and this causes the reduction of aerobic
preparation and implementation of endurance exercises
due to aerobic fitness (Fox and Mathews, 1981).
Exercising in high altitude can have faster physiological
adaptations than exercising at sea level and the reason 1s
oxygen-deficiency condition in higher altitudes which 1s
considered as a pressure that can cause adaptability and
acclimatization similar to physical exercising. Therefore,
exercising m high altitude can improve the exercise
activity at sea level (Fox and Mathews, 1981). Reduction
in oxygen pressure causes physiological responses in

body. These responses can occwr as change in

hematologic factors such as hemoglobin, hematocrit,
plasma volume, serum Tron and enzymes which happen in
body of those who do climbing.

The objective benefits of altitude traming are
controversial (Levine and Stray-Gundersen, 1995). On one
hand, acclimatization to high altitude results in central and
peripheral adaptations that improve oxygen delivery
and utilization (Banchero, 1975; Brooks et al, 1992
Mairbaurl et al, 1986; Ou and Temney, 1970
Reynafarje et al., 1975). Moreover, hypoxic exercise may
increase the training stimulus, thus magnifying the
effects of endurance training (Bigard er al, 1991).
Conversely, hypoxia at altitude limits traimng intensity
(Levine and Stray-Gundersen, 1992) which in elite
athletes may result in relative deconditioning.

Corresponding Author: Mahbubeh Setorki, Department of Biology, Izeh Branch, Islamic Azad University, Izeh, Iran
1052



Pak. J. Biol. Sci., 17 (9): 1052-1057, 2014

Most of climbing of climbers is done in less than
48 h given to the leisure time and it seems that
physiological acclimatization of such individuals 1s low in
short time. Thus, assessing the changes m blood serum
concentration 1s an important and basic factor. In the
present study, we are looking for a way to reduce the time
of presence in high altitude m order to have better
economic efficiency and better exercise and training. Most
of studies have an incremental trend and length of staying
is longer. In this study, changes of selected hematologic
factors were evaluated in 48 and 72 h climbing from
altitude of 1830 m to 4000 m and 24, 48 and 72 hafter
returning from high altitude in a mountaineering team n
path of Shah-e-Shahidan Zardkouh Camp mn Iran.

MATERIAL AND METHODS

This quasi-experimental study was conducted in
Zardkouh from Zagros Mountains in Iran. The study
population included all the male students of Ardal Branch,
Islamic Azad University among which 12 students with
history of sporting activities were selected through
purposive and available sampling method to participate in
the study. Furthermore, they were diagnosed healthy
during medical examinations. The data about disease
history, amount of weekly physical activity, history of
mountain chimbing and used medications and drugs were
collected by a questionnaire. All the subjects gave an
informed consent to the blood withdrawal and the local
ethical committee approved the study.

During the study, all the subjects had one diet plan
and had exercise training twice a day starting with
warm-up and 90 minutes recreational volleyball and
finishing with recovery (cool down). In terms of
estimating the intensity of it was
approximately  50-60% light  exercise; MHR
(Maximum Heart Rate) VO2 Max. CASIO GPS Altimeter
(made in Japan) was used to measure the altitude. In order
to implement the tests for the subjects during seven
consecutive days, they participated in the study in a
certain time with 24, 48 and 72 h time interval at 4000 m
altitude and then in 24, 48 and 72 h at the altitude of
1830 m.

After taking the first blood sample at 1830 m, the
mountaineering team moved up to 4000 m. After achieving
the 4000 m altitude, second and third blood samples were
also taken. During 48 and 72 h staying at 4000 m altitude,
the subjects freely did their daily activities. There were
some limitations in the study such as smoking in the
studied variables. After 48 and 72 h staying at 4000 m
altitude and taking the second and third blood samples,

exercise,

the subjects started to move down the mountain and the
fifth, sixth and seventh blood samples were taken after
descending to 1830 m. An indwelling catheter was placed
inan arm vein at least 40 min before the submaximal cycle
ergometer test. The subjects were in sitting position
during the blood withdrawal. Arm position was controlled
for all blood draws.

Five cc of blood were slowly placed in two special
tubes containing sodium citrate in order to avoid blood
clotting. This blood sample was used for CBC tests.
Hematological parameters i.e., RBC (red blood cell), MCV
(mean cell volume), MCH (mean cell hemoglobin), MCHC
(mean corpuscular hemoglobin concentratin) were
assessed by using a quantitative, automated hematology
analyser (KX21 SYSMEX, Japan).

Statistically method: For analyze of data, statistical
method used m this study was Repeated Measurement
R.M. ANOVA. When there is a series of test data for a
group of people at different times, this analyze is used.
We investigated sphericity assumption. After that Least
Significant Difference (I.SD) has been used for pairwise
comparisons. All statistical analysis was conducted by
SPSS version 18.

RESULTS

There was a statistically significant effect of time
on Rbe, wilk’s lambda = 0183, F (5 7) = 627,
p = 0.016. Mauchly's Test of Sphericity indicated that the
assumption of sphericity had not been violated,
¥¥14)=7.02,p =0.937. Least Significant Difference (L.SD)
was used to make post hoc comparisons between
conditions. According to LSD post hoc A first pamred
comparisons indicated that there was a significant
difference in the scores for Rbc at climbing time one
(height = 1830) with time 4 (p = 0.010), time 5 (p = 0.045)
and time 6 (p=0.010)while these showed height = 1830
after 24, 48 and 72 h standing them at return time. Also
there was a significant difference in the scores for RBC at
climbing time 2 (height = 4000) after 48 h standing with
time 4 (p=0.008), time 5 (p=0.021) and time 6 (p=0.011)
while these showed height = 1830 after 24, 48 and 72 h
standing them at return time (Fig. 1).

There wasn’t statistically significant effect of time on
MCH, wilk’s lambda = 0.404, F (5,7) = 2.06, p = 0.186.
Mauchly's Test of Sphericity indicated that the
assumption of sphericity had Tbeen violated,
¥¥14) = 24.25, p = 0.049 and therefore, a Huynh-Feldt
correction was used. There wasn’t a significant effect of
time on MCH, F (4.33,7) = 0.995, p = 0.424 (F1ig. 2).
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Fig. 1: Changes red blood cell (RBC) factor
least significant difference (LSD) was usedto
make post hoc comparisons between conditions.
According to LSD post hoc a first paired
comparisons indicated that there was a significant
difference in the scores for RBC at climbing
time one (height = 1830) with time 4 (p = 0.010),
time 5 (p = 0.045) and time & (p = 0.010) while these
showed height = 1830 after 24, 48 and 72 h
standing them at return time. Also there was a
significant difference in the scores for RBC at
climbing time 2 ( height = 4000) after 48 h
standing with time 4 (p = 0.008), time 5 (p = 0.021)
and time 6, (p = 0.011) while these showed
height = 1830 after 24, 48 and 72 h standing them
at return time
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Fig. 2: Changes mean cell hemoglobin (MCH) factor
There wasn’t statistically significant effect of
time on MCH, wilk’s lammbda = 0.404, F(5, 7) = 2.06,
p = 0.186. Mauchly's Test of Sphericity indicated
that the assumption of sphericity had been
violated, ¥14) = 24.25, p = 0.049 and, therefore, a
Huynh-Feldt comrection was  used.  There
wasn’'t a significant effect of time on MCH,
F(4.33,7)= 0995, p=0.424

There wasn’t a statistically significant effect of time
on MCHC, wilk’s lambda = 0392, F (5,7) = 2.17,
p = 0171. Mauchly's Test of Sphericity indicated
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Fig. 3: Changes  mean hemoglobin
concentration (MCHC) factor least significant
difference (LSD) was used to make post hoc

comparisons between conditions. According to

corpuscular

L3D post hoc A first pared comparisons indicated
that there was a significant difference in the scores
for MCHC at climbing timel (height=1830) with
time 4 (p=0.021), time 5 (p = 0.031) and time 6
(p = 0.033) while these showed height = 1830 after
24, 48 and 72 h standing them at return time. Also
there was a significant difference in the scores
for MCHC at retirning time 4 (height = 1830) after
24 h standing here with time 2 (p = 0.048) and time
3 (p = 0.032) while these showed height = 4000
after 48 and 72 h standing here at climbimng time

that the assumption of sphericity had been violated,
¥¥14) = 30.76, p = 0.007 and therefore, a Huynh-Feldt
correction was used. There was a significant effect of
time on MCHC, F (3.76, 7) = 0.995, p = 0.010. Least
Significant Difference (LSD) was used to make post hoc
comparisons between conditions. According to LSD
post hoc A first paired comparisons indicated that there
was a significant difference in the scores for MCHC at
climbing timel (height = 1830) with ime 4 (p = 0.021),
time 5 (p = 0.031) and time 6 (p = 0.033) while these
showed height = 1830 after 24, 48 and 72 h standing them
at retun time. Also there was a significant difference in
the scores for MCHC at returmung time 4 (height = 1830)
after 24 h standing here with time 2 (p = 0.048) and time 3
(p = 0.032) while these showed height = 4000 after 48 and
72 h standing here at chimbing time (Fig. 3).

There was a statistically significant effect of time
on MCV, wilk’s lambda = 0176, F (5, 7) = 657,
p = 0.014. Mauchly's Test of Sphericity indicated that the
assumption of sphericity had not been violated,
%2 (14) = 12.35, p = 0.593. Least Sigmficant Difference
(LSD) was used to make post hoc comparisons
between conditions. According to LSD post hoc we can
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Fig. 4: Changes mean cell volume (MCV) factor
least significant difference (L.SD) was used to make
post hoc comparisons between
According to LSD post hoc we can clain that
between time 2 and time 3 hadn’t any statistically
significant, also between time 4, time 5 and time 6
there
statistically sigmficant between timel and them

conditions.

wasn’t difference but there were a

claim that between time 2 and time 3 hadn’t any
statistically significant, also between time 4, time 5 and
time 6 there wasn’t difference but there were a statistically
significant between timel and them (Fig. 4).

DISCUSSION

Upon exposure to lowered PO, and subsequent
tissue hypoxia, there are many hematological adjustments
increased PaO,. Hemoglobin (Hb)
concentration and hematocrit (Het) have been shown to
mcrease within 24 h of exposure to altitude. The
stimulation of Red Blood Cell (RBC) production occurs as
PO, sensitive cells within the kidneys stimulate the release
of erythropoietin (EPO) (Robergs and Keteyian, 2003).
However, with the aforementioned reduction in plasma
volume and the lag between EPO secretion and new RBC
production, the true initial increases in Hb and Het
actually occur after approximately 3-4 days of exposure.
This increase allows for greater PaO, and oxygen content
per liter of cardiac output (Hahn and Gore, 2001).

The aim of the present study was to compare the
hemoglobin concentration, red blood cell count and
volume m high altitude and their persistence after
returning back. The results showed the following points:
Changes of RBC and MCHC were significant between
omset of moving toward 1830 m altitude and
24,48 and 72 h of staymg at 1830 m (after returmung
from 4000 m attitude) and the level of these factors
increases at the beginning of climbing to 4000 m and
reduced after returning. MCH also showed the same
changes; however, they were not sigmficant. The first

to allow for

contact with high altiude (hypoxia) is along with
inereased Hb concentration resulted from reduction of
plasma volume (due to reduction of anti-diuretic hormone)
and mereased RBC count. Due to increase of Hb
concentration, the amount of transported oxygen to the
tissues 1s increased. Increase of hematocerit 1s associated
with reduction and mcrease of blood viscosity plasma
volume; these changes increase blood flow resistance and
enhance cardiac performance. These results were in
accordance with the studies of (Armstrong, 2000;
Pugh, 1964).

After returning back from high altitude, due to high
Hb concentration, body 1s forced to destroy the extra
hemoglobin from circulatory system 1n order for
adaptation of the of blood factors
Returning from altitude means no hypoxia conditions and
back to more desirable physiologic conditions compared
to high altitude and reduction of hemoglobin and RBC
counts to the normal level. Hormones and stimulating
factors influencing on Hb production in high altitude
(e.g., erythropoietin) would lose their effect over time and
the body returns to the normal conditions.

In addition, in terms of MCV, there was a significant
difference between onset of climbing toward 1830 m with
24, 48 and 72 h staying at 1830 m and also 48 and 72 h
staying at 4000 m altitude and amount of this factor
showed a reduction at the beginning of climbing (1830 m)
compared to chime toward 4000 m and staying m it and
return to 1830. The results of this study were not in
accordance with the study of Pugh (1964) m which MCV
increased after 3 and 18 weeks staymg at 5800 m altitude.
However, the differences in primary results are related to
the difference m altitude and staying duration which the
present study 1s less than 3 days and it was 18 weeks in
Pugh’s study.

Hemoglobin mass after 21 days of conventional
altitude  training at 1816 m  investigated by
Pottgiesser et al. (2009) and results showed that no
signficant difference was found in tHb after the altitude
sojourn. Additionally, the analysis of red cell volume,
plasma volume and blood velume or haemoglobin
concentration (Hb) as well as haematocrit (Het) did not
reveal any sigmficant changes. Several studies have
measured tHb prior to and after conventional altitude
training and some have reported an increase of tHb by
6-9% (Heinicke et al., 2005; Friedmann et al., 2005)with
a wide inter-individual variability while others did not
(Friedmann et al., 1999, Gore et al., 1997; Saunders et o,
2004). As the hypoxic dose emerges as a key factor of

concentratiorn.

erythropoietic adaptations, selection of the appropriate
altitude and duration of the stay are important factors.
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In other study Savourey et al (2004) investigated
control of erythropoiesis  after high altitude
acclimatization. In this research erythropoiesis was
studied in 11 subjects submitted to a 4 h Hypoxia (HH)
in a hypobaric chamber (4,500 m, barometric
pressure 58.9 kPa) both before and after a 3-week sojourn
in the Andes. On return to sea level, increased red blood
cells, haemoglobin at the end of HH (p<t0.05) attested high
altitude acclimatization. Reticulocytes increased during
HH after the sojown only (p<<0.01) indicating a probable
higher reticulocyte release and/or production despite
decreased serum erythropoietin (EPO) concentrations.

Exposure to acute hypoxia is associated with
changes Plasma Volume (PV) wmvestigated by
Poulsen et al. (1998). In this study PV and hemoglobin in
ten normal subjects at sea level and again 24 h after rapid
passive ascent to high altitude (4,350 m) measured. The
results showed little changes in Hb and significant
reduction in plasma volume (Poulsen et al., 1998).

The studies have shown that permanent exposure to
altitude for a few days reduces the amount of
erythropoietin to the previous amount before climbing;
although, alveolar oxygen pressure and hemoglobin
saturation decreased, the amount of Hb and Hematocrit
did not change (Siri et al., 1966).

Stimulation of erythropoiesis is simply not done in all
the hypoxic levels. Hb concentration increases linearly at
4000 m altitude and higher than this point up to 6000 m, it
is a non-linear increase and it will be a reduction process
(Milledge and Cotes, 1985).

Increase of oxygen transfer in high altitude includes
a slow stage and requires long duration for adaptability of
the body; however, stimulation of erythropoiesis has no
important role for tissues in short periods of staying in
high altitude. Some changes in hematocrit increase is due
to plasma velume reduction because of an increase in
blood viscosity, it probably has a negative effect on
tissues oxygenation (Ward et al., 1989).

Blood factors are also changed in high altitudes.
Plasma level is reduced by staying in high altitude
(Boning et al., 1997).

Faura et ol (1969) announced that one week
staying at 4530 m can cause few increases in hematocrit
and significant increase in RBC count (Faura et al., 1969).
Hematocrit was increase in those staying at 4300 m
altitude from 12 days to 4 weeks; however, it had no
change in those staying at this altitude for a short time
(Wolski et al, 1996).

CONCLUSION

The present study is different from previous studies
and no study has ever been done in such conditions.
Most of studies has either been done in a long duration
at altitude 1800-3000 m or has been conducted in

extremely hard situation and time such as at Everest
Mountains which both are to some extent hard and not
cost-effective; because going to mountains is expensive
and the more the time of the study 1s, there is a more
possibility for sample loss. However, if we are looking for
efficiency from altitude and hypoxic conditions, we have
to reduce the time period so that more people can be in
attitude. Changes n blood factors at altitude depend
upon duration of staying, ntensity of activity and other
influencing factors.
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