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Effect of normal air pressure low oxygen concentration
environments on resting metabolism
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Abstract : In order to examine whether normal pressure and low oxygen environments are
effective as exercise loads, we used respiratory gas analysis to look into the impact of 30
minutes of exposure to normal pressure low oxygen concentration conditions on energy
metabolism. Subjects were 7 healthy adult males. Method: A low oxygen concentration
environment at normal pressure was set up using membrane separation at a normal oxygen
concentration. Subjects rested for 30 minutes in a seated position in each of the test
conditions, and readings of their energy expenditure rate (kcal/min), lipid oxidation rate
(mg/min), and glucose oxidation rate (mg/min) were obtained using respiratory gas
analysis, and a comparative investigation was carried out on these. Results: The EER in the
low oxygen concentration environment at normal pressure was the same as that in a normal
oxygen environment, however, the lipid oxidation rate in the low oxygen concentration
environment at normal pressure was significantly lower than that in the normal oxygen
environment, and the GOR in the low oxygen concentration environment at normal pressure
was significantly higher than that in the normal oxygen environment. Conclusion: These
results suggested that unlike in high altitude environments, glucose usage may be
accelerated in low oxygen concentration environments at normal pressure, in which only
oxygen concentration is decreased.
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I Introduction

There have been an increasing number of cases
of life style related diseases in Japan. Male 50%
older than 30 years old and female 50% older than
50 years old are the hyperlipemia patients in Ja-
pan1>. The 22.1 million adults in Japan, over 20% of
the adult population, either have or are suspected
of having diabetes® . The increasing medical cost
of lifestyle diseases is an extremely important is-
sue for Japan, and various measures are been tak-
en, such as the “Healthy Japan 21” program.

Moreover, it is known that the incidence rate of
conditions such as coronary heart disease and hy-
pertension is low among people living at high alti-
tudes, namely 1,000~3,000 m above sea level, and
it is also known that many such people have long
life expectancies.

Also, it has been pointed out that training at high
altitude is effective in improving lipid and glucose
metabolism®. Terrados et al.¥ reported that four
weeks of intermittent endurance training in a low
oxygen concentration environment (60~709%
VOamax) and at low pressure, at an altitude of
2,300 m, is effective in increasing lipid oxidation
and reducing glycolysis.

Kikuchi et al.” pointed out that endurance exer-
cise for athletes in an artificial low oxygen concen-
tration environment at low pressure, at an altitude
of 2,000 m, may improve lipid metabolism, and it
may be effective in weight loss compared to that in
a normal environment. However, it is very difficult
to actually carry out training at high altitude orin a
low-oxygen environment at low pressure from
physical and financial points of view. Moreover, in
recent years it has become possible to create low
oxygen concentration environments at normal
pressure using relatively simple devices. High alti-
tude environments have the feature that oxygen
concentration and pressure are both low. If it is low
concentration environments that have a positive
impact on energy metabolism, it may be easy to re-
alize effective training environments.

The purpose of this study was to examine wheth-
er normal pressure low oxygen concentration envi-
ronments can be combined with other conditions
in applying an exercise load, and whether such en-
vironments are effective.

In the present study, respiratory gas data was
used to look into the impact of low oxygen concen-
tration environments at normal pressure on energy
metabolism.

In addition, this study took approval of an ethic
committee of Kochi rehabilitation Institute.

II Subjects and method

1. Subjects

Subjects were seven healthy adult males. Their
mean age was 21.5 (the age range was 21~22
years old). Their mean height, weight and body
surface area were 167.6% 3.3 cm, 62.3 = 5.8 kg and
1.71+0.09 m>. We explained the study aims, de-
tails, and points to note to the subjects, and started
the experiment after obtaining written informed
consent.

2. Method

The experiment was carried out in a room with a
temperature of 27~28C and humidity of 40~50%.
A vinyl chloride tent (volume of 4.0 m°) the Fuji-
wara et al.? patent were used, and a high/ low oxy-
gen air generator using a membrane separation
method as reported by Ookura” (separation mem-
brane: UBEN2, made by Ube Kosan; compressor :
SLP-22C, made by Anest Iwata) were used to pre-
pare a low oxygen concentration environment (ox-
ygen concentration of 14.5%, 0.7 atm, equivalent to
an altitude of 3,000 m; hereinafter referred to as
the “low oxygen environment”), and also a normal
oxygen concentration environment was prepared
(oxygen concentration of 20.9%, 1.0 atm ; hereinaf-
ter referred to as the “normal oxygen environ-
ment”) (Fig. 1).

In the present study, an experiment was firstly
carried out in the normal oxygen concentration en-

vironment, and a subsequent experiment was car-
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ried out in a low oxygen concentration environ-
ment a week thereafter.

In each environment, subjects sat in a resting
position for 30 minutes, and the their energy ex-
penditure rate (EER, kcal/min), and lipid oxidation
rate (LOR, mg/min) and glucose oxidation rate
(GOR, mg/min) were obtained using respiratory
gas analysis, and a comparative analysis was car-
ried out. EER, LOR and GOR were calculated using
the following formulae® .

EER=(3.581xVO2 (L) +1.448 xVCO2 (L))/

1,000 -1.773 x NU; LOR=1.689 x (VO2 (L) = VCO2
(L)) —1.943 xNU; GOR=4.571xVCO2 (L) —3.231
x VO (L) —2.826 x NU. NU (mass of urea nitro-

Fig. 1 High/low oxygen air generator
Vinyl chloride tent (Volume : 4.0 m3)

1 : Oxygen room, 2 : Oxygen sensor, 3 : High/Low oxy-
gen air generator, 4 : Oxygen concentration controller, 5 :
Oxygen monitor

gen excreted per minute) was set at 0.008 g/ min.
Additionally, EER, GOR, and LOR were adjusted
for body surface area. Also, subjects did not eat
dinner and fasted until measurements were carried
out the following morning.

During the experiment, an ECG monitor was
used to monitor the heart rate (HR, bpm), and sub-
jects were monitored for arrhythmia. The percuta-
neous arterial oxygen saturation rate (SpO2) was
measured using a pulse oximeter (NBP-400, NEL-
LOR PUPITANBENNETT). A respiratory gas ana-
lyzer (Aero-Monitor AE-300S, Minato Medical Sci-
ence) was used to continuously measure
respiratory gas data using the breath-by-breath
method. Measurements were taken every minute
from the start until the end of the experiment, the
average of each 5 minute interval was named Stage
1 to Stage 6, and a comparative investigation was
carried out on these Stages (Fig. 2).

The Wilcoxon signed-ranks test was used for the
statistical method in comparing data between the
low and normal oxygen concentration environ-
ments. A one-way analysis of variance and multiple
comparison tests were used in comparing the stag-
es in a given oxygen concentration environment.
The significance level for each Stage was set at p<<
5%. SPSS Ver.18 was used to carry out statistical
analyses.
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Fig. 2 Illustration of experiment plan
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III Results

Their mean SpO2 were 93.4+1.2% at Stage 1,
92.4%+1.3% at Stage 2, 91.3+1.8% at Stage 3, 90.9
+2.4%at Stage 4, 91.1+2.6% at Stage 5 and 91.2
+2.5% at Stage 6 in low oxygen concentration en-
vironments respectively. Their mean SpO3 were
97.5+0.4% at Stage 1, 97.3+0.6% at Stage 2, 97.2
+0.6% at Stage 3, 97.3+0.4% at Stage 4, 974+
0.2% at Stage 5, 97.6+0.4% at Stage 6 in normal
oxygen concentration environments respectively.
There were significant differences in all stages be-
tween low oxygen concentration environments and
normal oxygen concentration environments (Table
1, p<0.05). Also, in the low oxygen concentration
environment, there was a small difference found
from Stage 3 onwards.

It was considered that the amount of oxygen
supplied to the body reached a stable level in Stage
3 and onwards, and EER, LOR, and GOR were
compared in these Stages (Table 2). There were
no significant differences in LOR between the low
and normal oxygen concentration environments.
There was a significant difference in LOR at Stage
3 and onwards between the low and normal oxygen
concentration environments, and the values were
lower in the low oxygen concentration environ-
ment (p<<0.05). There was a significant difference
in GOR between the low and normal oxygen con-

centration environments, and the values were high
in the low oxygen concentration environment (p<
0.05).

IV Discussion

We analyzed the effect on resting energy metab-
olism of the exposure to normal pressure low oxy-
gen environment.

Oxygen taken into the body is affected by the as-
piratory oxygen concentration. In air at 1 atm
(760Torr), alveolar Oz partial pressure (Pa02) is
approximately 100Torr at an oxygen concentration
of 20.9%, and it is approximately 56.4Torr at an ox-
ygen concentration of 14.5%. Thereafter, oxygen
moves to the alveoli through pulmonary capillary
blood via a diffusion mechanism, it is taken into
the body, and arterial O2 partial pressure (P,02)
becomes equivalent to PAoO2. In the low oxygen
condition in the present study, since PaOy was
equal to P,0s, it was estimated at approximately
56.4Torr. Normally, arterial O2 partial pressure is
60% at a P,O2 of 60torr, and therefore it was con-
sidered that it becomes almost stable at 90~91%
at Stage 3 and later, and that the oxygen supply at
low oxygen concentrations stabilizes.

Based on this, EER, LOR, and GOR were com-
pared at Stage 3, at which it was considered that
the volume of oxygen supplied to the body stabiliz-

Table 1 SPO2 (%) at each Stage

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
Low Oxygen 934 1.2 ]* 924 +13 :l* 91.3+1.8 ]* 909+ 24 ]* 91.1 =26 :I* 912+ 25 ]*
Normal Oxygen 97.5 %+ 0.4 97.3+ 0.6 97.2 = 0.6 97.3 + 0.5 97.4 £ 0.2 97.6 £ 0.4
*
1 p<0.05

Table 2 EER, LOR and GOR for each Stage

Stage 3 Stage 4 Stage 5 Stage 6
EER Low Oxygen 0.66%+ 0.15 0.68% 0.14 0.67+ 0.18 0.75+ 0.16
(kcal/min/m?) Normal Oxygen  0.69+ 0.05 0.68+ 0.04 0.70% 0.06 0.71% 0.06
LOR Low Oxygen 258+ 4.14 441+ 8.80 491+ 7.75 205+ 275
(mg/min/m?)  Normal Oxygen 23.19%15.86 ]* 20.10%£15.44 ]* 23.20+14.21 ]* 17.80+ 19.86 ]*
GOR Low Oxygen  227.20+89.22 239.14+94.97 219.43%90.50 268.36+101.69
(mg/min/m?)  Normal Oxygen 150.36+36.06 I 155.76+49.39 I« 156.27+51.65 iy 177.85% 52.00]*

* . p<0.05
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es, and at subsequent Stages.

GOR values were significantly higher in the low
compared to the normal oxygen concentration en-
vironment. Since glycolysis inside mitochondria is
inhibited in patients with hypoxemia in high alti-
tude environments (low oxygen concentration en-
vironments at low pressure), a mitochondrial de-
coupling protein is used in place of glucose.
Further, it has been reported that as a result of
making up for the lack of ATP by increasing the ef-
ficiency of ATP binding with anaerobic glycolysis,
the use of glucose increases, blood sugar decreas-
es, and insulin secretion also decreases, and conse-
quently, insulin sensitivity improvesg) . In the pres-
ent study, it was considered that subjects had
hypoxemia in the low oxygen concentration envi-
ronment, based on their SPO2 results, and it was
also considered that a large amount of glucose was
used due to a similar effect. Therefore, the results
suggested that glucose utilization may increase
even in low concentration environments at normal
pressures, where only oxygen concentration is de-
creased, unlike in a high-altitude environment. It is
necessary to further look into the benefits of such
environments for use in treating diabetes, the inci-
dence of which has been continually increasing.

LOR values were significantly lower in the low
oxygen concentration environment than in the nor-
mal one. It has been reported that staying and
training in high-altitude environments increases
sympathetic nerve hormone secretion due to a de-
creased oxygen saturation level in low oxygen con-
centration environments” . Free fatty acids are re-
leased by adipocytes, mediated by 8 3AR, increasing
lipid metabolism'?. In these preliminary studies,
subjects had to climb up a mountain before being
exposed to a low oxygen concentration environ-
ment, and measurements were taken during a stay
on a mountain for four days to several weeks. The
exposure time to the low-concentration environ-
ment in the present study was only 30 minutes, and
it was considered that this difference affected the

results. It is necessary to change the conditions by
extending the continual exposure time in a low ox-
ygen concentration environment and increasing
the number of times of repeated exposure, and it is
also necessary to look into the impact of changing
such conditions.

There were no significant differences in EER in
each Stage of normal and low oxygen concentra-
tion environments. Therefore, it was considered
that exposure to the low oxygen environment for a
short period of time does not affect the energy
consumption in a resting seated position; however,
W showed that
heart rates at rest increased after subjects were ex-

the results of a preliminary study

posed to low oxygen concentration environments
for short periods of time, and there was also a ten-
dency for air ventilation volume to increase, al-
though this increase was not significant.

Naturally, such changes should increase energy
consumption; therefore it was considered that it is
necessary to review these points by extending the
exposure time. It is necessary to look into glucose
and lipid metabolism during the post-exercise re-
covery period in a low oxygen concentration envi-

ronment going forwards.
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