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Abstract

Background: Apnea is a common disorder in the community. The aim
of the study was to compare the acute effects of activity and periodic
hypoxia on the nitric oxide, blood pressure, and the pulmonary
function in apnea.

Methods: The study was as a clinical, pretest, and posttest
intervention. A total of 11 males enrolled in the study and completed at
least four options of the STOP-Bang inventory. They performed
aerobic exercise on a treadmill with intensity of 70 0/0 heart rate
reserve, during 40 minutes in intermittent hypoxia. The subjects
inhaled intermittently 5 minutes normoxic and hypoxic (11%) air at
sitting position for 1 hour. Nitric oxide, blood pressure, and lung
function were measured before and after interventions. SPSS,, was
used to analyze the collected data. Kolmogorov-Smirnov, ANOVA, and
Pearson correlation tests were used. The significance level was set at
0.05.

Results: Significantly elevated nitric oxide and reduced systolic blood
pressure were observed at 40, 50 and 60 minutes in the intermittent
aerobic exercise (Pvalue < 0.05). We found a significant relationship
between reduction in systolic blood pressure at 50 minutes and PEF in
post 30 and 60 minutes. The results revealed heightened serum nitric
oxide after aerobic exercise sessions and diminished systolic blood
pressure. However, there was no difference in the lung function factors
before and after the interventions.

Conclusions: Aerobic exercise increases the nitric oxide better than
hypoxia does and reduces blood pressure. Thus, it can be used in
patients with obstructive sleep apnea.
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I ntroduction

Obstructive sleep Apnea (OSA) is a common chronic
disorder characterized by repetitive collapses of the upper
airway during sleep and is associated with snoring, disrupted
sleep, and intermittent hypoxia (IH).! The apnea
pathophysiology is multi-dimensional, but the most important
factor is obesity which causes obstruction of the upper air ways.?

Most researchers have reported that chronic aerobic
exercise is one of the non-pharmacological strategies to treat
apnea. According to author's information, previous studies have
been based on chronic aerobic exercise.>* Thus, the studies
examining the acute aerobic exercise on apnea were not
observed. Previous studies have shown other exercises used to
reduce obstructive sleep apnea including intermittent hypoxia

performed in studies on the treatment of pulmonary diseases
such as chronic obstructive pulmonary disease.> In some
studies, complications were not related to exposure IH. In
addition, slight IH causes complications associated with apnea.
The basis of studies between humans and animals is intensity
of IH. In addition, beneficial results at cell level have been
reported in previous studies.® The basic assumption is suitable
dose and according to our search until now we have not seen
study done with the protocol of this study.

Nitric oxide (NO) is a gas with a short half-life and
different physiological effects. Nitric oxide has different
physiological effects which acts through the production of
cyclic guanosine monophosphate. It is synthesized via nitric
oxide and L-Arginine amino acid. One of the roles of nitric
oxide is in the respiratory system operation which acts as a
vascular relaxant, neurotransmitter, and blood clotting agent in
the body. In diseases with hypoxia, no distribution diminishes
in cells. It has been shown that creating a relative equilibrium
of oxygen and nitric oxide improves the performance of nitric
oxide.” Previous studies have shown the significant effect of
the aerobic exercise protocol on nitric oxide level. However,
only one study in apnea showed that acute aerobic exercise on
nitric oxide reduced.® Furthermore, only one research
investigated the effect of hypoxia with moderate intensity on
apnea which observed negative effects on nighttime sleep as
compared to control group. Therefore, further research is
required in this regard.

Hypertension refers to sustained elevated blood pressure
levels. Following obesity, it is the second most common
chronic widespread disease in the united states. Approximately
60% of people over 20 years of age have a high blood pressure
or hypertension.® A small increase in blood pressure is known
as pre-hypertensive blood pressure; at this stage, people's blood
pressure is higher than normal and below the level of high
blood pressure.’® Recent studies have shown that the aerobic
exercise is a non-pharmacological strategy against
hypertension. It inhibits the sympathetic system and reduces
vascular resistance.!! Intermittent hypoxia is another strategy
that would reduce blood pressure with sympathetic-adrenal
suppression and angiotensin-renin system at high altitudes.*?

Some studies have investigated the effects of aerobic
exercise on lowering blood pressure by increasing nitric
oxide.131415 Nevertheless, according to our search, no study
has been performed yet on the severe effects of aerobic
exercise on apnea and changes in nitric oxide levels. Also, only
two studies have shown the effectiveness of intermittent
hypoxia on blood pressure reduction in which subjects were not
patients with apnea.?14
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Physical activity is one of the factors affecting pulmonary
function and quality of sleep. However, no information is
available about the effects of exercise on changes in respiratory
parameters associated with sleep quality. Reports suggest that
increased or improved respiratory function along with more
exercise would reduce resistance and increase the diameter of
the airways. It strengthens the respiratory system and improves
the elasticity of the lungs and chest.'® According to our search,
only one study has investigated the effect of high intensity
acute aerobic exercise on obese people.r” Also, only one study
of chronic intermittent hypoxia examined mountaineers, which
only significantly increased the PEF in the experimental group
compared to control. Other parameters, including FEV1 and
FEF 25-75%, FVC, MVV, VC, were not significantly altered.1

Due to the lack of research on the effects of acute periodic
hypoxia and aerobic exercise on nitric oxide levels, blood
pressure, and lung function, the present study was conducted to
inspect the effects of the above-mentioned factors on blood
pressure and lung function.

Materials and Methods

This is a semi-experimental study with pretest and posttest
intervention. We enrolled 11 male volunteers with obstructive
sleep apnea (24.54 + 10.24 years old, 134.81 + 6.41sys blood
pressure, 83.81 + 7.16 dias blood pressure) who were admitted
to the Razi university and completed at least four options of
STOP-Bang inventory from health behavior association. The
STOP-Bang questionnaire consists of 8 questions about
snoring, fatigue, blood pressure, BMI, age, sleep apnea, gender,
and neck size. Note that all of them have limitations for
evaluation including BMI above 35 kg/m?, age greater than 50
years, neck size larger than 43 cm for men and greater than 41
cm for women. In terms of scoring, 0-2 positive factors mean a
low risk of apnea, 3-4 positive items represent “intermediate
risk”, and 5-8 positive items indicate a “high risk”. It is an
easy-to-use screening tool for OSA which has 84-100%
sensitivity and 37-56% of specificity.®

Initially, the subjects filled out the questionnaires
anonymously as the participation in the study was voluntary.
Accordingly, each subject was informed of the experimental
procedures and the possible risks involved in the study, and
informed consent was subsequently obtained. They were
randomly divided into hypoxia group and aerobic group. The
subjects with cardiovascular disease, addiction, prescription
drugs, and tobacco smokers were excluded from the study.
None of the cases had hospitalization in three months prior to
starting the study and had daily activity without absolute
resting. Demographic data including sex, age and BMI were
gathered from the patients’ records. The study was performed
on two separate days and at least prolonged three days and
interventions performed randomly.

During intermittent hypoxia session, performed by a
hypoxia catcher (GO2 Altitude, Australia), at first they sat
down and rested for at least 30 minutes. Next, 5-minute
hypoxic air (11% oxygen) and 5-minute normoxic air (room
air) were inhaled intermittently at a sitting position for 1 hour.
The subjects were allowed to take off their mask and inhale the
room air when they felt uncomfortable or dizzy.

They performed an aerobic exercise involving 40 minutes
running on a treadmill (h/p/Cosmos, Germany). Firstly, they
performed warm-up forl0 minutes consisting of fast walking
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and stretching exercises. Next, they did aerobic exercise with
intensity of 70% heart rate reserve as they fasten (polar
pulmonary, Finland) to the lower abdomen and lower back.
Finally, they cooled down for 10 minutes by walking. We used
Karvonen formula to measure 70% heart rate reserve.

Karvonen formula = [(max HR — resting HR) x 70%
Intensity] + resting HR example

Blood samples (5 cc) were collected to analyze nitric oxide
immediately before and after each intervention from the
brachial vein. In the first collection, after fasting for a
minimum of 8 h, venous blood samples were obtained from the
antecubital veins of all participants in a sitting position. Blood
specimens were centrifuged at 3000 g for 20 min at room
temperature to separate the serum. Aliquots of the serum were
transferred into citrate tubes and utilized in the analysis of
biochemical factors. The samples were stored at — 20°C until
the nitric oxide was analyzed by Elisa kit (Nitric oxide (Zell
Bio GmbH) in the laboratory.

The evaluation of blood pressure was conducted 20 minutes
after the subjects were in the laboratory. Then, the practice time
was measured every 10 minutes to an hour, in each testing
session. Both systolic and diastolic blood pressures were
measured using digital barometer automatic blood pressure
monitor (Beure 20 BM model). Participants were asked to sit
and remain seated with their feet on the ground and their arms
resting at the heart level. Two blood pressure measurements
were performed on the arms and wrist with at least a 10-min
pause between the measurements. Standard spirometry
pulmonary function tests were performed prior to as well as
half an hour to an hour after each session by a portable
spirometer (Germany). The patients were studied in a sitting
posture while wearing a nose clip using standard methodology.
Forced vital capacity (FVC), forced expiratory volume in the
first second (FEV1), peak expiratory flow rate (PEFR), tidal
volume (TV), and the (FEV1/FVC) ratio were measured. The
research ethics committee of sport sciences research institute
approved the study. It was also according to the ethical
standards in research of the ministry of science, research and
technology (code IR.SSRI.REC.1397.369). The ethics identity
IR.SSRC.REC.1397.016 of this document is also visible in the
national ethics system website (IRCT20190718044267N1).

Kolmogorov-Smirnov, repeated measures analysis of
variance (ANOVA), and Pearson correlation tests were used.
The collected data were analyzed using software SPSS version
22. The significance level was set at 0.05 in all tests.

Results

The subjects were divided into two groups, with their
descriptive information being presented in table 1.

Table 1. The descriptive information of the subjects

Parameter Mean + SD
Height 179.273 + 6.698
weight 88.049 £ 6.996
BMI 27.382 £3.251
WHR 0.872 £ 0.033

Systolic blood pressure 134.818 + 6.419
Diastolic blood pressure 83.818 + 7.167
Age 24.546 +10.241

Analysis of variance (ANOVA) were used to evaluate the
effect of interventions on nitric oxide, blood pressure, and lung
function. It showed that nitric oxide was significantly elevated
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after 40 minutes (Pvalue = 0.031); blood pressure was significantly
reduced after 40, 50, and 60 minutes (Pvalue = 0.014); and FVVC was
significantly in time and group (Pvalue = 0.49). Table 2 shows the results.

Table 2. Results of repeated measures ANOVA to investigate the effect of
interventions

Factors Time Time. group
NO 0.031 0.654
Systolic BP 0.014 0.552
Diastolic BP 0.799 0.079
FVC 0.571 0.049
FEV1 0.255 0.257
FEV1/VC 0.244 0.300
v 0.919 0.696
PEF 0.518 0.217

Considering other lung function factors (FEV1,
FEV1/FVC, TV and PEF) and diastolic blood pressure, no
significant changes were observed in time and time-and-group
comparisons.

we used to pair t test to detect the intragroup changes from
pretest to posttest. The results are shown in table 3.

Table 3. The results of student t-test in interventions

Exercise Hypoxia

Factors

Mean Pvalue Mean Pvalue
NO pre and post -28.636 0.246 -42.613 0.480
Systolic BP 10 min 1.545 0.742 1.909 0.563
Systolic BP 20 min 129.364 0.173 128.455 0.304
Systolic BP 30 min 3.455 0.456 4.636 0.401
Systolic BP 40 min 6.000 0.660 13.091 0.240
Systolic BP 50 min 3.727 0.560 98.182 0.320
Systolic BP 60 min 0.545 0.870 11.000 0.260
FVC pre and after 30 min -0.587 0.176 0.368 0.184
FVC pre and after 60 min 0.008 0.949 0.196 0.258

To investigate the relationship between the desired change
in some variables, Pearson correlation was used. Reduction in
systolic blood pressure at 50 minutes significantly correlated with
the PEF post 30 (Pvalue = 0.429) and 60 (Pvalue = 0.458) minutes.
No correlation was observed in the other variables (table 4).

Table 4. Investigating the relationship of variables

r Pvalue
Correlate NO and SBP 40 -0.123 0.586
Correlate NO and SBP 50 -0.359 0.101
Correlate NO and SBP 60 0.148 0.510
Correlate FVC30 min and SBP 40 -0.108 0.633
Correlate FVC60 min and SBP 40 -0.417 0.053
Correlate FVC30 min and SBP 50 0.004 0.986
Correlate FVC60 min and SBP 50 0.176- 0.434
Correlate FVC30 min and SBP 60 0.157 0.486
Correlate FEV1 30 min and SBP 40 -0.338 0.124
Correlate FEV1 60 min and SBP 40 -0.208 0.353
Correlate FEV1 30 min and SBP 50 0.174 0.439
Correlate FEV1 60 min and SBP 50 0.321 0.145
Correlate FVC 60 min and SBP 60 -0.290 0.109
Correlate FEV1 30 min and SBP 60 0.250 0.912
Correlate FEV1/VC 30 min and SBP 40 -0.247 0.267
Correlate FEV1/VC 60 min and SBP 60 0.100 0.659
Correlate TV 30 min and SBP 40 0.366 0.094
Correlate TV60 min and SBP 40 0.161 0.475
Correlate TV30 min and SBP 50 0.004 .0985
Correlate TV30 min and SBP 50 -0.137 0.545
Correlate TV60 min and SBP 60 -0.111 0.624
Correlate PEF 30 min and SBP 40 -0.376 0.084
Correlate PEF 60 min and SBP 40 -0.207 0.354
Correlate PEF 30 min and SBP50 0.429 0.046
Correlate PEF 60 min and SBP50 0.458 0.032
Correlate PEF 30 min and SBP 60 0.187 0.405

Discussion

In general, it can be concluded that an aerobic exercise
protocol in hypoxia periodic activity improves nitric oxide and
blood pressure systolic in patients with obstructive sleep apnea.
Systolic blood pressure after 50 minutes with indicator PEF
half an hour after exercise represented improved distention
lung after workout. Practically, it seems that 40 minutes of
aerobic exercise at 70% heart rate reserve act as a major factor
in response to nitric oxide, blood pressure after exercise. This
method has less limitations in comparison with regular exercise
at the same time and expected to fulfill the aim for a wider
range of people, including the sick, disabled, and older subjects
with regular exercise.

Our results showed a significant increase in the level of
nitric oxide during aerobic training. This research is in line
with Farahati (2013),° Tanaka et al. (2015),"® and Masaki
(2014),% but is not in line with the results of Reboul et al
(2005)?2 and Serebrovska et al. (2002).2® Reboul and his
colleagues observed that hypoxia exposure caused diminished
endothelium-dependent  dilation aorta in sedentary and
practicing rats. As a result, acclimatization at high altitudes
may limit NO homeostasis.

Hypothyroidism is probably one of the circumstances in
which tissues face impaired nitric oxide production as thyroid
hormone has a stimulatory effect on nitric oxide production. In
hypothyroidism, the reduction of synthesis and release of nitric
oxide has been reported. In this study, systolic blood pressure
dropped significantly at minutes 40, 50 and 60, with elevated
noradrenaline levels being likely the reason for this reaction.

Blood accumulation in active muscle tissues could reduce
overall blood pressure, causing vasodilatation depending on the
type and intensity of exercise. This study intended to examine
the acute effects of aerobic exercise and periodic hypoxia on
blood pressure in patients with apnea. The findings of this
study showed that systolic blood pressure in both interventions
was reduced in aerobic exercise after 40, 50, and 60 minutes.
However, diastolic blood pressure reduction was not significant
in any of the interventions. The results of this study were not in
line with the results obtained by Amosov (1989),*2 Tadibi
(2015),%> Luo (2014),%* Haider (2009),%° while being in line
with Ladage (2012).26

After the activity in hypoxia, the reduction in blood
pressure was not significant. Probably the exercise was run
early in the morning as blood pressure is high after waking up
early in the morning. At noon and afternoon, the blood pressure
falls naturally. In contrast, Ladage (2012) reported high blood
pressure in patients with diabetes mellitus after exercise in
hypoxia. In this study, diastolic blood pressure was not
significantly reduced. Other indicators were not significant in
any of the interventions (time and time-group). The results are
in line with Feridun-fara (2011)*® and Moradi (2012),%” while
being incongruent with Tartibian (2013).

Feridun-fara (2011)'® investigated the influence of
intermittent hypoxia on lung function indices in climbing
woman - 12 hikers with an average age of 29 years. PEF
increased in the experimental group in comparison with the
control group, which is inconsistent with this research possibly
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due to the exercise protocol and time measurement of
spirometry indices in two studies. Tartibian’s (2013) research
on respiratory and sleep quality indices in active and inactive
men showed that increased levels of physical activity have a
favorable effect on the performance and some of the values and
capacity of the respiratory system thus improving the quality of
sleep. Physical activity levels showed a favorable effect on
some of the values of PFTs thereby improving the quality of
sleep. No significant relationship was observed between FVC
and systolic or diastolic blood pressure at significant times.
Systolic blood pressure and PEF index showed a positive
relationship at 50 minutes during half an hour and 1-hour post
intervention. Fesharaki?® studied aerobic and aerobic-resistance
training in patients with asthma; in line with this research, no
increase was observed in the lung function through aerobic
exercise. Note that measuring disease severity with FEV1 is not
the primary determinant of the patient's fitness level. In
addition, different exercise protocols, different times and
different patients with severe disease may also explain the
differences. As suich, in this case, further research is
required.

It is recommended that in future research, subjects be tested
using standard diagnostic polysomnography tests. Although
STOP-Bang questionnaire has also been reported as the best
diagnostic tool after polysomnography, more accurate
information can be reported in the polysomnography method.

Since one of the limitations of the study was to assess the
periodic hypoxic apnea after aerobic activity, therefore it is
recommended that in future research, the apnea be re-evaluated
after the intervention to see the direct effects of interventions.

Since apnea is associated with regional life styles, the
effects of these interventions should also be checked in other
areas of the world.
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