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ABSTRACT. A good sleep quality and quantity is essential to achieve a healthy body and mind.
Hyperbaric oxygen therapy (HBOT) is a treatment involving a specialized chamber where pressure
and pure oxygen will be supplied, which can influence inflammation, oxidative stress, cortisol, and
melatonin, which may influence sleep quality. Therefore, the purpose of this study is to identify if
there is a significant and positive correlation between hyperbaric oxygen therapy and sleep quality.
In this study, participants’ sleep quality is assessed by Pittsburgh Sleep Quality Index before and
after undergoing HBOT treatment. The participants are also divided into 5 groups based on the
number of HBOT treatment that they have undergone. The result of this study is that there is a
significant positive correlation between hyperbaric oxygen therapy and sleep quality (p-value<0.001),
along with sleep quantity (p-value<0.001). And subjects can acquire the best sleep quality after more

than 41 hyperbaric oxygen therapy at 3 ATA (p-value <0.07).
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1. INTRODUCTION

One of the basic needs for every person is sleep. An
adequate amount of sleep is crucial for the body, in
terms of brain function and body systems, to repair
and recharge (Medic et al., 2017). Sleep is
important for it is also influential in promoting
growth and development, for the level of growth
hormones rises during sleep (Devesa et al., 2016).

Research shows that people with insufficient sleep
in the long term have a higher risk of medical
problems  including  hypertension, lower
immunological response, stroke, diabetes, obesity,
and depression (Committee on Sleep Medicine and
Research, 2006; Medic et al., 2017). The two
essential parts of sleep are quantity and quality
(Kohyama, 2021). Sleeping problems, such as
insomnia and obstructive sleep apnea, causes poor
quality of sleep.

Research estimates that approximately one billion
adults worldwide suffer from obstructive sleep
apnea (Benjafield et al., 2019). Insomnia is also
another sleeping disorder where around 10 to 30%
people worldwide suffer from (Bhaskar et al.,
2016). Latest studies have also shown that COVID-
19 has increased the number of people who
experience sleeping difficulties, namely falling

asleep, staying asleep, waking up early, and other
types, by 14.5% (Robillard et al., 2020). These
studies have shown that many people do not have a
good quality and quantity of sleep, which can affect
their mental and body health (Clement-Carbonell et
al., 2021).

Researchers have found that low oxygen saturation
can lead to sleep disorders which include insomnia,
poor quality of sleep and daytime sleepiness
(Johansson et al., 2015). Besides oxygen saturation,
high inflammation is found to be able to negatively
affect the quality of sleep (Dzierzewski et al.,
2020). A high oxidative stress has also been found
to be able to lead to poor sleep quality. Oxidative
stress transpires when there is a disproportion
between the production scale of oxygen free
radicals, or reactive oxygen species (ROS), and the
capability of the body to detoxify those byproducts.
An experimental study in mice found that a high
level of ROS causes short sleep and disrupted
normal sleep cycle (Hill et al., 2018).

Moreover, Cortisol is a hormone that assist in
waking people up and staying up. Naturally, the
level of cortisol fluctuates through the day, peaking
in the morning and in the lowest level at night, or
in the beginning of sleep. An individual will wake
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up when the cortisol level has reached the highest
level at the moment (Azmi et al., 2021). Despite
that, various factors can disrupt the natural pathway
of cortisol levels such as stress and anxiety which
increase the cortisol level for cortisol is released in
reaction to stress by the adrenal gland. Therefore,
cortisol is also known as the stress hormone which
leads to the inability to sleep or staying asleep and
thus disrupting the normal circadian rhythm (Cay
etal., 2018).

In addition, melatonin is a hormone, with a
powerful antioxidant effect, that promotes
sleepiness, therefore the level of melatonin is high
at night (National Institute of General Medical
Sciences, 2022). The production of melatonin can
also be disrupted by various factors, including
exposure to artificial light (such as blue light
emitted by electronic devices), a disrupted sleep-
wake cycle (can be caused by jet lag, work, or sleep
disorders), aging (secretion tends to decrease with
age), stress (high cortisol level), and certain
medications (namely ibuprofen, birth control pills,
and antidepressants medications).

Hyperbaric oxygen therapy (HBOT) is a safe
treatment that involves giving the patient pure
oxygen in a chamber with a pressure range from
more than 1 to 3 atmosphere absolute (ATA).
Studies have shown that HBOT are able to reduce
the oxidative stress (Wolde et al., 2022), reduce
inflammation (Rossignol, 2012), reduce cortisol
level (Lund et al., 1999), increase melatonin level
(Simsek et al,, 2015), and increase o0xygen
saturation level, therefore HBOT should be able to
improve sleep quality and quantity.

In this study, the sleep quality will be observed with
HBOT with a pressure of 3 atmosphere absolute
(ATA) for seventy-five minutes. Pressure is crucial
because arise in pressure will result in an escalation
of the amount of oxygen dissolved in the blood. A
rise in the amount of oxygen in the blood has
positive effects in reducing inflammation, tissue
death, and lack of oxygen (Levitan et al., 2021). In
addition, compared to normal conditions, the
oxygen at 3 ATA is estimated to be able to spread
more than four times the distance from capillaries
to boost oxygenation and repair cells (Levitan etal.,
2021).

The purpose of this study is to analyze the
relationship between 3 ATA hyperbaric oxygen
therapy and the quality of sleep. This research
would also like to analyze the relationship between

3 ATA hyperbaric oxygen therapy and the quantity
of sleep. Results of this study can provide
information whether 3 ATA hyperbaric oxygen
therapy can be a beneficial treatment to improve
sleep quality and quantity, along with the minimum
number of treatments to improve the quality of
sleep.

Therefore, the research questions in this study are

as listed below:

1. Is there a significant and positive correlation
between 3 ATA hyperbaric oxygen therapy and
sleep quality?

2. Is there a significant and positive correlation
between 3 ATA hyperbaric oxygen therapy and
sleep quantity?

3. How many 3 ATA hyperbaric oxygen
treatments does it take for sleep quality to
significantly improve?

2. METHODOLOGY

2.1 Procedure of HBOT

The therapy begins with compression phase where
the pressure increases from 1 ATA to 3 ATA,
which is approximately equal to 0 m or sea level to
a depth of 20 m. One pressure is increase for every
10m below sea level. The oxygen supply is given
at a depth of 10 m, or 1 ATA, with a flow rate of 10
L/min. Therapy phase is done twice for each
session of HBOT. The first therapy phase begins at
a depth of 20 m for 10 minutes, continued by air-
break phase, where the oxygen supply is stopped,
for 2 minutes. After that, the second therapy phase
begins for 20 minutes, with the oxygen supply back
on. Another air-break phase follows for 2 minutes.
The last phase is decompression phase, where the
pressure decreases from 3 ATA to 1 ATA.

2.2 Data Collection

The data in this study is collected by using
guestionnaires and interviews that are done both
offline, in the Asyifa Rempoa Hyperbaric Center,
and online, contacting Asyifa’s patients via
WhatsApp. The instrument used is the Pittsburgh
Sleep Quality Index (PSQI) to measure the sleep
quality and to distinguish the sleep quantity. With
that, the first part of the study is to determine the
participants' sleep quality and quantity, with the
PSQI, before undergoing any HBOT. The second
part of the study is to determine participants' sleep
guality and quantity, with the PSQI, after
undergoing HBOT.
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Further questions are asked to participants in the
last part of the study, to make sure the result of the
sleep quality is due to HBOT and no other factors,
such as medications, supplements, or other
treatments. The participants are also asked
regarding the number of HBOT that they have
undergone.

2.3 Data Analysis Technique

All data that has been collected will be processed
and the sleep quality will be calculated by
Microsoft Excel. And will further be analyzed
using Statistical Package for the Social Sciences
(SPSS) version 25. Wilcoxon test, a nonparametric
test, is used to determine whether the HBOT has a
significant positive effect on sleep quality and
guantity. To compare the groups of number of
treatments, Kruskal Wallis test is used followed by
post hoc testing using Duncan test.

3. RESULT

3.1 Participants Profile

There are a total of 102 participants in this study.
All participants in this study are those who have
satisfied the requirements of this study, to minimize
other eligible factors, namely medication,
supplements, or other therapies, contributing to the
result of the study.

All 102 participants are qualified for this study
because they are not undergoing other therapies
that might affect the result of this study. The
participants qualify should also not start taking any
new medications or supplements after starting
hyperbaric oxygen (HBO) therapy.

The majority participants in this study are
identified as female with a percentage of 59%. The
remaining 41% of the participant are identified as
male. Furthermore, the participant's age ranges
from 21- to 78-year-old, which is a combination of
young adults, middle-aged adults, and older adults.
Participants that are categorized as young adults
(age ranges from 18 to 35) in this study has a
percentage of 20%. Most of the participants are
categorized as middle-aged adults (age ranges from
36 to 55) with a percentage of 70%. The remaining
10% of participants are categorized as older adults
(56-year-old or older).

Table 1. Groups of participants according to HBOT

sessions.
Groups Treatment Frequency
Ranges
1 1-10 28

2 11-20 27
3 21-30 24
4 31-40 15
5 41-50 8

The number of HBOT sessions that the participants
have received are varied, ranging from 1 to 50
sessions; therefore, they are divided into 5 groups
according to the number of treatments that they
have received (Table 1). 28 of the participants are
classified into Group 1 who has undergone 1 to 10
HBOT sessions. Participants that are classified into
Group 2 are those who have received 11 to 20
HBOT sessions. Those who have undergone 21 to
30 HBOT sessions are classified into Group 3,
while Group 4 are those who have undergone 31 to
40 HBOT sessions. And the last group is for
participants who have undergone 41 to 50
treatments. Group 5 only consists of 8 participants,
and group 4 consists of 15 participants because
there are limited patients in Clinic Asyifa who have
undergone 31 or more HBOT sessions.

3.2 Hyperbaric Oxygen Therapy and Sleep
Quality

Wilcoxon test is used to analyze whether there are

differences in sleep quality after undergoing HBOT

at 3 ATA. The test is done by comparing two

groups of the PSQI score, which is before and after

the participants received the treatment.

Table 2. Comparison of sleep quality by PSQI score
between before and after.

Before After
Sleep Quality 8.73+4.16 | 5.70 +2.62
Number of 102
Participants
Level of 93%
Confidence
P-value 0.000

The data in table 2, expressed the value of
sleep quality in mean * standard deviations. The
data shows that there is a difference in sleep quality
after HBOT, where the mean value of participants
decreases after undergoing HBOT. Moreover, the
P-value, determined by using Wilcoxon test, is
below 0.07 (p value is <0.001) which can lead to a
conclusion that there is a significant positive
correlation between hyperbaric oxygen therapy at 3
ATA and sleep quality.
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3.3 Hyperbaric Oxygen Therapy and Sleep
Quantity

To determine whether there are differences in sleep

quantity after undergoing HBOT at 3 ATA or not,

a nonparametric test, the Wilcoxon test is used. The

result is as the table below, with the value of sleep

guantity expressed in mean standard deviations

Table 3. Comparison of sleep quantity by PSQI score
between before and after.

Before After
Sleep Quantity 1.64+1.08 | 1.30+0.97
Number of 102
Participants
Level of 93%
Confidence
P-value 0.000

In table 3, it can be seen that the mean value after
undergoing HBOT is lower than before undergoing
HBOT, which indicates that there is a correlation
that tends to be positive between sleep quantity and
HBOT. In addition, the P-value determined by
Wilcoxon test is <0.001 which indicates that there
is a significant positive correlation between
hyperbaric oxygen therapy at 3 ATA and sleep

guantity.

3.4 Hyperbaric Oxygen Therapy and Sleep

Quantity
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Figure 1. Bar chart to compare the treatment groups on
sleep quality. The same letter in the means of sleep
quality represents that they are not significantly
different from each other (P-value > 0.07 by Kruskal-
Wallis’s test followed by Duncan test).

The bar chart, in figure 13, describes the mean of
sleep quality for each group treatment. The %+
standard deviation of the sleep quality mean is
represented by the error bars in the bar chart. From
the chart, the mean of sleep quality continues to

increase from each treatment groups, which
indicates that the sleep quality improves after a
significant number of treatments. It can also be seen
in Figure 13 that means of Group 4 is not very
different from Group 3 perhaps because of fewer
number of participants in Group 4.

It can be seen from the bar chart that there is
no significant difference between Group 2 and
Group 3 as indicated by the same letter (ab) above
the standard deviation bar. Furthermore, Group 2
and Group 3 is not significantly different with
Group 1 (a) and Group 4 (b). However, Group 5 (c)
is significantly different from the other four groups
and shows the best result of sleep quality
improvement for it has the highest mean of sleep
guality. Therefore, it can be concluded from the
result of this study that subjects need more than 41
HBOT treatments at 3 ATA to obtain better sleep
quality.

4. DISCUSSION
4.1 Hyperbaric Oxygen Therapy and Sleep
Quality

Data collected from this study suggests that HBOT
affect sleep quality parameters, such as sleep
disturbances, time needed to sleep after laying
down, sleep efficiency, the use of medication, and
daytime dysfunction. 89 out of the 102 participants
experience improvement on their sleep quality
based on their PSQI score after HBOT.

It can be seen from the data collected that before
undergoing HBOT, most of the participants
experience sleep disturbances, such as waking up
in the middle of the night, not able to breathe
comfortably, or having pain. However, after
HBOT, the participants experience improvement,
where they stop or rarely wakes up in the middle of
sleep, can breathe more easily, and experience less
pain. In this study, 42 of the participants experience
pain that disrupt sleep, and 30 of the participants
experience improvement after undergoing several
HBOT sessions. HBOT can help treating patients
with pain, for oxygen at a higher level of pressure
in HBOT helps repair the damaged tissue and
relieving the pain (Bhutani & Vishwanath, 2012).
Due to the pressure of HBOT, the oxygen supplied
will dissolves into all the body's fluids, including
plasma. This allows the oxygen to reach the
damaged area where blood flow might be blocked
due to injury, inflammation, or condition such as
plaque buildup. The diffuse oxygen then facilitates
angiogenesis, a process of forming new blood
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vessels, which is essential to supply the
regenerating tissues with oxygen and nutrients,
such as protein and vitamins, necessary for their
growth and repair (Yumin et al., 2016).
Furthermore, the healing process required energy
to perform various functions, such as the synthesis
of new proteins, or migration of fibroblast, a
specialized cell that produce collagen and other
extracellular matrix that has a function of structural
support to tissues. Fibroblasts will move into the
injured area to help rebuild and repair the damaged
tissue (Hall & Hall, 2020). Oxygen is essential to
convert glucose into energy in the form of ATP in
the oxidative phosphorylation of cellular
respiration, which happened in mitochondria. In the
oxidative phosphorylation process, oxygen is the
last electron acceptor in the electron transport chain
which allows the chemiosmosis process, the
synthesize of ATP, to begin. Therefore, by
supplying oxygen, HBOT can boost the production
of energy needed for the healing process. And by
promoting the healing of damaged tissue and
reducing the inflammation, HBOT are able to
reduce the pain.

There are 21 out of the 102 participants in this study
that were not able to breathe comfortably at night,
however all of them experience improvement after
undergoing HBOT. Although there are various
possible reasons on why an individual may have a
hard time to breathe comfortably, such as
obstruction of the airways, anxiety or panic
disorders, or nasal polyps. An increase of oxygen
from HBOT can encourage the healing system of
the body, including reducing stress level and
anxiety (Feng & Li, 2017; Lin et al., 2019). HBOT
improves oxygenation in the brain by building and
repairing blood vessels that are damaged to allow
oxygen to fill the brain, even those areas that the
blood vessel was not able to access before due to
the damaged of tissue, improving the nerve
function and stimulating a relaxed state in the brain,
thereby lessen stress and anxiety level (Feng & Li,
2017).

90 out of 102 of the participants often needs more
than 20 minutes to be able to fall asleep after laying
down (sleep latency). Most of the 90 participants
were not able to fall asleep due to anxiety or stress
(by personal communication during interview).
However, after undergoing HBOT, 60 out of those
90 participants were able to lower their sleep
latency. In this study, the average of all participants
sleep latency was able to be reduced by about 30
minutes after HBOT treatment. The inability to

quickly sleep after laying down and waking up
during the night can be caused by an abnormal
rhythm of melatonin and cortisol level. In a normal
condition, the cortisol level, the stress hormone, is
high during the day to wake a person up and stay
up, while the melatonin, the sleep hormone, level is
low. However, during the night, the melatonin level
is high to help a person to fall asleep and remain
asleep, while the cortisol level is low. High cortisol
during the night can be caused by various factors,
namely, stress, anxiety, sleep deprivations, and
irregular sleep patterns (Cay et al., 2018). And as
discussed before, HBOT can reduce stress and
anxiety, and as a result, HBOT can lowers the
cortisol level (Lund et al., 1999; Feng & Li, 2017,
Lin et al.,, 2019). HBOT can also increases the
production of melatonin for it is an antioxidant that
was found to elevated to scavenge excessive
production of ROS caused by HBOT (Simsek et al.,
2015). In addition, melatonin inhibits a hormone
called adrenocorticotropic hormone (ACTH) that
directly acts on adrenal gland in producing cortisol
(Campino et al., 2011). Hence, an increase in
melatonin could reduce the release of cortisol.
Thus, HBOT can help reduce waking up at night
during sleep and sleep latency, thereby promotes
sleep quality.

Sleep Efficiency < 85%

Figure 1. Venn Diagram of 102 participants after
HBOT on sleep efficiency, sleeping pills usage, sleep
disturbance, and daytime dysfunction.

The Venn diagram in figure 14 showed that 24 out
of the 34 of the participants that has sleep efficiency
lower than 85% were able to increase their sleep
efficiency after undergoing HBOT. The
participants were able to improve their sleep
efficiency since the participants were able to reduce
their sleep latency, along with the sleep
disturbance, hence the participants were able to
increase their sleep efficiency, which is the hour of
sleep (sleep duration) compared to the overall hour
spent sleeping, which includes both sleep duration
and sleep latency. Sleep efficiency of ten out of the
34 participants did not increase, and this could be
due to the fact that their sleep latency did not
improve after undergoing HBOT treatment.
Furthermore, when an individual was able to sleep
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with a longer duration and without or with less
disturbance, it could limit the individual's daytime
dysfunction.

In sleep efficiency lower than 85% group, 30 out of
34 participants experience daytime dysfunction.
Furthermore, 21 out of those 30 participants were
able to minimize their daytime dysfunction. On the
other hand, in sleep efficiency higher than 85%
group, 60 experience daytime dysfunction and the
rest of the participants (8 participants) do not. After
HBOT, 35 out of those 60 participants were able to
feel improvement on their daytime dysfunction.

In this study, there are 18 participants that used to
consumed sleep pills before HBOT due to the
inability to fall asleep as well as sleep efficiency
lower than 85%. However, after HBOT, their sleep
latency, along with their sleep efficiency was able
to improve, therefore they all are able to minimize
or stop the consumption of sleep pills.

In addition, in this study, 82 out of the 88
participants that experience poor sleep quality
before HBOT were able to improve their sleep
quality after undergoing HBOT. All the
participants that do not experience improvement
after HBOT are those that have just undergone less
than 5 HBOT sessions, which suggests that it needs
more than 5 HBOT sessions to improve sleep

quality.

4.2 Hyperbaric Oxygen Therapy and Sleep
Quantity

In this study, out of the 102 participants (total
participants), there are 62 participants that has an
average sleep less than 7 hour before HBOT.
However, 33 out of those 62 participants with poor
sleep quantity (less than 7 hour of sleep), were able
to show an improvement on their sleep quantity
after HBOT.

Due to work, some of the participants sleep
guantity is limited. Nevertheless, the result of the
analysis based on the Wilcoxon test shows that
there is a positive correlation between HBOT and
sleep quantity. HBOT can help improve sleep
quantity by several possible factors, namely by
reducing sleep latency and sleep disruptions, such
as waking up during the night. As discussed before,
some people have a hard time to fall asleep and
since HBOT can decrease sleep latency by
increases melatonin for its antioxidant properties
and lowering the cortisol level. Thereby, the sleep
guantity can increase.

Some people also have problems such as waking up
late at night or toward mornings and not being able
to go back to sleep, this can be due to high cortisol,
which leads to a lower sleep quantity. Since HBOT
creates a calm state of mind from the oxygen-filled
brain that lowers stress and cortisol hence an
individual won't wake up in the middle of sleep and
won't have a hard time to fall back asleep (Lund et
al., 1999; Feng & Li, 2017; Lin et al., 2019). And
as a result, sleep quantity can be improved.

5. CONCLUSION

In this study, the PSQI instrument is used to
measure the sleep quality of an individual before
and after undergoing the Hyperbaric Oxygen
Therapy at 3 ATA. The result of the analysis using
Wilcoxon test indicates that there is a significant
positive correlation between hyperbaric oxygen
therapy and sleep quality. 87% of the participants
sleep quality were able to improve after undergoing
HBOT. The collected data suggests that HBOT can
increase sleep quality by increasing sleep duration
and sleep efficiency. Along with reducing sleep
latency, sleep disturbance, and daytime
dysfunction which leads individuals to stop or
lower the use of sleeping pills.

The result of the analysis on HBOT and sleep
quantity based on the Wilcoxon test also showed
that there is a significant positive correlation. 53%
of the participants were able to increase their sleep
guantity by reducing sleep latency and sleep
disturbance. Although, some of the participants
sleep quantity are restricted by work. Furthermore,
subjects are able acquire the best sleep quality after
more than 41 hyperbaric oxygen therapy at 3 ATA.
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