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Abstract
Chronic fatigue syndrome (CFS) is a poorly-understood respiratory condition that aﬀects
millions of individuals. Hyperbaric oxygen therapy (HBOT) is a treatment option being
considered to address CFS as it is suggested to combat fatigue and increase oxygenation.
HBOT provides two opportunities in advancing research of CFS: it may provide data on symptom
amelioration and be utilized in the search for a biomarker. By either identifying biomarkers
before using HBOT to compare epigenomes of patients before and after treatment or using
HBOT to ﬁnd epigenetic discrepancies between patients with and without treatment, matching
epigenetic regulation with symptom amelioration may signiﬁcantly advance the understanding
of the etiology and treatment mechanism for CFS. EPAS1/HIF-2α is a leading candidate for
an epigenetic biomarker as it responds diﬀerentially to hypoxic and normoxic conditions,
which degrades more slowly in hypoxic conditions. Epigenetic regulation of EPAS1/HIF-2α in
such diﬀerential conditions may be explored in HBOT experiments. In addition to HBOT as a
promising treatment option for CFS symptoms, it may aid the identiﬁcation of biomarkers in
CFS. Further research into both outcomes is strongly encouraged.

Chronic fatigue syndrome, also known as myalgic
encephalomyelitis or ME/CFS, is a respiratory disease that
affects more than 4 million Americans [1]. CFS is diagnosed
when fatigue is systematically observed for at least six months
[2]. Despite such guidelines for diagnosis, the etiology of CFS
remains unknown, suggesting that a signi icant amount of
research is required to develop effective treatment options
[3,4]. The condition hinders individuals from engaging in
regular physical activity compared to those without CFS with
severe fatigue and headaches following exercise [5]. The scope
and magnitude of the disease warrants investigation of both
the etiological mechanism for CFS onset as well as a survey
of potential treatment options. One potential treatment
under review is hyperbaric oxygen therapy (HBOT), which
delivers oxygen at pressures up to three times higher than
normal air pressure, increasing oxygenation of the lungs to
promote healing [6]. HBOT is a candidate treatment in various
conditions, such as decompression sickness and wounds
from radiation injury [6]. However, research into the effects
of HBOT on CFS is limited, particularly an understanding of
how it may alleviate symptoms or its potential impact on the
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epigenome. Therefore, in tandem with epigenetic analysis
to ind CFS-associated biomarkers, a nuanced approach
towards evaluating patient outcomes of HBOT on symptom
amelioration as well as epigenome modi ications must be
conducted to advance efforts to better understand the etiology
and treatment mechanisms for CFS.
Neuropathic comorbidity
The effects of CFS may be accumulated over time plausibly
because a lack of exercise can result in other conditions
induced by inactivity. It is understood that exercise and
activity is bene icial for overall health, but there are
signi icant implications pertaining to the epigenome and
neuropathology. Exercise has been linked to an increased
expression of brain-derived neurotrophic factor (BDNF),
which is associated with an improvement in cognitive
function and a reduction in depression and anxiety [7]. This
occurs through D-β-hydroxybutyrate inhibiting HDAC2 and
HDAC3, which are BDNF inhibitors, causing an increase in
neurotransmitter release at the CA3-CA1 synapse in the
hippocampus. Such activation is involved with a vast slate of
other regulatory downstream mechanisms that are believed
https://www.heighpubs.org/jprr
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to improve memory and cognition [7]. Such a pathway
provides a glimpse of the intricate biological machinery
required to maintain normal functioning, suggesting that a
lack of exercise caused by CFS may disrupt neuroregulation
(Figure 1). In the context of CFS, patients were seen to re lect
a reduced overall white matter among other abnormalities
involving gray matter thickness and structure of the right
arcuate fasciculus [8]. These indings contribute to beliefs that
CFS may play a role in the propensity of patients developing
neuropathic comorbidities. In general, the rami ications of
CFS on the central nervous system comprise just one category
of complications associated with CFS.
Rationale for HBOT in biomarker identiﬁcation
Respiratory biomarker identi ication studies are not new.
Tests observing pollution on rat models discovered a link
between traf ic-related air pollution (TRAP) and an increase
in epigenetic marks found on histone proteins [9]. These tests
suggest a reverse causality; if pollution leaves an epigenetic
mark, the absence of pollution should also leave its own ‘mark’
by the absence of an anticipated biomarker.
The same line of reasoning may apply in inding biomarkers
for CFS. Studies have indicated a connection between
epigenetic regulation and CFS, however, there are dif iculties
in inding biomarkers directly responsible for changes in
fatigue [2]. Thus, further research is strongly recommended,
leaving room for HBOT to advance CFS literature. Comparing
the relevant segments in the epigenomes of patients with and
without CFS could reveal regions of interest (ROIs) for further
research. Such a subtractive approach may be an effective tool
in order to identify the speci ic locations of CFS biomarkers.
Once ROIs are identi ied, HBOT studies may estimate ef icacy
of treatment at the physiological level where patients could
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Figure 1: A proposed model by which exercise enhances cognition and memory.
Upregulation of DBHB synthesis enhances the inhibitory eﬀect on HDAC2
and HDAC3, which inhibit hippocampal BDNF expression. BDNF upregulation
enhances glutamate release from CA3 onto CA1 in the trisynaptic circuit. Glutamate
release is linked to improvements in cognition and memory.
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report symptom amelioration and at the epigenetic level
where symptom analysis could show activation or inactivation
of involved sites and con irm epigenome-physiology
interplay. Another approach to identifying biomarkers would
be to directly compare epigenetic regulation in CFS patients
before and after HBOT along with a control cohort of healthy
individuals. In summary, experiments exploring comparative
epigenome analysis in CFS and healthy patients along with
HBOT outcome analysis may reveal crucial developments in
understanding the etiology and treatment mechanisms in CFS.
Preliminary research of HBOT in CFS symptom amelioration
Hyperbaric oxygen therapy (HBOT) exposes the body to
100% oxygen at an altitude pressure higher than 1 atm and
may occur through an oxygen mask for lung treatment, or in
the hyperbaric chamber for a full body treatment [6,10,11]
According to our knowledge, there have very few been
attempts to observe the impact of HBOT on CFS, which have
not been conclusive. Despite such limitations, some progress
has been made regarding symptom amelioration of CFS and
HBOT. At the symptomatic level, HBOT was associated with
slight improvements in humans on the Fatigue Severity Scale
(FSS), which is a 9-63 point scaled questionnaire containing
nine statements related to the impacts of fatigue on patient
routines – e.g. how fatigue symptoms affect exercise and
social life; the results concluded a statistically signi icant
(p < 0.005) reduction in fatigue severity from 53.20 to
14.60 [11]. This is the only clinical, human trial that directly
observes the potential of HBOT in symptom amelioration to
our knowledge. The limitation of such a study is the rather
limited sample size (n = 16) along with the lack of a control
group, female participants, and a follow-up trial. Therefore,
more thorough trials following this preliminary one are
strongly suggested. One study found that HBOT on CFS
patients slightly decreased fatigue, but didn’t establish the
desired impact on increasing activity, which slightly decreased
instead [12]. These results suggest the potential of HBOT as at
least an adjunct treatment option. However, further research
with larger sample sizing is required to advance these early
indings.
Preliminary research of oxygenation in biomarker identiﬁcation
Although research has been conducted on potential
biomarkers and the effects of HBOT, only a few of them take
into account epigenetic regulation [2,11,12]. One epigenetic
approach examines the genes associated with oxygen leveling.
The EPAS1/HIF-2α gene plays a role in adjusting the body to
changing oxygen levels [13,14]. EPAS1 is located at 2p21:
chromosome 2, arm p, position 21 [13]. It is responsible
for the production of a protein called hypoxia-inducible
factor 2-alpha (HIF-2α) [13]. The HIF complex regulates the
formation of blood vessels, the production of red blood cells,
https://www.heighpubs.org/jprr
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and hemoglobin concentration to maximize the amount
of oxygen in the body [13,15]. EPAS1 is involved with the
body’s response to higher altitude, the exact conditions HBOT
provides [13,15].
While coverage of the mechanism for EPAS1 and the HIF
complex is currently limited, recent research has improved
con idence in preliminary proposed mechanisms (Figure 2).
The prevailing mechanism describes post-translational
inhibitory regulation of HIF transcription under normoxic
conditions. Hypoxic conditions have the reverse effect on
HIF transcription, suggesting that oxygen levels have a
scalar, observable impact on EPAS1 regulation [16]. Under
hypoxic conditions, HIF heterodimers enter the nucleus and
initiate oxygen transport via hypoxia-response elements
(HREs) to hypoxic regions [16,17]. To carry oxygen to such
regions, HREs may also stimulate erythropoiesis via increased
erythropoietin (EPO) transcription, which in turn increases
hemoglobin synthesis [18-21].
Mutation studies con irm multiple aspects of the proposed
EPAS1/HIF-2α pathway. Tumoral EPAS1/HIF-2α mutations
have been found in patients with congenital erythrocytosis,
suggesting that erythropoiesis is at least partially regulated
by a pathway involving EPAS1/HIF-2α [22]. Epigenetic
studies also contribute to the understanding of the pathway.
Generally, differences in EPAS1/HIF-2α expression can be
observed in ducks and even humans living in relatively higher
altitudes, suggesting that oxygen levels may have a scalar,
differential impact on the pathway [16].
HIF-2α is a promising candidate for an epigenetic

biomarker. When adequate oxygen is available, proteins
should target HIF-2α to be broken down [13]. When oxygen
levels are lower than normal, however, HIF-2α should be
degraded at a slower rate [13]. This mechanism ties in with
CFS as it is correlated with a decrease in oxygen levels,
especially seen during exercise because a decreased amount
of red blood cells indicates a reduced oxygen carrying power,
consequently reducing oxygen-carrying power [13,23]. With
these indings, CFS patients should present slower HIF-2α
degradation. Thus, one leading approach to identifying an
epigenetic biomarker involved with CSF is the observation of
the levels of HIF-2α at 2p21.

Conclusion
CFS requires signi icant amounts of further study. There
is a lack of suf icient evidence to con idently establish any
systematic approach to treating CFS [2]. Biomarkers have
been researched, but thus far, the sample size is not enough
to validate preliminary indings. There is neither a consensus
of an established treatment method, nor a comprehensive
analysis on the ef icacy of HBOT on CFS. Preliminary research
may provide leads into future studies. Promising studies
covering the symptom-ameliorating effects of HBOT as well
as variable EPAS1/HIF-2α expression based on oxygenation
must be further explored to potentially identify an epigenetic
approach towards understanding the etiology and treatment
mechanisms of CFS. Comparing epigenetic regulation before
and after HBOT in patients with CFS could result in critical
developments in addressing the disease.
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