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Abstract

Objective. To evaluate the feasibility and safety of hyperbaric oxygen therapy (HBOT) in patients with fiboromyalgia
(FM). Design. A cohort study with a delayed treatment arm used as a comparator. Setting. Hyperbaric Medicine
Unit, Toronto General Hospital, Ontario, Canada. Subjects. Eighteen patients diagnosed with FM according to
the American College of Rheumatology and a score >60 on the Revised Fibromyalgia Impact Questionnaire.
Methods. Participants were randomized to receive immediate HBOT intervention (n=9) or HBOT after a 12-week
waiting period (n=9). HBOT was delivered at 100% oxygen at 2.0 atmospheres per session, 5days per week, for
8 weeks. Safety was evaluated by the frequency and severity of adverse effects reported by patients. Feasibility was
assessed by recruitment, retention, and HBOT compliance rates. Both groups were assessed at baseline, after HBOT
intervention, and at 3 months’ follow-up. Validated assessment tools were used to evaluate pain, psychological vari-
ables, fatigue, and sleep quality. Results. A total of 17 patients completed the study. One patient withdrew after
randomization. HBOT-related adverse events included mild middle-ear barotrauma in three patients and new-onset
myopia in four patients. The efficacy of HBOT was evident in most of the outcomes in both groups. This
improvement was sustained at 3-month follow-up assessment. Conclusion. HBOT appears to be feasible and safe for
individuals with FM. It is also associated with improved global functioning, reduced symptoms of anxiety and
depression, and improved quality of sleep that was sustained at 3-month follow-up assessment.
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Introduction

Fibromyalgia (FM) is a chronic pain disorder affecting
1.2% of the Canadian population [1]. It is characterized
by widespread body pain and symptoms such as fatigue,
cognitive impairment, disturbed (nonrestorative) sleep,
depression, anxiety, stiffness, tenderness, and functional

limitations [2]. FM is a potentially devastating disorder
leading to disability, emotional distress, and significant
personal, social, and economic burden [3].

The diagnosis of FM relies on an evaluation of the
individual’s self-reported symptoms, past medical history
and physical examination, and the clinical judgment of
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the assessing physician. The Canadian FM management
strategy  reflects the  American  College  of
Rheumatologists guidelines (2010), which established a
revised assessment methodology for making a clinical di-
agnosis of FM [4]. Currently, FM has no known cure,
and the treatment is directed toward symptom control,
with goals of increased functionality in daily living, im-
proved quality of life, and increased psychological well-
being. The multimodal approach includes both pharma-
cological treatment and nonpharmacological interven-
tions, such as education, psychological treatment,
exercise or physical therapies, and alternative and com-
plementary approaches, such as yoga and tai chi [2]. No
single approach has demonstrated consistent efficacy
across all variety of symptoms [5].

The Role of Oxygen in the Pathophysiology of FM
The cardinal symptom of FM is persistent, diffuse muscu-
lar pain, which resembles the muscle soreness that occurs
after strenuous physical exercise and anaerobic muscle
metabolism. There is evidence that impaired oxygenation
and oxidative system abnormalities are associated with
alterations in muscle metabolism and microcirculation,
leading to pain [6-9]. It has also been reported that FM
may be associated with abnormal tissue oxygen delivery
[6], resulting in local muscle hypoperfusion, ischemia [7—
9], low oxygen extraction fraction [10], and prolonged
half-times of oxygenation recovery [10]. Muscle tissue is-
chemia, exacerbated by muscle contraction, is a powerful
activator of unmyelinated muscle nociceptors that facili-
tates central sensitization in animal models [11]. Cellular
mitochondrial dysfunction, decreased levels of muscle
phosphocreatine and adenosine triphosphate, and low
phosphocreatine/inorganic phosphate ratio contribute to
sensitization of peripheral muscle nociceptors by intensi-
fying pain, fatigue, and muscle weakness in patients with
FM [12]. The role of oxygen delivery within the musculo-
skeletal system has both structural and functional impli-
cations for central and peripheral pain receptor
sensitization, resulting in altered pain perception and
processing [12], making oxygen delivery an important
treatment target in patients with FM.

Hyperbaric Oxygen Therapy (HBOT) and FM

HBOT is a medical treatment defined as the administra-
tion of 100% oxygen at an ambient pressure higher than
atmospheric pressure. The physiological effects of HBOT
are based on a dramatic increase in the amount of dis-
solved oxygen carried in blood, with a subsequent effect
of oxygenation of ischemic areas with compromised cir-
culation. HBOT leads to a net gain in oxygen concentra-
tion in tissues, facilitates neovascularization and
angiogenesis, restores tissue homeostasis, and enhances
leukocyte function [13]. It also
inflammatory effects, promotes neuroplasticity, impacts
mitochondrial functioning, and stimulates nitric oxide

exhibits anti-

synthesis, which can reduce hyperalgesia and facilitate ni-
tric oxide—dependent endogenous opioid release [14].
HBOT is widely considered to be a safe and reliable
treatment modality for the variety of conditions such as
air gas embolism, decompression sickness, carbon mon-
oxide poisoning, necrotizing infection, delayed radiation
injury, and complex wounds. It has few side effects, and
the only one absolute contraindication is untreated
pneumothorax.

A growing body of evidence indicates that HBOT may
reduce pain and fatigue and improve global functioning
and quality of life in patients with FM [15-17].
However, none of these studies used a follow-up evalua-
tion to determine whether the positive gains resulting
from HBOT were maintained over time.

Objectives

The objectives of the present study were to measure the
safety and feasibility of HBOT, as well as the preliminary
estimates of its effect on global functioning, psychologi-
cal health, sleep, and fatigue, in patients with FM. The
primary hypothesis was that HBOT would be feasible
(>50% recruitment rate, >80% retention rate, and
>80% treatment compliance) and safe (no serious ad-
verse events precluding continued participation) for indi-
viduals with FM. The secondary hypotheses were 1) that
participants in the HBOT group would demonstrate
greater improvements in global functioning, psychologi-
cal health, sleep quality, and fatigue from pre- to post-
HBOT intervention over time (within-group analyses)
and in comparison with control participants, and 2) that
improvements in all variables would be maintained at a
3-month follow-up assessment.

Methods

Design

The present study was a single-center prospective cohort
study evaluating an 8-week HBOT intervention (INT)
compared with a waitlist control (WLC) group. The co-
hort study used a delayed treatment arm as a compara-
tor, such that the control group received the intervention
(HBOT) after a 3-month waiting period. The assessors
involved in completing the assessments were blinded to
participants’ group assignments. The design and report-
ing of the present study followed the relevant aspects of
the 2010 Consolidated Standards of Reporting Trials
(CONSORT) statement. The study was approved by the
Research Ethics Boards at the University Health
Network (Research Ethics Board number 4-7888) and
York University (Research Ethics Board approval certifi-
cate: €2015-249) and was registered at ClinicalTrials.gov
(NCT02467218)  before  participant  recruitment.
Participant recruitment occurred between November
2015 and August 2017.
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Sample
Eligible participants were those who were diagnosed
with severe FM according to the American College of
Rheumatology (2010) guidelines, were >18 years of age,
and had a score >60 on the Revised Fibromyalgia Impact
Questionnaire (FIQR) [18] during the baseline assess-
ment. Exclusion criteria were a recent positive pregnancy
test or planning to become pregnant during the study pe-
riod; claustrophobia; seizure disorder; active asthma;
chronic sinusitis; chronic or acute otitis media; current
treatment with bleomycin, cisplatin, doxorubicin, or di-
sulfiram; or participation in a concurrent investigative
drug or device trial within the prior 30-day period.
Potential participants were assessed in the hyperbaric
unit by one of the hyperbaric physicians trained in
chronic pain management to confirm the diagnosis of
FM and rule out contraindications to HBOT.
Participants were recruited from the chronic pain clin-
ics located in the Greater Toronto Area, Ontario,
Canada. They were interviewed over the telephone by
the study coordinator to determine eligibility. Eligible
participants were provided with information about the
nature of the study, the commitment required to partici-
pate, and the risks and benefits of participation, and if
agreeable, they provided informed consent to participate.
The randomization schedule was completed by the
study coordinator, using a computer-generated randomi-
zation code in predetermined block sizes of four. Before
baseline testing, participants were randomly allocated
1:1 to either the INT or WLC group through the use of
concealed opaque randomized envelopes containing
group assignments.

HBOT Protocol

HBOT was provided in a multiplace chamber (Fink
Engineering, Rectangular Hyperbaric Systems, Australia)
for 90 minutes with 100% oxygen at 2.0 atmosphere ab-
solute (ATA) with one S-minute air break, once daily,
five times per week for 8 consecutive weeks (40 treat-
ments total). Each HBOT session was supervised by hy-
perbaric physicians. Participants were instructed to
continue to take their regular medications and to con-
tinue to engage in all nutritional or exercise regimens and
behavioral, massage, acupuncture, physical, or cognitive
therapies as usual throughout the study period.

Feasibility Assessment

The primary objective of this study was to assess the fea-
sibility of conducting an HBOT randomized controlled
trial (RCT). Feasibility was assessed via recruitment, re-
tention, HBOT adherence, and adverse event rates.
Recruitment rate was calculated as the number of ran-
domized patients divided by the number of eligible
patients approached. Retention was assessed as the num-
ber of participants randomized divided by the number of
participants retained to their final assessment (12 weeks

after HBOT in both groups). HBOT adherence in both
groups was expressed as a percentage reflecting the num-
ber of completed sessions divided by 40 (total number of
sessions in the HBOT protocol). Treatment safety was
assessed through the number and type of adverse events
occurring during HBOT.

Assessment Timepoints

INT participants were assessed at baseline, 8 weeks (im-
mediately post-intervention), and 20 weeks (12 weeks
post-intervention). WLC participants were assessed at
baseline, 12 weeks (end of waiting period), 20 weeks (end
of HBOT), and 32 weeks (12 weeks post-intervention).

Outcome Measures

The FIQR is the currently recommended tool for multidi-
mensional function assessment in individuals with FM
[19]. It is a 21-item self-report measure that queries par-
ticipants on symptoms and functional deficits. The first
domain evaluates physical function and the ability to per-
form nine activities of daily living involving large muscle
groups. Participants answer according to the degree of
difficulty they experience, ranging from 0 (no difficulty)
to 10 (very difficult). The second domain evaluates the
overall impact of FM and contains two items asking
about the general impact of FM on functional ability.
These two items are answered on a scale from 0 (never)
to 10 (always). The third domain evaluates ten FM-
related symptoms, and these items are answered on a
scale from 0 (no impairment) to 10 (maximum impair-
ment). The total possible score is 100, which represents
the maximum impact of FM on the individual.

The Hospital Anxiety and Depression Scale (HADS)
[20] is a 14-item self-report questionnaire that measures
anxiety (seven items) and depressive symptoms (seven
items). For each item, participants are asked to select one
from among four possible choices (scored from 0 to 3)
that best describes how they have been feeling over the
past week. The HADS yields an anxiety (HADS-A) and a
depressive (HADS-D) symptom subscale score, each with
a maximum total score of 21.

The Fatigue Severity Scale (FSS) [21] is nine-item mea-
sure widely used to assess fatigue across many chronic
diseases and consists of quantifying the impact of fatigue
on specific types of functioning over a 1-week period.
Each item is scored on a seven-point scale, where 1 is
“strongly disagree” and 7 is “strongly agree.” The FSS
score is calculated by averaging all items to yield a score
from 1 to 7, with higher scores indicating more severe fa-
tigue symptoms. Fatigue was also measured by a fatigue
visual analog scale (VAS) that used the global severity of
fatigue, ranging from 0 to 10, with 0 being “worst” and
10 being “normal”.

The Jenkins Sleep Scale (JSS) [22] is a self-report ques-
tionnaire measuring sleep problems over the most recent
month. It contains four items evaluating trouble falling
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asleep, trouble staying asleep, waking up several times,
and awakening unrefreshed. Each item is scored on a six-
point Likert scale from 0 (not at all) to 5 (22-31 days),
with scores ranging from 0 to 20 and higher scores indi-
cating more frequent sleep problems.

The Patient Global Impression of Change (PGIC) is a
well-established outcome measure used in research trials
evaluating interventions for individuals with FM and has
been recommended by the Initiatives on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) [23]. The PGIC assesses global response to
treatment at one time interval (post-treatment) and has
been associated with clinical outcomes (pain, vitality,
sleep, physical function, and cognitive complaints) in
patients with FM. Respondents are asked to rate overall
improvement in symptoms according to a seven-point
Likert scale with the following descriptors: 7= “very
much improved,” 6= “much improved,” 5= “minimally
improved,” 4= “no change,” 3= “minimally worse,” 2=
“much worse,” and 1= “very much worse” [24]. We
used a modified approach of the PGIC to evaluate the
patient’s perception of change and satisfaction. The fol-
lowing descriptors were used for each number: 1= “no
change,” 2= “almost the same,” 3= “a little better,” 4=
“somewhat better,” 5= “moderately better,” 6=
“better,” and 7= “a great deal better.”

Data Analysis

Participant demographics and disease characteristics
were summarized with descriptive statistics (mean-
+ standard deviation or frequencies and percentages).
Outliers were not excluded because of the small sample
size, the pilot nature of this study, and the heterogeneity
of the presentation of symptoms for individuals with FM.
Within- and between-group changes in outcomes over
time were assessed via linear mixed-effect models.
Maximum likelihood estimations were used to estimate
the adjusted sample mean scores for all of the outcomes.
Between-group comparisons were conducted for INT
and WLC from baseline to 8 weeks (end of HBOT) and
12 weeks (end of the waiting period), respectively.
Models for each between-group analysis included a
“group X time” as the fixed effect and individual partici-
pants as the random effect. Pairwise comparisons be-
tween timepoints for each group were adjusted with
Tukey’s honestly significant difference (HSD) test. To in-
crease the precision of the within-group estimates of
change in outcomes from before HBOT to 12 weeks after
HBOT, the INT and WLC groups were combined and
analyzed as a single group through the use of a linear
mixed-effect model similar to the above. The PGIC was
analyzed by using frequency of responses for the INT and
WLC group (combined) at post-HBOT and 12 weeks af-
ter HBOT.

Results

The CONSORT diagram is shown in Figure 1. Thirty-
three participants were assessed for eligibility, of whom
seven were ineligible. Of the 26 patients approached, 18
agreed to participate (69.2% recruitment rate) and were
randomized in a 1:1 ratio to INT (n=9) or WLC (n=9).
One participant withdrew after randomization because
of time constraints, and there was no further attrition
(94.4% retention rate). INT and WLC participants com-
pleted 39.8 (+0.55) of the 40 HBOT sessions (99.5%
HBOT adherence rate), although treatment completion
data were not available for two participants. During ex-
posure to HBOT, three participants were diagnosed with
mild middle-ear barotrauma, and four participants
reported new-onset myopia. All participants completed
the study.

Participant demographic and clinical characteristics
are presented in Table 1. There were no statistically sig-
nificant differences between the INT and WLC groups.

Mean values at baseline, post-intervention (INT), and
the end of the waiting period (WLC) and between-group
comparisons in the delta from baseline in each group are
presented in Table 2. The FIQR subscales and total score
were lower in the INT group than in the WLC group
(P <0.05). HADS anxiety and depression scales were
lower by 4.6 (95% confidence interval [CI]: =10.0 to 0.8;
P=0.09) and 4.9 (95% CI: =9.4 t0 -0.5; P = 0.03) in the
INT group than in the WLC group. The ]SS scores
remained relatively stable between baseline and the end
of HBOT for WLC participants (17.0 1.5 vs.
16.5 = 1.5). The INT group had an improvement in
reported sleep problems by 4.4 points (95% CI: -8.6 to —
0.2, P=0.04) in comparison with the WLC group.
Fatigue as measured by the FSS and VAS scores remained
stable between timepoints for both groups.

Mean values per assessment and within-group changes
from before HBOT to 12 weeks after HBOT in a total
sample (INT and WLC) analysis are presented in
Tables 3 and 4, respectively. FIQR total and all sub-
scales, as well as HADS-Anxiety and HADS-Depression,
were improved both from baseline to post-HBOT and
from baseline to 12 weeks after HBOT (P < 0.002).
Figure 2 shows the trend in scores across this period for
these six outcomes. JSS scores decreased by 4.8 points
(95% CI: 2.3 to 7.3; P=0.001) from baseline to the
post-HBOT timepoint and remained 2.4 points less than
baseline at 12 weeks after HBOT (95% CI: =0.2 to 5.0;
P =0.080). Mean FSS scores remained constant within 1
point across all timepoints. Measurements on the fatigue
VAS were 1.8 points higher at post-HBOT than at base-
line assessment (95% CI: —4.5 to 0.9; P =0.254), which
was maintained at the evaluation 12 weeks after HBOT
evaluation (A =-0.5; 95% CI: -3.2 to 2.3; P=0.912).
There were negligible differences between the post-
HBOT assessment and the assessment 12 weeks after
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Figure 1. CONSORT diagram.

Table 1. Participants’ characteristics

Variables INT WLC
Female 7(77.8) 8(100.0)
Comorbidities:
Headache 8(88.9) 5 (62.5)
Irritable bowel syndrome 2(22.2) 4(50.0)
Pelvic pain 5(55.6) 4(50.0)
Temporomandibular pain 5(55.6) 5(62.5)
Age, y 45.7 £ 14.2 51.8+14.5
Weight, kg 69.5+18.1 67.1+10.7
Height, cm 166.3 = 8.0 163.9+5.3
Body mass index, kg/m” 24.9+53 25.0+4.2
Chronic pain duration, mo 132.0x115.8 272.1£202.7

Data reported as number of participants (%) or mean * standard
deviation.

HBOT, indicating sustainable changes derived over the
treatment period.

The PGIC assessments showed different degrees of im-
provement in symptoms in nine patients after HBOT and
in 12 patients at the 3-month follow-up, respectively
(Figure 3).

Discussion

Our study demonstrated the feasibility and safety of
8 weeks (5 days per week) of hyperbaric oxygen therapy
in patients with FM.

We were also able to demonstrate a sustainable im-
provement in clinical outcomes that lasted for at least up
to 3 months. Furthermore, we found an improvement in
sleep quality in participating subjects that was confirmed
by a well-validated sleep questionnaire.

Only one individual withdrew from the study after
randomization was completed. The HBOT was tolerated
well, with low incidence and severity of adverse events.
Additionally, participants reported moderate global
impressions of change indicating partial improvement of
symptoms.

Individuals in the INT group fared better than those in
the WLC group. FM-related symptoms and functional
impairments, symptoms of anxiety and depression, and
self-reported sleep were significantly improved in individ-
uals with FM who participated in an 8-week HBOT in-
tervention when compared with the WLC group. More
importantly, the post-intervention improvements were
sustained during a 3-month follow-up period. This study
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Table 2. Baseline and second measurements in INT and WLC groups with between-group comparisons
INT WLC INT WLC (End of AINT-WLC

Outcome (Baseline) (Baseline) (End of HBOT) Waiting Period) (95% CI) P Value
FIQR-activity 22.4*2.3 21.1x2.4 11.9+2.3 19.9+2.4 -8.1(-14.8 to -1.3) 0.020
FIQR-overall impact 17.7+1.8 17.6 1.9 8.9+1.8 14.9+1.9 -6.0 (-11.2 t0 -0.8) 0.024
FIQR-symptoms 39.6 £3.0 41431 25.1£3.0 38.3+3.1 -13.2 (-21.9 to -4.95) 0.004
FIQR-total 79.7 £ 6.1 80.1+6.5 459 *6.1 73.1%6.5 -27.4 (-45.2 t0 -9.3) 0.004
HADS-Anxiety 12.1+1.8 12.5+1.9 7.8+1.8 12.4*=1.9 -4.6 (-10.0 t0 0.8) 0.094
HADS-Depression 10.4*=1.5 11.1*=1.6 7.4+1.5 124=*1.6 —4.9 (9.4 to -0.5) 0.031
JSS 16.8 1.4 17.0x1.5 12.1+1.4 16.5+1.5 -4.4 (-8.6 t0o -0.2) 0.040
FSS total 5.7+0.5 6.2+0.6 5.4+0.5 6.5*+0.6 -1.07 (-2.7 t0 0.5) 0.179
Fatigue VAS 53x1.0 23*+1.0 42=*1.0 1.5+1.0 2.7 (0.1 to 5.6) 0.062

Table 3. Combined group (INT and WLC) means at pre-, post-,
and 12 weeks post-HBOT (n=17)

Table 4. Between-timepoint contrasts for the combined cohort

of all HBOT treatments (n=17)

Timepoint Outcome and Contrast A (95% CI) P Value
Pre-HBOT Post-HBOT 12 Weeks Post-HBOT ~ FIQR activity
— Pre-HBOT to post-HBOT 9.8 (5.9t013.7) <0.001
FIQR activity 212+1.7  11.4=*138 13.8+1.8 Pre-HBOT to 12 weeks post-HBOT 7.5(3.3t011.6)  <0.001
FIQR overall l6.4+1.4  78*14 7.5+1.5 Post-HBOT to 12 weeks post-HBOT =~ -2.4 (=6.5 to 1.9) 0.352
FIQR symptoms  39.0£23 22.8*23 26.0*+2.4 FIQR overall
FIQR total 76647 42.1x48 474250 Pre-HBOT to post-HBOT 8.6(5.0t012.2)  <0.001
HADS anxiety 122+1.3 82+1.3 9.1x13 Pre-HBOT to 12 weeks post-HBOT 8.9(5.1t012.6)  <0.001
HADS depression  11.4=1.1  6.9*1.1 7.3%1.2 Post-HBOT to 12 weeks post-HBOT 0.3 (3.5 to 4.1) 0.978
1SS 166+1.0 11.9+1.1 143+1.1 FIQR symptom
FSS total 6104  5.1x04 5304 Pre-HBOT to post-HBOT 16.2 (10.4t022.1)  <0.001
Fatigue VAS 3.5+0.8 5.3+0.8 4.0+0.9 Pre-HBOT to 12 weeks post-HBOT ~ 13.0 (6.9t0 19.1)  <0.001
Post-HBOT to 12 weeks post-HBOT 3.2 (-9.4 to 3.0) 0.419
FIQR total
Pre-HBOT to post-HBOT 34.5(23.8t045.3) <0.001
is the first trial that evaluated both post-intervention and Pre-HBOT to 12 weeks post-HBOT ~— 29.2 (17.9 t0 40.5)  <0.001
follow-up time points after HBOT in individuals with Post-HBOT to 12 weeks post-HBOT 5.3 (-16.7t06.0)  0.487
EM HADS anxiety
. . . Pre-HBOT to post-HBOT 4.1(2.1t06.1) <0.001
The results from the present study are consistent with Pre-HBOT to 12 weeks post-HBOT 32 (1.1t05.2) 0.002
previous RCTs indicating improvements in FM-related Post-HBOT to 12 weeks post-HBOT ~ -0.9 (=3.0 to 1.2) 0.536
functional impairments and global symptoms [16, 17].  HADS depression
These previous studies evaluated FM-related functional Pre-HBOT to post-HBOT 4.5(2.1t06.9) <0.001
. . . Pre-HBOT to 12 weeks post-HBOT 4.0 (1.5 to 6.6) 0.001
impacts through the FIQ, which captures the functional Post-HBOT to 12 weeks post-HBOT  ~0.4 (3.0 to 2.1) 0.903
and overall subscales of the FIQ-R, as well as the 1SS
Symptom Severity Scale. On the basis of the literature to Pre-HBOT to post-HBOT 4.8(2.3t07.3) <0.001
date [1 6,17,25, 26], research supports the use of HBOT Pre-HBOT to 12 weeks post-HBOT 2.4 (-0.2t0 5.0) 0.080
to reduce the impact of FM on functional activities and Fsls)iit;iBOT to 12 weeks post-HBOT 2.4 (5.0 10 0.2) 0.082
.FM-r.elated global sympton?s. Addres'smg fl.m.c"aonal Pre-HBOT to post-HBOT 0.9 (0.03 to 1.7) 0.041
impairments and challenges in completing activities of Pre-HBOT to 12 weeks post-HBOT 0.7 (-0.2 to 1.7) 0.181
daily living is a central goal in FM treatment and Post-HBOT to 12 weeks post-HBOT ~ -0.2 (-1.2 t0 0.7) 0.818
management. Fatigue VAS
Improvements in symptoms of anxiety and depression Pre-HBOT to post-HBOT 18(45109) 0.254
~mp ymptor xiety iep Pre-HBOT to 12 weeks post-HBOT — ~0.5 (<3.2 t0 2.3) 0.912
in our study are also consistent with a previous RCT Post-HBOT to 12 weeks post-HBOT 1.3 (-1.5t04.2)  0.504

evaluating HBOT for individuals with FM who have a
history of childhood abuse, in comparison with a psycho-
therapy condition [17]. Furthermore, in another RCT
[16], general psychological distress improved from pre-
to post-intervention in individuals with FM who under-
went HBOT as compared with a control condition, and
in a single cohort study [25], anxiety scores improved

from pre- to post-intervention in individuals with FM

who underwent HBOT.

The present study is the first RCT to document
between-condition improvements in sleep quality in
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Figure 2. Changes in FIQR and HADS scores from pre-HBOT to post-HBOT and 12 weeks post-HBOT.

individuals with FM from pre- to post-HBOT interven-
tion. Although one of the previous RCTs showed
improvements in functionality for individuals with FM
after HBOT on a self-reported measure of sleep quality
(Symptom Severity Scale; “waking up unrefreshed”), it
was related to the total score of FM symptoms and not
specifically to the sleep quality [17]. Another study
reported an improvement in quality of sleep but not the
total hours of sleep per night after HBOT intervention by
using the Pittsburgh Sleep Quality Index (PSQI) [26]. A
different study using the same sleep assessment tool
found no improvements in sleep quality [25]. The differ-
ence in results may be attributable to difference in

protocols pertinent to duration of HBOT (a total of 20
vs. 40 sessions) [25, 26]. The present finding that HBOT
resulted in improved sleep quality is notable, as almost
75% of individuals with FM experience disturbed sleep,
making it an important treatment target [27].

The results from the present study indicate that
HBOT did not have a significant effect on fatigue in indi-
viduals with FM. These findings do not support results
from two previous studies evaluating 60-session [17] and
20-session [25] protocols of HBOT, which showed
improvements in energy levels and reduction in fatigue in
individuals with FM. Fatigue has been associated with
many other symptoms of FM, such as widespread pain,
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Figure 3. The PGIC assessment of combined group assessment after HBOT and at 3-month follow-up. *Denotes change from

pre-HBOT (P<0.002).

symptom severity, pain intensity, pain interference, cog-
nitive impacts, catastrophizing, anxiety, and depressive
symptoms [28], and is well recognized as a debilitating
aspect of this disorder. In our trial the baseline fatigue
VAS score for the WLC group was 43% of the baseline
for the INT group. The lack of effect on fatigue in our
study could be attributed to the baseline differences in
our small sample size.

It is important to emphasize that the present study
showed sustained improvements in functional impacts,
psychological symptoms, and sleep at 3 months’ follow-
up after HBOT. Previously, one single cohort study eval-
uated the efficacy of HBOT for individuals with FM and
interstitial cystitis at 6 months’ follow-up after the inter-
vention. The authors reported no improvement in pain,
functional outcomes, or any measures related to intersti-
tial cystitis [29].

Limitations

The present study has several limitations. First, the lim-
ited sample size was primarily geared to the assessment
of feasibility and safety of HBOT in patients with FM. It
also precluded us from making any definitive statements
about the outcome measures that would need to be vali-
dated in a much larger, preferably multicenter, trial.
Another study limitation is related to the duration and
frequency of HBOT. The reported number of HBOT ses-
sions varies from 20 to 60 sessions, with the duration
from 1 to 2hours, at 1.5-2.4 ATA. Ideally, dose-re-
sponse HBOT studies would be conducted to definitively
answer this question. Consequently, our results are lim-
ited to interpretation with the HBOT at 2.0 ATA for 90
minutes for 40 consecutive sessions over a period of

8 weeks. In research designs that incorporate a WLC
group, the possibility exists that participants may alter
their behavior during the control period of time, and this
needs to be considered. The study was also limited by the
exclusive use of self-reporting measures. Future studies
may benefit from quantitative sensory testing of pain,
sleep polysomnography, and other neurophysiological
assessments of individuals with FM. Moreover, the lack
of an active control group or sham controls may have
also introduced a certain bias; however, the delayed-
treatment control design that was used in the present
study addressed most of the challenges related to the lack
of controls. Finally, longer follow-up time intervals (e.g.,
6 months, 1year) after HBOT are needed to better under-
stand the long-lasting benefits of this intervention for
individuals with FM.

Conclusions

The results of this study indicate that HBOT is a safe and
feasible intervention for patients with FM. Furthermore,
the results suggest that HBOT has the potential to im-
prove global function, symptoms of anxiety and depres-
sion, and sleep quality in individuals with FM. Our small
sample size may have contributed to the lack of effect.
This is the first study to report on the possible lasting
benefits of HBOT on symptom improvement for individ-
uals with FM, with maintenance of gains at 3 months af-
ter treatment, which is a significant clinical outcome for
this population. These findings build on the current liter-
ature and provide further rationale for implementing
HBOT as part of evidence-based pain management care
for individuals with FM. Trials comparing the efficacy of
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HBOT with that of other therapeutic modalities should
be the next step in defining the role of HBOT in the mul-
tidisciplinary care of patients with FM.
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