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Abstract

Fibromyalgia (FM) involves widespread pain, fatigue, sleep disturbances, and cognitive issues, often with limited relief
from medications. Non-pharmacological approaches, like Amygdala and Insula Retraining (AIR) and physical activity
(PA), show promise in managing FM symptoms. This study compares the effectiveness of AIR and PA with the medica-
tion Pregabalin for improving cognitive function, sleep, pain, and depressive symptoms in FM patients. A randomized
controlled study was conducted among Iranian women diagnosed with FM who were randomly allocated to one of three
cohorts: (1) AIR intervention, (2) PA intervention, and (3) a control group receiving standard Pregabalin medication. Vari-
ous symptoms were measured at baseline, post-intervention (12 weeks), and follow-up (8 weeks later). A series of mixed
ANOVAs were used to evaluate cognitive function, sleep disturbance, pain catastrophizing, depressive symptoms, and
condition symptoms (i.e., fibromyalgia impact questionnaire (FIQ). Both AIR and PA significantly improved all outcome
variables compared to baseline levels and the control group. Notably, the AIR group also demonstrated significantly
superior outcomes for pain catastrophizing, depressive symptoms, and overall FM impact, with large to extremely large
effect sizes. This study highlights the effectiveness of non-pharmacological interventions, specifically AIR and PA, for
improving cognitive function, sleep quality, pain catastrophizing, depression, and FM impact symptoms. Though a small
sample size and lacking in generalizability, the study offers important and timely results, suggesting that AIR and PA may
be readily accessible and helpful resources for patients, clinicians, and researchers seeking to address the often-challenging
symptoms of FM.
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often linked to disorders like insomnia (Choy, 2015). Indi-
viduals with FM may also experience cognitive difficulties
known as “brain fog” reducing concentration and memory
capabilities (Ambrose et al., 2012). These symptoms can
adversely affect overall well-being and significantly impact
an individual’s ability to engage in daily activities.

Globally, FM affects 0.2—6.6%of the population, with
slightly higher rates among women (2.4-6.8%), urban
dwellers (0.7-11.4%) and some individuals with disabili-
ties (0.1-15%) (Marques et al., 2017). In Iran, prevalence
is even higher, ranging from 3 to 20% (Heidari et al., 2017).
Consequently, this study focused on the Iranian patient
demographic.

Diagnosing FM presents challenges, requiring a compre-
hensive evaluation encompassing patient history, physical
examination, and confirming the exclusion of conditions
with similar symptoms. Although FM is a chronic condi-
tion without a cure, effective symptom relief is attainable
through proper management and support. Collaborative
efforts between FM patients and their healthcare provid-
ers are crucial to formulate personalized treatment plans.
Treatment aims at symptom management and enhancing
quality of life, typically involving a multi-faceted strategy
of medications, physical therapy, psychological counseling,
behavioral therapy, stress management, and lifestyle adjust-
ments (Di Carlo et al., 2024; Kizilbash et al., 2014). While
pharmacological treatments for fibromyalgia are common,
they often have limited effectiveness (Bochenek et al., 2024;
Héuser et al., 2014). By contrast, there is evidence that psy-
chotherapeutic and behavioral therapies can have a posi-
tive impact on fibromyalgia symptoms. Yet, these treatment
options are largely underexplored (Clauw, 2014; Hong-Baik
etal., 2023).

Amygdala and Insula Retraining (AIR; known com-
mercially as The Gupta Program), is a program designed
to address chronic pain by promoting neuroplasticity. The
AIR intervention utilizes “neural rewiring” brain retrain-
ing techniques developed over many years, with secondary
supportive techniques such as cognitive reframing, mindful-
ness meditation, and guided imagery. Together, these are all
aimed at modulating the central nervous system’s response
to pain. While the precise mechanisms of AIR remain under
investigation, the foundational hypothesis posits that the
intervention facilitates the formation of new neural path-
ways associated with pain regulation and potentially inhibit
established pain pathways (Gupta, 2002, 2010; Gupta et al.,
in publication). This modulation could occur through vari-
ous mechanisms, including strengthening the prefrontal cor-
tex’s inhibitory control over the limbic system, including
the amygdala and insula (Bratty, 2024). These brain regions
play a crucial role in pain processing and emotional regula-
tion (Sanabria-Mazo et al., 2020).
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Gupta’s (2002, 2010, in publication) theory offers a new
perspective, suggesting that fibromyalgia may be due to
maladaptive neural circuits in the brain, particularly involv-
ing the amygdala and insula (Kioussis & Pachnis, 2009;
Kraus et al., 2021), which are associated with pain pro-
cessing and emotional regulation (Meulders, 2020). AIR is
a brain retraining intervention developed in line with this
theory, aiming to recalibrate these neural circuits to reduce
the brain’s exaggerated response to pain and stress (Stein-
man, 2004). Physical activity (PA) has also been shown to
promote neuroplasticity and improve pain thresholds in FM
patients. Together, these non-pharmacological interventions
may offer a more effective symptom management strategy
than standard medication (Jennings et al., 2014).

Evidence suggests that regular physical activity (PA),
such as dance and exercise, also benefits FM patients,
improving pain, mood, and mental health (Masquelier
& D’haeyere, 2021; Norouzi et al., 2020). However, the
comparative effectiveness of AIR and exercise therapy
interventions for addressing FM symptoms is unknown.
Therefore, the aim of the present study was to examine the
effectiveness of AIR and PA versus standard pharmacologi-
cal treatment on the dimensions of cognitive function, sleep
disturbances, catastrophic pain, depressive symptoms, and
condition symptoms among Iranian women with FM. The
following hypotheses were explored.

H,: There will be a significant improvement in participants’
cognitive function, sleep disturbances, catastrophic
pain, depressive symptoms, and condition symptoms af-
ter participants engage in the AIR intervention.

H,: There will be a significant improvement in participants’
cognitive function, sleep disturbances, catastrophic pain,
depressive symptoms, and condition symptoms after
participants engage in the physical activity intervention.

H;: Compared to an active control group receiving medi-
cation, the two experimental groups will experience a
significant improvement in participants’ cognitive func-
tion, sleep disturbances, catastrophic pain, depressive
symptoms, and condition symptoms after their respec-
tive AIR or physical activity interventions.

Methods
Participants

The study was conducted among Iranian women with
FM. It was approved by the ethics committee of............
University............. (Ethical Approval ID: IR.KUMS.
REC.1401.485) and adhered to the principles outlined in
the Declaration of Helsinki (“World Medical Association
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Declaration of Helsinki: ethical principles for medical
research involving human subjects,” 2013). Participants
were recruited from local clinics, support groups, and online
platforms and provided informed consent. Inclusion crite-
ria: (1) ages 18—65 years, (2) positive FM diagnosis per the
American College of Rheumatology (ACR) criteria (Katz
et al., 2006; Wolfe et al., 2010), and confirmed by a rheu-
matologist from the Iranian National Health Service, (3)
sedentary lifestyle (did not exercise regularly), from the
Persian version of the short form of the International Physi-
cal Activity Questionnaire (IPAQ-SF) which was used to
measure sedentary lifestyle (total days of walking <3) and
(4) proficiency in reading and understanding Farsi. Exclu-
sion criteria: (1) the presence of a severe Axis I psychiatric/
somatic disorder, (2) an autoimmune disease, (3) the use of
corticosteroid medication, or (4) participation in a concur-
rent randomized controlled trial (RCT).

Study design

The study was a randomized controlled trial with three
points of measurement. A sample of 145 women with

FM were recruited and randomly assigned to one of three
cohorts, two of which were active intervention groups. The
first cohort received the Amygdala and Insula Retraining
(AIR) intervention. The second cohort received the physi-
cal activity (PA) program, and the third cohort (the control
group) received Pregabalin medication as standard care (see
Fig. 1). Importantly, participants in the AIR and PA groups
that were previously on medication for FM were asked to
stop taking it for the duration of the study. Participants in the
control group either switched from their current medication
to Pregabalin or continued with Pregabalin for the duration
of the study if they were already taking it. Eighty-six partici-
pants were able to complete the study.

This study focused exclusively on women due to the
higher prevalence of FM among women. Additionally, the
decision to include a PA cohort necessitated a single-sex
study because mixed-gender exercising is not permitted
in Iran. Measurements were collected at baseline (pre-
intervention), immediately after the 12-week interventions
(post-test), and 8 weeks later (follow-up).

[ Enroliment ]

Assessed for eligibility (n= 145)

Excluded (n= 28)
*| - Not meeting inclusion criteria (n= 21)
- Declined to participate (n=T7)

Randomized (n= 117)

Other reasons (n= 0)

[ Allocation ]

Allocated to Amygdala Insula
Retraining
(n=39)

v

Lost to Post-test (n= 0)
Discontinued intervention (n= 9)

|

Lost to follow-up (n= 0)
Analysis (n= 30)

Fig. 1 CONSORT flow diagram

Allocated to Physical activity
(n=39)

[ Posttest |

Lost to Post-test (n= 2)
Discontinued intervention (n= 9)

J, [ Follow-Up |

Lost to follow-up (n= 0)
Analysis (n= 28)

Allocated to Control
(n=39)

Lost to Post-test (n= 1)
Discontinued intervention (n= 10)

l

Lost to follow-up (n= 0)
Analysis (n= 28)
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Interventions
Amygdala and insula retraining (AIR)

The AIR intervention includes primary neuroplasticity
techniques and secondary supporting techniques such as
breathing, meditation, and lifestyle therapies. The inter-
vention was developed from a hypothesis that numerous
chronic conditions, such as FM, are caused and perpetuated
by brain signals that continuously and unnecessarily trigger
the immune and nervous systems, as well as pain networks.
This constant activation manifests as a variety of somatic
symptoms, such as pain, fatigue, sleep problems, cogni-
tive dysfunction, and many more. Consequently, the AIR
neuroplasticity techniques seek to interrupt and inhibit the
brain signals that activate the somatic symptoms. Further,
the adverse signals are then replaced with new, neural path-
ways that send signals of safety to the brain and help reduce
hyperactivity in the immune and nervous systems, thereby
allowing the brain and body to return to homeostasis (Gupta
2002, 2010). Development of the new, neural pathways
requires repetition. Therefore, practicing the neuroplasticity
techniques daily for a minimum of 3 months, and preferably
6 months, is encouraged.

The AIR intervention is typically provided via a mem-
ber website and digital app. It consists of 15 modules with
video tutorials, audio exercises, and meditations. A printed
manual of the program is mailed to participants, and com-
munity events are also offered, such as live and recorded
weekly online webinars and daily experiential sessions led
by an AIR-trained coach. Optional one-on-one and group
coaching is also available upon demand with AIR-trained
coaches.

For the purposes of this study, AIR was delivered in a
slightly modified way. Participants accessed the video,
audio, and meditation content via a mobile app. The printed
manuals were distributed in person to participants, and
in-person weekly group teaching/coaching sessions were
provided (i.e., no online group sessions or one-on-one
coaching). During the 60-minute weekly sessions led by
two clinical psychologists familiar with AIR, participants
learned how to establish a consistent breathing and medi-
tation practice. Additionally, theoretical aspects related to
FM were explored, including the AIR hypothesis, and how
maladaptive immune and nervous system activity occurs
and leads to adverse bodily symptoms. Participants were
also encouraged to visualize good health as they prepared to
learn the neuroplasticity techniques, and once they learned
those main methods, they were encouraged to practice them
daily.

As the 12-week intervention progressed and participants
were practicing the neuroplasticity techniques, attitudes
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towards brain-retraining were discussed, emphasizing the
importance of reducing stress and expectations, and address-
ing the fear of failure in recovery. Participants learned about
personality traits and various lifestyle, environmental, and
psychosocial factors that can affect recovery and were
guided on how to address these issues. The intervention also
stressed the significance of re-engaging with joy to relax
the nervous system, incorporating mindfulness, and how to
reintegrate to regular life (Gupta 2002, 2010).

Physical activity

The physical activity (PA) intervention was implemented
through aerobic exercise, spanning a 12-week period with
two 45-minute online group sessions per week (Norouzi
et al., 2020). In the physical activity intervention, online
classes were conducted through Zoom video conferencing
platform. The exercises were led and performed by two
sports coaches, each with a PhD in sports physiology. The
exercises were modified according to the participants’ phys-
ical fitness levels and guided by a sports coach using behav-
ioral techniques such as goal setting. Participants engaged in
dynamic aerobic exercise training while walking outdoors
at an intensity estimated to reach their maximum heart rate,
calculated using the 220 minus age’ formula. Heart rate
was monitored using an electronic pulse meter incorporated
into Apple Watches. They were encouraged to keep the pace
during the intervention, though they were allowed to pause
individually for 1-2 min. Participants were encouraged to
take an active role in monitoring and adjusting their exer-
cise intensity based on their perceived exertion and heart
rate data from their Apple Watches. This approach fostered
self-regulation and promoted participant autonomy. The
regimen included two components: body-weight-based core
and strength training, encompassing exercises like moun-
tain climber twist and plank with each exercise performed
for 3 sets of 10—15 repetitions and with rest interval between
sets (60 seconds), and dynamic aerobic exercises, involving
running at 70% maximum heart rate. The sessions followed
a structured format, comprising warm-up activities such as
stretching and sit-ups, and concluding with a cool-down
phase involving stretching and cradle movements.

Control group (pregabalin medication)

This group continued the traditional treatment for Fibro-
myalgia. Pregabalin was prescribed by a Rheumatology
and psychiatrist in the amount of 300 to 450 mg per day
(Arnold et al., 2008). In addition, participants in the con-
trol group gathered once a week in groups at the hospital,
where staff asked them about their physical and psychologi-
cal health, and discussed their medication and general living
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conditions. The patients also had group discussions among
themselves about news and current events. The main pur-
pose of these weekly gatherings was to create an in-person
element of the control group design that was structurally
equivalent to the two experimental groups.

Measures
Physical activity levels

Baseline physical activity levels were assessed using the
Persian version of the International Physical Activity Ques-
tionnaire (IPAQ). This self-reported questionnaire assesses
physical activity levels over the past 7 days, including
the frequency, duration, and intensity of various activities
such as walking, cycling, and moderate-to-vigorous physi-
cal activity (Vasheghani-Farahani et al., 2011). The IPAQ
comprises seven questions, each rated on a 0-6 scale, with
higher scores indicating higher physical activity. The Per-
sian version of the IPAQ has demonstrated satisfactory reli-
ability in previous research (o =0.83) and in the present
study (o =0.80).

Cognitive function

Cognitive function was measured using the Integrated Cog-
nitive Assessment (CGN_ICA), a rapid visual categoriza-
tion task incorporating backward masking (Khaligh-Razavi
et al., 2019). One hundred natural images, comprising 50
animals and 50 non-animal stimuli with varying difficulty
levels, were presented to participants. Each image appeared
for 100 milliseconds, followed by a 20-millisecond inter-
stimulus interval (ISI), further succeeded by a dynamic
noisy mask lasting 250 milliseconds. Subsequently, par-
ticipants categorized the images as either animal or non-
animal, by tapping the left or right side of the screen on
an iPad or by pressing pre-assigned keys (‘F’ vs. ‘J°) on a
RasPi keyboard. The images were centrally presented on
the screen at a 7-degree visual angle. A preliminary phase
involved presenting 10 introductory images (5 animal, 5
non-animal) to familiarize participants with the task, with
these images excluded from the final scores. Participants
who fared better than chance during the preliminary phase
continued to the main task, while those performing at the
level of chance or lower received further instructions and a
new set of introductory images. A second round of prelimi-
nary images determined further progression to the main task
or test abortion (Mirzaei et al., 2013).

Sleep disturbance

To assess sleep quality, participants completed the Farsi
version (Farrahi Moghaddam et al., 2012) of the Pittsburgh
Sleep Quality Index (PSQI) (Buysse et al., 1991). It com-
prises seven elements, including subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep distur-
bances, sleeping pill usage, and poor daytime functioning.
Each question is graded from 0 to 3, and the scores of these
seven components are combined to produce a total score
ranging from 0 to 21. The higher the score the poorer qual-
ity of sleep, with a score of 6 or more indicating poor sleep
quality. Reliability of the Persian version of the PSQI was
satisfactory in prior research (o =0.78). In the present study,
reliability was also acceptable (o =0.81).

Pain catastrophizing

Pain catastrophizing was measured by the PCS Patient ver-
sion (PCS-P) questionnaire. Comprising 13 items, the scale
gauges three dimensions of pain catastrophizing: rumina-
tion (four items, e.g., “I keep thinking about how much it
hurts”), magnification (three items, e.g., “I become afraid
that the pain may get worse”), and helplessness (six items,
e.g., “There is nothing I can do to reduce the intensity of the
pain”). Respondents rank each statement on a 5-point Lik-
ert-type scale, ranging from 0 (not at all) to 4 (always), indi-
cating the extent to which they experience these thoughts
and feelings related to painful experiences. Scores are
aggregated and can range from 0 to 52. The reliability (o
=0.87) and validity of the scale has been widely endorsed in
various studies (Osman et al., 1997; Sullivan et al., 2000).
In this study, the Persian versions of PCS-P was employed,
and its reliability (o =0.81) had been previously established
in studies among Iranian populations (Mohammadi et al.,
2012). It also demonstrated satisfactory reliability in the
present study (o =0.82).

Depressive symptoms

To assess symptoms of depression, participants completed
the Farsi version (Ghassemzadeh et al., 2005) of the Beck
Depression Inventory (Beck et al., 1961). This question-
naire has 21 items, including apparent and reported sadness,
inner tension, reduced sleep and appetite, concentration dif-
ficulties, lassitude, inability to feel, pessimistic thoughts,
and suicidal thoughts. Participants respond to the questions
using a 4-point Likert-type scale from 0 (not at all) to 3
(severely), with higher aggregated scores indicating greater
symptom severity. In a previous study, the translated Per-
sian version of the BDI had acceptable reliability with a
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Cronbach alpha of 0.82. In the present study, reliability was
also acceptable (a =0.80).

Fibromyalgia symptoms

The Persian (Mohammadi et al., 2012) adaptation of the
revised Fibromyalgia Impact Questionnaire (FIQ) (Bennett
et al., 2009) was used to ask 21 questions regarding par-
ticipants’ condition symptoms. Similar to the original FIQ,
the Persian version is organized into three interconnected
domains: (a) “function,” encompassing 9 questions com-
pared to the FIQ Persian version’s 11, (b) “overall impact,”
featuring 2 questions that now specifically address the over-
all impact of fibromyalgia on functioning and symptom
severity, consistent with the FIQ Persian version, and (c)
“symptoms,” including 10 questions versus 7 in the FIQ Per-
sian version. Respondents use a zero to 10 Likert-type scale
to indicate severity, with 10 being the worst. The function
domain aggregate score (ranging from 0 to 90) is divided by
3, the overall impact domain score (ranging from 0 to 20)
remains unchanged, and the symptoms domain score (rang-
ing from 0 to 100) is divided by 2. The overall FIQ Persian
version score is derived from the cumulative sum of these
three adjusted domain scores. Prior research demonstrated
the reliability of the scale (o =0.88; Bennett et al., 2009),
and it was also satisfactory in the present study (o =0.82).

Statistical analysis

A series of mixed ANOVAs were used to analyze the data
in IBM SPSSv25.0. The data were normal, with skewness
and kurtosis scores within the +/- 2 acceptable range, and no
outliers were detected. The demographic measures recorded

Table 1 Descriptive statistics and overview of sociodemographics

in the study (age, height, weight, education, employment,
time since diagnosis, physical activity baseline levels, and
marital status) were compared across the three cohorts to
ascertain if there were any significant differences between
the groups before the intervention, as displayed in Table 1.
The three groups did not significantly differ with respect to
height, weight, marital status, time since diagnosis, physical
activity levels, and employment status. However, there were
differences for age and education.

Next, a series of mixed ANOVA 3 (groups) x 3 (time)
were performed, where group was (1) AIR, (2) PA, and (3)
control, and time was (1) baseline, (2) post-intervention
(12 weeks), and (3) follow-up (8 weeks later). The Group
x Time interaction effect was evaluated as well as time only
and group only for each of the outcome variables: cognitive
function, sleep disturbance, pain catastrophizing, depressive
symptoms, and FM symptoms. For each variable, spheric-
ity was violated. Therefore, the Greenhouse-Geisser cor-
rection was used, though the original degrees of freedom
are reported with the relevant Greenhouse-Geisser epsilon
value (g).

The level of significance was set at p< 0.05, and partial
eta squared (np2) effect sizes were reviewed for the mixed
ANOVA results, with the following definitions. Small effect
size: 0.01 >np2 >0.059, medium effect size: 0.06 >np2
>0.139, large effect size. np2 >0.14 >0.35, very large: np2
>0.36 >0.50, and extremely large: np2 >0.50. Cohen’s d
effect sizes were reported for pairwise comparisons, with
0.20 <d <0.49 indicating a small effect, 0.50 <d <0.79 a
medium effect, 0.80 <d <1.49 a large effect, 1.50 <d <1.99
a very large effect, and d> 2.00 an extremely large effect.
Small effect sizes are of negligible practical important,
medium effect sizes of moderate practical importance, and

Group Statistics
Dimension AIR Physical Control
activity
N 28 28
Age (years): M (SD) 41.20 (10.87) 35.29(8.65) 36.18(7.72) F(2,83)=3.49,p=0.03
Height (cm) 163.86 (5.76) 163.07 161.35(5.10) F(2,83)=1.62,p=0.20
(5.26)
Weight (Kg) 68.03 (9.20)  69.64 70.75 (11.89)  F(2,83)=0.49, p=0.61
(10.40)
Time since Fibromyalgia diagnosis (years): M (SD) 3.47 (0.76) 3.56 (1.0) 3.85(1.0) F(2,83)=0.63, p=0.39
Marital status (single/married): n 19/11 20/8 18/10 cA(N=286,df=8)=
0.49,p=0.77
Education (Diploma/Bachelor/Master/PhD): n 24/2/2/2 13/11/3/1 21/7/0/0 cA(N=286,df=8)=
16.79, p=10.03
Physical activity levels (not at all, very few, few, sometimes, much of  11/7/4/5/3/0  5/7/7/6/1/2  8/10/3/6/1/0  ¢*(N =86, df=10) =
time, very much: per week) 10.52,p=0.39
Employment (unemployed, government-worker, self-employment) 22/6/2 20/4/4 18/5/5 AN =286, df=4)=
1.95,p=0.74

AIR, Amygdala insula retraining; M, mean; SD, standard deviation; n, number; cm, Centimeter; Kg, kilogram

#p < 0.05. **p < 0.01. ***p < 0.001
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large, very large, and extremely large effect sizes are consid-
ered to of crucial practical importance.

Results
The mixed ANOVA analyses were conducted for each of the

outcome variables, with the following results observed and
displayed in Table 2.

Table 2 Statistics for outcome variables by group and time

Cognitive function Across the sample as a whole, the
mixed ANOVA 3 (groups) x 3 (time) indicated that cogni-
tive function increased from baseline to study completion
and to follow-up for all three cohorts. As shown in Table 2,
there were significant findings for Time x Group interaction
(large effect size), time only (extremely large effect size),
and group only (medium effect size). Bonferroni post hoc
tests at post-intervention indicated there was a significant
difference (p= 0.01) with a large effect size (Cohen’s d=
1.27) between AIR and the control group, with AIR dem-
onstrating a greater mean increase in cognitive function.

Groups Factors
AIR Physical activity Control Group Time Time x Group
interaction
N 30 28 28
M (SD) M (SD) M (SD) F n,’ F M, F M,
Cognitive Function 4.82% 0.09 94.53* 0.53 9.63* 0.18
P=0.02 P=0.001 P=0.001
Baseline 58.83 (7.95) 60.53 (6.83) 60.17 (5.57)
Post-intervention 69.63 (5.37) 68.17 (5.49) 63.28 (4.56)
Follow-up 68.06 (5.79) 67.03 (6.42) 62.53 (4.81)
Total Increase 9.23 6.50 2.36
Percent Increase 15.69% 10.74% 3.92%
Sleep disturbances 4.87* 0.10 180.57* 0.68 34.95% 0.45
P=0.01 P=0.001 P=0.001
Baseline 11.30 (3.68) 9.78 (3.65) 9.85 (3.62)
Post-intervention 4.46 (1.27) 6.89 (3.52) 8.67 (3.12)
Follow-up 4.23(1.07) 6.35(3.09) 8.42 (3.51)
Total Decrease -7.07 -3.43 -1.43
Percent Decrease 63% 35% 15%
Pain catastrophizing 46.15* 0.52 238.07** 0.74 59.14* 0.58
P=0.001 P=0.001 P=0.001
Baseline 41.90 (6.61) 43.17 (5.10) 43.10 (7)
Post-intervention 21.13 (3.96) 35.03 (6.96) 40.17 (7.23)
Follow-up 21.06 (4.61) 35.46 (6.70) 39.57 (6.52)
Total Decrease -20.84 -7.71 -3.53
Percent Decrease 50% 18% 8%
Depressive symptoms 13.69%* 0.24 250.20%* 0.75 27.29%* 0.39
P=0.001 P=0.001 P=0.001
Baseline 33.53 (7.11) 32.21(7.57) 32.78 (5.93)
Post-intervention 17.26 (2.62) 21.96 (6.39) 28.64 (6.50)
Follow-up 17 (3.07) 21.71 (7.25) 27.85 (5.48)
Total Decrease -16.53 -10.50 -4.93
Percent Decrease 49% 33% 15%
FIQ scores 36.87* 0.47 325.09%%* 0.79 93.50* 0.69
P=0.001 P=0.001 P=0.001
Baseline 60.50 (9.44) 59.25 (10.88) 60.96 (9.95)
Post-intervention 28.56 (7.44) 49.82 (10.48) 55.71 (7.18)
Follow-up 27.90 (8.40) 49.46 (10.42) 55.50 (9.31)
Total Decrease -32.60 -9.79 -5.46
Percent Decrease 54% 17% 9%

AIR, Amygdala and Insula Retraining; P4, Physical Activity; total increase/decrease = difference between baseline and follow-up; percent

increase/decrease = percentage change between baseline and follow-up

Degrees of freedom: Group: (2, 83), Time: (2, 166), Time x Group (4, 166). *p <.05. **p <.01
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Additionally, there was a significant difference (p= 0.02)
with a large effect size (Cohen’s d= 0.96) between PA and
the control group, with the PA group experiencing a greater
mean increase in cognitive function. AIR also yielded a
greater mean increase than PA, though the difference only
approached significance (p= 0.84) with small effect size
(Cohen’s d=0.26). Still, AIR demonstrated the largest abso-
lute increase in cognitive function across all groups, with
a 15.69% improvement from baseline to follow-up com-
pared to 10.74% increase in the PA group, and just a 3.92%
increase in the control group. Figure 2 shows the marked
difference in cognitive function for the AIR and PA groups
compared to the control group.

Sleep disturbance The mixed ANOVA 3 x 3 showed that
in the sample as a whole, sleep disturbance decreased from
baseline to intervention completion and to follow-up (see
Table 2). There were significant results for Time x Group
interaction (very large effect size), time only (extremely
large effect size), and group only (medium effect size). The
significant Time effect was primarily attributable to a reduc-
tion in sleep disturbance in the AIR and PA groups, whereas
sleep disturbance scores remained nearly unchanged
from baseline to follow-up in the control group. Pairwise
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Cognitive Function

60

Baseline

Time

Post-Intervention

comparisons showed a significant difference between AIR
and the control group (p= 0.002) at post intervention,
with a very large effect size (Cohen’s d= 1.76) and AIR
participants experiencing a greater mean reduction. How-
ever, the difference between PA and the control group only
approached significance (p= 0.08), with a medium effect
size (Cohen’s d= 0.53). The AIR group showed a greater
mean score reduction than the PA group, though it did not
reach statistical significance (p= 0.17). However, the AIR
group experienced the greatest absolute reduction in sleep
disturbances, with a 63% decline from baseline to follow-
up versus a 35% decline among the PA group, and a 15%
decrease among the control group. The greater impact of
AIR and PA on sleep disturbances as compared to the con-
trol group is displayed in Fig. 3.

Pain catastrophizing As highlighted in Table 2, the mixed
ANOVA 3 x 3 yielded that across the sample as a whole,
pain catastrophizing decreased from baseline to post-inter-
vention and to follow-up. There were significant results
for Time x Group interaction, time only, and group only,
all with extremely large effect sizes. There was a marked
decrease in pain catastrophizing in the AIR and physi-
cal activity groups, whereas scores remained relatively
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Fig. 2 Average levels of cognitive function for groups across the three study timepoints. Note: PA =physical activity; AIR =amygdala and insula

retraining
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Fig. 3 Average levels of sleep disturbances for groups across the three study timepoints. Note: PA =physical activity; AIR =amygdala and insula

retraining

unchanged in the control group. Indeed, AIR participants
experienced a 50% decrease in pain catastrophizing from
baseline to follow-up compared with 18% for the PA group
and 8% for the control group. The pairwise comparisons
also showed there was a significant difference between AIR
and control group (p=0.001), with an extremely large effect
size (Cohen’s d= 3.26). Moreover, there was a significant
difference between physical activity and control group (p=
0.03), with a medium effect size (Cohen’s d=0.72). Finally,
the AIR group experienced a greater reduction than the PA
group that was statistically significant (p= 0.001), with an
extremely large effect size (Cohen’s d= 2.45). The supe-
rior performance of AIR in reducing pain catastrophizing is
shown in Fig. 4.

Depressive symptoms Depressive symptoms decreased
from baseline to post-intervention and to follow-up for all
three groups (see Table 2). There were significant results for
Time x Group interaction (very large effect size), time only
(extremely large effect size), and group only (large effect
size). Pairwise comparisons demonstrated a significant dif-
ference between AIR and control group (p= 0.001), with
an extremely large effect size (Cohen’s d= 2.29) and the
AIR group experiencing a lower mean. There was also a

significant difference between the PA and control groups
(p=0.002), with a large effect size (Cohen’s d= 1.03) and
the PA participants experiencing a lower mean. Moreover,
between AIR and PA groups, AIR showed a lower mean,
which was statistically significance (p= 0.05) with large
effect size (Cohen’s d=0.96). The AIR group showed a 49%
decrease in mean scores from baseline to follow-up, com-
pared to a 33% decline in the PA group and a 15% reduction
in the control group.

Fibromyalgia impact questionnaire (FIQ)

As shown in Table 2, the mixed ANOVA 3 (groups) x 3
(time) yielded significant findings for FIQ scores across
Time x Group interaction effect (extremely large effect
size), time only (extremely large effect size), and group only
(very large effect size). Pairwise comparisons demonstrated
a significant difference between AIR and control group
(p= 0.001), with an extremely large effect size (Cohen’s
d= 3.71) and the AIR group experiencing a lower mean.
Moreover, between AIR and PA groups, AIR showed a
lower mean, which was statistically significance (p= 0.001)
with large effect size (Cohen’s d= 2.33). However, there
was no significant difference between the PA and control
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groups (p=0.14). The AIR group showed a 54% decrease in
mean scores from baseline to follow-up, compared to a 17%
decline in the PA group and a 9% reduction in the control

group.
Discussion

The present study examined the impact of two non-pharma-
cological interventions, AIR and PA, compared to medica-
tion as a control, on cognitive function, sleep disturbance,
pain catastrophizing, depressive symptoms, and condition
symptoms (FIQ) in women with FM. Results supported the
hypotheses.

The first hypothesis posited that participants engag-
ing in the AIR intervention would experience a significant
improvement in cognitive function, sleep disturbances,
catastrophic pain, depressive symptoms, and condition
symptoms (FIQ scores). The second hypothesis suggested
that participants engaging in a physical activity (PA) inter-
vention would demonstrate a significant improvement in all
outcome variables. The third hypothesis proposed that the
two experimental groups (AIR and PA) would experience
a significant improvement in outcome variables compared
to an active control group receiving medication (Pregaba-
lin). The study results indicated that both the AIR and PA
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interventions were effective in improving the various FM
symptoms measured (H; and H,) and that they were each
more effective than the medication (H;). Moreover, the
AIR group demonstrated significantly better outcomes for
pain catastrophizing, depressive symptoms, and FIQ scores
compared to PA and the medication control group, and AIR
consistently demonstrated the greatest increase (cognitive
function) or decrease (all other measures) in mean scores
from baseline to follow-up compared to the PA and control
groups.

These results may be illuminated by the AIR intervention
hypothesis. Namely, that the main cause of several chronic
conditions, including FM, is maladaptive neuro-immune
conditioning, rooted in the brain—specifically the amygdala
and insula. Indeed, neuroscience research has suggested that
the amygdala and insula along with other brain areas com-
prise a higher-order cortical network that control the brain’s
defense responses (LeDoux, 1998). More recent studies
have demonstrated that the amygdala is primarily involved
in monitoring for threats, sending out defense responses, and
allocating meaning to neutral stimuli (Ehrlich et al., 2009).
Consequently, the amygdala can perceive a non-threaten-
ing stimulus as threatening and assign it as such, thereby
triggering an unnecessary defense response (Chudler &
Dong, 1995; Ehrlich et al., 2009; LeDoux, 1998; Maren,
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2001). This erroneous threat status is then stored in the
insula, which is implicated in the acquisition and induction
of defense responses (Pacheco-Lopez et al., 2005). Thus,
maladaptive defense responses can be activated when the
amygdala and insula mistakenly interpret bodily symptoms,
including pain signals, as threats (Gupta, 2002, 2010).

In practice, what this theory means is that an individual
may experience a physical illness or acute traumatic event,
but rather than the nervous and immune systems return-
ing to a state of homeostasis after the illness or acute event
has been handled, they get locked in a hypervigilant state
because the amygdala and insula perceive the acute symp-
toms as a threat, which triggers defense responses that are
unneeded and which manifest as further somatic symptoms,
thereby creating a vicious cycle of danger signals being sent
from the brain to the body and back again (Gupta, 2002,
2010). The AIR intervention is designed to interrupt this
vicious cycle of danger signals and replace it with new, neu-
ral pathways that signal safety to the amygdala and insula.
Thus, by targeting the hypothesized root cause of chronic
illnesses like FM, the AIR intervention re-trains the amyg-
dala and insula to help reduce the hyper-vigilance of the
nervous and immune systems, including pain networks, and
return the body back to normal (Gupta 2002, 2010).

Results from the present study are consistent with pre-
vious research that has demonstrated the effectiveness of
AIR in addressing symptoms of FM (Sanabria-Mazo et
al., 2020), ME/CFS (Toussaint et al., 2002), Long COVID
(Toussaint & Bratty, 2023), and several other chronic con-
ditions, such as mold illness, Lyme disease, and mast cell
activation syndrome (MCAS; Bratty, 2024). Moreover,
in some of these studies, the effectiveness of AIR signifi-
cantly outpaced other therapies (e.g., treatment as usual,
structurally equivalent wellness and relaxation programs)
in improving the health status of participants. Our study
supports Gupta’s (2002, 2010, in publication) theory by
demonstrating that AIR significantly improves fibromyalgia
symptoms beyond what is typically achieved with standard
medication alone (Sosa-Reina et al., 2017). By targeting
the maladaptive neural pathways outlined in Gupta’s the-
ory, AIR offers a unique approach to modifying the brain’s
response to chronic pain and emotional distress (Bennett,
2019; Mobbs et al., 2015; Zhang et al., 2018). Physical
activity further complements this by promoting neuro-
plastic changes, enhancing pain thresholds, and improving
overall function (Hotting & Rdoder, 2013). The combined
application of these interventions appears to address both
the neurological and physiological dimensions of FM more
comprehensively, offering a potential shift away from tradi-
tional pharmacological treatments. Future research should
continue to explore these approaches, particularly focus-
ing on how they can be optimized and integrated based on

Gupta’s theoretical framework to enhance patient outcomes
in diverse populations.

While not quite as effective as AIR, the PA interven-
tion also signficantly improved participants’ symptoms for
all the outcomes measures, and was more impactful than
standard Pregabalin medication. Moreover, the impact of
the current PA intervention aligns with previous research
findings. A meta-analysis conducted in 2017, encompassing
14 randomized controlled trials (RCTs), highlighted the effi-
cacy of PA in mitigating pain, enhancing overall well-being,
alleviating symptoms of depression, and augmenting health-
related quality of life across diverse FM patient cohorts
(Sosa-Reina et al., 2017). The authors concluded that both
aerobic and muscle strengthening exercises, consistent with
the modalities employed in the present study, represent the
most efficacious means of pain reduction and enhancement
of overall well-being in individuals with FM. Furthermore,
a recent meta-analysis involving 35 RCTs observed the
effectiveness of various forms of exercise in ameliorating
pain and depression among FM patients, with the exception
of flexibility exercises (Kundakci et al., 2022). Furthermore,
recent guidelines from the European League Against Rheu-
matism (EULAR) emphasized the prioritization of non-
pharmacological interventions in FM management, notably
highlighting exercise as the sole “strong” recommendation
(Macfarlane et al., 2017).

The reason for the effectiveness of” PA’ Improving FM
outcomes may be due to the mechanisms underlying FM
and the factors affecting symptom experience. Some studies
suggest that exercise may have anti-inflammatory effects,
which could be beneficial for FM patients as inflammation
has been implicated in the pathophysiology of the condition
(Masquelier & D’haeyere, 2021). Furthermore, PA has been
shown to regulate neurotransmitters such as serotonin and
dopamine, which play key roles in pain perception, mood
regulation, and overall well-being. Dysregulation of these
neurotransmitters has been implicated in FM, and exercise
could help restore balance and alleviate the widespread pain
associated with FM and improve mood (Norouzi et al., 2020;
Sosa-Reina et al., 2017). PA may also help modulate central
sensitization, a process implicated in FM where neural sig-
naling within the central nervous system is amplified and
leads to pain hypersensitivity (Katz et al., 2006; Norouzi
et al., 2020). By desensitizing the nervous system through
graded exposure to PA, patients may experience reduced
pain sensitivity over time (Masquelier & D’haeyere, 2021;
Sosa-Reina et al., 2017).

Engaging in PA may also serve as a distraction from pain,
promote relaxation, reduce stress and may thereby, reduce
pain perception (Norouzi et al., 2020; Pawlak et al., 2019).
PA-induced improvements in mental health and mood could
contribute to better coping mechanisms for managing FM
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symptoms (Norouzi et al., 2020; Sosa-Reina et al., 2017).
Regular physical activity has been shown to improve sleep
quality and duration (Khazaie et al., 2023). Since sleep dis-
turbances are common in FM patients and can exacerbate
symptoms, better sleep may contribute to overall improve-
ment in functioning.

The present study’s results are all the more striking con-
sidering that participants in the AIR and PA groups did not
engage in those interventions along with treatment as usual.
On the contrary, these particpants stopped taking their FM
medications for the duration of the study and engaged only
in AIR or PA for addressing their FM condition. This study
design is arguably more stringent than the typical approach
of allowing participants to continue their existing medica-
tion and treating the interventions as “add-ons.”

From a practical perspective, the present study is note-
worthy in demonstrating the positive impact of two non-
pharmacological interventions in addressing various
symptoms of FM. People with FM commonly suffer from
cognitive dysfunction, sleep problems, pain catastrophizing,
depressive symptoms, and various other condition-related
issues. The observed improvements for all these variables
in the AIR and PA groups underscore the potential of these
interventions for improving the lives of FM patients, mil-
lions of whom struggle to manage their condition.

Strengths and limitations

The present study had two primary strengths. First, that it
tested two non-pharmacological interventions against stan-
dard Pregabalin medication for treating FM. Second, that
the study design was particularly stringent in that it required
the two interventions to be the only source of therapy for
FM for the duration of the study instead of the typical design
of adding interventions such as these to treatment as usual.
Still, several limitations should be acknowledged. First,
the sample size was relatively small, potentially limiting
statistical power. Second, the intervention duration of 12
weeks may not capture longer-term impacts or variations
in responses over an extended period. Though an 8-week
follow-up measure was included, future studies would ben-
efit from more extended periods between the end of the
intervention and a final set of measurements. Third, reli-
ance on self-report measures introduces the possibility of
response bias, as participants’ subjective experiences with
the interventions may affect the accuracy of the outcomes.
Fourth, the lack of a control group in the intervention design
raises challenges in attributing observed effects solely to
the AIR and PA interventions. However, the experimen-
tal design with participants randomly allocated to groups
helped to mitigate this shortcoming. Fifth, the study did not
explore potential interactions between different intervention
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components (AIR and PA), leaving room for further investi-
gation into their combined effects. Sixth, the online admin-
istration of the AIR program might impact the effectiveness
of outcomes versus an in-person program. However, the
study design incorporated weekly in-person gatherings of
participants, which helped mitigate this potential concern.
Seventh, the findings of this study contribute significantly
to the existing literature on the psychological impact of
AIR and PA in women with fibromyalgia. Future research
endeavors should incorporate the evaluation of physical fit-
ness parameters to gain a more comprehensive understand-
ing of the multifaceted benefits these interventions offer to
this population. Finally, it is worth noting that the focus of
this study was to understand differences within and between
groups. Future studies could expand understanding by
exploring individual differences. These limitations under-
score the need for a cautious interpretation of the results and
suggest avenues for future research to address these con-
straints and enhance the robustness of findings in the field
of FM management.

Practical implications

Though the present study had numerous limitations, it also
offers several helpful practical implications. AIR and PA
are promising interventions for patients, clinicians, and
researchers seeking to address FM symptoms that are often
varied and challenging to treat. Both interventions are low-
cost and accessible. AIR is available via a member website
and app, and PA exercises can be practiced with no equip-
ment from home. Of course, clinicians and researchers
should be mindful that the effectiveness of interventions
might be influenced by the severity and range of FM symp-
toms, cultural variations in health beliefs, attitudes toward
non-pharmacological interventions, and social support
systems.

Conclusion

The present study provided valuable insights into the
potential effectiveness of non-pharmacological interven-
tions, Amygdala and Insula Retraining (AIR), and physical
activity (PA) for alleviating cognitive dysfunction, sleep
disturbances, pain catastrophizing, depressive symptoms,
and condition symptoms among women with FM. The
results indicated that both AIR and PA were significantly
more effective than standard Pregabalin medication. Nota-
bly, the AIR intervention was most effective in improving
all measured symptoms and was significantly superior in
addressing pain catastrophizing (50% improvement from
baseline compared to 18% for PA and 8% for medication),
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depressive symptoms (49% improvement compared to 33%
for PA and 15% for medication), and overall FM impact
(54% improvement versus 17% for PA and 9% for medi-
cation). While acknowledging the study’s limitations, these
findings are meaningful because interventions like AIR can
potentially transform the landscape of FM management
within healthcare systems, leading to a more patient-cen-
tric, cost-effective, and sustainable approach to treating FM
patients. Future research with larger and more diverse sam-
ples, extended follow-up periods, and exploration of com-
bining AIR and PA will further enhance our understanding
of optimal strategies for comprehensive FM care. Overall,
this study encourages a shift toward effective and practical
non-pharmacological approaches in addressing the complex
challenges posed by FM, aiming to improve the overall
quality of life for individuals living with this condition.
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