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Abstract

Although empirically validated for fibromyalgia (FM), cognitive and behavioral therapies, including Acceptance and
Commitment Therapy (ACT), are inaccessible to many patients. A self-guided, smartphone-based ACT program would
significantly improve accessibility. The SMART-FM study assessed the feasibility of conducting a predominantly virtual
clinical trial in an FM population in addition to evaluating preliminary evidence for the safety and efficacy of a digital
ACT program for FM (FM-ACT). Sixty-seven patients with FM were randomized to 12 weeks of FM-ACT (n=39) or
digital symptom tracking (FM-ST; n=28). The study population was 98.5% female, with an average age of 53 years and
an average baseline FM symptom severity score of 8 out of 11. Endpoints included the Fibromyalgia Impact Question-
naire-Revised (FIQ-R) and the Patient Global Impression of Change (PGIC). The between-arm effect size for the change
from baseline to Week 12 in FIQ-R total scores was d=0.44 (least-squares mean difference, —5.7; SE, 3.16; 95% CI,
—11.9t0 0.6; P=.074). At Week 12, 73.0% of FM-ACT participants reported improvement on the PGIC versus 22.2% of
FM-ST participants (P<.001). FM-ACT demonstrated improved outcomes compared to FM-ST, with high engagement
and low attrition in both arms. Retrospectively registered at ClinicalTrials.gov (NCT05005351) on August 13, 2021.
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Introduction

Fibromyalgia (FM) is one of the most common chronic
widespread pain disorders, estimated to affect 1.75—6.4% of
the U.S. population (Vincent et al., 2013; Walitt et al., 2015).
Genetics, infections, trauma, and emotional distress have all
been implicated as contributing factors in the development
of FM (Clauw, 2014). FM is considered a centralized pain
state; the musculoskeletal pain of FM is often accompa-
nied by fatigue, cognitive issues including problems with
attention and memory, sleep disturbances, mood and anxi-
ety symptoms, and other somatic symptoms (Clauw, 2014).
Due to the complexity and heterogeneity of FM symptoms,
the best therapeutic outcomes are typically achieved with a
multimodal approach that integrates both pharmacological
and nonpharmacological interventions (Clauw, 2014; Has-
sett & Gevirtz, 2009; Macfarlane et al., 2017; Sarzi-Puttini
et al., 2008). Cognitive behavioral therapy (CBT) is con-
sidered a first-line treatment with demonstrated level 1 A
evidence for both efficacy and tolerability in FM manage-
ment (Ehde et al., 2014; Kollner et al., 2012) and is recom-
mended by international guidelines (Buckhardt et al., 2005;
Fitzcharles et al., 2013; Hauser et al., 2008; Macfarlane et
al., 2017).

Acceptance and Commitment Therapy (ACT), a behav-
ioral therapy under the umbrella of CBT, has been empiri-
cally validated for the management of FM and other chronic
pain conditions in internet-delivered, one-on-one, and group
settings (Bernardy et al., 2019; Du et al., 2021; Gandy et
al., 2022; Hayes et al., 1999; Herbert et al., 2022; Lin et al.,
2017; Luciano et al., 2014; Morcillo-Munoz et al., 2022;
Rickardsson et al., 2021; Simister et al., 2018; Steiner et al.,
2013; Trindade et al., 2021; Wicksell et al., 2013). As a third
wave behavioral therapy, ACT aims to promote healthy psy-
chological and behavioral processes rather than encourage
patients focus on reducing or eliminating physical and emo-
tional symptoms. Specifically, ACT aims to prioritize the
promotion of psychological flexibility processes including
acceptance, defusion, mindfulness, self-as-context, values,
and commitment to values-based actions. In the context of
FM and other chronic pain conditions, ACT teaches accep-
tance and mindfulness strategies for uncontrollable symp-
toms, together with values-based commitment and behavior
change strategies to prevent symptom flares, increase qual-
ity of life, and improve physical and emotional function-
ing (McCracken & Morley, 2014). ACT guides individuals
to change their expectations from the elimination of pain
to managing and living as well as possible with their pain.
While understandable, some patients with FM exert con-
siderable effort into resisting their pain experience, includ-
ing both the physical sensation of pain as well as thoughts
and emotions about the impact of pain. Paradoxically, pain
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resistance strategies amplify physical and emotional pain
in the long run and become an increasingly predominant
focus of attention and energy that can distract from quality
of life improving coping. For example, patients with FM
may reduce physical activity, withdraw from social activi-
ties, and avoid thoughts of pain. Other patients with FM
may use other maladaptive coping strategies such as rumi-
nating on the causes of the pain, frequently checking for
pain sensations, and seeking multiple medications to relieve
the pain. Avoidance of discomfort is a natural reaction and
can sometimes result in short-term pain reduction; however,
in the long-term, avoidance strategies can be counterpro-
ductive, reducing pain tolerance, increasing pain severity,
and undermining coping self-efficacy. The aim of ACT is
to reduce the dominance of pain in a patient’s life by allow-
ing pain to exist while engaging in valued activities, thereby
improving functioning and quality of life. To achieve this,
ACT for chronic pain teaches several skills: acceptance and
mindfulness, observing without reacting to distress, and
repeated engagement in values-based activities to improve
emotional, social, and physical functioning. While the focus
of ACT is not expressly on symptom reduction, symptom
reduction typically does occur during treatment, as well as
improvements in emotional, social, and physical function-
ing (Du et al., 2021; Herbert et al., 2022; Lin et al., 2017,
Luciano et al., 2014; Morcillo-Munoz et al., 2022; Rick-
ardsson et al., 2021; Simister et al., 2018; Trindade et al.,
2021; Wicksell et al., 2013).

Despite the evidence that ACT approaches are beneficial
for people with FM, access is often limited due to a lack of
trained providers, discouraging referral pathways, distance
to treatment centers, low insurance reimbursement, and pro-
hibitive costs (Karekla et al., 2019; Robinson et al., 2012).
A prescribed self-guided digital ACT therapeutic for FM
would represent a significant step towards making this non-
pharmacological approach more widely available to the FM
population. In addition, internet- and smartphone-delivered
interventions allow patients to engage with therapy when
it is convenient for them, access it when added support is
most needed, and engage more consistently with therapy for
greater potential efficacy (Andersson et al., 2019). Indeed,
internet-based digital ACT programs have been shown to
effectively decrease anxiety and depression, conditions
commonly comorbid with FM (Dahlin et al., 2016; Han &
Kim, 2022; Kelson et al., 2019; Lappalainen et al., 2014;
Lappalainen et al., 2015; Pots et al., 2016; Rickardsson
et al., 2021; Thompson et al., 2021; Tokgoz et al., 2021).
Patients’ active participation in treatment and related self-
care, including self-accountability between healthcare
appointments, is necessary for effective management of FM
(Arnold et al., 2012). A self-guided digital ACT therapeutic
could provide the means for this patient population to more
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actively participate in their healthcare and foster increased
agency in FM management.

To better serve the FM population, we developed a smart-
phone-based mobile health application (app) that delivers a
self-guided, evidence-based ACT program tailored to the
management of FM (Stanza, Swing Therapeutics Inc, San
Francisco, CA). This investigational digital therapeutic,
referred to herein as FM-ACT, was inspired by a web-based
ACT program for FM validated by University of Manitoba
researchers (Simister et al., 2018) and was recently granted
De Novo clearance by the U.S. Food and Drug Administra-
tion. The FM-ACT program delivers ACT in 15- to 20-min-
ute daily doses over the course of 12 weeks without the
involvement of healthcare providers. The program consists
of interactive educational materials that teach ACT skills
which are reinforced experientially via values exploration
and identification, mindfulness, and relaxation exercises
(Fig. 1A). Values-based assignments follow each lesson to
assist patients in incorporating ACT skills into their daily
lives. Uniquely, FM-ACT teaches additional skills, includ-
ing self-guided physical exercise and pacing daily activities
via a personally customized stepwise, gradual approach.

The SMART-FM pilot study was designed to assess the
feasibility of conducting a predominantly virtual study and
evaluate preliminary evidence of the safety and efficacy of
FM-ACT in preparation for a larger randomized controlled
trial. To control for the effects of daily interaction with the
app and other study-related biases, an FM symptom tracking
app (FM-ST) was developed as an active control. Based on
the same platform as FM-ACT, FM-ST enables self-guided
daily tracking of patient-reported symptoms and functioning
(Fig. 1B). Symptom tracking is commonly used in chronic
pain management, and several symptom tracking apps have
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Fig. 1 Treatment Application Design. (A) Screenshot of the FM-ACT
digital program showing one of the ACT exercises included in the self-
guided program. (B) Screenshot of the FM-ST active control showing
the daily symptom score monitoring display

been developed and validated (Bedson et al., 2019; Ross et
al., 2020). FM-ST also provides access to educational mate-
rials relevant to FM and general health but does not provide
any psychotherapy or healthcare professional involvement.
Hence, the FM-ST active control mitigates potential expec-
tation, treatment time and attention, and healthcare provider
interaction biases that often occur in chronic pain studies
that utilize passive comparison conditions.

A preliminary treatment efficacy evaluation of FM-
ACT compared to FM-ST was determined by assessments
of improvements in FM severity and impact (primary
outcome), patient impression of FM change, depressive
symptoms, pain intensity, pain interference, and sleep inter-
ference. We hypothesized FM-ACT would improve the
above measures more than FM-ST. The feasibility of con-
ducting a digital ACT clinical trial virtually was assessed by
evaluating treatment adherence.

Patients and methods
Study overview

This 12-week, randomized, multicenter, active-controlled,
single-blinded hypothesis, phase II parallel-group study
was conducted at 7 independent and experienced clinical
research centers in the United States. The study was per-
formed in accordance with the Declaration of Helsinki
and in compliance with Good Clinical Practice guidelines,
applicable laws and regulatory requirements, and decisions
made by the institutional review board (IRB) overseeing the
study sites. All participants provided written informed con-
sent. A list of principal investigators, affiliated study sites,
and information regarding the overseeing IRB is provided
in Supplementary Table 1. In reporting the results of this
study, we followed the CONSORT 2010 statement: exten-
sion to randomized pilot and feasibility trials (Eldridge et
al., 2016). Data were collected from 28 October 2020 to 12
July 2021. The study was retrospectively registered with
ClinicalTrials.gov (NCT05005351).

Investigational device

Stanza is a smartphone-based mobile health intervention
that implements an ACT program tailored to the unique
presentation of FM (referred to herein as FM-ACT). The
12-week FM-ACT program is composed of 8 core chapters,
ideally to be completed in Weeks 1-8, followed by 4 weeks
of learned skills practice. Each core chapter is comprised of
4-6 digital therapy sessions in which patients learn the core
ACT skills of acceptance, values, mindfulness, defusion,
self-as-context, and values-based willingness/committed
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action. ACT skills are taught via patient education, experi-
ential exercises (e.g., metaphors, visualizations, interactive
values identification, etc.), and meditations, and requisite
activities are assigned as homework and reviewed at the
next session. A descriptive summary of the core program
is provided in Supplementary Table 2. In addition to core
ACT skills, the FM-ACT program includes other evidence-
based interventions for chronic pain including paced physi-
cal activities such as household chores (Chapter 3) and
paced exercise (Chapter 6). Chapters are unlocked serially;
to engage with the next chapter, patients must complete all
sessions within the current chapter. Following completion
of the core 8 chapters, patients enter the reinforcement por-
tion of the program in which they can select sessions or
previously unlocked skills to revisit to suit the individual
patient’s needs. The reinforcement sessions are designed to
strengthen and engrain the learned skills.

Study design

The SMART-FM study was designed to (1) assess the feasi-
bility of conducting a largely virtual clinical trial in an FM
population, and (2) compare the preliminary evidence for
the safety and efficacy of the FM-ACT program to that of
the active comparator, FM-ST, for the management of FM.
The study included 3 phases: screening and baseline assess-
ment (6—14 days), randomization (1 day), and treatment (12
weeks) (see Supplementary Fig. 1A, Study timeline). After
confirmation of study eligibility during the initial in-clinic
screening at visit C1, participants were trained in the use of
the apps and electronic Patient Reported Outcomes (ePROs)
platform. During the screening/baseline assessment period,
participants completed daily app practice sessions and a
minimum of 2 sets of ePROs spaced 6 — 14 days apart to
enable assessment of enrollment eligibility and acquisition
of baseline data. After confirmation of study eligibility at
visit C2 (remote or in-person), qualified participants were
randomized to 12 weeks of treatment with either FM-ACT
or FM-ST. Research visits C3-5 were conducted virtually
via phone or videoconferencing. The end-of-study appoint-
ment (C6/C-ET) was conducted in person or virtually.
Because the treatments delivered were inherently impos-
sible to blind, a blinded-hypothesis approach was utilized
in which participants were informed they would be assist-
ing in the evaluation of investigational digital interventions
potentially helpful in the self-management of FM. All par-
ticipants were required to complete the core content of the
program which consisted of 41 self-guided digital sessions
over 12 weeks; program engagement and session comple-
tion were tracked electronically. At visits C3-C6, investiga-
tors performed safety assessments and monitored protocol
adherence. Efficacy assessments were conducted remotely
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via ePROs during the screening/baseline assessment period,
as noted above, and weekly following randomization.

The study was conducted with two successive cohorts.
Cohort 1 participants were randomized to FM-ACT or
FM-ST (v1) in alignment with the original study proto-
col. Following a protocol amendment aimed at assessing
the effect of symptom tracking and ACT reinforcement on
ACT efficacy, Cohort 2 participants were randomized for
treatment with a modified version of FM-ST (v2) or FM-
ACT with the addition of either daily symptom tracking
(FM-ACT+ST) or weekly ACT reinforcement questions
(FM-ACT + Insights) (see Supplementary Fig. 1B, Study
treatments by cohort). In Cohorts 1 and 2, FM-ST deliv-
ered daily app interaction in the form of health education
materials and patient-reported symptom and function track-
ing without delivering psychotherapy. The FM-ST ver-
sions differed as follows: the Cohort 1 FM-ST (v1) tracked
symptoms in alignment with the Fibromyalgia Impact
Questionnaire-Revised (FIQ-R) and pain/sleep interference
instruments, while the FM-ST (v2) for Cohort 2 tracked
symptoms related to FM impact. FM-ACT for Cohorts 1
and 2 delivered the same core program of 8§ weeks of daily
15- to 20-minute ACT lessons followed by 4 weeks of daily
reinforcement sessions.

As an unpowered pilot study, formal sample size calcula-
tions were not performed. Cohort 1 participants were ran-
domized at a 1:1 ratio into FM-ACT and FM-ST (v1) arms,
whereas Cohort 2 participants were randomized at a 1:1:1
ratio into FM-ACT + ST, FM-ACT + Insights, and FM-ST
(v2). A dynamic randomization system was used to balance
treatment allocations at the site level with a block size of 2
for Cohort 1 and a block size of 3 for Cohort 2.

Eligibility criteria

Patients 22—75 years of age with a primary diagnosis of FM
as defined by the 2016 preliminary ACR FM diagnostic cri-
teria (Wolfe et al., 2016) were eligible for study inclusion
provided they had a FIQ-R total score of 25-80, inclusive
(Cohort 1) or 35-80, inclusive (Cohort 2), were willing and
able to comply with all protocol-specified requirements,
were capable of reading and understanding English, and
owned and used a smartphone running an appropriate oper-
ating system. The FIQ-R eligibility criteria were changed
with Cohort 2 to reduce the possibility of a floor effect. Par-
ticipants were allowed to continue ongoing medications for
FM and comorbid conditions provided the dose and regi-
men were stable for 30 days prior to screening and would
remain stable throughout the study period. Permitted con-
comitant medications included FDA-approved FM medi-
cations, non-steroidal anti-inflammatory drugs (NSAIDs),
muscle relaxants, anticonvulsants, triptans, ergotamines,
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serotonin-norepinephrine reuptake inhibitors (SNRIs), and
selective serotonin reuptake inhibitors (SSRIs). Medica-
tions needed to manage other chronic health conditions,
such as diabetes and hypertension, were permitted as well
as ongoing nonpharmacological treatments (acupuncture,
massage, etc.).

Exclusion criteria included a history of bipolar disorder,
current untreated major depressive and/or anxiety disorder,
suicidal behavior or ideation in the preceding year, history
of significant alcohol and/or drug abuse or dependency,
current regular use of systemic corticosteroids, opiates, or
benzodiazepines, and medical conditions that could endan-
ger the patient, interfere with the preliminary evaluation
of the study device’s safety or efficacy, or compromise the
patient’s ability to comply with the study protocol. Patients
were also excluded if they were currently undergoing psy-
chotherapy and/or received CBT or ACT for FM or chronic
pain in the past 24 months.

Following the screening/baseline assessment period,
patients qualified for randomization if they continued to
meet the entry criteria, had been compliant with daily app
practice sessions, and had successfully completed 2 sets of
ePROs 6—14 days apart that resulted in an average baseline
FIQ-R total score of 25-80, inclusive (Cohort 1) or 35-80,
inclusive (Cohort 2) and an average baseline pain intensity
score of 4-9 on an 11-point numeric rating scale (NRS).

Measures and preliminary efficacy endpoints
Fibromyalgia impact questionnaire-revised

The FIQ-R, an updated version of the original FIQ (Burck-
hardt et al.,, 1991), is a validated self-report instrument
designed to assess the impact of FM on various aspects of
a patient’s wellbeing (Bennett et al., 2009). The measure is
comprised of 21 questions that address the linked domains
of physical function, overall impact, and severity of symp-
toms. Responses are based on an 11-point NRS and framed
in the context of the past 7 days. The FIQ-R total score for
each patient ranges from 0 to 100, with higher scores indi-
cating greater disease impact. The FIQ-R was administered
electronically immediately following the screening visit
(C1), before the baseline visit (6—14 days from completion
of the first FIQ-R), and at the end of each week of the treat-
ment period.

Mean change from baseline (CFB) to Week 12 in FIQ-R
total scores, analyzed in the intention-to-treat (ITT) popu-
lation, was utilized as the primary efficacy endpoint. The
same assessment analyzed in the per-protocol (PP) popula-
tion served as a secondary endpoint. A responder analysis
of FIQ-R total scores that dichotomized participants into
those with >20% improvement from baseline to Week 12

and those with <20% improvement, analyzed for the ITT
and PP populations, served as a key secondary endpoint.
Twenty percent improvement has been utilized in several
studies as a threshold of a clinically important difference in
FIQ-R scores (Bernardy et al., 2019; Luciano et al., 2014;
Luciano et al., 2011).

Patient global impression of change

The Patient Global Impression of Change (PGIC) is a PRO
version of the Clinical Global Impression scales developed
by the U.S. National Institutes of Health. This self-report
measure reflects a participant’s belief about the efficacy of
treatment and has been validated for studies of psychologi-
cally based treatment for chronic pain (Scott & McCracken,
2015). Responses depict a participant’s rating of overall
improvement based on a 7-point Likert-type scale. The
wording of the assessment used in this study was, “Since the
start of the study, overall, my fibromyalgia is:“ with possible
responses of “Very Much Improved,” “Much Improved,*
“Minimally Improved,” “No Change,” “Minimally Worse,"
“Much Worse,*“ and “Very Much Worse.*

Three analyses of PGIC responses in the ITT and PP
populations at Week 12 served as secondary endpoints.
The first was a responder analysis that dichotomized par-
ticipants into those that reported “Very Much Improved,*
or “Much Improved,” or “Minimally Improved” versus all
other responses. A second responder analysis dichotomized
participants into those that reported “Very Much Improved”
or “Much Improved” versus all other responses. The third
analysis treated the PGIC as a continuous outcome with
scores ranging from 1 (Very Much Improved) to 7 (Very
Much Worse).

Pain intensity, pain interference, and sleep interference

Weekly pain intensity, pain interference, and sleep interfer-
ence scores were self-reported on the same schedule as the
FIQ-R using an 11-point NRS. The questions asked were:

1. Pain Intensity: Thinking about the last 7 days, how
intense was your pain on average?

2. Pain Interference: Thinking about the last 7 days, how
much did your pain interfere with activities at work, lei-
sure, or home?

3. Thinking about the last 7 days, did you have trouble
staying asleep because of your pain?

Mean CFB to Week 12 in pain intensity, pain interference,

and sleep interference scores, analyzed in the ITT and PP
populations, served as secondary efficacy endpoints.
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Safety assessments
Adverse events

Adverse events (AEs) and unanticipated adverse device
effects (UADESs) were monitored and assessed for clinical
significance by study investigators and the Medical Monitor
throughout the study. At each visit, participants were que-
ried regarding any AEs that had occurred since the previous
visit. For every AE and UADE, the investigator (1) provided
an assessment of the severity, causal relationship to study
treatment, and seriousness of the event, (2) documented all
actions taken, and (3) detailed any other treatment measures
taken for the AE.

Beck depression inventory-Ii

The Beck Depression Inventory-II (BDI-II) is an exten-
sively validated 21-item self-report inventory of the severity
of current depressive symptoms (Beck et al., 1996). Scoring
allows for the identification of mild, moderate, and severe
levels of depressive symptoms, and for the quantification of
change in status over time.

The BDI-II was administered to all participants electroni-
cally following the screening visit (C1), prior to the baseline
visit (C2), and at Week 12 (C6) or C-ET. At Weeks 4 and
8, Cohort 1 participants were administered the complete
BDI-II, whereas Cohort 2 participants only answered BDI-
II Question 9 at those time points to assess suicidal ideation.

Columbia - suicide severity rating scale

The Columbia-Suicide Severity Rating Scale (C-SSRS) is
a multiple-item clinician-rated scale that measures suicidal
ideation and behavior. Two versions of the C-SSRS were
administered by site staff. The Baseline/Screening version
was administered at the screening visit (C1) and utilized
time frames of “lifetime” and “the past 12 months”. Patients
whose responses were indicative of recent suicidal ide-
ation or behavior were excluded from study participation,
and appropriate interventions were prescribed. The version
administered at the baseline visit (C2) and the final visit (C6
or C-ET) utilized a recall period of “since the last visit.”
Patient responses were monitored so that changes indicative
of increased suicide risk could be addressed with appropri-
ate actions.

Statistical analyses
The Safety and ITT populations included all patients who

underwent randomization. Participants were excluded from
the PP population due to study withdrawal, major medication
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changes during the study period, failure to complete >41
app sessions, or failure to meet the amended enrollment
criteria (FIQ-R total score>35). All efficacy assessments
were analyzed for the ITT and PP populations. To maximize
statistical power, all endpoints were evaluated for the com-
bined FM-ACT group as compared to the combined FM-ST
group. ePROs completed by participants prior to the start of
treatment were averaged to generate each participant’s base-
line scores. When short-term prednisone use was required
for acute medical conditions by patients in either arm, par-
ticipant data was censored from the start of dosing to 7 days
after the final dose.

Group demographic and baseline clinical characteristic
data were compared using t-tests for continuous outcomes
and Cochran-Mantel-Haenszel general association tests for
categorical outcomes. For the primary efficacy endpoint and
other outcome measures with continuous scoring systems,
mean changes from baseline were analyzed using a restricted
maximum likelihood (REML)-based mixed model repeated
measures (MMRM) approach. The analysis model included
the fixed categorical effects of treatment, study time point
(week), and treatment-by-week, as well as the continuous
covariate of baseline score. Significance tests were based
on least-squares (LS) mean values using a predetermined
two-sided a of 0.05 and two-sided 95% confidence intervals
(CIs). Effect size (Cohen’s d) was calculated for continu-
ous endpoints and interpreted as small (d=0.2), medium
(d=0.5), and large (d=0.8) in accordance with Cohen and
other behavioral therapy studies for FM (Bernardy et al.,
2013; Cohen, 1988). For responder analyses, differences in
the percentages of responders in the two treatment arms and
the corresponding 95% Cls were calculated using the nor-
mal approximation; reported P-values are based on Pearson
Chi-Squared tests (equivalent to difference in proportions
z-tests). Summary statistics were used to evaluate treatment
adherence.

Results
Patient disposition and characteristics

Participant flow through the trial is illustrated in Fig. 2. A
total of 106 patients with a diagnosis of primary FM were
screened following recruitment via study site internal data-
bases and digital advertising. The numbers of participants
screened and randomized to each of the study arms at each
site are reported in Supplementary Table 3. Sixty-seven
participants were randomized to treatment: 39 to FM-ACT
(13 to Cohort 1, 26 to Cohort 2) and 28 to FM-ST (14 to
Cohort 1, 14 to Cohort 2). Of the 27 participants in Cohort
1, only one did not meet the Cohort 2 enrollment criteria.
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Fig.2 Consolidated Standards of Reporting Trials
Flow Diagram Outlining Study Enrollment, Treatment
Allocation, and Populations Analyzed. Patients were
enrolled from 28 October 2020 to 14 April 2021. The
final study assessments occurred on the study comple-
tion date of 12 July 2021.

#The 39 patients lost to screen failures did not meet the
enrollment and/or randomization criteria.

bParticipants were excluded from the FM-ACT PP
population due to study withdrawal (n=2), failure to
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Nine participants, including 6 in the FM-ACT arm and 3 in
the FM-ST arm, were excluded from the PP population due
to study withdrawal, major medication changes, failure to
complete >41 app sessions, or failure to meet the amended
enrollment criteria (see Fig. 2). Study attrition was minimal,
with withdrawals of 2 participants in the FM-ACT arm and
1 participant in the FM-ST arm.

Demographic characteristics, including gender, race,
ethnicity, family status, education, employment status, and
reason for unemployment, were well-matched between
treatment groups (See Table 1). The study population was
98.5% female with an average age of 53 years (range, 25—68
years). Baseline FM clinical characteristics and prior/con-
comitant medications and therapies were also well matched
between groups with two exceptions: the mean number of
years since FM diagnosis was greater in the FM-ST group
(P=.036), and the number of participants utilizing con-
comitant gabapentin was greater in the FM-ACT group
(P=.028) (see Table 2). The mean baseline FM symptom
severity score was 8 (range, 5—11).

Treatment adherence

A key concern regarding the utility of an at-home, self-
guided, smartphone-delivered ACT program was whether
participants would use it on a regular basis and complete
the prescribed number of daily sessions, particularly in
the absence of any involvement from a therapist or other

healthcare professional. Treatment adherence was also the
primary concern in conducting a predominantly virtual clin-
ical trial with an FM population. Participants in both arms
were asked to engage with the treatment a minimum of 5
days per week for 12 weeks, with the core program consist-
ing of 41 sessions. Thus, 41 sessions were prescribed, and 60
were requested. Adherence to treatment was assessed as the
total number of sessions completed by a patient during the
12-week treatment period. Session completion was defined
as completing all assigned tasks in a daily session. Over the
12-week treatment period, the mean number of sessions
completed was 71.00 sessions (SD, +16.57) for the FM-
ACT arm and 61.89 sessions (SD, +13.81) for the FM-ST
arm. Thirty-six of the 39 FM-ACT participants (92%) and
26 of the 28 FM-ST participants (93%) completed >41 ses-
sions over the course of the study.

Safety

Safety assessments included the evaluation of AEs, includ-
ing UADEs, increases in depression as assessed by the
BDI-II, and changes in the risk of suicide as assessed by the
C-SSRS. AEs were monitored and reported throughout the
study. There were zero (0) AEs attributed to either treatment.
The incidence of AEs during the 12-week treatment period
was 25.6% among FM-ACT participants and 17.9% among
FM-ST participants. All AEs that occurred over the 12-week
treatment period were classified as mild or moderate and
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Table 1 Patient demographics by treatment arm: safety population

Study arm: FM-ACT FM-ST P-value'
(N=39) (N=28)
Demographic Characteristic:
Age (years), mean + SD 52.2+10.51 53.6+10.14 .580
Gender, n (%)
Female 38 (97.4) 28 (100) 397
Male 1(2.6) 0
Race, n (%)
American Indian or Alaska 0 1(3.6) .544
Native
Asian 1(2.6) 0
Black or African American 1(2.6) 1(3.6)
Native Hawaiian or Other Pacific 0 0
Islander
White 37 (94.9) 26 (92.9)
Ethnicity
Hispanic or Latino 7(17.9) 4(14.3) .692
Not Hispanic or Latino 32 (82.1) 24 (85.7)
Family Status, n (%)
Divorced 11 (28.2) 6(21.4) 11
Living with partner 1 (2.6) 3(10.7)
Married 18 (46.2) 13 (46.4)
Separated 1(2.6) 0
Single 6(15.4) 5(17.9)
Widowed 2(5.1) 1(3.6)
Education, n (%)
High school graduate or GED 4(10.3) 0 333
Some college 12 (30.8) 11 (39.3)
College graduate 16 (41.0) 13 (46.4)
Graduate degree and beyond 7(17.9) 4(14.3)
Employment status n (%)
Not employed 19 (48.7) 12 (42.9) .638
Employed 20 (51.3) 16 (57.1)
Reason not employed, n (%)
Seeking employment 2 (10.5) 1(8.3) .584
Homemaker 3 (15.8) 0
Retired 8 (42.1) 5(41.7)
Unable to work due to 3(15.8) 4(33.3)
fibromyalgia
Other 3 (15.8) 2 (16.7)

"Between-group P values were calculated using t-tests for continuous outcomes and Cochran-Mantel-Haenszel tests for categorical outcomes.
GED =Tests of General Educational Development; SD =standard deviation

included COVID-19 or post-COVID vaccination syndrome
(n=3), anxiety, broken foot, cellulitis, exacerbation of FM
pain, exacerbation of gastroparesis, fever, headache, rib
contusion, sinus infection, urinary tract infection, vertigo,
and worsening anemia (n=1 each). Safety assessments
indicated there was neither increased suicidal ideation nor
behavior in either arm during the study.

Preliminary efficacy

A summary of preliminary efficacy endpoint analyses is
provided in Table 3. The mean CFB to Week 12 in FIQ-R
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total scores analyzed in the ITT population served as the pri-
mary endpoint, and the same assessment analyzed in the PP
population served as a secondary endpoint. The between-
arm effect size was d=0.44 for the ITT population and
d=0.54 for the PP population. Although the ITT population
between-arm difference was not statistically significant at
the 0.05 level, analysis in the PP population showed a signifi-
cant improvement in FIQ-R total scores in the FM-ACT arm
compared to the FM-ST arm (Fig. 3A-B). FIQ-R total scores
were also used for a responder analysis that dichotomized
participants into those with a>20% improvement from
baseline to Week 12 and those with <20% improvement.
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Table 2 Patient baseline clinical characteristics by treatment arm: safety population

Study arm: FM-ACT FM-ST P-value'
(N=39) (N=28)
Clinical Characteristic:
Years since fibromyalgia diagnosis, mean + SD 10.3 (8.14) 15.1(10.30) .036
Widespread Pain Index, mean + SD 13.3 (3.46) 13.3 (2.56) 914
Symptom Severity Score, mean + SD 7.8 (1.34) 8.4 (1.64) .106
Fibromyalgia Scale, mean + SD 21.1(3.93) 21.6 (3.01) 564
Fatigue (moderate or greater), n (%)
No 3(7.7%) 1 (3.6%) 486
Yes 36 (92.3%) 27 (96.4%)
Waking unrefreshed (moderate or greater), n (%)
No 3(7.7%) 4 (14.3%) 388
Yes 36 (92.3%) 24 (85.7%)
Cognitive symptoms (moderate or greater), n (%)
No 14 (35.9%) 5(17.9%) .109
Yes 25 (64.1%) 23 (82.1%)
Concomitant fibromyalgia medications, n (%)
Duloxetine 8(20.5%) 4 (14.3%) 515
Milnacipran 0 0
Pregabalin 1 (2.6%) 3 (10.7%) .168
Bupropion 3 (7.7%) 0 136
Gabapentin 9 (23.1%) 1 (3.6%) .028
SNRIs 2 (5.1%) 1 (3.6%) 763
SSRIs 0 1 (3.6%) 238
Tricyclic antidepressants 1(2.6%) 0 397
NSAIDs and APAPs 10 (25.6%) 7 (25.0%) 953
Muscle relaxants 4 (10.3%) 5(17.9%) 372
Other 2 (5.1%) 2 (7.1%) 733

Between-group P values were calculated using t-tests for continuous outcomes and Cochran-Mantel-Haenszel tests for categorical outcomes

APAP =N-acetyl-para-aminophenol; NSAID =nonsteroidal anti-inflammatory drug; SD =standard deviation; SNRI=serotonin-norepineph-

rine reuptake inhibitor; SSRI=selective serotonin reuptake inhibitor

Although a 14% improvement was determined to repre-
sent the minimal clinically important difference (MCID)
during validation of the original FIQ instrument (Bennett
et al., 2009), an improvement of >20% has been adopted
in several studies as a more stringent threshold for MCID
(Bernardy et al., 2019; Luciano et al., 2014; Luciano et al.,
2011). In both the ITT and PP populations, treatment with
FM-ACT resulted in a significantly greater number of par-
ticipants who reported a > 20% change in FIQ-R total scores
over the 12-week treatment period compared to treatment
with the FM-ST active control (Fig. 3C-D).

Two PGIC responder analyses were performed at Week
12 as secondary endpoints. The first dichotomized partici-
pants into those that reported “Much Improved,” “Very
Much Improved,* or “Minimally Improved” versus all other
responses. The second analysis dichotomized participants
into those that reported “Very Much Improved” or “Much
Improved” versus all other responses. In both analyses,
among both the ITT and PP populations, participants who
received treatment with FM-ACT reported significantly
greater overall global improvement on the PGIC at Week 12

compared to participants who received treatment with the
FM-ST active control (See Table 3). Among the ITT popu-
lation, 73.0% of FM-ACT participants reported improve-
ment at Week 12 compared to 22.2% of FM-ST participants
(Fig. 4). The PGIC was also analyzed as a continuous
outcome with corresponding scores ranging from 1 (Very
Much Improved) to 7 (Very Much Worse). Among both the
ITT and PP populations, a large and statistically significant
effect size was seen, with FM-ACT participants reporting
substantially greater improvement at Week 12 compared to
FM-ST participants (d=0.94 and d=0.98, respectively, see
Table 3).

Additional secondary endpoints included CFB to Week
12 analyses of scores from the FIQ-R Physical Function,
Overall Impact, and Severity of Symptoms domains and the
Weekly Pain Interference, Pain Intensity, and Sleep Interfer-
ence measures. Statistically significant FM-ACT-associated
improvements were observed in the PP population for the
FIQ-R Impact domain and Weekly Sleep Interference scores
and in the ITT and PP populations for FIQ-R Symptoms
domain scores (See Table 3).
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Table 3 Preliminary efficacy analyses for primary and secondary endpoints by treatment arm

Study population analyzed:

Intention-to-Treat

Per-Protocol

Treatment arm: FM-ACT FM-ST FM-ACT FM-ST

(N=39) (N=28) (N=33) (N=25)
FIQ-R Total Score:

Mean CFB to Week 12 (SD) -9.1 (14.71) -2.2(12.20) —8.9(13.09) -1.2(12.65)

LS mean CFB to Week 12 (SE) —8.7 (2.03) —3.0(2.40) —8.6 (2.14) -1.8(2.47)

Difference in LS means from ST treatment  —5.7 (3.16) — —6.8 (3.30) —

group (SE)

95% CI for difference  —11.9 t0 0.6 (P=.074) — —13.4t0 —0.3 (P=.042) —
in LS means (P-value)
0.44 — 0.54 —
FIQ-R Responder Analysis at Week 12:

>20% CFB in FIQ-R Total Score as 15 (40.5%) 4 (14.8%) 14 (42.4%) 4 (16.7%)

responder, n (%)

25.7% — 25.8% —
5.0-46.5% (P=.026) — 3.2-48.3% (P=.039) —
PGIC Responder Analysis at Week 12:

Any improvement as responder, n (%) 27 (73.0%) 6 (22.2%) 24 (72.7%) 5(20.8%)
50.8% — 51.9% —
29.5-72.0% (P<.001) — 29.6-74.1% (P<.001) —

Very Much Improved and Much Improved 12 (32.4%) 1 (3.7%) 10 (30.3%) 1 (4.2%)

as responder, n (%)

28.7% — 26.1% —
12.0-45.4% (P=.005) — 8.5-43.7% (P=.014) —
PGIC Continuous Analysis at Week 12:

Mean at Week 12 (SD) 2.9 (1.08) 4.0 (0.94) 3.0 (1.02) 4.0 (0.95)

LS Mean at Week 12 (SE) 3.0 (0.16) 4.0 (0.19) 3.0 (0.17) 4.0 (0.20)

Difference in LS Means (SE) —1.0(0.25) — —1.0(0.26) —

95% CI for difference  —1.5 to —0.5 (P<.001) — —-1.5t0 —0.5 (P<.001) —
in LS means (P-value)
0.94 — 0.98 —
FIQ-R Physical Function Domain:

Mean CFB to Week 12 (SD) —-7.6 (16.97) —4.9 (12.84) —7.6 (14.01) —4.2(13.50)

LS mean CFB to Week 12 (SE) —7.4(2.20) —5.3(2.60) -7.5(2.25) —4.4 (2.60)

Difference in LS means from ST treatment ~ —2.0 (3.41) — -3.1(3.44) —

group (SE)

95% CI for difference  —8.8 to 4.7 (P=.549) — -991t03.8(P=.377) —
in LS means (P-value)
0.15 — 0.23 —
FIQ-R Overall Impact Domain:

Mean CFB to Week 12 (SD) —3.2(4.32) -0.9 (4.24) -3.3(3.81) —0.8 (4.48)

LS mean CFB to Week 12 (SE) —3.0(0.60) -1.3(0.71) —3.1(0.62) —1.0(0.72)

Difference in LS means from ST treatment ~ —1.7 (0.93) — —2.2(0.96) —

group (SE)

95% CI for difference
in LS means (P-value)

—3.6100.1 (P=.064)

—4.0 to —0.3 (P=.026)
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Table 3 (continued)
Study population analyzed: Intention-to-Treat Per-Protocol
Treatment arm: FM-ACT FM-ST FM-ACT FM-ST
(N=39) (N=28) (N=33) (N=25)
Effect size 0.46 — 0.59 —
FIQ-R Severity of Symptoms Domain:
Mean CFB to Week 12 (SD) —6.8 (12.75) 0.8 (11.79) —6.1(12.52) 1.9 (12.02)
LS mean CFB to Week 12 (SE) —6.4 (1.88) 0.1 (2.23) —5.7 (2.06) 1.1(2.38)
Difference in LS means from ST treatment ~ —6.5 (2.93) — —6.8 (3.19) —
group (SE)
95% CI for difference  —12.3 to —0.7 (P=.029) — —13.1to —0.5 (P=.034) —
in LS means (P-value)
Effect size 0.54 — 0.56 —
Weekly Pain Intensity:
Mean CFB to Week 12 (SD) —-0.7 (2.16) —0.2 (1.46) —0.7 (1.84) —0.3 (1.50)
LS mean CFB to Week 12 (SE) —0.6 (0.27) —-0.3(0.32) —0.7 (0.27) —0.2(0.31)
Difference in LS means from ST treatment ~ —0.3 (0.42) — —0.5(0.41) —
group (SE)
95% CI for difference  —1.2 to 0.5 (P=.426) — —1.3t0 0.4 (P=.265) —
in LS means (P-value)
Effect size 0.20 — 0.30 —
Weekly Pain Interference:
Mean CFB to Week 12 (SD) -1.5(2.09) -0.5(2.02) -1.5(1.75) -0.5(2.14)
LS mean CFB to Week 12 (SE) —1.3(0.30) —0.7 (0.36) —1.4(0.32) —-0.6 (0.37)
Difference in LS means from ST treatment ~ —0.5 (0.47) — —0.7 (0.49) —
group (SE)
95% CI for difference  —1.5 to 0.4 (P=.256) — —1.710 0.3 (P=.148) —
in LS means (P-value)
Effect size 0.28 — 0.38 —
Weekly Sleep Interference:
Mean CFB to Week 12 (SD) -1.2(2.28) 0.1 (2.74) -1.2 (2.09) 0.3 (2.88)
LS mean CFB to Week 12 (SE) —1.0(0.33) —-0.1(0.39) —1.1(0.35) 0.0 (0.40)
Difference in LS means from ST treatment ~ —0.9 (0.51) — —1.2(0.54) —
group (SE)
95% CI for difference  —1.9 to 0.1 (P=.071) — —2.2to —0.1 (P=.031) —
in LS means (P-value)
Effect size 0.45 — 0.57 —

CFB=change from baseline; CI=confidence interval; FIQ-R =Fibromyalgia Impact Questionnaire-Revised; LS mean=Ileast-squares mean;
PGIC =Patient Global Impression of Change; SD =standard deviation; SE =standard error of the mean

Discussion

Although empirically validated in the management of FM,
traditional in-person cognitive behavioral therapies, includ-
ing ACT, are often inaccessible due to a lack of trained
providers, physical accessibility, transportation issues, and
expense (Karekla et al., 2019; Robinson et al., 2012). The
FM-ACT program was designed to make this nonphar-
macological approach more widely available to the FM
population by providing a completely self-guided ACT
program delivered via patients’ smartphones. Results of
this multicenter, active-controlled pilot study indicate the
FM-ACT program is safe and may be efficacious in aid-
ing FM management. Notably, treatment with FM-ACT
resulted in a PGIC between-arm effect size of 0.94, with
responder scores superior to those seen with both in-person

and internet-based behavioral therapy programs designed
for FM (Lumley et al., 2017; Williams et al., 2010). The
between-arm effect size for the primary efficacy endpoint
of mean CFB to Week 12 in FIQ-R total scores was d=0.44
for the ITT population and d=0.54 for the PP population,
favoring FM-ACT. Statistical significance was met for this
endpoint in the PP population but not for the ITT popula-
tion, likely due to the relatively small sample size. In addi-
tion, significant improvements with FM-ACT compared to
FM-ST that were seen in both the ITT and PP populations
included (1) PGIC responder analyses at Week 12; (2) PGIC
continuous scoring analysis at Week 12; (3) FIQ-R total
scores >20% CFB to Week 12 responder analysis; and (4)
mean CFB to Week 12 FIQ-R Symptoms Domain scores.
Significant improvements that were not achieved in the
ITT population but were seen in the PP population included
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Fig. 3 Preliminary Efficacy
Analyses Based on FIQ-R Total
Scores. The LS mean change
from baseline to Week 12 in
FIQ-R total scores is shown by
treatment arm for the ITT popula-
tion (A) and the PP population
(B). Error bars represent the
standard error of the mean. The
percentage of participants who
reported >20% improvement
from baseline to Week 12 in
FIQ-R total scores is shown by
treatment arm for the ITT popula-
tion (C) and the PP population
(D)
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(1) mean CFB to Week 12 FIQ-R Impact Domain scores
and (2) mean CFB to Week 12 Sleep Interference scores.
No device- or study-related safety issues were reported for
either treatment arm.

Consistent with the goals and expectations of ACT for
patients with FM, the improvements associated with FM-
ACT treatment in this preliminary efficacy analysis may
have resulted primarily from an increased capacity to adapt
and cope, as evidenced by between-arm differences in mea-
sures of overall well-being, FM impact, symptoms, and
sleep interference. The significant between-arm difference
in PGIC scores reflects broad improvement in FM follow-
ing treatment with FM-ACT. The breadth inherent to the
PGIC assessment allows patients to determine, on an indi-
vidual basis, what a valuable change means to them. Thus,
PGIC results are a reflection of what patients perceive as an
impactful improvement over the course of the study.
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Many of the previously published randomized trials
focused on digital behavioral therapies for chronic pain have
included psychotherapist-delivered guidance in the form of
regular feedback, support, clarification, and/or encourage-
ment (Gandy et al., 2022; Lin et al., 2017; Peters et al., 2017;
Rickardsson et al., 2021; Simister et al., 2018; Trompetter
etal., 2015). Although guidance and healthcare professional
involvement was shown to improve engagement and treat-
ment adherence in one study (Lin et al., 2017), it imposes
many of the same limitations to accessibility as traditional
in-clinic ACT. Due to lower engagement and higher attrition
reported for other digital behavioral therapy programs for
chronic pain (Gandy et al., 2022; Herbert et al., 2022; Lin
et al., 2017; Trindade et al., 2021; Trompetter et al., 2015),
significant effort was expended to make the FM-ACT and
FM-ST programs engaging to the patient, including exten-
sive beta testing prior to this study. Engagement with the
self-guided ACT program was very high, with FM-ACT
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Fig.4 PGIC Responder Analysis at Week 12. The per-
centages of participants who responded “Very Much
Improved”, “Much Improved”, “Minimally Improved”,
“No Change”, “Minimally Worse”, or “Much Worse”
at Week 12 are shown by treatment arm for the ITT
population. No participants reported “Very Much
Worse”

73.0%
Improved

participants completing an average of 71 sessions, 31 beyond
the prescribed core program. In addition to the high level of
engagement observed in both arms, attrition was lower than
that seen in other trials examining digital ACT for chronic
pain (Herbert et al., 2022; Lin et al., 2017; Morcillo-Munoz
et al., 2022; Rickardsson et al., 2021; Simister et al., 2018;
Trindade et al., 2021; Trompetter et al., 2015). Hence, the
FM-ACT program resulted in an engagement level typically
observed with accompanying therapist-delivered guidance
while providing the accessibility and scalability of a self-
guided platform. Completion of the core treatment by 92%
of FM-ACT participants and 93% of FM-ST participants
also demonstrates the feasibility of the virtual clinical trial
model utilized in the study.

Another distinguishing feature of the current study was
the use of an active control. Previously published random-
ized trials designed to evaluate the efficacy of digital ACT
programs for FM or other chronic pain conditions have
employed treatment-as-usual (TAU) (Simister et al., 2018)
or waitlist controls (Lin et al., 2017; Peters et al., 2017,
Rickardsson et al., 2021; Trompetter et al., 2015). In the
present study, a self-guided daily digital symptom track-
ing active control (FM-ST) was developed and utilized to
separate the effects of digital ACT from those attributable to
daily interaction with the FM-ACT app. This active control
was combined with a single-blinded hypothesis approach in
which participants were informed they would be assisting in
the evaluation of digital interventions believed to be poten-
tially helpful in self-management of FM. This combined

PGIC Responder Analysis
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P<.001
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o Improved
Ml Very Much Improved
40.5% 55.6% Bm Much Improved
' Minimally Improved
No Change
Minimally Worse
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21.6%
18.5%

2.7%
2.7% 3.7%

FM-ACT FM-ST

approach served to mitigate common potential biases inher-
ent in chronic pain studies, including differences associated
with expectation, treatment time and attention, and health
care provider interaction. While the use of an active control
likely reduced these potential biases, symptom tracking can
be effective in FM management and is sometimes consid-
ered a treatment in and of itself (Bedson et al., 2019; Ross
et al., 2020). Therefore, the use of symptom tracking as an
active control may have resulted in fewer between-arm dif-
ferences compared to other digital ACT for chronic pain
trials in which comparisons were made to TAU or waitlist
controls.

Study limitations include the small sample size and a
homogenous patient population. The small sample (67
randomized participants) likely affected the preliminary
efficacy analyses, resulting in nonsignificant between-arm
differences for some endpoints. As a pilot study, power cal-
culations were not conducted. However, the results obtained
from this study were used in power calculations for a larger,
multi-site pivotal trial (ClinicalTrials.gov NCT05243511).
The sample size was too small to yield meaningful by-
site statistics; therefore, between-site differences were not
addressed in the study analyses. Additionally, the study was
underpowered to determine whether modifications in the
app versions utilized with Cohorts 1 and 2 resulted in mean-
ingful outcome differences. The patient population lacked
diversity in race, ethnicity, and gender which limits our abil-
ity to demonstrate generalizability. An additional limitation
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of the current study was the lack of inclusion of ACT pro-
cess measures as primary or secondary endpoints.

In this pilot study, the self-guided FM-ACT program
was beneficial, well tolerated, and provided preliminary
evidence of clinically meaningful reductions in the overall
impact of FM compared to FM-ST. Patients sustained high
treatment engagement and adherence in both arms through-
out the study. Numerous studies have shown multimodal
approaches provide superior FM outcomes (Carville et al.,
2008; Hassett & Gevirtz, 2009; Sarzi-Puttini et al., 2008).
The efficacy and engagement observed with FM-ACT treat-
ment, combined with the increased accessibility and scal-
ability of this self-guided ACT therapeutic, suggests the
FM-ACT program may provide a promising new compo-
nent of multimodal FM management. A larger, multicenter
study is underway to evaluate further the efficacy of FM-
ACT in improving the quality of life for patients with FM.
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