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Abstract:

Objective: The purpose of this study was to examine the effectiveness of transcranial electrical
stimulation (tES), cranial electrical stimulation (CES), and acceptance and commitment therapy
(ACT) on chronic fatigue in women diagnosed with fibromyalgia.

Methods and Materials: This semi-experimental study included a statistical population consisting
of all women with fibromyalgia who referred to Mehr Hospital in Behshahr during the first half of
2024. A total of 48 patients were selected and assigned to four groups: transcranial electrical
stimulation intervention group (n = 12), cranial electrical stimulation intervention group (n = 12),
acceptance and commitment therapy intervention group (n = 12), and a control group (n = 12). To
collect data, the Chalder Fatigue Questionnaire (Chalder et al., 1993) was employed. The tES and
CES interventions were delivered over 12 sessions of 20 minutes each, while the ACT intervention
was conducted over 10 sessions of 90 minutes each. Data analysis was performed using analysis of
covariance (ANCOVA) and the Bonferroni test via SPSS version 22.

Findings: The results indicated that all three interventions—tES, CES, and ACT—were effective
in significantly reducing fatigue in women with fibromyalgia compared to the control group.
However, no significant differences were found among the three intervention groups in terms of
their effectiveness.

Conclusion: Overall, the findings suggest that each of these interventions can serve as an effective
approach in alleviating chronic fatigue in patients with fibromyalgia. The selection of an appropriate
intervention can be guided by individual circumstances, available resources, and patient preferences.
Furthermore, the findings underscore the importance of employing non-invasive and psychological
interventions in managing fatigue symptoms in this patient population and can serve as a foundation
for developing integrated treatment protocols aimed at improving their quality of life.

Keywords: Transcranial electrical stimulation (tES), cranial electrical stimulation (CES),
acceptance and commitment therapy (ACT), chronic fatigue, fibromyalgia.
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Extended Abstract

Introduction

Fibromyalgia is a complex, chronic syndrome
characterized by widespread musculoskeletal pain,
persistent fatigue, cognitive disturbances, and emotional
distress. Its multifactorial nature and impact on physical and
mental health make it a debilitating condition, particularly
among women, where prevalence rates are significantly
higher than in men (Bair & Krebs, 2020; Bateman, 2023).
Among its numerous symptoms, chronic fatigue—both
physical and mental—remains one of the most disabling
complaints. It limits patients’ functional abilities, impairs
social and occupational participation, and severely affects
quality of life (Flynn, 2023; Giorgi et al., 2023). The
mechanisms underlying fatigue in fibromyalgia involve a
complex interplay of biological, psychological, and
neurological factors. Central sensitization, dysregulation of
the hypothalamic—pituitary—adrenal axis, and imbalances in
the autonomic nervous system have all been implicated in
the persistence of fatigue symptoms (Bourke et al., 2021;
Favretti et al., 2023).

Over the past decade, non-invasive neurostimulation
methods such as transcranial direct current stimulation
(tDCS) and cranial electrotherapy stimulation (CES) have
emerged as promising interventions for reducing
fibromyalgia-related symptoms, particularly fatigue and
pain (Da Silva et al., 2019; Garcia-Lopez et al., 2024). tDCS
modulates cortical excitability and neural plasticity in pain-
processing regions of the brain, especially the prefrontal
cortex. CES, on the other hand, targets neurochemical
balance via low-frequency electrical stimulation,
influencing serotonin and endorphin production and
autonomic nervous system regulation (Elkins, 2023; Lusicic
et al., 2018).

In parallel, third-wave psychological interventions have
also gained recognition in managing chronic illness.
Acceptance and Commitment Therapy (ACT), rooted in
science, aims to increase

contextual  behavioral

psychological flexibility, reduce experiential avoidance, and
foster value-based action in the face of distressing symptoms
(Cojocaru et al., 2024; Dai et al., 2023). ACT’s efficacy in
fibromyalgia patients has been supported in recent meta-
analyses, with positive outcomes reported in emotional
regulation, cognitive function, and symptom management.
While individual studies have confirmed the effectiveness of
these interventions separately, few have directly compared
their impact on chronic fatigue in fibromyalgia patients.

This study addresses this gap by evaluating and
comparing the effectiveness of tDCS, CES, and ACT on
chronic fatigue in women with fibromyalgia. By utilizing
both neurophysiological and psychological interventions,
this research aims to determine whether these methods
provide distinct or equivalent therapeutic benefits,
ultimately contributing to evidence-based treatment
planning for this patient population (De Benedittis, 2023; Di
Carlo et al., 2024; Elijah et al., 2022).

Methods and Materials

This quasi-experimental study employed a pre-test—post-
test design with four parallel groups: tDCS intervention
group, CES intervention group, ACT intervention group, and
a control group. The sample consisted of 48 women
diagnosed with fibromyalgia who had referred to Mehr
Hospital in Behshahr in the first half of 2024. Participants
were randomly assigned into one of the four groups (12 per
group).

The intervention for the tDCS group included 12 sessions
of 20-minute transcranial stimulation targeting the left
cortex (DLPFC) wusing the
international 10-20 system. The CES group received 12

dorsolateral  prefrontal
sessions of 20-minute cranial stimulation with alpha wave
currents at 8-12 Hz applied through electrodes placed on
both earlobes. The ACT group participated in ten 90-minute
group therapy sessions based on Hayes' six-core process
model, including cognitive defusion, acceptance,
mindfulness, values clarification, and committed action. The
control group remained on a waiting list during the

intervention period.
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All  participants completed the Chalder Fatigue
Questionnaire (1993), which measures both physical and
mental fatigue components. Data were analyzed using
analysis of covariance (ANCOVA) and Bonferroni post hoc
tests in SPSS-22.

Findings

Descriptive results indicated that the mean scores of
physical and mental fatigue were nearly equal across all four
groups at the pre-test stage, suggesting homogeneity. Post-
test results revealed a significant reduction in both physical
and mental fatigue scores in the tDCS, CES, and ACT
groups, while scores in the control group remained
unchanged or increased.

ANCOVA results confirmed that each intervention
significantly reduced chronic fatigue compared to the
control group (p < .01). Effect sizes showed that
approximately 21% of the variance in post-test fatigue scores
could be attributed to the interventions. The Bonferroni post
hoc test revealed significant differences between each
intervention group and the control group but not among the
three intervention groups themselves, suggesting that all
three methods were equally effective.

Multivariate test statistics (Pillai’s Trace, Wilks’
Lambda, Hotelling’s Trace, and Roy’s Largest Root) all
reached statistical significance, confirming the overall
impact of interventions. No violations of the assumptions of
ANCOVA were found, including homogeneity of regression
slopes, normality, and homogeneity of variances.

Discussion and Conclusion

The results of this study indicate that tDCS, CES, and
ACT are all effective in reducing chronic fatigue in women
with fibromyalgia. These findings align with previous
research showing the effectiveness of neurostimulation
techniques in modulating pain perception and fatigue
through cortical regulation and neurochemical rebalancing.
tDCS has been associated with the downregulation of
cortical  hyperexcitability = and  enhancement  of
neuroplasticity, both of which are crucial in conditions

characterized by central sensitization. Similarly, CES likely

contributes to improved fatigue outcomes through increased
serotonin and endorphin levels and restoration of autonomic
nervous system balance.

ACT’s contribution to fatigue reduction appears to be
rooted in its psychological mechanisms. By teaching patients
to accept and defuse from negative thoughts and physical
sensations rather than engaging in cognitive struggle, ACT
may reduce the mental burden of illness and enhance
adaptive coping. Psychological flexibility, a core construct
in ACT, allows patients to reframe their experiences and
commit to meaningful actions despite ongoing symptoms,
thereby reducing the distress associated with chronic fatigue.

Notably, the absence of significant differences among the
three intervention groups suggests that although the
mechanisms of action differ—neurological versus
psychological—the net therapeutic outcome in terms of
fatigue reduction is comparable. This equivalency implies
that treatment selection may be guided by factors such as
patient preference, resource availability, or comorbid
conditions rather than differential efficacy. Furthermore, this
finding supports the potential for integrated treatment
neurostimulation  and

approaches  that  combine

psychological therapy to optimize outcomes for
fibromyalgia patients.

From a clinical perspective, the findings underscore the
importance of providing diverse treatment options for
chronic fatigue management in fibromyalgia. Given the
heterogeneity of symptom expression and patient needs,
offering a spectrum of interventions—non-invasive, low-
risk, and adaptable—may increase patient engagement and
long-term treatment adherence. These results may inform
clinical guidelines, suggesting that tDCS, CES, and ACT can
all be considered valid first-line or adjunctive therapies for
fatigue in fibromyalgia.

In conclusion, this study provides empirical evidence that
transcranial electrical stimulation, cranial electrical
stimulation, and Acceptance and Commitment Therapy are
all viable interventions for reducing physical and mental

fatigue in women with fibromyalgia. Their equivalent
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efficacy suggests a flexible, individualized approach to multimodal treatment frameworks, and their applicability
treatment planning. Future research should explore the long- across broader demographic groups to further enhance
term effects of these interventions, their combination in clinical practice and improve patient outcomes.
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