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Background: Negative emotions play a significant role in the onset and exacerbation of migraine headaches.
Migraine headaches can lead to adverse outcomes, such as work absence, reduced productivity, and
economic costs. Psychological and neuropsychological interventions, as well as their combination, can
significantly reduce negative emotions and migraine attacks, thereby alleviating economic burdens and
enhancing productivity among migraineurs.

Aim: The aim of this study was to investigate the effect of combined acceptance and commitment therapy
(ACT) and transcranial direct current stimulation (tDCS) on negative affect in women with migraine
headaches.

Methods: This was a pre-test-post-test study with a control group and a three-month follow-up. The
statistical population consisted of all women with migraine who had referred to three neurology clinics in
Tehran-Iran. 120 people were selected by convenience sampling and were randomly assigned to four groups.
The experimental groups recieved 8 online and group ACT sessions (Vowles et al., 2009), 10 consecutive
tDCS sessions, and both interventions simultaniousely. The control group received no treatment. Data were
collected through the Positive and Negative Affect Scale designed (Watson and Clark, 1988). SPSS-26
software and RM-ANOVA were used to analyze the data.

Results: The difference in the effect of tDCS and ACT on PA and NA was not significant. In contrast,
ACT+tDCS increased positive emotion more than tDCS (p=0.001) and ACT (p=0.034). The combination
of the two methods also decreased NA more than tDCS (p=0.001).

Conclusion: Based on the findings, all three interventions are effective in reducing negative affect and
increasing positive affect. It is suggested that brain stimulation and ACT protocols be integrated into
outpatient treatment programs for affected individuals in order to improve common symptoms of chronic
diseases.
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Introduction

Migraine, a prevalent chronic condition characterized
by recurrent, throbbing headaches of moderate to
severe intensity, is recognized by the World Health
Organization as one of the top 40 global causes of
disability (Pehlivanlar et al., 2024; Prieto Peres et al.,
2024). Affecting 10-20% of the global population,
migraines are three times more common in women
than men and result in adverse outcomes such as work
absence, reduced productivity, economic losses, and
treatment costs (Tsai et al., 2022; Van Casteren et al.,
2020; & Hijalte et al., 2019). A strong interplay exists
between physical and psychological issues, with
negative emotions acting as potent triggers for
migraine onset or exacerbation (Alsenan et al., 2025;
Olla et al., 2020). Positive affect is defined as a state
of active energy, focus, and engagement in
pleasurable activities, while negative affect involves
despair and disengagement (Barros Guinle and Sinha,
2020). Negative affect significantly influences
perceptions, performance, and physical health,
potentially contributing to conditions like migraines
(Zuo et al.,, 2025), underscoring the need for
psychological interventions to address migraine
triggers.

Acceptance and Commitment Therapy (ACT)
increasingly recognized as an effective intervention
for managing positive and negative affect. ACT
emphasizes psychological flexibility by promoting
acceptance of distressing experiences and altering
individuals’ relationships with their thoughts rather
than modifying the thoughts themselves (Zou et al.,
2025; & Hashemi et al., 2022). ACT encourages
embracing painful emotions rather than suppressing
them, fostering acceptance, psychological flexibility,
and commitment to value-driven behaviors through
SiX core processes: present-moment engagement,
acceptance, cognitive defusion, self-as-context,
values clarification, and committed action (Shahed
Haghghadam et al., 2020; & Heinrichs et al., 2020).
ACT facilitates better emotional regulation, reduces
negative affect, and enhances positive affect and
decision-making, enabling individuals to engage with
internal experiences in a less judgmental, adaptive
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manner, ultimately promoting healthier behavioral
choices and emotional well-being (Na et al., 2022; &
Sewart et al., 2019).

Transcranial Direct Current Stimulation (tDCS) is a
non-invasive method for modulating cortical
excitability, which uses a battery-powered stimulator
to deliver a constant current (1-2.5 mA) through
conductive rubber electrodes (25-35 cm?) placed in
saline-soaked sponges to prevent chemical reactions
at the skin-electrode interface (Guo et al., 2025; &
Wout-Frank and Philip, 2021). Its safe, cost-effective,
and non-invasive nature has increased its use in
clinical studies for improving cognitive functions and
alleviating  psychological disorders, including
negative affect, major depressive disorder, chronic
and acute pain, stroke rehabilitation, substance
addiction, and other neuropsychiatric conditions
(Marotta et al., 2022; Zhang et al., 2021; & Prehn et
al., 2021).

Studies support the effectiveness of ACT and tDCS
in reducing negative affect and enhancing positive
affect. For instance, ACT significantly reduced
negative affect and increased positive affect in
individuals with generalized anxiety disorder (Sewart
et al., 2019). Similarly, ACT and mindfulness (a key
ACT component) improved emotional regulation in
adolescents with self-harming behaviors (Komorati et
al., 2022). ACT also reduced depressive symptoms
and rumination in women experiencing cheating and
improved mental health indices in individuals with
suicidal ideation (Hosseinlu et al., 2021; & Khajavi
Godellou and Farshbaf Manisefat, 2025). A
randomized controlled trial demonstrated ACT’s
efficacy in reducing suicide attempts in individuals
with bipolar disorder, highlighting its role in
managing distressing emotional states (El-Sayed et
al.,, 2023). Acceptance and cognitive defusion
strategies promote healthier decision-making by
enabling individuals to observe thoughts without
becoming overwhelmed (Morrison et al., 2020).
Similarly, tDCS reduced emotional dysregulation and
impulsivity in bipolar disorder type Il and, when
combined with mindfulness, improved negative
emotions and substance cravings in adolescents with
methamphetamine  dependence  (Mostaed &
Khoshlahjeh Sedgh, 2025; & Alizadeh Goradel,
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2021). Another study found tDCS reduced anxiety
and depression scores and enhanced functional
connectivity and positive affect, though it had no
significant effect on perceived stress or negative
affect (Couto et al., 2024).

Despite the proven efficacy of ACT and tDCS in
managing emotional states, their individual and
combined effects on negative and positive affect in
migraine patients remain unexplored. Given the
chronic, debilitating nature of migraines and the role
of negative emotions as triggers, there is a pressing
need for targeted psychological and
neuropsychological interventions alongside medical
treatments. This study investigates how ACT, tDCS,
and their combination impact the reduction of
negative affect and enhancement of positive affect in
patients with migraine headaches.

Method

The research method was semi-experimental with a
pre-test/post-test design and a control group. The
statistical population of the study included all women
with migraine headaches who were referred to three
private neurology clinics in 2022 (Tehran, Iran). 120
people were selected by the convenience sampling
method and randomly assigned to three experimental
groups and one control group. The ACT group was
trained in 8 online sessions (60 minutes per session),
the tDCS group received 10 consecutive brain
stimulation sessions (20 minutes per session). The
ACT+DCS group received both interventions
simultaneously, and the control group received no
intervention. The Positive and Negative Affect Scale
(PANAS) was used to collect data. Repeated-
measures ANOVA and SPSS-26 were also used for
data analysis.
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Results

Due to dropouts of 5 participants from the ACT
group, 7 from the tDCS group, 9 from the combined
group, and 3 from the control group, 96 people
participated in the research by the end of the study.
The findings showed that there was no significant
difference between the experimental and control
groups in age, education, and marital status. To assess
the normality of the data, the Shapiro-Wilk test was
utilized. The Shapiro-Wilk value for PA (p=0.044)
was significant at follow-up for the ACT+tDCS
group, indicating a non-normal distribution.
However, given the significance level and the
robustness of the ANOVA statistical tests against
deviations from its assumptions, it is expected that the
deviation will not invalidate the results of the
analysis. To evaluate the assumption of homogeneity
of error variances, the Levene test was used, and the
results showed that the difference in error variances
of scores related to any of the emotion components in
the four intervention and control groups and in three
stages was not significant at the 0.05 level. This
finding indicates that the assumption of homogeneity
of error variances is valid. Also, the M. Box statistic
index was not significant for PA (p=0.872) and NA
(p=0.602), which indicates that the assumption of
homogeneity of the dependent variable covariance
matrices was established. Finally, the sphericity
assumption was evaluated using the Mauchly's test,
and the results also showed that the chi-square value
related to the PA (p=0.203) and NA (p=0.116) was
not significant. This finding indicates that the
sphericity assumption also holds for the emotion
components. Table 1 shows the results of the
multivariate analysis comparing the effects of
independent variables on emotion components.

Table 1. Results of multivariate analysis of variance in assessing the effect of the independent variables on the components of affects

Variable Component Wilk’s Lambda df p n? Power of the test
Affects PA 0.620 6,182 0.001 0.213 1.00
NA 0.727 6,182 0.001 0.147 0.994

Table 1 shows that the effect of the independent
variables on positive affect (Wilks' Lambda=0.620,
n*=0.213, p=0.001, F=8.20) and negative affect
(Wilks' Lambda=0.727, n?>=0.147, p=0.001, F=5.24)

was significant. Table 2 shows the results of the RM-
ANOVA that explain the effect of the implementation
of ACT, tDCS, and ACT+tDCS on positive and
negative affect.
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Table 2. Results of RM-ANOVA in explaining the effect of the independent variables on the dependent variable

2

Variable  Component Effects Sum of squares  Sum of squared errors f p n

Group effect 3258.70 3932.72 25.41 0.001 0.453
The effect of time 834.52 2204.17 3483 0.001 0.275

S Group-by-time
_>roup-by 1377.94 3967.68 10.65 0.001 0.258

Affects interaction effect

Group effect 1750.53 3226.30 16.64 0.001 0.352
The effect of time 1850.30 2161.00 78.77 0.001 0.461

A Group-by-time
p-Dy 1004.33 4286.17 7.19 0.001 0.190

interaction effect

Table 2 shows that in addition to the group and time
effects, the interaction effect of groupxtime was
significant for PA (n*=0.258, p=0.001, F=10.65) and

indicate that the independent variables significantly
affected PA and NA. Table 3 shows the results of the
Bonferroni test on scores related to PA and NA across

NA (m*=0.190, p=0.001, F=7.19). These findings

Table 3. Results of Bonferroni's post hoc test for pairwise comparisons of the effects of groups and times on affect components

four groups and three stages.

Variable Component Times Mean difference  Standard error  P-value
Pre-test Post-test -4.43 0.70 0.001
PA Pre-test Follow-up -4.19 0.71 0.001
Post-test Follow-up 0.24 0.61 1.00
Affects Pre-test Post-test 7.35 0.8 0.001
NA Pre-test Follow-up 6.24 0.70 0.001
Post-test Follow-up -1.11 0.56 0.153
Variable Component  Differences between groups Mean difference  Standard error  P-value
tDCS ACT -2.70 1.09 0.090
tDCS tDCS+ACT -5.86 1.14 0.001
PA tDCS Control 3.28 1.07 0.017
ACT tDCS+ACT -3.16 1.12 0.034
ACT Control 5.98 1.05 0.001
Affects tDCS+ACT Control 9.14 1.10 0.001
tDCS ACT 2.00 0.99 0.272
tDCS tDCS+ACT 3.99 1.03 0.001
NA tDCS Control -2.65 0.97 0.046
ACT tDCS+ACT 1.99 1.01 0.315
ACT Control -4.65 0.95 0.001
tDCS+ACT Control -6.64 0.99 0.001
The results of the Bonferroni post hoc test comparing Conclusion

group effects in Table 3 show that the difference in
the means of the components in the ACT, tDCS,
ACT+HDCS, and control groups was statistically
significant. Such that all interventions caused the
mean of NA to decrease and the mean of PA to
increase in the post-test and follow-up compared to
the pre-test. The results showed that the difference in
the effect of tDCS and ACT on positive and negative
affect was not significant. In contrast, ACT+tDCS
increased positive affect more than tDCS (p=0.001)
and ACT (p=0.034). The results also showed that
ACT+HDCS decreased negative affect more than
ACT (p=0.001).

This study examined the effectiveness of Acceptance
and Commitment Therapy (ACT), Transcranial
Direct Current Stimulation (tDCS), and their
combination on negative and positive affect. Based
on the results ACT significantly influenced the
research variables in the experimental group,
reducing negative affect and increasing positive
affect. Similarly, tDCS led to a significant reduction
in negative affect and a significant increase in
positive affect; however, no significant difference
was observed between the effects of these two
treatments. The combination of the two approaches
resulted in a decrease in the mean of negative affect
and an increase in the mean of positive affect. In
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contrast, the results indicated that the combination,
compared to tDCS and ACT, more substantially
increased positive affect, and compared to ACT, more
substantially decreased negative affect. To date, no
study has assessed the effects of ACT, tDCS, and
their combination on positive and negative affect
among women with migraine headaches; however,
the findings of this study align with some results from
Hosseinlu et al. (2021), Komorati et al. (2023),
Khvajavi Godello and Farshbaf Manisefat (2025),
Sewart et al. (2019), El-Sayed et al. (2023), Mostaed
and Khoshlahjeh Sedgh (2025), and Alizadeh
Goradel (2021), while diverging from some findings
by Couto et al. (2024).

As previously noted, there is a close relationship
between the onset of physical illnesses and the
associated psychological issues (Alsenan et al.,
2025). ACT, a third-wave cognitive-behavioral
approach, aims to enhance psychological flexibility,
defined as the ability to remain present in the moment
while engaging in meaningful and value-driven
activities (Karekla et al.,, 2025). Rather than
disrupting or altering unhelpful thoughts and
feelings—which can exacerbate distress—ACT
focuses on one's relationship with or response to these
thoughts and emotions (Harris, 2019). As mentioned,
ACT encompasses six core flexibility processes or
psychological skills (acceptance, cognitive defusion,
present-moment awareness, self-as-context, values,
and committed action), which counter six
psychological inflexibility processes (experiential
avoidance, cognitive fusion, lack of present-moment
contact, self-as-content, avoidance of values, and
inaction) (Bennett & Oliver, 2019). Self-compassion
is also embedded throughout the therapeutic model;
although not an explicit process, it is a closely related
and key feature of ACT in practice (Anderson et al.,
2024). Self-compassion involves extending kindness
and understanding toward oneself in difficult
situations while holding thoughts and feelings
mindfully and non-judgmentally (Anderson et al.,
2024). ACT views distress and suffering as normal
aspects of the human experience and considers
difficult thoughts and feelings as typical, realistic
responses to chronic pain. This third-wave therapy
seeks to foster psychological flexibility through
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processes such as values-based living, enabling
individuals to pursue meaningful activities even amid
challenges like distress, disruptions to daily life from
treatment, medical appointments, and recovery time
while managing chronic illness (Gonzélez-Fernadndez
& Fernandez-Rodriguez, 2019). Symptoms such as
chronic pain and sleep disturbances are commonly
associated with treatment processes in chronic
diseases, and ACT effectively impacts these as well
(Mosher et al., 2020); this is often regarded as a
secondary benefit during treatment (Bennett &
Oliver, 2019). Thus, the greater increase in positive
affect supports the notion that ACT can enhance
emotional well-being, which is crucial for managing
chronic conditions like migraine. These results are
particularly noteworthy given the high prevalence of
migraine and its debilitating impact on quality of life.
Furthermore, ACT, by targeting psychological
flexibility, pain acceptance, and maladaptive
behaviors, holds promise for treating negative affect
and promoting positive affect in women with
migraine. ACT has been widely applied, both in-
person and online, to patients with chronic pain, with
research examining its efficacy increasing in recent
years.

Transcranial direct current stimulation can influence
emotional processing, where anodal stimulation
typically enhances neuronal activity and aids
cognitive control over emotions, while cathodal
stimulation reduces excessive activity. The primary
mechanisms include changes in neuronal excitability,
synaptic potentiation (plasticity), and modulation of
neurotransmitters such as glutamate and GABA,
which affect brain networks involved in emotions
(Yamada & Sumiyoshi, 2019). tDCS can directly or
indirectly increase positive affect (e.g., calmness,
satisfaction, or joy), particularly through stimulation
of prefrontal regions like the left dorsolateral
prefrontal cortex (DLPFC). Recent studies suggest
that tDCS, by improving explicit emotion regulation
strategies such as cognitive reappraisal, can enhance
positive emotions (Mofidi Tabatabaei et al., 2025).
Cognitive reappraisal can also lead to improved mood
and emotional self-regulation, thereby increasing
positive affect (Sun et al., 2023). Potential
mechanisms involve enhancing reward-related brain
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network connectivity and reducing emotional
suppression, such that tDCS boosts social
connectedness and trust, indirectly strengthening
positive affect (De Panfilis et al., 2025). By targeting
prefrontal areas, tDCS reduces the electrical field of
depression and modulates negative affect (Yachou et
al., 2025). In individuals with high negative
emotionality traits (e.g., depression and anxiety),
tDCS exerts stronger effects on working memory and
emotion regulation by compensating for lower
baseline cortical excitability (Zivanovié et al., 2025).
Anodal stimulation of the left dorsolateral prefrontal
cortex, coupled with improved attentional control via
changes in event-related potentials, reduces chronic
stress and lowers negative affect (Liu et al., 2023; De
Panfilis et al., 2025). Overall, tDCS reduces negative
affect and indirectly increases positive affect through
modulation of prefrontal and emotional networks;
however, its effects are contingent on individual

traits, stimulation protocols, and underlying
disorders.
The  combined  effect  operates  through

neurobiological and psychological processes, which
can be categorized into two levels: the neuronal level
(tDCS) and the behavioral-cognitive level (ACT),
with synergy between them potentially enhancing
brain plasticity and improving emotion regulation.
tDCS, by applying weak current (1-2 mA) to the left
DLPFC (anodal) or right DLPFC (cathodal), alters
neuronal excitability and modulates emotion-related
networks such as the central executive network and
salience network. These processes involve increased
glutamate (for excitation) and GABA (for inhibition),
leading to reduced reactivity to negative stimuli and
improved attentional control (Zheng et al., 2024). The
reduction in negative affect is associated with
decreased amygdala hyperactivity and enhanced
prefrontal control, while the increase in positive
affect accompanies greater satisfaction through
improved reward processing and reduced emotional
interference, especially when combined with
cognitive training (De Smet et al., 2023). ACT, by
focusing on the aforementioned six core processes,
reduces resistance to negative emotions, diminishes
the impact of negative thoughts, curbs rumination,
creates distance from emotions, orients actions
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positively, and reinforces adaptive behaviors. These
processes enhance psychological flexibility, reduce
negative affect, and increase positive affect by
pursuing values and fostering a sense of purpose (Zou
et al., 2025). The synergy of tDCS and ACT can
strengthen the neuronal underpinnings of ACT
processes, such as improving cognitive control for
defusion or acceptance. Studies indicate that
combining tDCS with cognitive training (akin to ACT
processes like reappraisal) enhances emotion
regulation (Zheng et al., 2024; De Smet et al., 2023).
By increasing the inclination toward positive
strategies and success, and boosting reappraisal, the
combined ACT-tDCS treatment reduces negative
emotional symptoms (e.g., cravings and anxiety
related to use), which may generalize to broader
emotions. Additionally, tDCS enhances left DLPFC
activity to facilitate ACT processes, resulting in
reduced negative affect and increased positive affect,
indicative of improved emotion regulation (Zheng et
al., 2024; De Smet et al., 2023). The combination of
tDCS and ACT appears to exert stronger effects on
reducing negative affect, with increases in positive
affect often occurring indirectly through enhanced
emotion regulation and values pursuit, particularly in
chronic disease contexts. In summary, these two
treatments balance emotions by bolstering neuronal
control and psychological flexibility.

There were several limitations in this study. Due to
the COVID-19 pandemic, in-person ACT
intervention was not feasible. Additionally, the study
relied on self-report measures, which are prone to
bias. Furthermore, the sample consisted solely of
women with migraine headaches, which may limit the
generalizability of results to men. Considering these
factors, future research is recommended to include
both genders in sampling, utilize additional sources
beyond self-reports for more precise assessment, and
implement individualized ACT for participants. This
study underscores the importance of addressing the
psychological dimensions of migraine and highlights
the potential of combining ACT and tDCS as a
valuable tool in the comprehensive management of
this debilitating condition. Cognitive-behavioral
therapies and brain stimulation can be integrated into
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standard treatment protocols for patients with chronic
pain.
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3, Transcranial Direct Current Stimulation (tDCS)
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I, Migraine Headache
2, Acceptance and Commitment Therapy (ACT)
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I, Positive and Negative Affect Scale (PANAS)
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