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Background: Emotion regulation and executive function deficits are known to be contributing factors in the
onset and persistence of migraine. However, the precise mechanisms and effectiveness of novel
interventions on these factors have not been fully explored. Therefore, evaluating the effect of transcranial
stimulation on these variables is essential for the development of new treatments.

Aims: This study aimed to investigate the effectiveness of transcranial brain stimulation using direct
electrical current on improving emotion regulation and executive functions in people with migraine.
Methods: This quasi-experimental study was conducted with a pre-test-post-test design and a control group.
30 migraine patients referring to specialized neurology clinics in Tehran in 1403 were selected using a
convenience sampling method and randomly assigned to two experimental groups (n=15) and a control
group (n=15). The research instruments included the Emotion Regulation Difficulty Questionnaire (Gertz
and Romer, 2004) and the Executive Function Questionnaire (Barkley, 2012). The experimental group
underwent 20-minute transcranial brain stimulation at an intensity of 2 mA for 15 sessions. The data were
analyzed using repeated-measures analysis of variance and SPSS version 26 software.

Results: The results showed that transcranial brain stimulation has a significant effect on improving emotion
regulation (P < 0.05) and executive functions (P < 0.05). Improvement was observed in all subscales of
emotion regulation and executive functions. The effects of the intervention were also stable at the follow-up
stage, and no significant difference was observed between the post-test and follow-up (P < 0.05).
Conclusion: The results of this study indicate that transcranial brain stimulation can be used as an effective
method to improve emotion regulation and executive functions in migraine patients. It is suggested that this
method be used alongside other pharmacological and psychological treatments.
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Introduction

Headache is one of the most common reasons for
visiting doctors, affecting an estimated 248 million
people worldwide. Migraine, the seventh most
disabling disease worldwide (Chin et al., 2024), is
characterized by recurrent, unilateral, and throbbing
attacks (4—72 hours) accompanied by symptoms such
as nausea and sensitivity to light and sound
(Sebastianelli et al., 2024). Its prevalence has been
reported to be 5-28% (Nascimento et al., 2024) and
Is associated with emotional distress and impaired
emotion regulation (Foroughi et al., 2024). Emotion
regulation is a complex process involving the
monitoring and modulation of emotional responses
(Filsmusier et al., 2024), in which migraine sufferers
are impaired and use maladaptive strategies such as
self-blame (Foroughi et al., 2024). Studies show that
these individuals have higher scores in emotional
alexithymia and negative emotions (Zabardest &
Shafie-Tabar, 2019), and cognitive disorders such as
deficits in executive functions (including attention,
working memory, and cognitive flexibility) are
common among them (Hendry et al., 2025). These
problems are caused by reduced cerebral blood flow
during migraine attacks (Kaiser-Pinotti et al., 2023)
and are observed even in attack-free periods (Schmitz
et al., 2008). Studies such as Mazhirek et al. (2024)
and Kaiser-Pinotti et al. (2023) have confirmed the
negative impact of migraine on executive function.
One of the new treatments is transcranial brain
stimulation (tDCS), which modulates the activity of
the cerebral cortex with a weak electrical current
(Burckhardt et al.,, 2023). This method delivers
electrical current to the brain by placing anode
(stimulating) and cathode (inhibiting) electrodes on
the skull (Krisicko et al., 2022) and can improve
emotion and executive function (Hong et al., 2022).
Studies such as Nasseri et al. (2023) have shown
positive effects of tDCS on emotion regulation and
executive function in anxiety disorders, but direct
studies on migraine are limited. Debrito Arana et al.
(2022) reported improvements in migraine disability
and working memory after tDCS, but there is a
research gap in examining its effects on emotion and
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cognition in migraine simultaneously. Additionally,
most studies have focused on women (Burkhardt et
al., 2023), and cross-gender or intra-gender studies
are rare.

Given the limitations of pharmacological treatment,
tDCS, as a safe and complementary method, can
improve patients' quality of life by simultaneously
improving migraine, emotion regulation, and
executive functions (Sang et al., 2024). This study
examines the effectiveness of tDCS on these two
domains in migraine sufferers to provide a new option
in the health system.

This study aimed to investigate the effectiveness of
transcranial brain stimulation using direct electrical
current on improving emotion regulation and
executive functions in people with migraine.

Method

This study was conducted as a quasi-experimental
study with a pretest-posttest design and a control
group. The statistical population consisted of
migraine patients referred to neurology clinics in
Tehran, and 30 individuals were selected through
convenience sampling and randomly assigned to two
groups: experimental (15 participants) and control
(15 participants).

The inclusion criteria were a confirmed diagnosis of
migraine, age between 20 and 50 years, a minimum
of fifth-grade education, and informed consent. The
exclusion criteria included missing more than three
sessions, a history of head trauma or epilepsy, or
participation in other psychotherapy interventions.
The implementation method was as follows: After
obtaining ethical approval, participants were assessed
by completing the Executive Function Questionnaire
(Barkley, 2012) and the Emotion Regulation
Difficulty Questionnaire (Gertz and Romer, 2004).
The experimental group received 15 sessions of
transcranial direct current stimulation (tDCS), each
lasting 20 minutes with a current of 2 mA, while the
control group underwent a sham protocol (without
active current).  Post-tests were conducted
immediately after the intervention and at a 4-week
follow-up.

tDCS stimulation was applied to the cerebral cortex
using anode (stimulator) and cathode (inhibitor)
electrodes. A 0.9% sodium chloride solution was used
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to minimize chemical reactions. Descriptive statistics
(mean, standard deviation) and inferential statistics
(repeated-measures ANOVA) were used for data
analysis. The normality of the data (Shapiro-Wilk
test) and homogeneity of variances (Levene’s test)
were assessed. All analyses were performed using
SPSS 26 software.

Results

Demographic data analysis showed that in the
experimental group, 6 people (40%) were in the age
group of 25-34 years, and in the control group, 5
people (33/33%) were in the age group of 25-34 and
35-45 years. In terms of education, 9 people (60%) in
the experimental group and 10 people (66/7%) in the
control group had a university education. The gender
distribution in the experimental group included 8 men
(53/3%) and 7 women (46/7%) and in the control
group, 7 men (46/7%) and 8 women (53/3%). In terms
of marital status, 10 people (66/7%) in the
experimental group and 9 people (60%) in the control
group were married. A family history of migraine was
observed in 9 people (60%) in the experimental group
and 10 people (66/7%) in the control group. Finally,
in terms of employment status, 11 people (73/3%)
from the experimental group and 10 people (66/7%)
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from the control group were unemployed. A
comparison of the experimental and control groups
showed that the experimental group had significant
improvements in all sub-variables of emotion
regulation and executive functions, while the control
group did not show any changes. For example, in
emotion regulation, the mean score of limited access
to effective strategies decreased from 30.45 to 20/18
and then to 18/76, and in executive functions, the
score of time self-management increased from 65/23
to 78.45 and then to 80/12. The examination of
statistical assumptions was conducted, encompassing
the Shapiro-Wilk test (p > 0/05), Levene’s test (p >
0.05), Box’s test (p > 0.05), and Mauchly’s sphericity
test (p > 0/05). Furthermore, within-group effects
tests were performed, utilizing four distinct types of
tests: Pillai's trace, Wilks' lambda, Hotelling's T-
squared, and the largest root, about the two factors of
time and group. All tests yielded significant results (p
<0/001), accompanied by high effect sizes (0/856 and
0/721) and robust test power (ranging from 0/987 to
0/999). These findings substantiate a substantial
effect of the factors under investigation within the
model. It was confirmed that all requisite conditions
for the repeated-measures analysis of variance were
satisfied, with the final results delineated in Table 1.

Tablel. Results of repeated measures analysis of variance for emotion regulation and executive function

. - Sources Sum of Mean F- S— Effect Statistical
Variable Subvariable Change squares df Squares Statistic Significance Size Power
. Grou 57768 T 57786 87345 07008 0232 07792
NO”'accegrtggtcigrﬁ’; TegE D Time. 35624 1342 27/318 15/642 0/001 0/358 0/972
mano GO BB g b S B b
- q q rou
ifficulty in performing goal- Time. 57/145 1157  46/089 9/489 0/003 0/253 0/854
neie G W ge o e oE o
. . rou
_ Chlﬂgﬂgfié”bgﬁg\t;g‘r's'”g Time. 31645 1275  24/894 18245 0/001 01392 0/998
SR onpine ik el g mE e om
regulation PR .
‘ er'#gt‘l'é?]drggﬁ?ggg%gﬁ:ﬁ;g& Timep_ 368/069  1/241  291/612  36/735 0/001 0/556 1/000
GroupxTime  534/429  1/241  425/359 55/758 0/001 0/642 1/000
Group 124/356 1 124/356 11/549 0/002 0/291 0/902
Lack of emotional awareness Time 45/658 1/328 34/189 12/069 0/001 0/418 0/998
mano U BEooE B By o
- rou
Lack of emotional Time. 1412 1176 9625 5/935 0/022 0172 0/672
R PETREINS) GroupxTime 20/358  1/176  25/799 16/265 0/001 0/352 0/975
Group 135/907 1 135/907 26/658 0/001 0/482 0/999
Time self-management Time 36/742 1/291 26/243 17/663 0/001 0/382 0/994
GroupxTime 67/071  1/291  47/201 31/472 0/001 0/523 1/000
Group 959/932 1 950/923  46/759 0/001 0/625 1/000
Executive Self-organization Time. 245352  1/542  173/503 52/321 0/001 0/648 1/000
i GroupxTime  462/675  1/542  321/801 95/862 0/001 0/742 1/000
Group 50/165 1 50/165 4/251 0/045 0/193 0/532
Self-control Time 30/701 /289 221717 17/214 0/001 0/380 0/993
GroupxTime 45/059  1/289  34/589 25/542 0/001 0/470 0/999
AT Group 260/489 1 262/489 5/482 0/027 0/161 0/627
Time 350/069  1/261  286/618 38/738 0/001 0/570 1/000
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. . Sources Sum of Mean F- e Effect Statistical
Variable Subvariable Change squares df Squares Statistic Significance Size Power
GroupxTime 529/429 1/261 419/349 55/769 0/001 0/653 1/000
Group 114/345 1 114/345 11/542 0/002 0/292 0/904
Emotional self-regulation Time 471657 1/332 36/195 21/069 0/001 0/420 0/998
GroupxTime 67/859 1/332 30/948 29/637 0/001 0/498 1/000

The results of Table 1 show that transcranial direct
current stimulation of the brain had a significant
effect on improving emotion regulation and executive
functions in migraine patients (P < 0/05). The effect
size of this intervention was observed in various
components, including denial of negative emotions
(2/23), difficulty in goal-directed behaviors (4/16),
impulse control (2/19), limitation of emotion
regulation strategies (7/15), lack of emotional

awareness (1/29), lack of emotional clarity (3/37),
time self-management (2/48), self-organization
(5/62), self-control (3/19), self-motivation (1/16), and
emotional self-regulation (2/29). Moreover, a
comparison of the pre-test, post-test, and follow-up
stages using the Bonferroni test confirmed the
temporal differences in these effects. Table 2 shows
the results of the Bonferroni post hoc test for
comparing measurement steps in research variables.

Table2. Results of Bonferroni Post-Hoc Test for Comparing Assessment Phases in Research Variables

Variable Comparison Mean Difference Esrtrddr p-value
Pre-test vs. Post-test -13/547 3/149 0/001
Emotion Regulation Pre-test vs. Follow-up 15/753 3/149 0/001
Post-test vs. Follow-up -9/268 3/149 0/172
Pre-test vs. Post-test -6.132 1/246 0/001
Executive Function Pre-test vs. Follow-up -8/445 1/246 0/001
Post-test vs. Follow-up 5/428 1/246 0/224

The results of Table 2 show that there is a significant
difference between the means of emotion regulation
and executive functions of people with migraine in
the pre-test, post-test, and follow-up stages (p<0/05),
while no significant difference is observed between
the post-test and follow-up (p<0/05).

Conclusion

This study investigated the effect of transcranial
direct current stimulation (tDCS) on improving
emotion regulation and executive functions in
individuals with migraine. The findings demonstrated
that this method can enhance emotion regulation in
migraine patients, whereas no prior direct studies
have been conducted in this field (Azizi-Aram et al.,
2021; Baghestani et al., 2024). The mechanism of
action of tDCS involves modulating the activity of the
dorsolateral prefrontal cortex (responsible for
cognitive control of emotions) and the amygdala
(involved in processing negative emotions) (Krisicko
et al., 2022). Additionally, disruption of frontal-
limbic circuits in migraine is linked to emotional
regulation deficits, and stimulation of these areas may
restore neural balance (Wilcox et al., 2016).

Transcranial stimulation enhances the integrity of
neural networks associated with pain and emotion by
regulating neurotransmitters such as serotonin
(Burkhardt et al., 2023). Furthermore, this method
reduces aberrant connectivity in the default mode
network and promotes emotional resilience through
increased neuroplasticity (Keo et al., 2016). A study
by Vergalito et al. (2018) also indicated that
stimulation of the right frontal region can improve the
management of negative emotions, including anxiety.

Regarding executive functions, the study revealed
that tDCS is effective in enhancing these cognitive
abilities in migraine patients. Although direct
research in this area remains limited, a study by De
Brito Aranha et al. (2022) reported improvements in
memory and attention (key components of executive
functions) following stimulation. In Iran, combining
tDCS with schema therapy significantly improved
executive functions (Baghestani et al., 2024).
Reduced frontal lobe efficiency in migraine is
associated with impaired cognitive control, and
stimulating this region may enhance neural plasticity
and functional connectivity (Narmashiri et al., 2023).
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Research suggests that tDCS induces lasting changes
in the cerebral cortex, persisting even after
stimulation ends (Li et al., 2023). A meta-analysis by
Narmashiri and Akbari (2023) further confirmed
improvements in executive functions and working
memory among migraine patients. Frontal regions
such as the dorsolateral and medial prefrontal cortex
play a pivotal role in cognitive function, and their
stimulation may mitigate the adverse effects of
subcortical inputs (Hong et al., 2022).

In conclusion, this study supports tDCS as a
noninvasive intervention to improve emotion
regulation and executive functions in patients with
migraine. However, limitations such as small sample
size, short follow-up period, and insufficient
investigation of neural mechanisms limit the
generalizability of the results. Therefore, future
studies with larger samples and longer follow-up
periods are recommended to further clarify the
effectiveness of this method.
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2, Difficulties in Emotion Regulation Scale
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1. Transcranial brain stimulation
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1. Barkley Deficits in Executive Functioning Scale
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