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Chronic migraine is a difficult disease to diagnose, and its pathophysiology remains undefined. Its symptoms affect the quality of life and daily living tasks of the affected person, leading to momentary disability. This is a pilot, randomized, controlled, double-blind clinical trial study with female patients between 18 and 65 years old with chronic migraine. The patients underwent twelve mindfulness sessions paired with anodal transcranial direct-current stimulation (tDCS) over the left dorsolateral prefrontal cortex (DLPFC), with current intensity of 2 mA applied for 20 min, three times a week for 4 weeks. In addition, 20 min of mindfulness home practices were performed by guided meditation audio files. A total of 30 participants were evaluated after the treatment, and these were subdivided into two groups—active tDCS and sham tDCS, both set to mindfulness practice. The FFMQ-BR (Five Facet of Mindfulness Questionnaire), MIDAS (Migraine Disability Assessment), and HIT-6 (Headache Impact Test) questionnaires were used to evaluate the outcomes. After the treatment, the active mindfulness and tDCS group showed better results in all outcomes. The sham group also showed improvements, but with smaller effect sizes compared to the active group. The only significant difference in the intergroup analysis was the outcome evaluated by HIT-6 in the post treatment result. Our results provide the first therapeutic evidence of mindfulness practices associated with left DLPFC anodal tDCS with a consequent increase in the level of full attention and analgesic benefits in the clinical symptoms of patients with chronic migraine.
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1. INTRODUCTION

Chronic migraine is a primary multifactorial neurological disorder (Vos et al., 2016, 2017; James et al., 2018) which is common and incapacitating. It is defined by the occurrence of headache on 15 days or more per month, with at least 8 of these days having the characteristics of migraine, for more than 3 months (Arnold, 2018). It has an estimated prevalence of 13–18% of the world population and its pathophysiology seems to be more linked to abnormalities in the neural network of pain resulting from morphofunctional alterations in brain regions such as the dorsolateral prefrontal cortex (DLPFC), mesencephalic structures and the cingulate cortex (Marcus, 2003; Lipton et al., 2008). The increase in the frequency of the crises inherent to the pathology leads to a greater central sensitization, predisposing the sufferer to a “vicious cycle of pain” (Burstein, 2001; Chiapparini et al., 2010) and further predisposing them to potential negative repercussions in the biopsychosocial sphere in the face of the frequent association with absenteeism from work, anxiety, depression, sleep disorders and decreased socialization (Mercante et al., 2005; Stuginski-Barbosa and Speciali, 2011).

Therapeutic prophylaxis is strongly recommended in patients with severe and/or frequent impairment related to headache cephalalgy. The main treatment is still pharmacological, although most drugs are not very specific, and can trigger side effects which are not tolerable, and their excessive consumption predisposes the user to a diagnostic association with migraine due to the abusive use of drugs (Goadsby and Sprenger, 2010; Shukla and Sinh, 2010; Buse et al., 2012; Parra et al., 2015; Rocha et al., 2015; Shirahige et al., 2016). In this context, non-pharmacological therapies have been shown to be allied to lower drug consumption and frequency of headaches, with greater acceptance and safety compared to current therapy (Peres et al., 2011).

Mindfulness, whose core was possibly originated in meditative practices of ancient Taoism, Hinduism, and Buddhism, is the consciousness of intentional and non-judgmental attention to the present moment. Its exercise enables people to focus on present experiences, interrupting the trend of daily automation, as well as providing the cultivation of non-judging attitudes, emotions and pain (Andrasik et al., 2016). There have been substantial advances in the knowledge of the neural mechanisms related to mindfulness practices. Electroencephalographic (EEG) and functional magnetic resonance imaging (fMRI) studies suggest that mindfulness exercise induces changes in the brain “state,” including activations of the anterior cingulate cortex and the dorsomedial prefrontal cortex (Davidson et al., 2003; Hölzel et al., 2008; McCallion, 2017). Mindfulness-based interventions can produce similar effects to isolated medication for chronic migraine patients with a history of too much pharmacological use (Grazzi et al., 2017).

Thus, Mindfulness-based therapeutic interventions have been used as a single or co-adjuvant treatment for migraines (Day et al., 2014). This technique provides greater attentional and emotional self-regulation and self-perception (Gu et al., 2018), generating physical, mental and social well-being benefits, in addition to minimizing symptoms related to anxiety, stress, depression, and rumination, which are considered triggers for migraine attacks (Badran et al., 2017). Previous neuroimaging studies comparing experienced meditators to non-meditators point to the existence of a greater volume of the gray substance in the hippocampal and frontal cortex in regular practitioners (Luders et al., 2009; Chételat et al., 2017), which is also related to long-term changes in hippocampus functional topology (Lardone et al., 2018).

Transcranial direct-current stimulation (tDCS) is a neuromodulatory technique that enables greater pain control and a decrease in the clinical symptoms of migraine, as it can modulate the excitability and excessive cortical neural hyperresponsiveness inherent to this pathology and can be used, both in prophylaxis and in crisis intervention (Machado et al., 2009; Peres et al., 2011; Magis, 2015; Parra et al., 2015; Shirahige et al., 2016).

Studies have shown that the combination of mindfulness practice and tDCS seems to have a synergistic effect in reducing osteoarthritis pain (Ahn et al., 2019), in improving the working memory in individuals without neurological comorbidities (Hunter et al., 2018) and the positive affective experience in university students (Robinson et al., 2019). For example, improvements in parameters such as attentional inhibition, cognition and executive function skills were observed in a study associating mindfulness practice and tDCS of the left DLPFC of patients with refractory depression compared to conventional pharmacological treatment (Monnart et al., 2019). A recent study demonstrated that tDCS can improve mindfulness skills learning by an intervention program based on this technique in a group of adults with history of chronic pain (McCallion et al., 2020).

In view of the above, this study aimed to associate mindfulness practice with left DLPFC anodal tDCS as a prophylactic synergistic therapy in painful symptoms of patients diagnosed with chronic migraine. Specifically, we aim to increase the level of full attention of these patients with their potential benefits in order to minimize pain, decrease the degree of inability to perform activities of daily living and the negative impact of this clinical condition on patients' daily lives.



2. MATERIALS AND METHODS

This study was approved by the Institution's Ethics Committee, conducted in accordance with the 1964 Helsinki Declaration and registered on the Clinical Trials platform (www.clinicaltrials.org) (NCT04219345). Written and informed consent was obtained from all participants.


2.1. Study Design

This is a pilot, parallel, placebo-controlled, double-blind, randomized clinical trial in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines (Moher et al., 2012). The study was conducted in a Public Neuromodulation Unit, which provides assistance specialized to patients with neurological and psychiatric disorders.

Patients were interviewed during the first visit for clinical migraine diagnosis and assessment of eligibility criteria. At this time, the participants were instructed on how to complete the registration document of home mindfulness practices. This record served to observe whether home practices were taking place daily and without interruptions.



2.2. Participants

Female patients aged between 18 and 65 years who had at least 1 year of confirmed diagnosis of chronic migraine according to the International Classification of Headache Disorders (ICHD-3 beta) (International Headache Society, 2016) of the International Headache Society were included. We selected patients receiving stable doses of pain medication for at least 2 months before the start of this study. Exclusion criteria were patients with headache attributable to another associated neurological or neuropsychiatric disease, using central nervous system (CNS) modulating drugs, undergoing other non-drug therapy for migraine or other CNS pathologies concurrent to the intervention period or 2 months prior to this, being pregnant, presenting a metallic implant located in the cephalic region or with a cardiac pacemaker.



2.3. Randomization and Blinding

Participants were randomly allocated in a 1:1 ratio to receive tDCS sham or anodic active tDCS in the left DLPFC region, both paired with mindfulness through an online generator (www.random.org). The hidden allocation process was carried out using sequential, numbered, opaque and sealed envelopes. Outcome evaluators, subjects and patients were blinded to the procedures performed.

We asked participants at the endpoint to guess which group they were allocated to in order to assess the effectiveness of blinding, and rated the confidence of their assumption on a Likert scale (Poreisz et al., 2007).



2.4. Outcomes

The primary outcome was the performance of the FFMQ-BR questionnaire (Five Facets of Mindfulness Questionnaire), an instrument which assesses variations in mindfulness characteristics, subdivided into five main factors (observing, describing, not judging, not reacting to experiences and acting) to assess the participants' mindfulness level (Barros et al., 2014).

One of the secondary outcomes was assessed by the MIDAS questionnaire (Migraine Disability Assessment Questionnaire), which is an instrument that assesses the inability to perform daily and professional tasks in patients with migraine and that can be applied to people with different educational levels and social backgrounds due to the fact that it is considered easy to be answered (Fragoso, 2002). This instrument contains five questions that were filled with the number of days on which the patient stopped performing the specified activity because they were experiencing a migraine episode, which is a useful tool to identify the severity of the pathology. The other secondary outcome was analyzed by the results of the Headache Impact Test-6 (HIT-6), a questionnaire that assesses the frequency of headache impact on migraine patients' quality of life (social aspects, functional role, vitality, functioning and psychological suffering), considered easy to apply and having a high reliability index (Yang et al., 2011).



2.5. Intervention

The patients were submitted to 12 treatment sessions, distributed three times a week, for 4 weeks (Figure 1). The direct current was transferred by means of a TransCranial Technologies neurostimulator (Hong Kong, China), using electrodes and 5x5 cm sponges moistened with a saline solution (0.9% sodium chloride). The electrodes were positioned in accordance with the 10-20 EEG landmarks. The 2.0 mA intensity current was applied for 20 min by anodic stimulation in the left DLPFC (position F3). The reference electrode was placed over the right supraorbital region (Fp2 position) (DaSilva et al., 2015). The target regions were located by an experienced and trained professional. The electrodes were positioned in the same setting for the sham stimulation, but the current was automatically turned off after 30 s. The participants sat in a comfortable chair in a noise-free environment during the procedure.


[image: Figure 1]
FIGURE 1. Active tDCS study design vs. sham, both associated with mindfulness in chronic migraine. T1, baseline; T2, end of intervention.


At the end of the session, each patient was asked if they felt any adverse effects such as dizziness, tingling, burning, headache, somnolence, and others and the intensity of this sensation (1—no sensation, 2—mild, 3—moderate, 4—intense).

The mindfulness practices were performed by listening to guided audio recorded by an experienced and specialized instructor, and were concurrently carried out with the tDCS application. The audios were later made available via email or WhatsApp, so that the participants could perform alone on days when the associated therapy did not occur. A different audio content was provided each week, totaling 28 days of mindfulness exercises, 12 of which were practiced together with tDCS. The subjects were requested to register the practices on an individual table for monitoring adherence to home exercises. The systematization and theoretical basis of the audio content was chosen from previous studies involving guided mindfulness application (Azam et al., 2016; Howarth et al., 2019). The protocol used in the 4 weeks of treatment is briefly described below (Figure 2).


[image: Figure 2]
FIGURE 2. Mindfulness protocol used in the 4 weeks of treatment.




2.6. Statistical Analysis

All reviews were performed in the Statistical Package for the Social Sciences version 25.0, with a significance level of 5%. The statistics were performed based on the intent to treat (ITT) analysis. The sample size was estimated using data from our previous study with tDCS (Andrade et al., 2015) and from studies involving mindfulness combined with tDCS in pain patients (Ahn et al., 2019; Witkiewitz et al., 2019). Thus, considering a paired difference of 1 or more in MIDAS to be significant with a power of 80% and an alpha of 5%, with a dropout rate of 10%, the minimum number of patients needed was estimated at 30.

The descriptive analysis was performed using mean, standard deviation, and frequency. The Shapiro−Wilk test was used to check normality and, as not all measurements were normally distributed, the Mann−Whitney test was used for all outcomes in the intergroup comparison (group, active tDCS and mindfulness vs. sham tDCS and mindfulness) and the Wilcoxon test for the intragroup comparison (time, baseline vs. endpoint). Finally, the occurrence of adverse events was performed with the corresponding descriptive analysis of each event.

P-values were adjusted by the Bonferroni method in all statistical analyses, a p-value of < 0.05 was considered significant and the Pearson's effect size “r” was considered as: r ≤ 0.10 small, r = 0.30 medium, and r ≥ 0.50 large.




3. RESULTS


3.1. Participants

A total of 53 patients with chronic migraine were screened, 30 of whom were eligible to participate in the study and were randomly allocated to both groups. In total, four patients left the study after receiving passive stimulation and three after receiving active stimulation. The reasons for leaving the active group were family problems (one participant) and lack of adaptation and discomfort when performing mindfulness practices (three participants). The reasons in the sham stimulation group were the lack of perceived benefits (one participant) and impossibility to participate in the sessions (two participants). In total, 23 patients successfully completed the study (Figure 3). At the end of the twelve joint intervention sessions of mindfulness and tDCS, all participants, regardless of the allocated group, reported having received active tDCS.


[image: Figure 3]
FIGURE 3. CONSORT flowchart. n, quantity of participants; ITT, intention to treat.


All participants were female, attended formal school for over 8 years, had no associated comorbidities, and there were no reports of smoking or alcoholism. The main demographic and clinical data of the baseline are summarized in Table 1. No statistically significant differences were found between the groups at baseline.


Table 1. Demographic and clinical characteristics of the participants at baseline.

[image: Table 1]

Regarding the safety of the procedure used, both groups presented an equivalent amount of adverse effects, all cases considered of mild intensity, having some difference in their clinical presentation (Table 2), with these effects being consistent with the literature on the subject (Vecchio et al., 2016; Andrade et al., 2017). The predominant report in both the sham current group and the active current group was sleepiness, with 40% more frequent in the sham current group. No participants had any serious side effects during the study.


Table 2. Distributed adverse effects on active tDCS and sham tDCS groups associated with mindfulness.
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3.2. Primary Outcome

The intergroup comparison regarding the full attention level evaluation of participants (FFMQ-BR questionnaire) did not obtain significant results at both baseline (U = 98.5, p = 0.29) or post-intervention (U = 94.0, p = 0.23). Significant results were obtained in both groups regarding the intragroup evaluation, active tDCS (t = −3.0, p = 0.00, r = 0.75) and sham tDCS (t = −1.9, p = 0.03, r = 0.49), with the greatest effect on the active current group.



3.3. Secondary Outcome

With respect to the inability to perform daily living activities due to migraine (MIDAS questionnaire), no statistically significant difference was found between groups at baseline (U = 106.0, p = 0.41) or at the endpoint (U = 104.5, p = 0.38; Table 3). Significant results were observed in both groups in the intragroup comparison, active current group (T = − 2.1, p = 0.02, r = 0.53) and sham current group (T = − 1.8, p = 0.04, r = 0.49), with a larger effect size in the active current group (Table 4).


Table 3. Intergroup comparison of the three clinical outcomes in pre and post treatment of active and sham conditions (active tDCS: n = 16, sham tDCS: n = 14).

[image: Table 3]


Table 4. Active tDCS vs. sham tDCS intragroup comparison associated with mindfulness of the three clinical outcomes in pre and post treatment.

[image: Table 4]

The intergroup analysis regarding the impact of headache on the participants' quality of life (HIT-6 questionnaire) did not result in a significant comparison of the baseline (U = 81.5, p = 0.10), but it did at the end of treatment (U = 57.5, p = 0.01, r = 0.42). The intragroup evaluation was statistically significant for both the active current group (T = − 2.9, p = 0.00, r = 0.71) and the sham current group (T = − 2.0, p = 0.02, r = 0.54), presenting a larger effect size for the active tDCS, similar to the other outcomes. The comparisons between the outcomes are explained in Figures 4, 5.


[image: Figure 4]
FIGURE 4. Line graphs representing mean ± mean standard error of the three clinical outcomes at baseline and endpoint of active and sham conditions. (A) Scores on the MIDAS questionnaire, (B) scores on the HIT-6 questionnaire, (C) scores on the FFMQ-BR questionnaire.
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FIGURE 5. Bar graphs representing the Man-Whitney Test scores ± standard error of the three clinical outcomes at baseline and endpoint of active and sham conditions. Questionnaires scores, respectively, MIDAS, HIT-6, and FFMQ-BR.





4. DISCUSSION

In this study, it was observed that the active current group showed an increase in the level of full attention and improvements in the inability to perform activities of daily living and in the impact of the participants' headache. The sham group was also benefited, but with smaller effect sizes than the active group. However, only the inability to perform activities of daily living showed significant differences in the comparison between both groups in the post-treatment.

Since both groups performed mindfulness practices, this would be a possible explanation for the improvement in the results of all outcomes in the sham group. The use of mindfulness as a therapeutic practice has been shown in previous studies to be safe and viable in adults with chronic migraine (Wells et al., 2014), demonstrating to reduce functional disability and suffering related to migraine (Smitherman et al., 2015), promoting greater awareness, de-identification with self, greater optimism related to sensations and feelings (Feuille and Pargament, 2015), reducing relapses by minimizing triggers that trigger crises such as anxiety and tension, increasing resilience to stress and the effective regulation of heart rate (Azam et al., 2016), in addition to improving the perception of pain intensity and quality (Bakhshani et al., 2016). Another justification would be the performance of the placebo effect, which according to the definition found in the literature is “the favorable result that derives from the patient's positive expectations and not from the physiological mechanism of the treatment itself” (Teixeira, 2008).

This study proved to be favorable to the hypothesis that mindfulness practice and tDCS in the left DLPFC can be combined for synergistic effects in reducing pain symptoms and in expanding the level of full attention of chronic migraineurs, since the groups with active current showed better results than simulated current. According to previous studies, such occurrence stems from the neuroplasticity provided by tDCS, which increases the brain's ability to reorganize in response to other clinical interventions (Ahn et al., 2019), as well as facilitating neural activity patterns in progress (Hunter et al., 2018). According to previous studies, mindfulness and tDCS seem to having complementary mechanisms of action enabling to minimize rumination, which is a relevant causal factor for depression and also a potential trigger for migraine attacks (Azam et al., 2016; Monnart et al., 2019). A clinical trial associating mindfulness with tDCS in healthy individuals concluded that meditation sessions are positively reinforced (in quality of mindfulness levels) with the use of this neuromodulation tool (Badran et al., 2017). However, there is a study with alcohol patients undergoing treatment which found no evidence of synergism between mindfulness and tDCS with regard to improving the symptoms of this clinical condition (Witkiewitz et al., 2019).

All participants in the present study were female. It was initially thought to select representatives of both genders, however, as the demand for volunteers was massive among women and because the pathology under evaluation is predominant in this gender (Domingues et al., 2009; Queiroz et al., 2009; Cauás et al., 2010), we chose to select only female participants. The influence of female hormonal factors is considered to be potentially relevant in the pathophysiology of migraine (Parra et al., 2015) and this exclusive female selection can be considered a limiting factor, since it is not known whether the results of tDCS therapy could differ in males.

In this study, we did not exclude patients who were receiving previous pain control medication (only analgesics and/or non-steroidal anti-inflammatory drugs) and we did not perform specific analyzes with regard to the quantity and type of drug in each of the groups as outcome predictors, which is therefore a limitation. However, we selected participants using stable doses of pain medications and an approximate amount between them for at least 2 months before the intervention. We also asked them not to modify this use during the treatment period.

Adherence to home practices of mindfulness was monitored by filling in individual tables with the schedule performed and if there was an interruption with a later restart, as previously instructed. However, some participants claimed to sporadically forget filling in some exercises (maximum of three annotation gaps in the table of four participants), despite having informed that they performed the practice on the non-registration days. Four participants reported difficulty in home training (deconcentrating, not finding an adequate place to listen to the audios at home or not identifying with the tool), with three dropouts from the study due to inadequacy to exercise mindfulness. The absence of notes in the table provided can be considered a limitation, since it makes it difficult to assess adherence to this activity to complement the intervention associated with tDCS.

Some methodological aspects can also be considered limiting, such as the small size of the groups, which can decrease the statistical power to detect minor effects. In addition, the subjects were recruited from a service specialized within a tertiary institution, so they may not be representative of the general chronic migraine population. Another point would be the limitations of tDCS power found in the literature in relation to intra and interindividual variables (Boros et al., 2008; Cunningham et al., 2015). Thus, strategies were adopted in order to systematize the process in each stimulation session, such as standardization of the electrode size and the use of coordinates to locate the target region (left DLPFC).

Although the proportion of adverse effects was equivalent in both groups (Table 2) and this occurrence was compatible with that already mentioned in similar literature (Vecchio et al., 2016; Andrade et al., 2017), there was 40% more drowsiness in the sham current group. We speculate that the synergism between mindfulness and tDCS in the active stimulation group minimized the sleepiness of the full current group, since the literature demonstrates that the combination of cognitive training with brain stimulation seems to be conducive to the current neural activity patterns associated with control and regulation of attention (Clark and Parasuraman, 2014; Hunter et al., 2018).

It is indicated that future studies evaluate other stimulation parameters, such as intensity and polarity of the stimulation. Therefore, computational models (meaning models which predict current flow in the target areas) can be useful to refine the design of future studies, thus optimizing the effects of stimulation and providing specific information about the inter-individual differences that may influence tDCS effects on migraine. The inclusion of three more arms in the study (one with active tDCS only, another with tDCS sham only, and another with only mindfulness practice) can be useful to provide greater reliability in assessing the synergism of combination therapy and in more accurate conclusions about the placebo effect.

Despite the limitations discussed, the results of this study provide the first therapeutic evidence of the practice of mindfulness associated with anodic tDCS of the left DLPFC with its consequent increase in the level of full attention and its analgesic benefits in the clinical symptoms of patients with chronic migraine. It is hoped that this study will encourage further research on the interaction between tDCS and mindfulness training to reduce the negative effects of chronic migraine, including EEG recording, assessment of anxiety and sleep quality.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary materials, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comitê de Ética em Pesquisa—Centro de Ciências da Saúde—Federal of University Paraíba. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

SA and LP have designed the study and managed all stages of the design and writing process. LP has performed the data analysis and has written the first draft of the manuscript. LL has contributed to the interpretation and review of the data. EA, PB, JS, and JF have operationalized tDCS. LH and AL have written the last draft of the manuscript. All authors have contributed to the revision of the manuscript, read, and approved the submitted version.



FUNDING

This study was financed in part by the Coordination for the Improvement of Higher Education Personnel—Brazil (CAPES)—Finance Code 001.



ACKNOWLEDGMENTS

The authors thank the subjects who have participated in this study.



REFERENCES

 Ahn, H., Zhong, C., Miao, H., Chaoul, A., Park, L., Yen, I. H., et al. (2019). Efficacy of combining home-based transcranial direct current stimulation with mindfulness-based meditation for pain in older adults with knee osteoarthritis: a randomized controlled pilot study. J. Clin. Neurosci. 70, 140–145. doi: 10.1016/j.jocn.2019.08.047

 Andrade, S. M., de Brito Aranha, R. E. L., de Oliveira, E. A., de Mendonça, C. T. P. L., Martins, W. K. N., Alves, N. T., et al. (2017). Transcranial direct current stimulation over the primary motor vs prefrontal cortex in refractory chronic migraine: a pilot randomized controlled trial. J. Neurol. Sci. 378, 225–232. doi: 10.1016/j.jns.2017.05.007

 Andrade, S. M., Fernández-Calvo, B., Boggio, P. S., de Oliveira, E. A., Gomes, L. F., Júnior, J. E. G. P., et al. (2015). Neurostimulation for cognitive rehabilitation in stroke (NeuroCog): study protocol for a randomized controlled trial. Trials 16, 1–7. doi: 10.1186/s13063-015-0945-1

 Andrasik, F., Grazzi, L., D'Amico, D., Sansone, E., Leonardi, M., Raggi, A., et al. (2016). Mindfulness and headache: a “new” old treatment, with new findings. Cephalalgia 36, 1192–1205. doi: 10.1177/0333102416667023

 Arnold, M.. (2018). Headache classification Committee of the International Headache Society (IHS) the international classification of headache disorders. Cephalalgia 38, 1–211. doi: 10.1177/0333102417738202

 Azam, M. A., Katz, J., Mohabir, V., and Ritvo, P. (2016). Individuals with tension and migraine headaches exhibit increased heart rate variability during post-stress mindfulness meditation practice but a decrease during a post-stress control condition-a randomized, controlled experiment. Int. J. Psychophysiol. 110, 66–74. doi: 10.1016/j.ijpsycho.2016.10.011

 Badran, B. W., Austelle, C. W., Smith, N. R., Glusman, C. E., Froeliger, B., Garland, E. L., et al. (2017). A double-blind study exploring the use of transcranial direct current stimulation (tDCS) to potentially enhance mindfulness meditation (e-meditation). Brain Stimul. Basic Transl. Clin. Res. Neuromodul. 10, 152–154. doi: 10.1016/j.brs.2016.09.009

 Bakhshani, N.-M., Amirani, A., Amirifard, H., and Shahrakipoor, M. (2016). The effectiveness of mindfulness-based stress reduction on perceived pain intensity and quality of life in patients with chronic headache. Glob. J. Health Sci. 8:142. doi: 10.5539/gjhs.v8n4p142

 Barros, V. V. d, Kozasa, E. H., Souza, I. C. W. d, and Ronzani, T. M. (2014). Validity evidence of the brazilian version of the five facet mindfulness questionnaire (FFMQ). Psicologia Teoria e Pesquisa 30, 317–327. doi: 10.1590/S0102-37722014000300009


 Boros, K., Poreisz, C., Münchau, A., Paulus, W., and Nitsche, M. A. (2008). Premotor transcranial direct current stimulation (tDCS) affects primary motor excitability in humans. Eur. J. Neurosci. 27, 1292–1300. doi: 10.1111/j.1460-9568.2008.06090.x

 Burstein, R.. (2001). Deconstructing migraine headache into peripheral and central sensitization. Pain 89, 107–110. doi: 10.1016/S0304-3959(00)00478-4

 Buse, D. C., Manack, A. N., Fanning, K. M., Serrano, D., Reed, M. L., Turkel, C. C., et al. (2012). Chronic migraine prevalence, disability, and sociodemographic factors: results from the american migraine prevalence and prevention study. Headache J. Head Face Pain 52, 1456–1470. doi: 10.1111/j.1526-4610.2012.02223.x

 Cauás, M., Lima, M. C., do Lago, C. A. P., Ponzi, E. A. C., de Oliveira, D. A., and Valença, M. M. (2010). Migrânea e cefaleia do tipo tensional: alguns aspectos históricos. Headache Med. 29–33. doi: 10.48208/HeadacheMed.2010.8


 Chételat, G., Mézenge, F., Tomadesso, C., Landeau, B., Arenaza-Urquijo, E., Rauchs, G., et al. (2017). Reduced age-associated brain changes in expert meditators: a multimodal neuroimaging pilot study. Sci. Rep. 7, 1–11. doi: 10.1038/s41598-017-07764-x

 Chiapparini, L., Ferraro, S., Grazzi, L., and Bussone, G. (2010). Neuroimaging in chronic migraine. Neurol. Sci. 31, 19–22. doi: 10.1007/s10072-010-0266-9

 Clark, V. P., and Parasuraman, R. (2014). Neuroenhancement: enhancing brain and mind in health and in disease. Neuroimage 85, 889–894. doi: 10.1016/j.neuroimage.2013.08.071

 Cunningham, D. A., Varnerin, N., Machado, A., Bonnett, C., Janini, D., Roelle, S., et al. (2015). Stimulation targeting higher motor areas in stroke rehabilitation: a proof-of-concept, randomized, double-blinded placebo-controlled study of effectiveness and underlying mechanisms. Restor. Neurol. Neurosci. 33, 911–926. doi: 10.3233/RNN-150574

 DaSilva, A. F., Truong, D. Q., DosSantos, M. F., Toback, R. L., Datta, A., and Bikson, M. (2015). State-of-art neuroanatomical target analysis of high-definition and conventional tdcs montages used for migraine and pain control. Front. Neuroanat. 9:89. doi: 10.3389/fnana.2015.00089

 Davidson, R. J., Kabat-Zinn, J., Schumacher, J., Rosenkranz, M., Muller, D., Santorelli, S. F., et al. (2003). Alterations in brain and immune function produced by mindfulness meditation. Psychosom. Med. 65, 564–570. doi: 10.1097/01.PSY.0000077505.67574.E3

 Day, M. A., Thorn, B. E., Ward, L. C., Rubin, N., Hickman, S. D., Scogin, F., et al. (2014). Mindfulness-based cognitive therapy for the treatment of headache pain: a pilot study. Clin. J. Pain 30, 152–161. doi: 10.1097/AJP.0b013e318287a1dc

 Domingues, R. B., Cezar, P. B., Schmidt Filho, J., Moraes Filho, M. N. d, Pinheiro, M. N., et al. (2009). Prevalence and impact of headache and migraine among brazilian tupiniquim natives. Arquivos de neuropsiquiatria 67, 413–415. doi: 10.1590/S0004-282X2009000300008

 Feuille, M., and Pargament, K. (2015). Pain, mindfulness, and spirituality: a randomized controlled trial comparing effects of mindfulness and relaxation on pain-related outcomes in migraineurs. J. Health Psychol. 20, 1090–1106. doi: 10.1177/1359105313508459

 Fragoso, Y. D.. (2002). MiDAS (migraine disability assessment): a valuable tool for work-site identification of migraine in workers in brazil. São Paulo Med. J. 120, 118–121. doi: 10.1590/S1516-31802002000400006

 Goadsby, P. J., and Sprenger, T. (2010). Current practice and future directions in the prevention and acute management of migraine. Lancet Neurol. 9, 285–298. doi: 10.1016/S1474-4422(10)70005-3

 Grazzi, L., D'Amico, D., Raggi, A., Leonardi, M., Ciusani, E., Corsini, E., et al. (2017). Mindfulness and pharmacological prophylaxis have comparable effect on biomarkers of inflammation and clinical indexes in chronic migraine with medication overuse: results at 12 months after withdrawal. Neurol. Sci. 38, 173–175. doi: 10.1007/s10072-017-2874-0

 Gu, Q., Hou, J.-C., and Fang, X.-M. (2018). Mindfulness meditation for primary headache pain: a meta-analysis. Chin. Med. J. 131:829. doi: 10.4103/0366-6999.228242

 Hölzel, B. K., Ott, U., Gard, T., Hempel, H., Weygandt, M., Morgen, K., et al. (2008). Investigation of mindfulness meditation practitioners with voxel-based morphometry. Soc. Cogn. Affect. Neurosci. 3, 55–61. doi: 10.1093/scan/nsm038

 Howarth, A., Riaz, M., Perkins-Porras, L., Smith, J. G., Subramaniam, J., Copland, C., et al. (2019). Pilot randomised controlled trial of a brief mindfulness-based intervention for those with persistent pain. J. Behav. Med. 42, 999–1014. doi: 10.1007/s10865-019-00040-5

 Hunter, M. A., Lieberman, G., Coffman, B. A., Trumbo, M. C., Armenta, M. L., Robinson, C. S., et al. (2018). Mindfulness-based training with transcranial direct current stimulation modulates neuronal resource allocation in working memory: a randomized pilot study with a nonequivalent control group. Heliyon 4:e00685. doi: 10.1016/j.heliyon.2018.e00685

 International Headache Society (2016). The International Classification of Headache Disorders, 3rd Edn. Tersedia dari. Available online at: https://www.ichd-3.org/ [Diakses 21 Desember 2017].


 James, S. L., Abate, D., Abate, K. H., Abay, S. M., Abbafati, C., Abbasi, N., et al. (2018). Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: a systematic analysis for the global burden of disease study 2017. Lancet 392, 1789–1858. doi: 10.1016/S0140-6736(18)32279-7

 Lardone, A., Liparoti, M., Sorrentino, P., Rucco, R., Jacini, F., Polverino, A., et al. (2018). Mindfulness meditation is related to long-lasting changes in hippocampal functional topology during resting state: a magnetoencephalography study. Neural Plasticity 2018:5340717. doi: 10.1155/2018/5340717

 Lipton, R. B., Bigal, M. E., Ashina, S., Burstein, R., Silberstein, S., Reed, M. L., et al. (2008). Cutaneous allodynia in the migraine population. Ann. Neurol. 63, 148–158. doi: 10.1002/ana.21211

 Luders, E., Toga, A. W., Lepore, N., and Gaser, C. (2009). The underlying anatomical correlates of long-term meditation: larger hippocampal and frontal volumes of gray matter. Neuroimage 45, 672–678. doi: 10.1016/j.neuroimage.2008.12.061

 Machado, S., Velasques, B., Cunha, M., Basile, L., Budde, H., Cagy, M., et al. (2009). Aplicações terapêuticas da estimulação cerebral por corrente contínua na neuroreabilitação clínica. Revista Neurociências 17, 298–300. doi: 10.34024/rnc.2009.v17.8560


 Magis, D.. (2015). Neuromodulation in migraine: State of the art and perspectives. Expert Rev. Med. Devices 12, 329–339. doi: 10.1586/17434440.2015.1005606

 Marcus, D. A.. (2003). Central nervous system abnormalities in migraine. Expert Opin. Pharmacother. 4, 1709–1715. doi: 10.1517/14656566.4.10.1709

 McCallion, E., Robinson, C. S., Clark, V. P., and Witkiewitz, K. (2020). Efficacy of transcranial direct current stimulation-enhanced mindfulness-based program for chronic pain: a single-blind randomized sham controlled pilot study. Mindfulness 11, 895–904. doi: 10.1007/s12671-020-01323-8


 McCallion, E. A.. (2017). Mindfulness-based stress reduction and transcranial direct current stimulation as an intervention for chronic pain management (Ph.D. thesis). The University of New Mexico, Albuquerque, New Mexico.


 Mercante, J. P. P., Peres, M. F. P., Guendler, V., Zukerman, E., and Bernik, M. A. (2005). Depression in chronic migraine: severity and clinical features. Arquivos de Neuropsiquiatria 63, 217–220. doi: 10.1590/S0004-282X2005000200005

 Moher, D., Hopewell, S., Schulz, K. F., Montori, V., Gøtzsche, P. C., Devereaux, P., et al. (2012). Consort 2010 explanation and elaboration: updated guidelines for reporting parallel group randomised trials. Int. J. Surg. 10, 28–55. doi: 10.1016/j.ijsu.2011.10.001

 Monnart, A., Vanderhasselt, M.-A., Schroder, E., Campanella, S., Fontaine, P., and Kornreich, C. (2019). Treatment of resistant depression: a pilot study assessing the efficacy of a tdcs-mindfulness program compared with a tdcs-relaxation program. Front. Psychiatry 10:730. doi: 10.3389/fpsyt.2019.00730

 Parra, C., Cafferata, T., Sánchez, C., and López, D. E. (2015). Revisión sistemática: estimulación transcraneal de corriente directa en migra na crónica. Revista Ingenieria Biomédica 9, 109–115. doi: 10.14508/rbme.2015.9.18.109-115


 Peres, M. F. P., Amado, D. K., Gonçalves, A. L., Ribeiro, R., Pagura, J. R., and de Queiroz, L. P. (2011). The need for preventive therapy in primary headaches. Headache Med. 46–49. doi: 10.48208/HeadacheMed.2011.10


 Poreisz, C., Boros, K., Antal, A., and Paulus, W. (2007). Safety aspects of transcranial direct current stimulation concerning healthy subjects and patients. Brain Res. Bull. 72, 208–214. doi: 10.1016/j.brainresbull.2007.01.004

 Queiroz, L. P., Peres, M., Piovesan, E., Kowacs, F., Ciciarelli, M., Souza, J., et al. (2009). A nationwide population-based study of migraine in brazil. Cephalalgia 29, 642–649. doi: 10.1111/j.1468-2982.2008.01782.x

 Robinson, C., Armenta, M., Combs, A., Lamphere, M. L., Garza, G. J., Neary, J., et al. (2019). Modulating affective experience and emotional intelligence with loving kindness meditation and transcranial direct current stimulation: a pilot study. Soc. Neurosci. 14, 10–25. doi: 10.1080/17470919.2017.1397054

 Rocha, S., Melo, L., Boudoux, C., Foerster, Á., Araújo, D., and Monte-Silva, K. (2015). Transcranial direct current stimulation in the prophylactic treatment of migraine based on interictal visual cortex excitability abnormalities: a pilot randomized controlled trial. J. Neurol. Sci. 349, 33–39. doi: 10.1016/j.jns.2014.12.018

 Shirahige, L., Melo, L., Nogueira, F., Rocha, S., and Monte-Silva, K. (2016). Efficacy of noninvasive brain stimulation on pain control in migraine patients: a systematic review and meta-analysis. Headache J. Head Face Pain 56, 1565–1596. doi: 10.1111/head.12981

 Shukla, R., and Sinh, M. (2010). Migraine: prophylactic treatment. J. Assoc. Phys. India 58, 26–29.


 Smitherman, T. A., Wells, R. E., and Ford, S. G. (2015). Emerging behavioral treatments for migraine. Curr. Pain Headache Rep. 19:13. doi: 10.1007/s11916-015-0486-z

 Stuginski-Barbosa, J., and Speciali, J. G. (2011). Frequency of headache among the employees of a rubber company in the state of São Paulo, Brazil. São Paulo Med. J. 129, 66–72. doi: 10.1590/S1516-31802011000200003

 Teixeira, M.. (2008). Placebo, un malestar para la medicina: noticias recientes. Revista Latinoamericana de Psicopatologia Fundamental 11, 653–660. doi: 10.1590/S1415-47142008000400011


 Vecchio, E., Ricci, K., Montemurno, A., Delussi, M., Invitto, S., and de Tommaso, M. (2016). Effects of left primary motor and dorsolateral prefrontal cortex transcranial direct current stimulation on laser-evoked potentials in migraine patients and normal subjects. Neurosci. Lett. 626, 149–157. doi: 10.1016/j.neulet.2016.05.034

 Vos, T., Abajobir, A. A., Abate, K. H., Abbafati, C., Abbas, K. M., Abd-Allah, F., et al. (2017). Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet 390, 1211–1259. doi: 10.1016/S0140-6736(17)32154-2

 Vos, T., Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A., Brown, A., et al. (2016). Global, regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990-2015: a systematic analysis for the global burden of disease study 2015. Lancet 388, 1545–1602. doi: 10.1016/S0140-6736(16)31678-6

 Wells, R. E., Burch, R., Paulsen, R. H., Wayne, P. M., Houle, T. T., and Loder, E. (2014). Meditation for migraines: a pilot randomized controlled trial. Headache J. Head Face Pain 54, 1484–1495. doi: 10.1111/head.12420

 Witkiewitz, K., Stein, E. R., Votaw, V. R., Wilson, A. D., Roos, C. R., Gallegos, S. J., et al. (2019). Mindfulness-based relapse prevention and transcranial direct current stimulation to reduce heavy drinking: a double-blind sham-controlled randomized trial. Alcohol. Clin. Exp. Res. 43, 1296–1307. doi: 10.1111/acer.14053

 Yang, M., Rendas-Baum, R., Varon, S. F., and Kosinski, M. (2011). Validation of the headache impact test (hit-6TM) across episodic and chronic migraine. Cephalalgia 31, 357–367. doi: 10.1177/0333102410379890

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Pimenta, de Araújo, Silva, França, Brito, de Holanda, Lindquist, Lopez and Andrade. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnhum-15-769619-g005.gif
s¥EEESIESE

MiDAS.

FEMQ:BR

|

srrerasi





OPS/images/fnhum-15-769619-t001.jpg
Variables

Age, years, M SD

Gender, female, n

Schooling=8 years, n

Smoking/ alcoholism, n

Duration of chronic phase, years, M  SD
Pain intensity, VAS score, M  SD

Pain medication consumption >3x/week, n, %

n, number of participants; M, average in years; SD, standard deviation; %, percentage frequency; p, significance; n.s, not significant (p > 0.05); VAS, visual analogue scale.

Sham group (n = 14)

33.06 (11.01)
14
14
o
11.28 (2.33)
807 (2.6)
9(64)

Active group (n = 16)

32.75 (8.90)
16
16
0
11.86 (2.75)
8.4(1.09)
10 (62.5)

p-value

ns
ns
ns
ns
ns
ns

ns





OPS/images/fnhum-15-769619-g003.gif
e o gt (-53)

ppetriprin]

ey e
PR -
-
p—— p—
st Koo T 1)






OPS/images/fnhum-15-769619-g004.gif
—Sham

Baseine Endpoine

— ; = .

= sham

Saseline. Endpoint —— T





OPS/images/fnhum-15-769619-t004.jpg
Pre active tDCS,

M DP
MIDAS 289+8.1
HIT-6 652+ 4.1
FFMQ-BR 26+05

Pre sham tDCS,
M+ DP

243+ 11.0

626 £5.1

26+05

Post active
tDCS, M + DP

180471

60.9+3.4

30+06

Post sham tDCS,
M £ DP

180+56

506£29

28+06

M, mean; SD, standard deviation; T, Wilcoxon station test; p, one-sided significance level: r, effect size.

Active tDCS, T, p, r

T=21,p=002,
r=053

~2.9,p =000,
r=0.71

~3.0,p =000,
r=075

Sham tDCS, T, p, r






OPS/images/fnhum-15-769619-t002.jpg
Adverse effects

Tingling, n, %
Mild headache, n, %
Skin reaction, n, %

Sleepiness, n, %

Active tDCS and
mindfulness

2(143)
0
2(14.3)
3(21.4)

n, number of participants; %, percentage frequency.

‘Sham tDCS and
mindfulness

0
2(14.9)
0
5(36.7)





OPS/images/fnhum-15-769619-t003.jpg
Pre, M + SD Post, M  SD

MIDAS 240+£9.4 180463
HIT-6 64.0+4.7 60.8+3.8
FFMQ-BR 26+05 29+06

M, mean; SD, standard deviation; U, Mann-Whitney test; p, one-sided significance level.

Pre,U,p

U=106.0,p=0.41
U=815p=010

Post, U, p

U=1045,p=0.38
U=57.5,p =001






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of Synergism of Mindfulness Practice Associated With Transcranial Direct-Current Stimulation in Chronic Migraine: Pilot, Randomized, Controlled, Double-Blind Clinical Trial



		1. Introduction



		2. Materials and Methods



		2.1. Study Design



		2.2. Participants



		2.3. Randomization and Blinding



		2.4. Outcomes



		2.5. Intervention



		2.6. Statistical Analysis







		3. Results



		3.1. Participants



		3.2. Primary Outcome



		3.3. Secondary Outcome







		4. Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers .
in Human Neuroscience

Effects of Synergism of Mindfulness
Practice Associated With
Transcranial Direct-Current
Stimulation in Chronic Migraine:
Pilot, Randomized, Controlled,
Double-Blind Clinical Trial





OPS/images/fnhum-15-769619-g001.gif
Madtuness

| semocse |
Mastuness

n

L

. _| e ocs 1

P

T T T

T [—— PO





OPS/images/fnhum-15-769619-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers )
in Human Neuroscience





