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ABSTRACT

Background: Migraine is associated with a reduced quality of life, even in young patients. Despite this, there is no convincing evidence sup-
porting the efficacy of pharmacological treatments for children and adolescents. New anti-calcitonin gene-related peptide (CGRP) medica-
tions, life-changing for many adult patients, are not yet available for pediatric use. There is a growing hypothesis that effective management
of migraine during adolescence may reduce the risk of developing chronic migraine in adulthood.

Methods: Over the past two decades, increasing evidence has highlighted the benefits of non-pharmacological treatments, especially those
within the “third wave" of behavioral approaches, such as mindfulness-based protocols and Acceptance and Commitment Therapy (ACT).
A therapeutic strategy based solely on pharmacological treatment is likely to be ineffective. Instead, a multimodal approach that integrates
various elements, such as behavioral ones, education on health habits, nutraceuticals, and medical prophylaxis when needed, is recom-
mended.

Results: Based on our findings, the use of mindfulness-based internet protocols in young migraine patients showed promising results, with
a significant decrease in headache frequency both in the short term and up to one year.

Conclusions: A treatment approach based solely on pharmacological therapies is likely to be ineffective in pediatric migraine. Instead, a
multimodal strategy, integrating behavioral and educational components along with pharmacological support when needed, appears more
effective. Such programs may help modify the disease course, enhance the efficacy of medications, and promote a broader culture of care

centered on brain health.
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Introduction

A recent meta-analysis showed that 11% (95% Cl: 9-14)
of children and adolescents aged 8-18 suffer from migraine,
8% have migraine without aura, and 3% have migraine with
aura. (1) The impact is also significant in terms of associated
years lived with disability (YLDs), accounting for approxi-
mately 5.2% of all-cause YLDs among individuals aged 5-14,
and 8.9% among those aged 15-19, highlighting its current
and future public health relevance. (2) Besides known and
common symptoms — head pain, nausea, vomiting, and
photo-phonophobia — migraine exhibits a heterogeneous
presentation, varying in headache frequency, presence of
aura, response to acute and preventive treatments, and
comorbidities. Such variability likely reflects a heterogeneous
genetic and molecular basis, and a biopsychosocial perspec-
tive is needed to address migraine at all ages. (3)

Pediatric migraine significantly impacts patients and
their families, particularly affecting quality of life, school per-
formance, and social interactions. This impact is especially
pronounced when school absences are frequent, leading to
loss of workdays for parents. (4) It is particularly relevant in
high-frequency migraine forms, such as high-frequency
episodic and chronic migraine, which strongly impact sleep,
daily functioning, and school activities, as well as increase
anxiety and depression. (5-7)

Here, we aim to discuss the issue of treatment for this
specific group of patients, with particular focus on the possi-
bility that early intervention during this age could help reduce
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the risk of developing chronic migraine and medication over-
use headache (MOH) in adulthood.

Efficacy of migraine pharmacological
prophylaxis in adolescents

When migraine episodes in adults occur weekly or more
frequently and are disabling, pharmacologic prevention is
usually recommended. However, in young patients, this
approach remains debated, as there is limited convincing evi-
dence of the effectiveness of pharmacological treatments in
adolescents. The significance and impact of the placebo
effect were highlighted in a network meta-analysis. (8) These
authors reported that, in young populations, pharmacologic
prophylaxis for migraine was generally no more effective
than placebo (except for the short-term use of propranolol
and topiramate). They concluded that, due to safety and
acceptability concerns, non-pharmacological targets should
be prioritized and further explored. (8) The lack of superiority
in a trial might be attributable either to the inefficacy of the
compound tested or to a genuine placebo effect. It is impor-
tant to note that placebo-related improvements can result
from several factors, including regression to the mean,
unidentified parallel treatments, and spontaneous improve-
ment. Additionally, the timing of follow-up assessments,
such as periods coinciding with holidays, may influence
observed outcomes. (9)

The pharmacological prophylaxis for migraine is at a piv-
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otal point. For many years, we relied on repurposed medica-
tions, such as antidepressants or anti-epileptics, but now new
targeted agents that inhibit the calcitonin gene-related pep-
tide (CGRP) pathway are transforming patient outcomes.
These agents have demonstrated high efficacy and safety in
numerous randomized controlled trials (RCTs) and real-life
studies. While these compounds may also be safe and effec-
tive for younger patients, more time is needed before they
become routinely available for pediatric use. In the meantime,
a biopsychosocial and family-centered approach is, in our
view, among the most effective strategies to enhance clinical
care for youth with headache disorders for the reasons out-
lined below.

A biopsychosocial view of migraine treatment:
non-pharmacological treatments

Migraine is a condition in which biological, social, and
psychological aspects are intimately interconnected. (10)
Non-pharmacological approaches, and particularly behav-
ioral interventions, have shown a 34-78% reduction in
headache frequency from baseline, (9) often with a synergis-
tic effect when combined with pharmacological treatments.
For instance, the combination of amitriptyline and cognitive
behavioral therapy led to greater reductions in headache days
and migraine-related disability compared to amitriptyline
combined with patient education. (11)

Evidence from available studies on non-pharmacological
treatments not only supports improvements in primary clini-
cal outcomes (headache frequency) but also indicates bene-
fits in disability, quality of life, depression, and anxiety. This
information should facilitate the implementation of compre-
hensive, multimodal therapeutic programs that incorporate
these approaches, which are particularly helpful in managing
pain and decreasing the reliance on symptomatic medica-
tions in young patients. (9) In particular, mindfulness has
gained popularity over the past 20 years as a technique for
treating different pain conditions, including migraine. Its core
feature involves developing patients' ability to intentionally
focus on the present moment, employing techniques such as
breathing exercises, guided imagery, and other practices
aimed at relaxing the body and mind. (12-14) To the best of
our knowledge, only two RCTs have been published so far, but
they were conducted in adult populations. (12,15)

The two RTC studies conducted on adults included
patients with episodic migraine and patients with chronic
migraine and medication overuse. (14,15) Both studies
employed a mindfulness based on the Mindfulness-Based
Stress Reduction program; in particular, in one study, (15) the
program was modified and a shorter version was used: six
weekly sessions with two final booster sessions.

The other study (14) reported that education and mindful-
ness-based stress reduction therapy produced a similar
reduction in headache frequency, with mindfulness showing a
superior improvement in disability and quality of life con-
firmed at one-year follow-up. The larger RCT (15) showed
that adding mindfulness to standard treatment was associat-
ed with superior improvements in headache frequency, quality
of life, disability, headache impact, loss of productive time,
medication intake, and overall disease-related costs. The
improvement was also associated with increased connectivi-
ty in the salience network and in cingulate cortical thickness,
which are thought to enhance body awareness of painful sen-
sations and the cognitive processing of nociception. (16)

Moreover, another investigation (17) conducted on ado-
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lescents suffering from chronic migraine and high-frequency
migraine without aura reported a significant reduction at one-
year follow-up in terms of a decrease in migraine days per
month. The mindfulness program consisted of 8 weekly ses-
sions, each lasting 75 minutes. This pilot study involved a
small group of young patients and incorporated some skills
derived from Acceptance and Commitment Therapy (ACT).
Adherence to the program was high, with patients regularly
participating in and practicing at home through short home
exercises. Although neuroimaging findings are more exten-
sively characterized in adults, recent evidence suggests that
mindfulness practice can influence activity within specific
brain networks involved in pain perception in young patients
as well. (18)

There is no one-size-fits-all approach to migraine man-
agement. (3) Patients live in different contexts and engage in
different activities, and their lifestyle habits are not always
optimal for controlling migraine. Therefore, a multimodal
approach that includes tailored patient education is essential
to address lifestyle factors that might interfere with migraine
management. This is particularly important in pediatric popu-
lations, given the limited efficacy of pharmacological prophy-
laxis. Key targets include diet habits and sleep hygiene, with
specific attention to electronic device use close to bedtime.
(19

In recent years, the “third wave" of cognitive behavioral
approaches, including mindfulness-based approaches and
ACT, (20) has been applied to young patients suffering from
various kinds of pain and headache, with some initial evi-
dence indicating clinical benefits. (21) At our center, we devel-
oped a protocol for mindfulness-based treatment that incor-
porates different skills from ACT, consisting of six weekly ses-
sions and a final booster session, to be delivered in small
groups of 5-6 patients. As mentioned, our pilot study showed
a significant reduction in headache frequency (from an aver-
age of 21.3 to 9.6 days per month) that was observed at six
months and maintained at 12 months. Additionally, improve-
ments were seen in medication use, disability, symptoms of
anxiety and depression, and pain catastrophizing. (17)

Recent literature confirms that mindfulness practice can
modulate cerebral patterns involved in pain perception, (18)
and recent findings suggest that changes in brain connectiv-
ity in young patients may reflect increased flexibility in transi-
tion between mental states. This flexibility could help explain
the well-established link between higher mindfulness and
lower anxiety. (17,18) Unfortunately, this area of research is in
its early stages, with evidence limited to a few pilot studies.
Currently, studies on behavioral approaches for young
headache sufferers treated have some limitations: aside from
the large sample size of one study (11) on CBT in chronic
migraine, most clinical experiences involved small patient
cohorts (17) or have short follow-up durations. These factors
reduce the robustness of the clinical findings. Consequently,
larger studies with longer follow-up periods and, if possible,
the use of biomarkers to validate clinical outcomes are need-
ed to strengthen the evidence base.

Managing different forms of migraine in young patients
will continue to pose challenges in clinical practice. It is
essential for neurologists involved in this field to be aware
that behavioral strategies exist and they can be valuable in
helping patients manage pain while minimizing acute med-
ication use, especially during the early stages of their clinical
course. Patients should be encouraged to adopt lifestyle
measures that can effectively reduce the frequency of
migraine attacks. The clinical management of this population
should therefore include education and support.
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Recommendations such as maintaining good sleep hygiene,
following a balanced diet, and engaging in regular physical
activity are significant and should be integrated into a com-
prehensive therapeutic strategy. Additionally, establishing
strong collaborations among headache centers and develop-
ing programs that deliver behavioral interventions remotely
are crucial. Such approaches can facilitate greater patient
participation, making these interventions more accessible
and effective.

Finally, for young patients, the possibility of using innova-
tive medications such as anti-CGRP drugs, currently under
clinical investigation, should be considered in the near future.
Preliminary data suggest that these agents may be promising
in terms of efficacy and safety during the most critical phases
of the disease. At the same time, traditional medications can
still be considered in certain cases and may be particularly
helpful to enhance the effectiveness of symptomatic treat-
ments. (22,23)

Conclusions

The management of migraine in adolescents is inherently
challenging, and, in our view, there is no single optimal
approach. A multimodal strategy is, therefore, the most
appropriate. Relying exclusively on a pharmacological treat-
ment is likely to be ineffective: pharmacotherapy should be
primarily reserved for acute attacks, while preventive medica-
tions should be considered as a second-line or in specifically
selected cases. Conversely, education on lifestyle issues is
fundamental and should focus on dietary habits, such as con-
suming adequate meals, particularly breakfast, and maintain-
ing proper hydration. Additionally, it should emphasize sleep
hygiene, including maintaining a regular sleep schedule and
avoiding smartphone and tablet use before bedtime.
Addressing risk factors such as smoking, alcohol consump-
tion, and physical inactivity is also crucial. Education should
focus on the proper use of medications, restricting them to
severe headache episodes and possible MOH.

Clearly, a collaborative effort involving clinicians, patients,
and caregivers is essential, as addressing lifestyle factors
requires a comprehensive, family-centered approach.
Establishing such multimodal programs can empower
patients' outcomes and improve their pain-coping strategies
and resilience, potentially altering the course of the disease
and fostering the culture of brain health. This issue is of
urgent importance, as today's adolescents are the adults of
tomorrow.
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