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Abstract: Objective: Evidence on prophylactic drugs for pediatric migraine is limited, especially
when comorbid conditions contribute to treatment resistance. This study evaluated the efficacy of
cyproheptadine in children with migraine and explored the impact of comorbid neurodevelopmental
disorders and orthostatic intolerance (OI). Methods: We retrospectively analyzed pediatric migraine
patients treated with cyproheptadine. Efficacy was assessed based on the reduction in headache
frequency, with responders defined as patients experiencing at least a 50% reduction in headache
episodes. Fisher’s exact test analyzed the relationship between efficacy and comorbid conditions
or treatment sequence. Multiple logistic regression was performed to identify factors associated
with adverse events. Results: In total, 155 children (71 males, 84 females) aged 3–15 years were
included. Comorbid neurodevelopmental disorders and OI were present in 27 (17.4%) and 22 (14.2%)
patients, respectively. Efficacy was evaluated in 148 patients, with 68.9% classified as responders.
Patients with comorbid conditions showed lower efficacy. Responders required a lower dose of
cyproheptadine (p = 0.039). Multiple logistic regression identified headache frequency, cyprohep-
tadine dose, and comorbid OI and neurodevelopmental disorders as factors influencing treatment
efficacy. Conclusions: Cyproheptadine is effective in treating pediatric migraine, though patients
with neurodevelopmental disorders and OI demonstrated reduced efficacy.
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1. Introduction

Headache is one of the most common complaints among children and adolescents.
Recurrent headaches significantly affect the quality of life and social functioning of children,
adolescents, and their families [1,2]. Non-pharmacological treatments are recommended as
the first-line treatment for migraine headaches. When non-pharmacological approaches are
ineffective, prophylactic drug treatment should be considered. The efficacy of several drugs,
including amitriptyline, propranolol, topiramate, and flunarizine, has been investigated for
migraine prophylaxis [3,4]. A recent meta-analysis on preventive medications for pediatric
migraine [5] reported that topiramate and pregabalin were associated with a reduction in
headache frequency and intensity. While other drugs, including flunarizine, riboflavin,
amitriptyline, and cinnarizine, also demonstrated statistically significant outcomes, fur-
ther investigation is needed to substantiate these findings. No correlation was identified
between the use of these medications and improvements in quality of life or the duration
of migraine attacks. Open-label studies have reported clinically meaningful effects in the
preventive treatment of pediatric migraine [6,7]. The lack of conclusive RCT data may
be attributed to factors such as limited pediatric populations in trials, failure to account
for comorbid conditions or insufficient long-term follow-up. Small sample sizes and the
heterogeneity of clinical presentations further compound this challenge.

Cyproheptadine is a histamine receptor H1 antagonist and a prophylactic drug that
has long been commonly used in children with migraine [8]. Although there are fewer
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reports on the effects of cyproheptadine on migraine compared to other currently available
drugs, some studies, including RCTs, have reported its therapeutic effects in adults. It has
been shown to improve the frequency, duration, and severity of migraine attacks [9,10].
Despite the long-standing clinical utilization of this medication, there is a notable paucity
of published literature on the treatment of migraine in children [8]. A few studies have
reported its efficacy, but the results have been inconsistent [11,12]. The administration of
cyproheptadine for gastrointestinal disorders has been reported to cause somnolence and
weight gain in a substantial proportion of patients [13]. Additionally, cyproheptadine can
cause behavioral changes in some children, such as aggression [14].

Understanding comorbid conditions associated with migraine is important for clini-
cians to effectively diagnose and manage migraine in children and adolescents. Various
comorbid conditions have been reported, including physical diseases such as asthma, atopic
dermatitis, epilepsy, obesity, and sleep disorders, as well as psychiatric disorders like neu-
rodevelopmental disorders, depression, anxiety, and emotional problems [15–19]. Children
with orthostatic intolerance (OI) also frequently experience recurrent headaches [20–22]. OI
has been identified as a condition characterized by autonomic nervous system dysfunction,
which manifests as difficulty tolerating an upright posture. The symptoms associated with
OI typically subside when the patient returns to a supine position [20]. OI is broadly clas-
sified into orthostatic hypotension (OH), where blood pressure decreases upon standing,
and postural tachycardia syndrome (POTS), where the pulse rate increases. However, the
detailed classification can vary among researchers. Although headaches have been reported
in both OH and POTS, there are few studies on the effectiveness of pharmacological treat-
ments for these headaches. Although detailed manifestations and treatment outcomes of
headaches associated with each comorbid condition are scarce, clinical experience suggests
that these headaches are often severe and intractable.

We hypothesized that migraine associated with comorbid conditions reduce the thera-
peutic efficacy of prophylactic drugs and that the presence of comorbid conditions enhances
the likelihood of adverse events. This study aimed to compare the effects of cyprohepta-
dine on patients suffering from migraine with and without comorbid conditions, including
neurodevelopmental disorders and OI.

2. Materials and Methods
2.1. Patients

We retrospectively analyzed the medical records of pediatric migraine patients treated
with cyproheptadine between 2016 and 2021. Migraine was diagnosed in accordance
with the International Classification of Headache Disorders, 3rd Edition (ICHD-3) [23].
In the diagnosis of migraine, both migraine with aura and migraine without aura were
included. Data analyzed included the patient’s age at cyproheptadine initiation, age at
first headache onset, sex, comorbid conditions, daily dose of cyproheptadine, headache
frequency, order of cyproheptadine administration (initial, adjunctive, or switch from other
prophylactic medications), and adverse events. For comorbid conditions, we focused on
neurodevelopmental disorders and OI, as these are frequently associated with comorbid
headaches in children. The need for informed consent was waived due to the retrospective
nature of our investigation, and the study design was approved by the Review Board
of Hyogo Medical University (approval number 4135). This study was conducted in
accordance with the Declaration of Helsinki and other national regulations and guidelines.

2.2. Evaluations

To evaluate the efficacy of treatment, we assessed the reduction in headache frequency.
The mean frequency of headaches was calculated over a baseline period of one month prior
to the initiation of cyproheptadine and during a therapeutic period of one month, starting
three months after administration. Treatment responders were defined as those reporting
a reduction of at least 50% in headache frequency. Neurodevelopmental disorders were
diagnosed based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
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(DSM-5) [24], which included attention deficit hyperactivity disorder (ADHD) and autism
spectrum disorder (ASD). We defined OI as meeting two or more of the following five
symptoms presenting at least once a week and persisting for at least 6 months: susceptibility
to vertigo and dizziness while standing; a tendency for fainting in the standing position,
which in severe cases leads to falls; nausea on taking a hot bath or on encountering
unpleasant experiences; palpitation and/or dyspnea after mild exercise; and difficulty in
getting out of bed. These symptoms were based on the screening symptoms checklist in
the Japanese diagnostic criteria for orthostatic dysregulation (OD) [21].

2.3. Statistical Analysis

All statistical analyses were performed using JMP Pro 16 (SAS Institute Inc., Cary, NC,
USA). Fisher’s exact test assessed the relationship between treatment efficacy and the order
of administration or comorbid conditions. The correlation between comorbid conditions
and age at first headache onset, as well as the correlation between cyproheptadine dose
and treatment effect, and between the treatment effect and the headache frequency before
treatment, were calculated using the Mann–Whitney U test. Multiple logistic regression
analysis assessed the factors associated with adverse events. The odds ratio (OR), a
measure of association between an exposure and an outcome, was calculated. Sex, order of
administration, OI, and neurodevelopmental disorders were treated as categorical variables,
while age at first headache onset, age at initiation of treatment, frequency of headache
before treatment, and initial dose of cyproheptadine were treated as continuous variables.
The odds ratios of all continuous variables, excluding the initial dose of cyproheptadine,
indicated that the odds of the outcome of interest increased with every unit increase in
the input variable. Since the change in the initial dose of cyproheptadine was small, the
odds ratio represents the odds for a 0.1 unit increase in this variable. The odds ratio for
categorical variables was calculated as the risk for non-responders. Statistical significance
was set at p < 0.05.

3. Results

The demographic characteristics of the participants are presented in Table 1. In total,
155 participants (71 male, 84 female) aged 3–15 years (median: 10 years) were included in the
analysis. Comorbid conditions of neurodevelopmental disorder and OI were observed in
27 (17.4%) and 22 (14.2%) participants, respectively. Seven participants had both comorbid
conditions. All patients’ median age at headache onset was 7 years old (2–14 years old).
For those without comorbid conditions, the median age at headache onset was also 7 years
(2–14 years). In patients with comorbid conditions, the median age at onset was 7 years
(3–13 years) for those with neurodevelopmental disorders and 10 years (5–13 years old)
for those with OI. Patients with OI were significantly older at headache onset than those
without comorbid conditions. (p = 0.0002). The initial daily cyproheptadine dose ranged
from 0.04 to 0.2 mg/kg (median, 0.1 mg/kg).

Adverse events were experienced in 33 (21.3%) patients. The most prevalent ad-
verse event was somnolence, observed in 26 patients (16.8%), followed by fatigue in
three patients (1.9%). Other adverse events included dizziness, dysesthesia, aggravation of
headache, and visual hallucination in one patient each. Among the patients who experi-
enced adverse events, seven (4.5%) withdrew from the study because of these events. Of
these, six patients experienced somnolence, and one experienced aggravated headache.
Among the seven patients who discontinued cyproheptadine treatment, only one had
comorbid neurodevelopmental disorders, and none had comorbid OI. No significant risk
was detected for any of the established covariates of somnolence, which was the most
observed adverse event. (Table 2). Among the three patients who reported adverse events
of fatigue, none had comorbid OI or neurodevelopmental disorders.
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Table 1. Baseline and demographic characteristics.

Patients enrolled, n 155
Median age, years (range) 10y0m (3y9m–15y8m)
Sex, n (%)

Male 71 (45.8)
Female 84 (54.2)

Comorbid condition
Neurodevelopmental disorder, n (%) 27 (17.4)

Orthostatic intolerance, n (%) 22 (14.2)
Age of headache onset, median years (range) 7 (2–14)

Without a comorbid condition 7 (2–14)
With neurodevelopmental disorder 7 (3–13)

With orthostatic intolerance 10 (5–13)
Frequency of headache per month, median (range) 20 (1–31)
Initial daily dose of cyproheptadine (mg/kg), median (range) 0.1 (0.04–0.2)

Table 2. Multivariate logistic regression analysis of factors that can affect somnolence.

Variable OR 95%CI p-Value

Age at which administration was initiated 1.02 (1.00, 1.04) 0.070
Dose of cyproheptadine (OR per 0.1 mg/kg) 0.50 (0.04, 3.95) 0.540
Sex 0.93 (0.37, 2.26) 0.865
Neurodevelopmental disorder 0.80 (0.23, 2.71) 0.715
Orthostatic intolerance 1.11 (0.31, 3.93) 0.255

The efficacy of cyproheptadine was analyzed in 148 patients (Table 3), excluding seven
patients who withdrew because of adverse events. Overall, 68.9% of patients were classi-
fied as responders. The efficacy was 70.8% for those using cyproheptadine as the initial
treatment, compared to 41.7% for those using it as adjunctive or switch therapy. Although
cyproheptadine tended to be less effective as adjunctive therapy, the difference was not
statistically significant (p = 0.097). The drugs administered prior to cyproheptadine were
amitriptyline in four cases and lomerizine hydrochloride in seven cases. In one patient in
each of these cases, valproate was administered concurrently. When comparing efficacy
between patients with and without comorbid conditions, those with neurodevelopmental
disorders and OI exhibited lower efficacy (50.0%, p = 0.0139 and 45.5%, p = 0.0079, re-
spectively). No significant relationship was observed between the treatment effect and
the headache frequency before treatment (p = 0.197). Regarding the association between
treatment efficacy and the dose of cyproheptadine, the effective cases required a lower dose
of cyproheptadine (p = 0.039). In the multiple logistic regression analysis (Table 4), cypro-
heptadine efficacy was significantly associated with the frequency of headaches before
treatment, cyproheptadine dose, and neurodevelopmental disorders.

Table 3. Clinical variables related to the efficacy of cyproheptadine.

Variable Cases, n 50% Responder, n (%)

Total 148 102 (68.9)
Initial therapy 137 97 (70.8)
Adjunctive or switch therapy 11 5 (41.7) p = 0.097

Comorbid condition
Without comorbid condition 107 82 (76.6) reference
Neurodevelopmental
disorder 26 13 (50.0) p = 0.0139

Orthostatic intolerance 22 10 (45.5) p = 0.0079
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Table 4. Multivariate logistic regression analysis of factors that can affect the efficacy of prophylactic
drug treatment.

Variable OR 95%CI p Value

Age of first headache onset 0.99 (0.98, 1.01) 0.787
Age at which administration was initiated 0.97 (0.80, 1.18) 0.520
Frequency of headache before treatment 1.05 (1.00, 1.09) 0.036
Sex 1.04 (0.46, 2.34) 0.930
Dose of cyproheptadine (OR per 0.1 mg/kg) 0.12 (0.02, 0.75) 0.027
Order of administration 2.21 (0.55, 8.90) 0.263
Orthostatic intolerance 2.55 (0.86, 7.59) 0.093
Neurodevelopmental disorder 3.17 (1.19, 8.42) 0.021

4. Discussion

In this study, we demonstrated the efficacy of cyproheptadine in treating children with
migraine. Overall, 68.9% of patients were classified as responders, with higher efficacy
observed in 76.6% of cases without comorbid conditions. Efficacy was not significantly
related to age, sex, or administration order. Cyproheptadine was less effective in cases of
migraine associated with comorbid neurodevelopmental disorders or OI.

While treating children and adolescents with migraine is beneficial, the evidence
regarding the efficacy of prophylactic drugs remains inconclusive [3]. The effectiveness of
pharmacological treatments for migraine prophylaxis in pediatric patients has been exten-
sively researched; however, the evidence supporting their efficacy remains controversial.
Most RCTs investigating the efficacy of prophylactic drugs for pediatric migraine have
failed to demonstrate superiority over placebos. A key reason for this may be the high
placebo response in children [3,25]. Powers et al. conducted a randomized, double-blind,
placebo-controlled trial to investigate the effects of amitriptyline, topiramate, and placebo
on migraine prevention in childhood and adolescence [25]. No significant differences were
observed in headache frequency or disability reduction. This result is likely due to the
greater placebo effect observed in the pediatric population, a recognized challenge in pedi-
atric clinical trials. This finding is consistent with previous studies examining the efficacy
of treatments for pediatric migraine [3]. A meta-analysis reported that propranolol and
topiramate were more effective than placebo in short-term migraine treatment in children;
however, no long-term prophylactic effects have been established [26].

Placebo effects are generally more pronounced in children than adults and are in-
fluenced by psychological and social factors [27,28]. These effects are significant in both
psychiatric and non-psychiatric conditions and affect the outcomes of clinical trials. Open-
label placebos and the strategic use of contextual factors show promise in leveraging
these effects for therapeutic benefits. Understanding and leveraging placebo effects can
lead to better-designed studies and potentially more effective treatments in pediatric
populations [29]. Psychological and social factors that influence the placebo effect include
chronic pain, ADHD, depression, and functional abdominal pain [27–29].

Nevertheless, several non-RCT studies have indicated that cyproheptadine and other
treatments are clinically effective. In a study involving 192 pediatric patients, Hershey
et al. investigated the effects of amitriptyline on migraine [6] and found that 84.2% of
patients showed improvement. However, the study was limited by its inclusion of only
patients who returned to the clinic, excluding those who did not complete the evaluation.
Olfat et al. conducted a comparative study on cinnarizine and amitriptyline for childhood
migraine [7], demonstrating that cinnarizine is an effective treatment, with amitriptyline
showing comparable efficacy.

Cyproheptadine is a histamine receptor H1 antagonist with antihistamine, anti-serotonergic,
and calcium-channel blocking properties [30,31]. The primary action of cyproheptadine in
preventing migraine is through calcium channel antagonism, which is unique among pro-
phylactic migraine drugs [31]. Cyproheptadine has been used as a prophylactic treatment
for childhood migraine since the 1970s [8]. Although no RCTs have been conducted to date,
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only a few studies have investigated the efficacy of cyproheptadine. A retrospective study
of 250 children revealed that cyproheptadine was the second most prescribed preventive
drug, reducing mean headache frequency from 8.4 to 3.75 per month [12]. A recent ret-
rospective study of 45 children reported a decrease in The Pediatric Migraine Disability
Assessment (PedMIDAS) score and a responder rate of 52% for cyproheptadine, where
responders were defined as those with at least a 50% reduction in headache frequency. This
was compared to 90% for topiramate, 75% for propranolol, and 54% for flunarizine [11].

Despite its lower efficacy compared to other drugs, cyproheptadine is often admin-
istered to younger patients due to its mild side effects, such as sedation and increased
appetite, which typically do not interfere with daily life [4,11]. In this study, we examined
the efficacy of cyproheptadine in patients with and without comorbid conditions and found
that the response rate was higher in patients without comorbid conditions than in previous
reports. Despite the absence of a direct correlation between headache frequency prior to
treatment and treatment efficacy, multiple logistic regression analyses of factors affecting
the efficacy of cyproheptadine identified headache frequency before treatment, cyprohep-
tadine dose, and the presence of comorbid neurodevelopmental disorders as significant
risk factors. This indicates that patients who responded to cyproheptadine required lower
doses and had a higher number of headaches before treatment. It remains unclear why
lower doses of cyproheptadine might be more effective. However, it is plausible that
increasing the dose in response to an initial lack of effectiveness may not yield better results.
Compared with patients who used cyproheptadine as their first drug, cyproheptadine had
a lower efficacy in patients who received adjunctive cyproheptadine therapy or switched
to cyproheptadine therapy; however, this difference was not statistically significant. This
outcome was likely attributable to the relatively small number of patients. Further investi-
gation is required to ascertain the efficacy of cyproheptadine as an adjunctive or second-line
therapy. This may help to elucidate the optimal initial pharmacological intervention.

Adverse events occurred in 26% of patients, and 4.5% discontinued cyproheptadine,
consistent with previous reports [4,11]. Tekin et al. reported that 51% of pediatric migraine
patients receiving cyproheptadine at doses of 2 to 4 mg/day experienced side effects.
Although comprehensive data were unavailable, the observed adverse events included
somnolence and increased appetite. The authors indicated that these side effects did not
impact patients’ daily lives, and no patients discontinued the medication. In a prospective
study of adolescents and adults, Rao et al. reported that 12% of patients experienced
adverse events, such as drowsiness, sleep disturbances, weight gain, fatigue, and dry
mouth, when treated with 2 mg/day of cyproheptadine [9]. While the authors reported
that all adverse events were minor, they did not provide details. In the present study,
the most frequently observed adverse event was somnolence. Compared to previous
studies, this study demonstrated a higher incidence of adverse events, some of which
resulted in the discontinuation of the drug. It was hypothesized that the higher dosage
used in this study, when adjusted for body weight, may have contributed to the outcome.
However, this could not be confirmed, as the detailed data from previous reports was
unavailable. The initial hypothesis suggested that side effects were more likely to occur
in the presence of comorbid conditions, particularly in patients with OI. However, this
hypothesis was not supported by the evidence. none of the patients who discontinued
treatment due to adverse events had comorbid OI, and only one patient had a comorbid
neurodevelopmental disorder. Additionally, multivariate analysis did not identify any risk
factors associated with the appearance of somnolence. Thus, predicting the appearance
of adverse events was challenging due to the absence of identifiable risk factors. These
results suggest that cyproheptadine is highly effective against migraine in patients without
comorbid conditions, and the occurrence of adverse events was deemed acceptable and
unrelated to comorbid conditions.

Non-pharmacological treatments should be initiated prior to the administration of
drug therapy [32,33]. These non-pharmacological interventions include dietary modifica-
tions, nutraceuticals, neuromodulation, and cognitive-behavioral therapy (CBT). Among
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these, CBT is an effective intervention for pediatric migraine, with strong evidence support-
ing its efficacy. Furthermore, research indicates that the effectiveness of CBT is enhanced
when combined with pharmacological treatments [34,35]. Although some patients in the
current study were undergoing non-pharmacological therapies, including CBT, examining
these interventions in sufficient detail was not feasible due to the retrospective nature of
this study, which is a limitation.

Children and adolescents with neurodevelopmental disorders often experience re-
current headaches [36,37]. A meta-analysis examining the association between primary
headaches and ADHD revealed a significant association between ADHD and migraine [38].
Recent studies have reported that comorbid migraine was present in 28.4% of children
with ASD [37] and in 42.7% of adults with ASD [39]. The exact underlying reasons for
the association between migraine, ADHD, and ASD remain unclear; however, several
explanations have been proposed. For ADHD, neurotransmitters such as dopamine, nora-
drenaline, and gamma-aminobutyric acid have been suggested to play a role. In the case of
ASD, sensory hyper-reactivity has been highlighted as a potential factor contributing to the
association [37,40]. Of note, headaches may also present as a side effect of medications used
to treat ADHD, such as methylphenidate, atomoxetine, and guanfacine [41]. The present
study was unable to gather information on the medications used by the patients, which
represents a limitation of this study. To the best of our knowledge, there are few reports
on the efficacy of treatments for migraine coexisting with neurodevelopmental disorders.
Patients with neurodevelopmental disorders often have difficulty adapting to treatment,
and their unique characteristics can complicate migraine management [42]. We believe
that this could explain why cyproheptadine was less effective in patients with coexisting
neurodevelopmental disorders.

Children with OI often complain of headaches; however, these headaches are not
classified as secondary headaches in ICHD-3 [23]. Therefore, OI is categorized as a comorbid
condition of primary headache. The concept of OI varies depending on the reports and
country [20,21,43–45]. Representative terms include orthostatic hypotension (OH), OD,
and postural orthostatic tachycardia syndrome (POTS). Some classifications include OH
and POTS under OI [20,44], while others group them under OD [21]. The diagnosis
of OH is typically confirmed by observing a decrease in blood pressure in response to
orthostatic maneuvers. The extent of the blood pressure reduction varies across studies,
with thresholds as low as a 20 mmHg decrease or a drop of 15% or more commonly reported.
The standing test can be performed in two ways: either mechanically or actively. When
performed mechanically, it is referred to as the head-up tilt test, while the active version is
known as the active stand test or Schellong test. Although the Schellong test was performed
in all cases, the orthostatic test could not be incorporated into the diagnostic criteria because
not all patients in the study had undergone this test at our facility. Consequently, a detailed
diagnosis based on blood pressure and pulse rate could not be established, which represents
a limitation of the study. Regardless of these detailed classifications, comorbid headaches
often occur. Tanaka et al. reported that 68% of children with OI, aged 10 to 16 years,
experienced headaches [46], while Boris et al. found that over 90% of patients with POTS,
with a median age of 13.1 years, reported headaches [47]. In the present study, we found
that children with migraine and comorbid conditions of OI were older at migraine onset
than those without comorbid conditions. Although detailed headache manifestations and
diagnoses of headache comorbid with OI have not been reported, older age at onset was
identified as a characteristic feature of migraine associated with OI. In contrast, although
reports on comorbid OI in migraine patients are limited, a population-based study in adults
found that 46% of patients with migraine experienced syncope, and 32% were diagnosed
with OI [48]. It has been reported that OI and headaches can coexist; however, it remains
unclear whether OI directly causes headaches. Among the limited reports on this topic,
Go et al. suggested that orthostatic maneuvers induce headaches due to reduced cerebral
blood flow [49]. However, these headaches resolve within a shorter period and do not
meet the diagnostic criteria for a primary headache disorder. The lack of standardization in
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diagnostic criteria for OI, OH, and POTS presents a significant barrier to further research.
This inconsistency is also why these conditions are not listed as causes of secondary
headaches in the ICHD, as previously stated.

In our study, since not all patients were diagnosed using the same criteria for OI,
they were categorized based on their OI symptoms. The results showed that 14.2% of
patients with migraine had comorbid OI, but we could not assess the relationship with a
detailed diagnosis. Cyproheptadine was less effective for headaches coexisting with OI,
including those diagnosed using the established diagnostic criteria. In contrast, OI was not
a significant risk factor for non-response in the multivariate logistic regression analysis.
The findings indicate that other factors may increase the risk of invalidity in patients with
OI; however, these were not identified in this study. To the best of our knowledge, no such
reports have been published. Further research is required to confirm whether comorbid OI
symptoms affect the prognosis of migraine.

The authors acknowledge several limitations in the present study. First, because
this was a retrospective study, treatment was not performed based on a strict protocol.
Therefore, adherence to the appropriate dose of cyproheptadine could not be confirmed.
Second, the efficacy of cyproheptadine was assessed solely based on headache frequency.
Utilizing additional indicators, such as headache severity (assessed by a visual analog scale
or numerical rating scale) or disability (measured by the PedMIDAS or Headache Impact
Test), would have provided a more comprehensive evaluation of the drug’s impact on
daily life. Third, because the diagnosis of OI as a comorbid condition was based on clinical
symptoms alone, determining the precise pathophysiology proved challenging. Future
studies should consistently implement established orthostatic tests. Finally, other covariates
may have influenced cyproheptadine efficacy. Further prospective studies are needed to
establish an appropriate treatment protocol for cyproheptadine in pediatric migraine.

5. Conclusions

In conclusion, we demonstrated that cyproheptadine is effective in pediatric patients
with migraine, particularly in those without comorbid conditions such as OI symptoms
and neurodevelopmental disorders. Even in the presence of comorbid conditions, severe
adverse events were uncommon, thereby establishing the drug as a safe and efficacious
treatment option for migraine in children.

Author Contributions: Conceptualization, H.S.; methodology, H.S. and S.T.; validation, S.T., N.T. and
Y.T. (Yasuhiro Takeshima); formal analysis, H.S.; investigation, H.S., S.T., E.T., Y.T. (Yohei Taniguchi),
S.Y., Y.T. (Yuki Terakita) and K.I.; resources, H.S., K.I. and T.K.; data curation, H.S., S.T. and E.T.;
writing—original draft preparation, H.S.; writing—review and editing, S.T., E.T., N.T., K.I., M.O., T.K.
and Y.T. (Yasuhiro Takeshima); visualization, H.S.; supervision, Y.T. (Yasuhiro Takeshima); project
administration, H.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hyogo Medical University (approval
number 4135).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of our
investigation.

Data Availability Statement: The original contributions presented in the study are included in this
article; further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.



Neurol. Int. 2024, 16 1316

References
1. Philipp, J.; Zeiler, M.; Wöber, C.; Wagner, G.; Karwautz, A.F.K.; Steiner, T.J.; Wöber-Bingöl, Ç. Prevalence and Burden of Headache

in Children and Adolescents in Austria—A Nationwide Study in a Representative Sample of Pupils Aged 10–18 Years. J. Headache
Pain. 2019, 20, 101. [CrossRef] [PubMed]

2. Steinmetz, J.D.; Seeher, K.M.; Schiess, N.; Nichols, E.; Cao, B.; Servili, C.; Cavallera, V.; Cousin, E.; Hagins, H.; Moberg, M.E.;
et al. GBD 2021 Nervous System Disorders Collaborators Global, Regional, and National Burden of Disorders Affecting the
Nervous System, 1990–2021: A Systematic Analysis for the Global Burden of Disease Study 2021. Lancet Neurol. 2024, 23, 344–381.
[CrossRef] [PubMed]

3. Oskoui, M.; Pringsheim, T.; Billinghurst, L.; Potrebic, S.; Gersz, E.M.; Gloss, D.; Holler-Managan, Y.; Leininger, E.; Licking, N.;
Mack, K.; et al. Practice Guideline Update Summary: Pharmacologic Treatment for Pediatric Migraine Prevention: Report of the
Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology and the
American Headache Society. Neurology 2019, 93, 500–509. [CrossRef] [PubMed]

4. Kacperski, J.; Hershey, A.D. Preventive Drugs in Childhood and Adolescent Migraine. Curr. Pain. Headache Rep. 2014, 18, 422.
[CrossRef]

5. Kohandel Gargari, O.; Aghajanian, S.; Togha, M.; Mohammadifard, F.; Abyaneh, R.; Mobader Sani, S.; Samiee, R.; Kermanpour,
A.; Seighali, N.; Haghdoost, F. Preventive Medications in Pediatric Migraine: A Network Meta-Analysis. JAMA Netw. Open 2024,
7, e2438666. [CrossRef]

6. Hershey, A.D.; Powers, S.W.; Bentti, A.L.; Degrauw, T.J. Effectiveness of Amitriptyline in the Prophylactic Management of
Childhood Headaches. Headache 2000, 40, 539–549. [CrossRef]

7. Olfat, M.; Hosseinpour, S.; Masoumi, S.; Gogia Rastogi, R.; Vance Hastriter, E.; Lewis, K.S.; Little, R.; Karnik, K.T.; Hickman, C.;
Heidari, M.; et al. A Comparative Study on Prophylactic Efficacy of Cinnarizine and Amitriptyline in Childhood Migraine: A
Randomized Double-Blind Clinical Trial. Cephalalgia 2024, 44, 3331024241230963. [CrossRef]

8. Bille, B.; Ludvigsson, J.; Sanner, G. Prophylaxis of Migraine in Children. Headache 1977, 17, 61–63. [CrossRef]
9. Rao, B.S.; Das, D.G.; Taraknath, V.R.; Sarma, Y. A Double Blind Controlled Study of Propranolol and Cyproheptadine in Migraine

Prophylaxis. Neurol. India 2000, 48, 223–226.
10. Okuma, H.; Iijima, K.; Yasuda, T.; Tokuoka, K.; Kitagawa, Y. Preventive Effect of Cyproheptadine Hydrochloride in Refractory

Patients with Frequent Migraine. Springerplus 2013, 2, 573. [CrossRef]
11. Tekin, H.; Edem, P. Effects and Side Effects of Migraine Prophylaxis in Children. Pediatr. Int. 2022, 64, e15094. [CrossRef]

[PubMed]
12. Lewis, D.W.; Diamond, S.; Scott, D.; Jones, V. Prophylactic Treatment of Pediatric Migraine. Headache 2004, 44, 230–237. [CrossRef]

[PubMed]
13. Madani, S.; Cortes, O.; Thomas, R. Cyproheptadine Use in Children with Functional Gastrointestinal Disorders. J. Pediatr.

Gastroenterol. Nutr. 2016, 62, 409–413. [CrossRef] [PubMed]
14. Strayhorn, J.M. Case Study: Cyproheptadine and Aggression in a Five-Year-Old Boy. J. Am. Acad. Child. Adolesc. Psychiatry 1998,

37, 668–670. [CrossRef]
15. Torres-Ferrus, M.; Vila-Sala, C.; Quintana, M.; Ajanovic, S.; Gallardo, V.J.; Gomez, J.B.; Alvarez-Sabin, J.; Macaya, A.; Pozo-Rosich,

P. Headache, Comorbidities and Lifestyle in an Adolescent Population (The TEENs Study). Cephalalgia 2019, 39, 91–99. [CrossRef]
16. Jancic, J.; Djuric, V.; Hencic, B.; van den Anker, J.N.; Samardzic, J. Comorbidity of Migraine and Epilepsy in Pediatrics: A Review.

J. Child. Neurol. 2018, 33, 801–808. [CrossRef]
17. Zloof, Y.; Tsur, A.M.; Simchoni, M.; Derazne, E.; Tzur, D.; Honig, A.; Braun, M.; Ganelin-Cohen, E.; Amarilyo, G.; Pinhas-Hamiel,

O.; et al. Body Mass Index and Migraine in Adolescence: A Nationwide Study. Cephalalgia 2023, 43, 3331024231209309. [CrossRef]
18. Han, J.H.; Lee, H.J.; Yook, H.J.; Han, K.; Lee, J.H.; Park, Y.M. Atopic Disorders and Their Risks of Migraine: A Nationwide

Population-Based Cohort Study. Allergy Asthma Immunol. Res. 2023, 15, 55–66. [CrossRef]
19. Shimomura, H. Emotional Problems in Pediatric Headache Patients. Curr. Pain. Headache Rep. 2022, 26, 469–474. [CrossRef]
20. Stewart, J.M.; Boris, J.R.; Chelimsky, G.; Fischer, P.R.; Fortunato, J.E.; Grubb, B.P.; Heyer, G.L.; Jarjour, I.T.; Medow, M.S.; Numan,

M.T.; et al. Pediatric Disorders of Orthostatic Intolerance. Pediatrics 2018, 141, e20171673. [CrossRef]
21. Tanaka, H.; Fujita, Y.; Takenaka, Y.; Kajiwara, S.; Masutani, S.; Ishizaki, Y.; Matsushima, R.; Shiokawa, H.; Shiota, M.; Ishitani, N.;

et al. Japanese Clinical Guidelines for Juvenile Orthostatic Dysregulation Version 1. Pediatr. Int. 2009, 51, 169–179. [CrossRef]
[PubMed]

22. Ray, J.C.; Pham, X.; Foster, E.; Cheema, S.; Corcoran, S.J.; Matharu, M.S.; Hutton, E.J. The Prevalence of Headache Disorders
in Postural Tachycardia Syndrome: A Systematic Review and Meta-Analysis of the Literature. Cephalalgia 2022, 42, 1274–1287.
[CrossRef] [PubMed]

23. Arnold, M. Headache Classification Committee of the International Headache Society (IHS) The International Classification of
Headache Disorders, 3rd Edition. Cephalalgia 2018, 38, 1–211. [CrossRef]

24. Association, A.P. Diagnostic and Statistical Manual of Mental Disorders, Text Revision Dsm-5-tr; Amer Psychiatric Pub Inc.: Washing-
ton, DC, USA, 2022; ISBN 978-0-89042-576-3.

25. Powers, S.W.; Coffey, C.S.; Chamberlin, L.A.; Ecklund, D.J.; Klingner, E.A.; Yankey, J.W.; Korbee, L.L.; Porter, L.L.; Hershey, A.D.;
CHAMP Investigators. Trial of Amitriptyline, Topiramate, and Placebo for Pediatric Migraine. N. Engl. J. Med. 2017, 376, 115–124.
[CrossRef]

https://doi.org/10.1186/s10194-019-1050-8
https://www.ncbi.nlm.nih.gov/pubmed/31694547
https://doi.org/10.1016/S1474-4422(24)00038-3
https://www.ncbi.nlm.nih.gov/pubmed/38493795
https://doi.org/10.1212/WNL.0000000000008105
https://www.ncbi.nlm.nih.gov/pubmed/31413170
https://doi.org/10.1007/s11916-014-0422-7
https://doi.org/10.1001/jamanetworkopen.2024.38666
https://doi.org/10.1046/j.1526-4610.2000.00085.x
https://doi.org/10.1177/03331024241230963
https://doi.org/10.1111/j.1526-4610.1977.hed1702061.x
https://doi.org/10.1186/2193-1801-2-573
https://doi.org/10.1111/ped.15094
https://www.ncbi.nlm.nih.gov/pubmed/34905279
https://doi.org/10.1111/j.1526-4610.2004.04052.x
https://www.ncbi.nlm.nih.gov/pubmed/15012660
https://doi.org/10.1097/MPG.0000000000000964
https://www.ncbi.nlm.nih.gov/pubmed/26308312
https://doi.org/10.1097/00004583-199806000-00018
https://doi.org/10.1177/0333102418777509
https://doi.org/10.1177/0883073818788942
https://doi.org/10.1177/03331024231209309
https://doi.org/10.4168/aair.2023.15.1.55
https://doi.org/10.1007/s11916-022-01045-7
https://doi.org/10.1542/peds.2017-1673
https://doi.org/10.1111/j.1442-200X.2008.02783.x
https://www.ncbi.nlm.nih.gov/pubmed/19371306
https://doi.org/10.1177/03331024221095153
https://www.ncbi.nlm.nih.gov/pubmed/35469447
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1056/NEJMoa1610384


Neurol. Int. 2024, 16 1317

26. Locher, C.; Kossowsky, J.; Koechlin, H.; Lam, T.L.; Barthel, J.; Berde, C.B.; Gaab, J.; Schwarzer, G.; Linde, K.; Meissner, K. Efficacy,
Safety, and Acceptability of Pharmacologic Treatments for Pediatric Migraine Prophylaxis: A Systematic Review and Network
Meta-Analysis. JAMA Pediatr. 2020, 174, 341–349. [CrossRef]

27. Waschbusch, D.A.; Pelham, W.E.; Waxmonsky, J.; Johnston, C. Are There Placebo Effects in the Medication Treatment of Children
with Attention-Deficit Hyperactivity Disorder? J. Dev. Behav. Pediatr. 2009, 30, 158–168. [CrossRef] [PubMed]

28. Locher, C.; Gaab, J.; Blease, C.; Inderbinen, M.; Kost, L.; Koechlin, H. Placebos Are Part of the Solution, Not the Problem. An
Exemplification of the Case of Antidepressants in Pediatric Chronic Pain Conditions. Front. Psychiatry 2019, 10, 998. [CrossRef]

29. Nurko, S.; Saps, M.; Kossowsky, J.; Zion, S.R.; Di Lorenzo, C.; Vaz, K.; Hawthorne, K.; Wu, R.; Ciciora, S.; Rosen, J.M.; et al.
Effect of Open-Label Placebo on Children and Adolescents with Functional Abdominal Pain or Irritable Bowel Syndrome: A
Randomized Clinical Trial. JAMA Pediatr. 2022, 176, 349–356. [CrossRef]

30. Badr, B.; Naguy, A. Cyproheptadine: A Psychopharmacological Treasure Trove? CNS Spectr. 2022, 27, 533–535. [CrossRef]
31. Peroutka, S.J.; Allen, G.S. The Calcium Antagonist Properties of Cyproheptadine: Implications for Antimigraine Action. Neurology

1984, 34, 304–309. [CrossRef]
32. Coppola, G.; Di Lorenzo, C.; Serrao, M.; Parisi, V.; Schoenen, J.; Pierelli, F. Pathophysiological Targets for Non-Pharmacological

Treatment of Migraine. Cephalalgia 2016, 36, 1103–1111. [CrossRef] [PubMed]
33. Puledda, F.; Shields, K. Non-Pharmacological Approaches for Migraine. Neurotherapeutics 2018, 15, 336–345. [CrossRef]
34. Nahman-Averbuch, H.; Hershey, A.D.; Peugh, J.L.; King, C.D.; Kroon Van Diest, A.M.; Chamberlin, L.A.; Kabbouche, M.A.;

Kacperski, J.; Coghill, R.C.; Powers, S.W. The Promise of Mechanistic Approaches to Understanding How Youth with Migraine
Get Better—An Editorial to the 2020 Members’ Choice Award Paper. Headache 2021, 61, 803–804. [CrossRef]

35. Ng, Q.X.; Venkatanarayanan, N.; Kumar, L. A Systematic Review and Meta-Analysis of the Efficacy of Cognitive Behavioral
Therapy for the Management of Pediatric Migraine. Headache 2017, 57, 349–362. [CrossRef]

36. Lateef, T.M.; Merikangas, K.R.; He, J.; Kalaydjian, A.; Khoromi, S.; Knight, E.; Nelson, K.B. Headache in a National Sample of
American Children: Prevalence and Comorbidity. J. Child. Neurol. 2009, 24, 536–543. [CrossRef] [PubMed]

37. Sullivan, J.C.; Miller, L.J.; Nielsen, D.M.; Schoen, S.A. The Presence of Migraines and Its Association with Sensory Hyperreactivity
and Anxiety Symptomatology in Children with Autism Spectrum Disorder. Autism 2014, 18, 743–747. [CrossRef]

38. Salem, H.; Vivas, D.; Cao, F.; Kazimi, I.F.; Teixeira, A.L.; Zeni, C.P. ADHD Is Associated with Migraine: A Systematic Review and
Meta-Analysis. Eur. Child. Adolesc. Psychiatry 2018, 27, 267–277. [CrossRef] [PubMed]

39. Underwood, J.F.G.; Kendall, K.M.; Berrett, J.; Lewis, C.; Anney, R.; van den Bree, M.B.M.; Hall, J. Autism Spectrum Disorder
Diagnosis in Adults: Phenotype and Genotype Findings from a Clinically Derived Cohort. Br. J. Psychiatry 2019, 215, 647–653.
[CrossRef]

40. Moore, D.J. Acute Pain Experience in Individuals with Autism Spectrum Disorders: A Review. Autism 2015, 19, 387–399.
[CrossRef]
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