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Abstract

We compared headache frequency trajectories between clinical trial participants who received 

cognitive behavioral therapy plus amitriptyline (CBT+A) or headache education plus amitriptyline 

(HE+A) to determine if there was differential time course of treatment response between the 

groups. 135 patients (age 10–17) diagnosed with chronic migraine participated, attending 8 one-

hour one-on-one CBT or HE sessions with a trained psychologist for 8 weekly sessions, 2 sessions 

at weeks 12 and 16, and a post-treatment visit at week 20. Participants kept daily headache diaries 

and completed take-home assignments between visits. Data from daily headache diaries are 

presented for each day and by 28-day periods. Trajectories of improvement indicate initial 

decrease in headache days began during the first month of treatment, for both groups, and 

continued to decrease throughout treatment. The CBT+A group had greater daily improvement 

than the HE+A group. A significantly higher proportion of the CBT+A group had a ≥50% 

reduction in headache days each month, and a significantly higher proportion of the CBT+A group 

had ≤ 4 headache days per month in months 3 through 5. Results indicate the trajectory of 

decrease in headache days is significantly better for patients receiving CBT+A versus HE+A.
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Perspective—This article presents daily information about headache frequency over a 20-week 

clinical trial. Youth with chronic migraine who received cognitive behavioral therapy and 

amitriptyline improved faster than those in the control group. Findings provide clinicians with 

evidence-based expectations for treatment response over time and ways of monitoring treatment 

success.
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Introduction

Chronic migraine has an estimated prevalence of 1.75% in children and adolescents.17 Up to 

69% of children and adolescents who seek care in headache specialty clinics meet diagnostic 

criteria for chronic migraine (which include 15 or more headache days per month, with the 

majority having migraine features).4,17 Youth with chronic migraine experience severe 

disability as a result of the condition, including decreased functioning in home, academic, 

and social settings.11 Given the level of disability associated with chronic migraine among 

youth, understanding effective treatments for the condition is a clinical priority. Cognitive 

Behavioral Therapy (CBT), a form of nonpharmacological treatment, has been shown to be 

effective in treating chronic pain among children and adolescents by modifying behavioral 

responses to pain, using active coping skills, such as relaxation techniques and cognitive 

strategies.5–8,14 The effectiveness of CBT for treating chronic migraine among youth was 

demonstrated in a clinical trial comparing CBT combined with Amitriptyline (CBT+A), a 

standard headache medication,10 with an attention control group receiving headache 

education and Amitriptyline (HE+A).21 Primary results from the trial indicated that CBT+A 

led to better outcomes in headache frequency and disability when compared to HE+A at the 

20-week endpoint and over the course of a one-year follow-up period.

When determining if treatments are effective in managing chronic migraine, response to 

treatment is typically measured by comparing baseline headache characteristics to those 

experienced post-treatment, in accordance with International Headache Society (IHS) 

Clinical Trial Guidelines.24 These IHS guidelines specifically recommend using an absolute 

reduction in headache days and a ≥ 50% reduction in headache frequency per month when 

determining if a treatment was effective in managing the condition. While these guidelines 

are useful in determining the significance of treatment outcomes in clinical trials research, 

they lack an accurate reflection of clinical significance, particularly for patients suffering 

from chronic migraine, i.e., 15 or more headache days per month before treatment. Previous 

work by this team has expanded upon research on guidelines for successful treatment 

outcomes by identifying a benchmark of a reduction in headache days to less than or equal 

to 4 headache days per month post-treatment.16 This benchmark is a more clinically 

meaningful outcome within the context of a clinical trial exploring the effectiveness of CBT; 

however, there is currently little information about the trajectory of improvement from the 

first day of treatment to the end of treatment within existing interventions for chronic 

migraine, including CBT.
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Exploring the trajectory of improvement in response to CBT in a longitudinal fashion is 

necessary for a determination to be made as to when optimal treatment effects occur within 

the course of treatment, particularly given the demonstrated effectiveness of CBT in treating 

youth with chronic migraine.21 It is important for CBT clinicians, treating youth with 

chronic migraine, to have an understanding of time points at which most patients are likely 

to demonstrate a clinically meaningful reduction in headache frequency within the course of 

treatment. In addition, importance lies in monitoring if patients are likely to maintain 

treatment gains, once achieved, to effectively monitor patient outcomes and discuss 

expectations for treatment gains with patients and families. Thus, the aim of this study was 

to conduct new analyses from an NIH-funded clinical trial to examine the trajectory of daily 

headache frequency over 20 weeks of treatment and determine if patterns of change in 

improvement differ between CBT+A and HE+A groups.

Methods

Participants

Patients were randomized as part of a clinical trial conducted at the Cincinnati Children’s 

Headache Center between October 2006 and September 2012 with approval from the 

Cincinnati Children’s Hospital Medical Center institutional review board. Written informed 

consent was obtained from parents or legal guardians for all subjects enrolled in the study, 

and informed assent was obtained for all youth age 11 years or older. Inclusion criteria for 

the study included a diagnosis of chronic migraine by a board-certified headache specialist 

according to International Classification of Headache Disorders, 2nd Edition (ICHD-II) 
criteria,9 15 or more headache days per month, age 10–17 years, and a Pediatric Migraine 

Disability (PedMIDAS)12 score greater than 20 (indicating moderate disruption of daily 

activities). Exclusion criteria were medication overuse, continuous head pain throughout the 

28 day baseline assessment period, current use of amitriptyline or other prophylactic 

migraine medication within a period equivalent to less than 5 half-lives before study 

screening, other chronic pain condition, such as fibromyalgia or complex regional pain 

syndrome II, abnormal electrocardiogram, severe orthostatic intolerance or dysregulation, 

documented developmental delay or impairment, severe psychiatric comorbidity, 

PedMIDAS greater than 140 points (indicating very severe disability), pregnancy or being 

sexually active without the use of a medically acceptable form of contraception, and use of 

disallowed medications, including opioids, antipsychotics, antimanics, barbiturates, 

benzodiazepines, muscle relaxants, sedatives, tramadol, or herbal products.

Study Design

Enrolled study participants completed a baseline assessment and were instructed to keep a 

prospective headache diary during a 28-day screening period. Those who met the enrollment 

criteria after the screening period were randomized into the experimental CBT+A group or 

the HE+A attention control group. Treatment assignment was blinded, and both groups 

received the same amount of therapist contact, with only the therapist being unblinded to 

treatment assignment. Controlling for therapist contact emulates the purpose of pill placebo 

in the HE+A group.1,13,19 Participants attended 8 one-hour sessions during weeks 1 through 

8, 2 “booster” sessions at weeks 12 and 16, and a post treatment visit at week 20. Sessions 
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were conducted one-on-one. Participants who received at least one dose of treatment 

(completion of the first week of treatment) were considered the intent-to-treat sample and 

were included in the final analysis. Both groups were prescribed amitriptyline and titrated to 

a goal dose of 1 mg/kg/day over the initial 8-weeks of the trial. Participants were returned to 

standard clinical care after week 20 for medication management, and continued to receive 

CBT or HE booster sessions once every 3 months for a one-year follow-up period. Figure 1 

details the study phases and the timing of treatment interventions.

Outcome Measures

Subjects kept a daily headache diary throughout the screening, treatment, and follow up 

phases of the study (only last 28-days of each 3-month period for follow-up). Daily diaries 

included documentation of acute medication use, headache occurrence, headache intensity, 

headache duration, and associated symptoms for migraine (i.e., presence or absence of 

nausea, photophobia or phonophobia).

This analysis is focused on daily headache occurrence during the screening and treatment 

phases. Average headache frequencies during screening were analyzed to confirm that no 

group differences existed at the start of the treatment phase. Because the study protocol 

allowed for the post-treatment visit to occur within a flexible window around 20 weeks post 

treatment, only the first 20 weeks (140 days) of headache diaries were analyzed. 

Specifically, for each of the 28 baseline days, and for each of the 140 days during treatment, 

the proportion of participants in the CBT+A and HE+A groups that reported a headache for 

that day was determined (e.g., 45 of 64 participants on day X = 70%). Then the trajectory of 

proportion over time was statistically evaluated. Also, the proportions of participants who 

achieved a ≥ 50% reduction in headache days and who achieved a reduction to ≤ 4 headache 

days per month were calculated for each 28-day period post baseline and examined 

statistically for group differences (see Statistical Analysis Plan below).

Statistical Analysis

Hierarchical linear modeling (HLM) for longitudinal data involving a binary outcome18 was 

performed in two steps. In the first step, the most parsimonious longitudinal trend (linear, 

quadratic, cubic, etc.) that best modeled average changes in the binary headache occurrence 

across participants during the 20-week treatment phase was selected. This was accomplished 

by adding a lower-order trend component to the model (e.g., adding a linear fixed effect to 

the model), followed immediately by a test of whether that trend component showed 

significant variation across participants (i.e., adding a linear slope random effect to the 

analysis model). The next trend component was then added to the model and tested in 

similar fashion. Three guidelines were observed during this process: First, if a trend 

component fixed effect was non-significant, but the random effect for that trend component 

was significant, both were retained in the analysis model. Second, if a trend component fixed 

effect was significant, but the random effect for that trend component was not significant, 

only the fixed effect was retained in the analysis model. Third, this process continued until 

both the fixed and random effects of a given trend component were non-significant. 

Treatment group differences in headache frequency were tested in a second step after the 

overall longitudinal changes in headache frequency were parsimoniously modeled. The 
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missing binary headache response variable data (10.9%) was handled via multilevel (or 

model-based) multiple imputation with M = 100 imputed datasets used for 

analysis.2,18,22,23,25,26

The proportion of participants who reached the clinically meaningful benchmarks of a ≥ 

50% reduction in headache frequency as compared to their baseline frequency and a 

reduction in headache days to ≤ 4 days per month were calculated from the diary data. The 

proportion of participants in each group who met each criterion was calculated for each 

month of treatment (5 distinct periods of 28 days) as additional measures of treatment 

trajectory during the treatment phase. Chi-square analyses were conducted at each time point 

to determine if there were significant group differences between the treatment groups at each 

month for each criterion; The False Discovery Rate procedure was used to control Type-1 

error inflation..3 All analyses were completed using Mplus18 and SPSS Version 22 (IBM 

Corp). A p value of < 0.05 was considered statistically significant.

Results

Study Participants

The intent-to-treat sample consisted of 135 participants, with 64 randomized to the CBT+A 

group and 71 to the HE+A group. Subjects were 79% female, 89% white, aged 10 to 17 

years (average 14.4 ± 2 years). All participants had ≥ 15 headache days per the 28-day 

screening period, with an overall baseline headache frequency of 21.1 ± 5.4 days21. Over 

20,000 daily individual headache records were collected during the screening and treatment 

phases of the study. One participant from the CBT+A group was excluded in this secondary 

analysis as they did not provide diaries past the first treatment visit, resulting in a sample 

size of 134.

Headache Frequency

Analyses of headache frequency during the 28-day screening period prior to the start of 

treatment showed no significant overall changes in headache frequency (i.e., an ‘intercept-

only’ longitudinal model best fit the screening data), and no significant headache frequency 

differences between the two treatment groups were found [See Figure 2a]. First-step analysis 

of the longitudinal trial data showed that the most parsimonious longitudinal headache 

frequency model contained: 1) significant fixed effect estimates for the intercept threshold (b 

= −1.84; p < 0.001; 95% CI: −2.13 to −1.15), linear slope (b = −0.02; p < 0.001; 95% CI: 

−0.03 to −0.01), and quadratic change term (b = 0.001, p < 0.001; 95% CI 0.001 to 0.001), 

and 2) significant random effects (i.e., variances) for both the intercept threshold (b = 4.345, 

p < 0.001; 95% CI: 2.63 to 6.05) and the linear slope (b = 0.0001, p = 0.03; 95% CI: −0.03 

to −0.01). Second step analysis results showed treatment group was a significant predictor of 

linear slope variance (b = −0.01, p = 0.002; 95% CI: −0.02 to −0.01); the treatment group 

showed significantly fewer headaches over time than the control group [See Figure 2b].

The CBT+A group had a greater proportion of participants reach the clinically meaningful 

benchmark of a 50% or greater reduction in headache days during each month of treatment 

(Month 1: CBT+A 27%, HE+A 10% p = 0.014; Month 2: CBT+A 43%, HE+A 20% p = 
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0.004; Month 3: CBT+A 56%, HE+A 33% p = 0.009; Month 4: CBT+A 70%, HE + A 48% 

p = 0.012; Month 5: CBT+A 72%, HE+A 44% p = 0.002) [See Figure 3].

The CBT+A group had a significantly greater proportion of participants reach ≤ 4 headache 

days per month for months 3, 4, and 5 (Month 1: CBT+A 6%, HE+A 3% p = 0.352; Month 

2: CBT+A 17%, HE+A 7% p = 0.068; Month 3: CBT+A 36%, HE+A 15% p = 0.006; 

Month 4: CBT+A 46%, HE + A 22% p = 0.005; Month 5: CBT+A 54%, HE+A 21% p < 

0.001) [See Figure 4].

Discussion

Prior research has demonstrated the effectiveness of CBT in reducing headache frequency 

among youth with chronic migraine, showing that participants in a CBT+A treatment group 

had fewer headache days after 20 weeks when compared to those in the HE+A control 

group.21 However, guidelines of clinically meaningful outcomes set forth by IHS may not 

adequately capture the expected timing of “treatment success” for all patients based on 

treatment trajectories and baseline headache frequencies. Thus, the current study examined 

the daily course of CBT treatment response to determine rates of improvement in headache 

days among participants, as well as improvement at each month, using the benchmarks of a 

≥ 50% reduction in headache frequency and a reduction to ≤ 4 headache days per month. 

Results of these analyses indicate that initial decreases in headache frequency began as early 

as the first month of treatment for both groups and continued to decrease over the course of 

the treatment phase, with the CBT+A group achieving a faster rate of headache day 

reduction. These results further support the use of CBT as a frontline treatment for chronic 

migraine among children and adolescents. 5–8,14

This novel approach to modeling treatment outcomes in chronic headache in children and 

adolescents provides a richer context than the traditional IHS recommended clinical trial 

outcomes. While establishing a clear, a priori defined pre-to-post comparison is vital to 

proper study design, the experience during treatment can be overlooked if the focus remains 

solely on baseline and post treatment results. Using daily diary data allowed precise tracking 

of changes in headache frequency that clearly illustrates and supports the conclusions of the 

parent trial. The diaries also recorded information about associated headache symptoms, 

such as photophobia and phonophobia, but the expression of these symptoms did not differ 

by group (data not presented)15. Even though less frequent, headaches experienced 

throughout the trial were often accompanied with migraine-type features. When looking at 

the results aggregated by month, the trend of improvement holds. Both groups show 

improvement over time, with the CBT+A group showing greater improvement each month, 

with further reductions in headache frequency and a greater number of participants 

surpassing the greater than 50% reduction and reduction to ≤ 4 headache days per month 

benchmarks.

The potential for patients engaged in CBT for chronic migraine to exhibit improvement in 

headache frequency at such early stages in treatment has a wide range of potential clinical 

implications. Importantly, the findings from this study provide a framework for all clinicians 

working with youth with chronic migraine to use while making treatment recommendations, 
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setting patient and family treatment expectations, and monitoring treatment outcomes for 

individual patients. For example, if a patient receiving CBT+A is not showing improvement 

after the first month of treatment, this may indicate that the type and course of treatment for 

that particular patient may need to be adjusted, requiring additional follow-up visits with 

their headache specialist. Alternatively, if a patient is showing improvement similar to the 

expected trajectory, that individual may not need to return for care within a headache 

specialty clinic as frequently as other patients who are not successful with CBT+A. There 

are also research implications for both drug and non-drug intervention studies. For example, 

a recent trial of amitriptyline, topiramate, and placebo for pediatric migraine over 24 weeks 

offers an opportunity to examine treatment response over time.20

Although the current study lends further support to the effectiveness of CBT in treating 

youth with chronic migraine, the mechanism by which CBT leads to reduction in headache 

days warrants further study. Group differences in frequency are observed early on in 

treatment, with the combination of CBT and amitriptyline leading to a faster trajectory of 

improvement starting as early as week two when compared to the HE+A control condition. 

At present, the relative contributions of medication versus non-pharmacologic treatment are 

unknown since the trial did not include a medication-only arm or a placebo pill arm. A better 

understanding of why CBT leads to improved outcomes, the mechanisms of CBT that 

produce the changes in outcomes, and the extent to which combined treatments could lead to 

better overall outcomes is necessary to provide significant advancement in patient care 

among youth with chronic migraine.

Conclusion

CBT+A continues to be considered a first line treatment for youth with chronic migraine, 

with results from the current study indicating that the longitudinal trajectory of decreases in 

headache frequency is significantly better for patients in a CBT+A condition, as compared to 

an HE+A attention control group. These findings provide insight into the course of when 

youth with chronic migraine achieve clinically meaningful outcomes. Additionally, these 

results provide clinicians who care for youth with migraine with a better understanding of 

expectations for rate of treatment gains and ways of monitoring treatment success over the 

course of care. This can facilitate decision making by care providers and adjustment to the 

patient’s regimen for those not showing success at expected time points.
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Highlights

• CBT+A can significantly reduce days with headache within a couple of 

months

• Decreases in headache days were seen as early as the 1st month of treatment

• Over 70% of CBT+A participants reduced their headaches days by 50% or 

more

• Within 5 months, over ½ of CBT+A participants had only 1 headache per 

week or less

• Doctors and patients can set goals for treatment expectations using these 

finding
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Figure 1. 
Study Phases

The study consisted of three phases, a screening phase, a treatment phase, and a follow-up 

phase. Visits and interventions at each phase are shown.
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Figure 2. 
Headache Proportions – Baseline and Treatment Phases

a. Proportion of participants with headache on each day of screening. b. Proportion of 

participants with headache on each day of treatment c. Predicted proportion of participants 

with headache on each day of treatment.
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Figure 3. 
Percentage of Subjects with a ≥ 50% Reduction in Headache Frequency

Proportion of participants who reached the clinically meaningful endpoint of ≥ 50% 

reduction in headache days for each month of treatment.
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Figure 4. 
Percentage of Subjects with a Reduction to ≤ 4 Headache Days

Proportion of participants who reached the clinically meaningful endpoint of a reduction to 

≤ 4 headache days for each month of treatment.
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