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Abstract

Background—Our aim was to describe the relationship between risk factors, such as stress, 

depression, and anxiety and potentially protective factors against pediatric headache-related 

disability, such as mindfulness, resilience, and self-compassion, and to determine teens’ interest in 

mind-body skills training to help reduce headache-related disability.

Methods—This was a cross-sectional survey among adolescents seen in an academic neurology 

clinic reporting four or more headaches monthly using standardized instruments to determine the 

relationship between putative risk and protective factors as well as physiologic markers of 

inflammation and vagal tone and headache-related disability.

Results—Among the 29 participants, 31% were male, the average age was 14.8 years, average 

headache frequency was 11.6 per month, and the most commonly reported trigger was stress 

(86%). The only risk or protective factor significantly associated with headache-related disability 

was depression (r=0.52, P=0.004). Depression was negatively correlated with mindfulness, 

resilience, and self-compassion (P<0.01 each) and positively correlated with stress, sleep 

disturbance, and anxiety (P<0.01 each). Biomarkers of vagal tone and inflammation were 

correlated with each other, but not with headache-related disability or depression. There was 

strong interest in learning skills like slow, deep breathing practices supported by a smart phone 

app to reduce stress and the negative impact of headaches on daily life.
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Discussion—Among teens with frequent migraine headaches, depression is the strongest risk 

factor for headache-related disability. Stress is viewed as a headache trigger, and teens reported 

wanting to learn simple stress management strategies supported by a smart phone application to 

help reduce headache-related disability.
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headache; migraine; pediatric; mind-body; stress; depression; anxiety; disability; heart rate 
variability; inflammation

Background

Headaches are a common pediatric problem with serious impact on overall health status, 

quality of life, and disability.1, 2 Tension-type headache (TTH) is the most common with 

prevalence rates ranging from 10 to 25 percent in school-aged children.3 Migraine 

headaches are somewhat less common with prevalence ranging from about 3 percent in 

younger school-aged children to nearly 20 percent in older adolescents.3

Risk factors thought to increase the adverse impact of headaches in both adults and teens 

include anxiety, depression, stress, and sleep disturbances; 4, 5, 6 addressing these risk factors 

is an important treatment goal in overall headache management. Protective factors that may 

lessen the impact of headache-related disability have not been as well characterized in 

pediatric populations. Adult studies suggest that mindfulness (defined as moment-to-

moment nonjudgmental awareness)7 and self-compassion (defined as kindness toward self, 

mindfulness, and a sense of common humanity with others) 8 are associated with decreased 

stress, anxiety, depression, perceptions of pain, and disability due to pain. 8–11 Furthermore, 

training in mindfulness and self-compassion can improve these factors for patients with 

chronic pain; in addition, training in these mind-body techniques affects brain physiology 

and function, autonomic function, telomerase activity, and inflammatory biomarkers. 12–16

Although studies in adolescents suggest that mind-body skills’ training is possible, 17 the 

effects of training in mindfulness and self-compassion have not been tested for adolescents 

with recurrent migraine headaches. Other mind-body techniques, such as self-hypnosis and 

therapist-administered biofeedback, have proven useful in preventing headaches in 

youth, 18–21 but have not been universally adopted. In our tertiary care setting, some of these 

techniques are offered, but additional techniques to reduce stress and improve overall 

resilience and mental health may be useful and desirable.

Before embarking on a study to determine the benefits of teaching mind-body skills to 

adolescents with chronic recurrent headaches, we wished to test the conceptual model 

underlying this intervention (Figure 1) and to more specifically assess teens’ interest in 

mind-body training.

Specifically, we wished to characterize the relationships between: potentially a) negative risk 

factors (stress, anxiety, and depression); b) positive protective factors (mindfulness, self-

compassion); and c) physiologic markers of inflammation and autonomic balance (heart rate 

variability, HRV; interleukin-6, and high sensitivity C-reactive protein) on d) headache 
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impact. If positive protective factors were found to be associated with lower impact of 

headache, subsequent studies could focus on enhancing these qualities. If not, future 

interventions might better focus on other factors. Finally, we wished to describe teens’ 

interest in learning additional mind-body skills, and to determine which factors were most 

important to them in considering additional therapies.

Methods

This was a cross-sectional study conducted at a large Midwestern pediatric teaching hospital 

between May and November, 2014. Participants were recruited through flyers in the 

hospital’s Neurology Clinic, Pain Clinic, and GI Clinic. In addition, the electronic medical 

records were searched, and patients whose records indicated a diagnosis of migraine 

headache were sent a letter inviting them to participate. Subjects were offered a gift of $25 

for completing one study visit which included answering multiple questionnaires, having 

their blood drawn, and having their heart rate monitored for about 20 minutes. Our goal was 

to recruit 30 participants over 6 months.

Subjects were eligible if they were 12–18 years old and reported a primary diagnosis of 

migraines with or without aura, chronic migraines, or chronic TTH with a frequency of at 

least 4 headaches per month. Potential participants were excluded if they were currently 

enrolled in other headache studies at the institution, received onabotulinumtoxin A within 3 

months for headache management; had secondary headaches associated with head trauma, 

brain tumors, or any other diagnoses that in the opinion of the study neurologists might 

make them unsuitable candidates for the study or for whom the study itself would interfere 

with their medical care.

Study visits were scheduled separately from clinic visits and were held in the Children’s 

Hospital’s Clinical Research Center between 9 and 11am to minimize diurnal variability. 

After obtaining informed consent from parents and assent from participants, participants 

completed study questionnaires, had blood drawn, and underwent continuous cardiac 

monitoring for 20 minutes while at rest to obtain data for heart rate variability (HRV) 

analysis. Questionnaire data were completed using REDCap, cleaned by the study 

coordinator, and exported to Microsoft Excel for transmission to the project biostatistician 

for analysis. Blood samples were flash frozen and sent to the lab for batch analysis.

Standard questionnaires were used to measure the main study outcome (headache disability) 

and proposed negative and positive predictive factors.

Headache disability was assessed using the Headache Impact Test (HIT)-6 (which is 

validated assessment of the functional impact of headaches for both migraine and TTH in 

adults and has been used in adolescent as well as adult headache populations). 22–24 It has 

high reliability and correlates well with the Migraine Disability Assessment Scale, headache 

pain severity, and the number of headaches per month.23, 25–27 It is also sensitive enough to 

detect improvements associated with pharmacologic and non-pharmacologic 

treatments. 28–30 Scores over 55 indicate severe headache-related disability. 31
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Negative (risk) factors

Stress was assessed with the widely used Cohen’s 10-item Perceived Stress Scale.32 Anxiety 

and depression were assessed using the NIH-funded Patient Reported Outcome 

Measurement Information System (PROMIS) Short-Form Pediatric Anxiety Scale and the 

PROMIS Short-Form Pediatric Depression Scale.33, 34 Sleep disturbance was measured 

using the PROMIS Sleep Disturbance Scale, in which higher scores indicate greater sleep 

disturbance. 35

Positive (protective) factors

Mindfulness was assessed using the 10-item version of the Cognitive and Affective 

Mindfulness Scale, Revised,36 and self-compassion was assessed using the 12-item version 

of Neff’s Self-Compassion Scale.37 Resilience was assessed using Smith’s 6–item Brief 

Resilience Scale.38

Intermediate Physiologic factors

Autonomic balance was assessed with two measures of heart rate variability (HRV), the 

standard deviation of the interbeat interval (SDNN) and the root mean square of the 

successive differences (RMSSD) which is thought to represent primarily vagal tone. HRV 

was assessed with a 20 minute recording in the Clinical Research Center, with the subject 

lying supine with the head of the bed raised 45 degrees. ECG and impedance measures were 

obtained using a Bionex system (Mindware, Gahanna, OH). The electrocardiogram was 

performed in the standard lead II configuration. Following technician analysis for artifact 

and ectopy, the ECG results were downloaded into a computer software program that 

produces frequency domain variables [Total power spectrum (0–0.4 Hz), high frequency 

(HF) power (0.15–0.4 Hz), and low frequency (LF) power (0.04–0.15 Hz)]. The middle ten 

minutes of the recordings were scored minute by minute and then averaged over the ten 

minute period. HRV data were exported into an EXCEL database and sent to the study 

biostatistician for analysis.

Blood specimens were collected by a research nurse and stored in the Clinical Research 

Center freezers at −80 degrees Fahrenheit before being sent in batches to the Nationwide 

Children’s Hospital laboratory on dry ice. Inflammatory biomarkers, high sensitivity C-

reactive protein (hsCRP) and interleukin 6 (IL-6) were measured using the ELISA based 

platform by Meso Scale Discovery. Samples were applied directly into the wells of a 96 well 

plate (IL-6, cat # K151QXD and hsCRP, cat # K151STD) and read on an MSD Sector S600 

Instrument. Sample concentrations were calculated using an experimentally derived standard 

curve and expressed as pg/mL serum.

Data analysis

Due to the small sample size in this pilot study, structural equation modeling, factor analysis 

and principal component analysis could not be used to test the overall model. Instead, we 

performed descriptive statistics on standard measures of perceived stress, anxiety, 

depression, mindfulness, self-compassion, heart rate variability, hsCRP and IL6. We also 

calculated the Pearson’s correlation coefficient or Spearman (depending on data distribution) 

correlation coefficient between headache disability and each standard outcome measure.
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This study was approved by the Nationwide Children’s Hospital Institutional Review Board.

Results

Between May 1 and November 30, 2014, 29 participants were recruited. Their demographic 

and headache characteristics are summarized with simple descriptive statistics in Table 1. 

They had an average age of 15 years with an average of a 5 year history of headaches, and 

most were female. Nearly all (97%) had migraine headaches and a substantial percentage 

(45%) also had tension-type headache. Typical headache triggers included stress, fatigue, 

and dehydration. Average headache severity in the week prior to survey completion was 6.2 

on a 0 to 10 Visual Analog Scale (0 = none). On average, participants had experienced 

recurrent headaches for over 5 years, and reported nearly a dozen headaches per month. The 

average 6-item Headache Impact Test (HIT-6) score was 64, indicating severe functional 

impact of headaches.25

Table 2 shows participants’ other health characteristics. On the PROMIS Anxiety Scale, the 

average T-score was 60.3 and the PROMIS Depression T-score was 48.2 (population norm is 

50 on both scales). The most commonly cited health goals were less pain (66%), better sleep 

(66%), and better concentration (62%); the most common health conditions other than 

headache were sleep problems, back pain, and depressed mood. Most (76%) participants 

used one or more prescription medications, and 59% reported using one or more dietary 

supplements, most often multivitamins (33%), magnesium (28%) or riboflavin (10%); none 

reported using feverfew (Tanacetum parthenium), butterbur (Petasites hybridus), or 

coenzyme Q10.

Participants reported moderately high levels of stress with a Perceived Stress Score of 19.6 

± 7.6 (population normative values range from 12–14) and an average stress level of 6.0 on a 

0 – 10 scale (0 = none) (Table 3). Recent stressful events affected two thirds of participants, 

most commonly bullying (48%), having a household member with a chronic illness or 

disability (35%), or living in more than one home (28%). Most reported that stress triggered 

or worsened headaches. Relaxation strategies used by 50% or more of the participants 

included going to bed (83%), listening to music (69%), and/or watching TV (55%). Only 

17% reported using a stress management application (app) on a smart device (phone or 

tablet).

Average scores on the factors thought to be protective (mindfulness, self-compassion, and 

resilience) and physiologic biomarkers are displayed in Table 3. Mindfulness scores were 

similar to those reported in depressed adults;39 average self-compassion scores were lower 

than those in the general population;37 and mean resilience scores were lower than those in 

the general population.38

Correlations among factors are shown in Tables 4 and 5, and key correlations between 

hypothesized factors are displayed in Figure 2. The only factor significantly correlated with 

the HIT-6 score was depression (r= 0.52, P=0.0006). Depression was positively correlated 

with stress, anxiety, and sleep disturbance (P<0.01 for each), and negatively correlated with 

mindfulness, self-compassion, and resilience (P<0.01 for each) (Table 4).
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Inflammatory biomarkers and vagal tone were not associated with HIT-6 or depression 

scores (Table 5).

In answer to the questions about future intervention studies, 86% of respondents expressed 

interest in learning additional stress management skills. The preferred skill was slow, deep 

breathing (72%); only 21% wanted to learn the Relaxation Response or use biofeedback, 

and none were interested in mindfulness meditation or Transcendental Meditation. The most 

important factors in stress management training were convenience, existing scientific 

evidence of effectiveness, and being able to get to know a teacher personally. Most 

participants (60%) were willing to spend 2 hours learning a new mind-body skill, and over 

70% were willing to practice 20 minutes daily if it would help decrease headache frequency 

or severity. The favorite strategy for home practice was a smart phone app (favored by 72% 

of participants), followed by YouTube videos (38%) and MP3 recordings (29%).

Discussion

Our patients were typical of adolescents seen in Pediatric Neurology Clinics for migraine 

treatment. They had multi-year histories of recurrent headaches, with an average pain 

severity of 6 on a 10 point scale in the past week and severe functional impairment from 

headaches. Although they reported a variety of health problems, health goals, and stressors, 

the only measured risk or protective factor significantly related to the functional impact of 

headaches on their lives was depression. While neither inflammatory nor autonomic 

biomarkers were significantly related to either headache impact or depression, multiple other 

factors were related to depression. Mindfulness, self-compassion, and resilience were 

negatively associated with depression, while anxiety, stress and sleep disturbances were 

positively associated with depression. Finally, although they identified a number of stress-

management strategies they already used, these teens wanted additional training and they 

had very specific ideas of what kind of mind-body training they wanted – training that 

required less than 2 hours, focusing on slow, deep breathing, and training that would be 

supported by a smart phone app.

Our results are consistent with those of other studies evaluating risk factors such as 

depression for migraine and TTH in children. For example, in a prospective cohort study in 

New Zealand, risk factors for migraine and TTH in 11 year old children included sleep 

duration, maternal smoking, and having been bullied. 40 Depression is a well-known 

independent predictor of moderate to severe headache-related disability among 

adolescents.41 High levels of impairment from pain due to pediatric migraine are associated 

with increased depression, older age, multiple pain sources, and prior hospitalization for 

pain. In another study, adolescents who missed more school due to headache had higher 

depression scores and lower academic performance than students who missed less school.42 

When tricyclic antidepressants are used to treat migraine and other types of chronic pain, 

they are typically in lower doses than when used primarily for depression. 43 It would be 

worthwhile to conduct additional research to determine the impact of explicit treatment of 

depressive symptoms on headache-related disability in adolescents.
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As in other studies, our participants reported a high rate of sleep disorders.44 A population 

study of headache and sleep problems in adults showed concurrence in 18% of the 

population, most often with high stress, and among women and participants with low SES 

and poor quality of life.45 Fatigue may be a trigger for migraines and for inducing 

hyperalgesia. 46, 47 This suggests that lifestyle and mind-body interventions targeting sleep 

may be a fruitful area for research on mitigating the effects of migraine on quality of life.

As in previous studies, participants in our sample reported a high rate of using 

complementary therapies. Previous research suggests that among headache patients, use of 

mind-body therapies is second only to dietary supplements.48 We were not surprised that 

participants reported using magnesium and riboflavin since these are adjunctive treatments 

recommended by many neurologists and other physicians for migraine headaches in 

adults; 49, 50 however, it was surprising that none of the adolescents in our sample reported 

using other commonly used herbs and supplements for headache such as butterbur, feverfew 

and Coenzyme Q10.

Although the correlation analysis did not show that stress was strongly correlated to 

headache impact, our participants identified stress as both a headache trigger and a factor 

that made headaches worse, and they wanted additional mind-body training to help manage 

stress. Several studies have suggested that yoga is a promising stress management strategy to 

prevent migraines. For example, one study offered yoga 5 days per week for 6 weeks plus 

conventional care compared with conventional care alone; the yoga showed better 

improvement in clinical outcomes and better HRV.51 Another study showed significant 

improvement with yoga in pediatric patients with chronic pain.52 In adults, mindfulness 

training has shown promise for helping lower stress and migraine frequency.53 Other studies 

have shown that biofeedback and relaxation therapy can be helpful for migraine patients, 

especially when co-morbidities such as depression or anxiety are present;54 however these 

interventions are time intensive and necessitate the involvement of trained providers to 

instruct patients on these modalities. Given choices about different types of mind-body 

training, our participants expressed the strongest interest in simple slow, deep breathing 

exercises supported by a smart phone app. Little research has explored the potential for this 

intervention in pediatric patients.

Limitations

This study had several limitations. First, it had a modest sample and drew from one tertiary 

care institution in the Midwest. It did not include children 12 years and younger. It focused 

on patients with a history of migraine, many of whom had multiple kinds of headache, but 

its findings cannot be extrapolated to the large population of children suffering from 

episodic or frequent tension type headache or post-traumatic headaches. As a cross-sectional 

study, it cannot confirm causal relationships. The survey inquired about interest in mind-

body skills training but did not ask participants if they would like to try other non-

pharmacologic therapies such as dietary supplements, osteopathic manipulative therapy, or 

acupuncture. It also did not ask adolescents if they would like referral to mental health 

specialists or social workers to address issues related to depression, anxiety, or stressful 

living conditions. Larger, multi-center studies are needed to address these questions.
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Conclusion

Despite these limitations, this study offers important insights for clinical care and future 

studies. Among all the risk and protective factors we evaluated, depression was most 

strongly linked to poor functional status related to headache. Teens recognized stress as a 

trigger for their headaches and reported wanting more training in mind-body strategies like 

slow, deep breathing supported by smart phone apps to help manage their headaches. Future 

studies can evaluate whether their desired approach indeed improves headache-related 

disability and overall quality of life.
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Figure 1. 
Preliminary Conceptual Model Showing Expected Relationships Among Risk, Protective, 

and Physiologic Variables Affecting the Impact of Headaches on Functional Status in 

Adolescents
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Figure 2. Relationships and Correlations in Relationship to HIT-6
The only factor significantly directly associated with HIT-6 score is PROMIS Depression 

score.

Factors significantly related to increased risk of depression include worse sleep (r=0.61), 

perceived stress (r=0.64), and anxiety (r=0.61).

Factors significantly related to decreased risk of depression include mindfulness (r=.58), 

self-compassion (r=0.67), and resilience (r=0.47 to 0.64 for OSU and Brief Resilience 

Scales respectively). In addition, mindfulness is related to lower stress; and self-compassion 

is related to lower stress, anxiety, and poor sleep.

None of the biomarkers (HRV, IL-6, or hsCRP) were significantly related to HIT-6 or 

Depression

All noted correlations are significant at P<0.01
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Table 1

Participant Demographic and Headache Characteristics

Characteristic/Instrument Values (Mean ± SD, N (%))

Demographic characteristics

Age in Years 14.8 ± 2 years

Gender (% male) 31%

Race (% Caucasian) 76%

% African American 17%

Hours of sleep per might 8.4 ± 1.4

TV/Screen time : TV Time daily 2.5 ± 1.9 hours

 Computer time daily 3.6 ± 2.5 hours daily

Headache characteristics

Headache Impact Test (HIT-6) SCORE 64 ± 6.2

Type of Headache (N, % each)

 Migraines 97%

 Tension-Type HA 45%

 Other (tumor, dental, genetic, vision, Injury, Other) 17%

 More than 1 type of HA 45%

Headache Severity in Past week (0–10) 6.2 ± 2.4

Years of chronic HA 5.5 ± 3.4

# HA per month 11.6 ± 8.5

School days missed due to HA in past 30 days 2.4 ± 4.9

HA Triggers Identified by Teens

 Stress 86%

 Fatigue 55%

 Weather changes 48%

 Dehydration 48%
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Table 2

Other Health Characteristics and Health Care

Other Health

Number of other health problems 3.6 ± 2.5

 Sleep 41%

 Back pain 35%

 Mood 35%

Health Goals

 Less pain 66%

 Better sleep 66%

 Better concentration 62%

PROMIS Scales (T-score, 50 ± 10 is population mean; higher scores are worse)

 Anxiety 60.3 ± 9.3

 Depression 48.2 ± 11.4

 Sleep Disturbance 52.2 ± 5

Medications and Supplements

Medications (% using any) 76%

Dietary Supplements (% any) 59% used 1 or more

 Multivitamins 33%

 B vitamins (B2, riboflavin) 10%

 Magnesium 28%

 Fish oil 3%

 Butterbur, Coenzyme Q10, Feverfew 0
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Table 3

Stress, Relaxation Strategies, Protective Factors, and Physiologic Biomarkers

Stress

Perceived Stress Scale (10-item score) 19.6 ± 7.6

Stress VAS (0–10) 6.0 ± 2.1

Recent stressful event (bullying (48%); household member with chronic illness or disability (35%), multiple homes (28%)) 66%

Stress triggers HA (% yes) 79%

Stress worsens HA (%yes) 79%

Relaxation strategies

 Go to bed 83%

 Listen to music 69%

 Watch TV 55%

Protective factors

Mindfulness (CAMS-R) – item mean 2.48 ± 0.6

Self-Compassion Scale (Score of 12 items) 38.9 ± 7.5

Smith’s Brief Resilience Scale (score of 6 items) 19.6 ±3.8

Physiologic Measures

Biomarkers

 IL-6 (in picograms/mL) 0.31 ± 0.27

 hsCRP (in picograms/mL) 2595.6 ± 6141.4

HRV

 HR (mean) 70.5 ± 11.5

 RSA (mean) 7.33 ± 1.6

 SDNN 83.5 ± 42

 RMSSD 96 ± 64.7

 LF 993.5 ± 722.8

 HF/RSA power 3381.6 ± 3429.9
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Table 5

Pearson Correlations Among Biomarkers and Psychological Factors

SDNN RMSSD IL6 HSCRP

HIT6 −0.2582 −0.1576 −0.0021 −0.2405

 p-value 0.1763 0.4142 0.9914 0.2088

Depression −0.1937 −0.2378 −0.0289 −0.1512

 p-value 0.3141 0.2142 0.8815 0.4337

Stress 0.0787 0.0949 0.1665 0.1431

 p-value 0.6850 0.6243 0.3879 0.4590

Anxiety −0.1663 −0.1741 0.0129 0.0201

 p-value 0.3886 0.3664 0.9471 0.9176

Sleep Disturbance −0.2592 −0.2806 0.2121 0.3655

 p-value 0.1828 0.1480 0.2787 0.0558

Mindfulness −0.0021 0.0157 −0.2363 −0.0319

 p-value 0.9914 0.9367 0.2260 0.8721

Self-Compassion −0.2158 −0.1701 0.0516 0.0559

 p-value 0.2610 0.3777 0.7903 0.7734

Resilience 0.0803 0.1057 0.0824 −0.0515

 p-value 0.6787 0.5853 0.6710 0.7910

SDNN 1.0000 0.9583 0.1175 0.2628

 p-value <.0001 0.5440 0.1684

RMSSD 0.9583 1.0000 0.1372 0.2620

 p-value <.0001 0.4778 0.1698

IL6 0.1175 0.1372 1.0000 0.7876

 p-value 0.5440 0.4778 <.0001

HSCRP 0.2628 0.2620 0.7876 1.0000

 p-value 0.1684 0.1698 <.0001

SDNN refers to the standard deviation of the interbeat interval (heart rate variability); RMSSD refers to root mean square of successive differences 
which is a vagally-mediated measure of heart rate variability; IL-6 (interleukin-6) and HSCRP (high sensitivity C-reactive protein) are 
inflammatory biomarkers
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