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Abstract
Background: Although headache is common in pediatrics, data for the Flemish population are missing. We explored headache-
prevalence, and its association with communication-technology (CT) and physical activity (PA) in Flemish children and adoles-
cents. Methods: A cross-sectional exploratory school-based questionnaire study was designed. Flemish boys and girls (5–18
years) completed a symptom-questionnaire. Primary outcomes: sociodemographic background, headache-prevalence, headache-
characteristics, CT-use and PA characteristics (self-report). Secondary outcomes: associations between headache-characteristics,
age, gender, and CT-use and PA-characteristics. Results: Four hundred twenty-four questionnaires were analysed: 5–7-years:
n= 58; 8–11-years: n= 84; 12–15-years: n= 137; 16–18-years: n= 145. Fifty-five percent suffered from headache. Prevalence
increased with age. More 16–18-year girls versus boys had headache. CT-use was the main headache-provocateur. Headache
prevalence was significantly higher in a frequently physical active population. Conclusion: Our results suggest presence of head-
ache in Flemish children and adolescents. PA-level associates with headache prevalence. However, children and adolescents with
headache did not report more CT-use compared to controls.
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Introduction
Headache is common in the pediatric population.1,2 Globally, it
ranks sixth in the leading causes of disability in children and ado-
lescents.3 In 6 to 18-year-olds, its overall mean prevalence
amounts to 58%, the one-year prevalence to 5%.1–5 Prevalence
however varies from 5.9% to 82%, depending on the age and
diagnostic-criteria.6–11 Headache occurs in 3–8% of
three-year-olds, by the age of five 20% reports headache, which
increases to 37–52% in seven-year-olds. Between seven and 15
years, headache prevalence amounts between 57% to 82%. An
early onset probably reflects an increased biological predisposi-
tion to develop headache.2,12

The most reported childhood and adolescent headaches are
migraine and tension-type headache (TTH).1,2,13–15 These
primary headaches are characterized by a high rate of transitions
with increasing age.8 Approximately one in four patients with
migraine switches to TTH and vice versa.1 An initial childhood
migraine diagnosis however, can be predictive for persistent
adult headache.16 A longitudinal prospective study revealed
that headaches do not disappear in 15%, and even worsened

in 6% of patients diagnosed with childhood headaches.17,18

Such headaches can become chronic during adulthood,
causing impaired individual and parental quality of life, and
burden the health care systems.4,18–20 Participation and perfor-
mance at school, home, and community can be seriously com-
promised by headache.21–23 The individual and economic
burden is further reinforced by associations between childhood
and adolescent chronic headache, (over)using non-prescription
analgesics, and behavioral and mood disorders.24,25
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Therefore, factors that provoke, maintain, and aggravate head-
ache should be determined as soon as possible.25 Early recogni-
tion, treatment of comorbid conditions, and lifestyle adjustments
could prevent headache progressing towards chronicity.21 Sleep
disturbances, which relate to the frequency and duration of
migraine attacks, can affect an entire family since they include
sleep anxiety, parasomnias, co-sleeping with parents, and
bedtime resistance.26 According to the Nord-Trøndelag Health
Study (HUNT), negative lifestyle factors such as low physical
activity, obesity, and smoking are associated with an increased
prevalence of migraine, TTH, and non-classifiable headaches
in 13 to 18-year-olds.27

Unfortunately, those studies concerning the impact of lifestyle
factors on the onset, exacerbation, and persistence of headache are
often limited to a mainly adolescent population, and do not con-
sider other lifestyle factors.18,27 Yet, a higher number of such neg-
ative lifestyle factors is related to higher headache-frequency in
adolescents, which in turn is associated with chronification.27,28

In particular screen-time exposure (eg television, smartphones,
laptops, computers), and the associated lower physical activity
level, should be screened in adolescents and children. Increased
screen-time exposure is related to a higher headache prevalence
in primary school children.29–32 Intense light and visual stimuli
have been associated with development of migraine.33 Such asso-
ciation supports investigating a potential link between screen-time
exposure and pediatric headache development. Further, screen-
time exposure is often reported by patients and families as triggers
or exacerbating factor for headaches.

Recent work by Raucci et al (2021) advices regular physical
activity as preventive lifestyle modification in pediatric head-
ache.34 Focussing especially on aerobic activity in children
seems important. Such aerobic training program has already dem-
onstrated to reduce the frequency of migraine in adults.35

Although there are no specific data in children with migraine, rec-
ommendations to perform personalized physical activity should be
considered as precious guidance in pediatric headache as well.36

The personal burden of childhood and adolescent headache is
further accentuated by its impact on each domain of the World
Health Organizations (WHO) ‘International Classification of
Functioning, Disability and Health’.37 Yet, headache disorders
attract low health-care priority.20

The Global Burden of Disease Study (2010) therefore empha-
sized the importance of population-based studies of headache
disorders, as they are essential to map the problem, and give
guidance to policy makers.38,39 Currently, only one (older)
study maps prevalence of pain in Flemish children and adoles-
cents. These authors explore the general prevalence of pain in
10.650 schoolchildren. Focus of the research was to examine
pain severity in relation to various domains of school functioning
and, the potentially protective role of perceived teacher support
of child/adolescent autonomy and competence. Pain was
reported to impact a child’s quality of life. Higher pain grades
were associated with poorer outcomes across all indices of
school functioning (ie school absenteeism, school-related pres-
sure and satisfaction, and bullying experiences).22 These find-
ings, together with the previously reported worse quality of life

of children with headache, necessitate exploring prevalence of
headache and its association with modifiable lifestyle factors
characteristics in Flanders.22,40

The goal of the current study was therefore to fill this gap by
exploring headache prevalence, and its relation with communi-
cation technology (CT) and physical activity in Flemish chil-
dren and adolescents.

Materials and methods

Design
Cross-sectional exploratory school-based questionnaire design to
gather information on headache prevalence, and its association
with CT and physical activity in Flemish children and adolescents.

Eligibility and Ethics
Children and adolescents between 5 and 18 years were randomly
selected by convenience sampling at different schools. School
principals in Flanders (provinces of Antwerp, Limburg,
Vlaams-Brabant) were contacted via email to participate
between January 2018 and March 2018. The mail contained
detailed information concerning the study, an example question-
naire, and an informed consent for the school. If the school
granted approval, the questionnaires were distributed to the
parents or legal guardian (< 14 years), and teachers (> 14 years).
Parents or legal guardians and children/adolescents had to read
and sign an additional informed consent before officially being
enrolled in the study. Questionnaires were completed at school
(> 14 years), and at home (< 14 years). Inclusion criteria:
school going native Dutch-speaking children and adolescents
between 5 and 18 years. Exclusion criteria: pregnancy, serious
pathology (medical comorbidities), comorbid headache (otitis
media, meningitis, sinusitis), dental braces, history of neck/head
trauma, and overuse of analgesic medication (NSAID’s, opioids,
acetylsalicylic acid, triptans, simple analgesics for > 10 days/
month > 3 months).

The current study is part a larger project which is registered as
an observational study at ClinicalTrials.gov (NCT02887638).
The Medisch Ethische ToetsingsCommissie of Zuyderland
(NL. 55720.09615) and the Comité Medische Ethiek of the
Ziekenhuis Oost-Limburg (B371201423025) granted approval
to execute the experimental protocol.

All participants (school, parents, guardians, adolescents > 14
year) signed the written informed consent in which information
was given concerning confidentiality of data conform the
Belgian law of December eighth 1992. All procedures involv-
ing human participants were in accordance with the ethical stan-
dards of the institutional research committees and with the 1964
Helsinki Declaration, and the later amendments.

Outcomes, Measurements and Instruments
The construct of the questionnaire in the current study was
based on three essential requirements: 1) each question is
fully comprehensible to the age-category for whom it is
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intended, 2) each question adds comprehensive information,
and 3) the time to explain (teacher/parent/guardian) and com-
plete the questionnaire is limited (30 min).39

The content of the questionnaire was based on the Vragenlijst
Lichamelijke Klachten-Kinderen (VLK-K) and standard pediat-
ric headache-anamnesis. The VLK-K is a valid and reliable
symptom-questionnaire.40 The VLK-K questions 40 possible
complaints. For each of these complaints, five questions must
be answered: intensity/frequency during the last two weeks,
duration, influence on functioning, search for medical help, and
the physical cause. Each complaint is assessed on the intensity/
frequency question on a four-point scale (0= not at all, 1= a
little, 2= a lot, and 3= very much). The other four questions
are answered for complaints with a score of 1, 2 or 3 on the inten-
sity/frequency question. The duration of the complaint is scored
on a four-point scale (1= less than a week, 2= one to three
weeks, 3= three weeks to three months, 4= longer than three
months). The children then indicate whether a complaint has
an influence on their functioning (yes/no). The influence on func-
tioning is explained by the test leader as eg staying away from
school, no longer being able to exercise hobbies, etc The children
check whether they visited a doctor for a particular complaint,
and whether this complaint was discussed during the visit.41

Additionally, questions on the prevalence and characteristics
(type, setting, frequency, duration) of CT–use, and level of
physical activity were included. The Flemish Physical Actvity
Questionnaire (12 to 18 years old) and questions from the
European ToyBox (children) were used to assess the latter.42–44

Primary outcomes. 1. Sociodemographic characteristics.
Age, gender, level of education of the mother, and the living sit-
uation. 2. Headache characteristics. Prevalence of headache (yes
= 1, no= 0) during the last three months, mean headache inten-
sity per episode (Faces Pain Scale–Revised, converted to 0 to
100 mm conform the Visual Analogue Scale),45–47 mean dura-
tion of an episode (< 30 min, 30–60 min, 1–2 h, 2–4 h, no spon-
taneous headache-resolution), frequency (not weekly, 1/w, 1–2/
w, 2–3/w, 3–4/w, > 4/w, daily), time of day (morning, afternoon,
evening, night), and headache provocation(s). 3. CT-use charac-
teristics. Prevalence of CT-use (yes= 1, no= 0), specifications of
CT (laptop, desktop, tablet, smartphone, television), setting
(home, school), mean daily duration of CT-use at home and in
school (< 30 min, 30–60 min, 1–2 h, 2–4 h, no use), frequency
(≤ 1/w, 1–2/w, 2–3/w, 3–4/w, > 4/w, daily, no use), and duration
(< 30 min, 30–60 min, 1–2 h, 2–4 h, > 4 h), and 4. Physical
activity characteristics. Mean duration of the physical activity
(< 30 min, 30–60 min, 1–2 h, 2–4 h, no activity), and frequency
(1/w, 2/w, > 2/w). All primary outcomes were gathered via self-
report questionnaires and expressed as percentages (%).

Secondary outcomes. Associations between headache-
characteristics, and age, gender, CT-use and physical activity
characteristics.

Procedure
Parents and teachers used guidelines to complete the question-
naires together with the children and adolescents in an exam-free

period. Instructions were to use a quiet, ventilated, and
temperature-controlled room. Questions had to be completed in
a chronological order, and answered under supervision of the
parent/legal guardian if participants were < 14 years. Participants
> 14 years completed the questionnaire individually at school.

Statistics
Analysis was done via SAS JMP Pro 14 software (SAS Institute
Inc.). Two-tailed tests at 5% level of significance were reported.
Sample size (N= 445) (power 80%, α= 0.05) was estimated a
priori (G*Power 3.1.9.4, Kiel Germany) based on the preva-
lence (%) of headache in children and youth in Europe.48

Four age-categories were composed: 5–7 years, 8–11 years,
12–15 years, and 16–18 years.49 All data were proportionally
analysed per age-category. Proportions were compared using
Chi-squared tests (contingency tables for categorical variables).
Odds ratios (OR) or Chi-squares (X2) were provided with a
95% confidence interval (CI). Corrections were made for the
explanatory variables: wearing glasses (0= no, 1= yes) and
body mass index (BMI) (0=BMI≤ 24.9 kg/m2, 1=BMI ≥
25 kg/m2). The Cg was matched for age.

Objective 1. Headache-prevalence in Flemish children and
adolescents.

1. Sociodemographic characteristics. Group characteris-
tics (age, gender, level of education of the mother,
living situation) were proportionally presented and com-
pared between age-categories. Socioeconomic charac-
teristics (living situation, studies mother, studies
participant) were compared between children and ado-
lescents with (Headache-group, HAg), and children
and adolescents without (Control-group, Cg) headache.

2. Headache characteristics were proportionally presented
and compared between the age-categories.

Objective 2.Association between headache (characteristics and
prevalence), and CT-use and physical activity characteristics in
Flemish children and adolescents (Appendix 1).

1. CT-use characteristics (type, location, duration, fre-
quency) were proportionally presented and compared
between the HAg and Cg.

2. Physical activity characteristics (duration, frequency)
were proportionally presented and compared between
the HAg and Cg.

3. Possible associations (X2) were analysed between age,6–11

gender,50–53 CT-use29–32 and physical activity34–36 charac-
teristics, and the frequency and duration of headaches.

The prevalence of headache was a dependent variable. Age,
gender, CT-use, and physical activity characteristics were inde-
pendent variables (Appendix 1).

Further, characteristics of physical activity (duration, fre-
quency) were proportionally presented and compared between
the HAg and Cg.
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Results

Response-Rate
A total of 876 questionnaires were distributed (November 2017
to March 2018): 176 questionnaires at kindergartens, 250 at
primary schools, and 450 at secondary schools. Four hundred
ninety-nine questionnaires were collected. The response-rate
in the kindergartens was 10%, primary schools 28%, and sec-
ondary schools 62%. Seventy-five questionnaires were
excluded for: incompleteness (n= 8), chronic medication-use
(n= 5), serious pathology (n= 9), history of trauma to the
head/face/spinal cord (n= 36), and headache due to sinusitis
or otitis media (n= 17). Finally, 424 completed questionnaires
were included (5–7 years: n= 58; 8–11 years: n= 84; 12–15
years: n= 137; 16–18 years: n= 145) (Figure 1).

Sociodemographic Characteristics
Fifty-five percent (n= 233) of the participants (N= 424) suf-
fered from headache in the past three months. The prevalence
increased significantly (p < .001) with age, ie 21% of the chil-
dren between 5–8 years, 32% of the children between 8–11
years (OR= 1.78, 95% CI 0.26–1.11, p.147), 59% of the chil-
dren and adolescents between 12–15 years (OR= 3.2, 95% CI
1.81–5.66, p< .001), and 78% of the adolescents between 16–
18 years (OR= 2.39, 95% CI 1.42–4.02, p.001) reported
headache.

Between 12–15 years (OR= 2.71, 95% CI 1.33–5.52,
p.005), and between 16–18 years (OR= 2.74, 95% CI 1.22–
6.17, p.001) significantly more girls had headache compared
to boys. Such differences were not observed in the other age-
categories (5–7 years, p.134; 8–11 years, p.092). All partici-
pants used CT (Table 1).

Next, each age-category was split into HAg and Cg to
compare socioeconomic characteristics (Table 2).

Age-category 5–7 years. All participants in the HAg
attended kindergarten compared to 65.2% in the Cg (p.03).
The remaining 34.8% of children in the Cg frequented
primary school.

Age-category 12–15 years. In the HAg significantly (p.006)
more mothers (27.2%) had a background in vocational educa-
tion and less mothers obtained a bachelor degree (35.8%) com-
pared to in the Cg (8.9%, 55.4%, respectively). Most
participants in the HAg (43.2%) attended general studies in sec-
ondary school (p.004) compared to 21.4% in the Cg.

Age-categories 8–11 years and 16–18 years.No significant
differences were observed concerning socioeconomic back-
ground between the HAg and Cg.

Headache Characteristics
Table 3 provides a detailed summary of the headache character-
istics. A mainly evening-headache was reported by 74% of the
participants. Average duration of a headache episode was less
than 30 min in 30% of the participants. Five percent of the par-
ticipant reported headache was daily present, and in 19% of the
participants headache episodes did not resolve spontaneously.
Proportionally, participants in the highest age-categories 12–15
years and 16–18 years had the largest percentages of
non-resolved headaches (22% and 19%, receptively). These
headaches were significantly more prevalent if age increased
(p.01).

The mean score on the Visual Analogue Scale (VAS) was >
50 mm (derive from the Dutch Faces Pain Scale-Revised) in
36% of the participants. VAS-scores differed not significantly
(p.08) between age-categories.

Figure 1. Summary of the selection process (n, number of participants).
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Headache Provocation
Of the participants with headache, 42% in the youngest age-
category (n= 5/12), 37% in the 8–11 years (n= 10/27), 90% in
the 12–15 years (n= 73/81), and 80% in the oldest age-category
(n= 91/113) could describe which activity or situation provoked
headache (Figure 2). Significantly less participants between 5–11
years were able to define which activity or situation provoked
their headache compared to participants between 12–18 years
(OR= 2.49, 95% CI 1.17–5.29, p.017). Headache-related
absence from school for at least one day was reported by
19.3% (45/233) of the participants with headache (5–7 years: n
= 1, 8–11 years: n= 4, 12–15 years: n= 18, 16–18 years: n= 22).

CT-use characteristics (Appendix 2)
Each participant used CT at home. Tablets were the most
reported type of CT in the 5–7 and 8–11 years age-categories,
and smartphones and laptops in the 12–15 and 16–18 years age-
categories. Watching television was highly prevalent in each
age-category. Duration of CT-use at home increased signifi-
cantly (p < .001) with age (between 5–7 and 16–18 years: OR
= 2.54, 95% CI 1.36–4.75, p.004).

Eighty-nine percent of the participants used CT at school.
The percentage increased significantly (p< .001) from 60% in
the youngest age-category to 99% in the oldest (between 5–7
and 8–11 years: OR= 6.33, 95% CI 2.58–15.23, p < .001;
between 8–11 and 12–15 years: OR= 0.99, 95% CI 0.39–2.5,
p.985; between 12–15 and 16–18 years: OR= 7.55, 95% CI
1.67–34.1, p.009). The desktop-computer was the most
common CT-type at school, no smartphone use at school was
reported by participants under the age of 12.

No associations between headache prevalence and CT-use
were seen in the younger age-categories. From the ages of 12
to 15 years, more participants (61%) who used CT and reported
headache were seen. By the age of 16–18 years, significantly
(X2 45.31, 95% CI 47.04–79.24%, p < .001) more participants
using CT and reporting headache were seen (84%).

Next, each age-category was split into a HAg and Cg to
compare CT-use characteristics (Table 4).

Age-category 5–7 years. No significant differences in distri-
bution of the mean duration of CT-use per session at school and
at home were seen between the HAg and Cg.

Mean duration of CT-use per session was significantly
longer in the school- versus home-setting within the HAg
(p.01) and Cg (p < .001).

Age-category 8–11 years. Most participants in the HAg
(88.9%) reported a mean duration of 1–2 h per CT-session,
compared to 80.7% of participants in the Cg reporting a mean
duration of 2–4 h (p < .001).

Within both groupsmean duration of CT-use per session was
longer in the school- versus home-setting (p < .001).

Age-category 12–15 years. Most participants in the HAg
(38.3%) reported a mean duration of 2–4 h per session
CT-use at home, in the Cg most participants (44.6%) reported
a mean duration of 1–2 h per session (p.01).

Within both groups mean duration of CT-use per session was
significantly longer in the school- versus home-setting (p< .001).

Age-category 16–18 years. In the HAg, 30.1% of the partic-
ipants reported a mean duration of 30–60 min per CT-session at
home, compared to 3.1% in the Cg. Further, in the Cg 40.6% of
participants reported a mean duration of CT-use of 2–4 h per
session at home, compared to 28.3% in the HAg (p.01).

Within both groups mean duration of CT-use per session was
significantly longer in the school- versus home-setting (p< .001).

Factors associated with headache: age, gender, CT-use
and physical activity characteristics (Appendix 1)
Higher headache prevalence was significantly associated with
older age (Figure 3). Further, headache prevalence was signifi-
cantly higher in a frequently physical active compared to a less
frequently physical active pediatric population. Interestingly,
most participants without headache were highly physical
active (Figure 4).

Each age-category was split into a HAg and Cg to compare
the level of physical activity (Table 5).

Age-category 5–7 years. No significant differences in the
distribution of the level of physical activity were seen between
the HAg and Cg.

Age-category 8–11 years. Duration per session physical
activity was generally longer in the HAg compared to the Cg
(p < .001).

Age-categories 12–15 years and 16–18 years. Participants
in the HAg were significantly less frequent physical active com-
pared to participants in the Cg (12–15 years p< .001; 16–18
years p.001).

Discussion
This explorative study is the first step to explore the prevalence
of headache, and its associations with CT-use and physical
activity characteristics in Flemish children and adolescents.
Our results suggest that headache is prevalent in Flemish chil-
dren and adolescents, CT-use is reported as an important
headache-provocateur, and the level of physical activity an
associated factor.

Headache: Health Issue at Flemish Children and
Adolescents?
Sociodemographic Characteristics. Headache prevalence amounted
to 55% in our study. Further, prevalence was higher in adoles-
cents aged 16–18 years (78%) compared to children aged 5–7
years (21%). These findings are consistent with previous
research.2,23 Next to such age-related increase, a sex-related dif-
ference was remarked in our study. Prevalence of headache
does not differ significantly between boys and girls before
puberty. Yet, from the ages of 12 to 18 significantly more
girls compared to boys reported headache. Since prevalence
of CT-use and level of physical activity were similar in boys
and girls, other factors such as eg hormonal fluctuations

Mingels and Granitzer 5



during puberty might be involved. Such fluctuations have been
associated with the start of a variety of pain disorders, including
headache.50,51 The onset of migraine for instance may occur
shortly around the time of menarche, probably triggered by oes-
trogen withdrawal.52,53

In the current analysis an association was also found
between lower maternal education level and higher headache
prevalence in 12–15 year-olds. This finding is relevant
since the parental educational level seems a socioeconomic
determinant of psychological and self-perceived health.54

However, because of the cross-sectional design of the study,
associations between headache and sociodemographic variables
could only be noted, and not interpreted in terms of causation.55

Headache Characteristics. We used the Dutch Faces Pain
Scale-Revised to measure headache intensity.45,46 This scale
shows a close linear relationship with the 100 mm VAS from
the age of four.46 Scores from 45 to 75 mm are indicative of mod-
erate pain, scores between 75 and 100 mm of severe pain.47 The

mean headache intensity reported by 36% of the participants in
our study was > 50 mm, implying that headache has a moderate
to severe intensity. Such pain intensity in children and adoles-
cents is known to be associated with poor outcomes on school
functioning.22 In our study headache-related absence from
school for at least one day was reported by 19.3% of the children
and adolescents with headache.

Further, it is alarming that headache did not resolve in 19%,
and was daily present in 5% of the participants. Such daily
headaches have a general prevalence ranging from 0.9 to
7.8% in children and adolescents, and are one of the main
reasons to consult a headache clinic in Western countries.56

Chronic daily headache is often referred to as a multifaceted
syndrome in which associations exist between headache, psy-
chosocial stressors, and psychiatric disorders.56,57 Such
complex syndromes are persistent and debilitating.58

The prevalence, intensity and persistent character of head-
ache in the current study suggests that headaches could
indeed be a health issue in Flemish children and adolescents.

Table 1. Comparison of the Socioeconomic Background and Participants Characteristics Between all Age-categories.

Age-category 5–7 years (n= 58) 8–11 years (n= 84) 12–15 years (n= 137) 16–18 years (n= 145)

Gender, n (%) (F/M) 27 (47) /31 (53) 38 (45)/46 (55) 52 (38)/85 (62) 52 (36)/93 (64)
CT, n (%) (Y/N) 58 (100)/0 84 (100)/0 137 (100)/0 145 (100)/0
Headache, n (%)

Yes* 12 (21) 27 (32) 81 (59) 113 (78)
F/M 6 (50) / 6 (50) 15 (56) / 12 (44) 58 (72) / 23 (28)‡ 79 (70) / 34 (30)‡

No 46 (79) 57 (68) 56 (41) 32 (22)
Diagnosis (if known), %

TTH 33.3 70.4 40 29.7
Migraine 8 3.7 18.5 17.2
Cervicogenic 0 0 4.9 0

Studies, n (%)
Kindergarten 42 (72) N/A N/A N/A
Primary school 16 (28) 84 (100) 26 (19) N/A
Secondary school
General N/A N/A 47 (34) 119 (82)
Technical N/A N/A 44 (32) 25 (17)
Vocational N/A N/A 20 (15) 1 (1)

Living situation, n (%)
Both parents 57 (98) 78 (93) 99 (72) 126 (87)
Co-parenting 1 (2) 2 (2) 19 (14) 9 (6)
Mother N/A 4 (5) 15 (11) 9 (6)
Father N/A N/A 1 (1) 1 (1)
Guardian N/A N/A 1 (1) N/A
Boarding school N/A N/A 1 (1) N/A

Level of education mother, n (%)**
Vocational 12 (20.7) 10 (11.9) 27 (19.7) 30 (20.7)
Evening school 3 (5.2) 0 0 0
Bachelor 29 (50) 54 (64.3) 60 (43.8) 65 (44.8)
Master 14 (24.1) 15 (17.9) 19 (13.9) 30 (20.7)
High school 0 5 (6) 23 (16.8) 11 (7.6)
Self-employed 0 0 6 (4.4) 7 (4.8)
Unemployed 0 0 2 (1.5) 2 (1.4)

n, number of participants; F, Female; M, Male; Y=Yes; N=No; N/A, Not Applicable; CT, Communication Technology; p< .05, level of significance; *, p< .001 (X2),
prevalence increased significantly with increasing age; ‡, p.001 (X2), significantly more girls compared to boys have headache between the ages of 12–15 and 16–18;
**, p.009 (X2), significantly more headache was observed in the age-category 12–15 years if the mother attended vocational education (27.2% vs 8.9%).
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CT-use and Physical Activity Characteristics Associated
with Headache Prevalence? Controversial Results
CT-use Characteristics. Children and adolescents use CT such as
smartphones, desktops, laptops, and tablets to complete many

Table 2. Comparison of the Socioeconomic Background Between
the HAg and Cg.

Age-category 5–7 years HAg (12/58) Cg (46/58) p

Living situation, n (%) .73
Both parents 12 (100) 40 (87)
Co-parenting 0 2 (4.3)
Mother 0 4 (8.7)

Level of education mother, n
(%)

.41

Vocational 3 (25) 9 (19.6)
Evening school 0 3 (6.5)
Bachelor 8 (66.7) 21 (45.7)
Master 1 (8.3) 13 (28.3)

Studies child, n (%) .03
Kindergarten 12 (100) 30 (65.2)
Primary school 0 16 (34.8)

Age-category 8–11 years HAg (27/84) Cg (57/84) p

Living situation, n (%) .28
Both parents 27 (100) 51 (89.5)
Co-parenting 0 2 (3.5)
Mother 0 4 (7)

Level of education mother, n
(%)

.67

Vocational 4 (14.8) 6 (10.5)
High school 2 (7.4) 3 (5.3)
Bachelor 15 (55.6) 39 (68.4)
Master 6 (22.2) 9 (15.8)

Studies child, n (%) 1
Primary school 27 (100) 57 (100)

Age-category 12–15 years HAg (81/137) Cg (56/137) p

Living situation, n (%) .72
Both parents 59 (72.8) 40 (71.4)
Co-parenting 10 (12.3) 9 (16.1)
Mother 11 (13.6) 6 (10.7)
Guardian 1 (1.2) 0
Boarding school 0 1 (1.8)

Level of education mother, n
(%)

.006

Vocational 22 (27.2) 5 (8.9)
High school 11 (13.6) 12 (21.4)
Bachelor 29 (35.8) 31 (55.4)
Master 11 (13.6) 8 (14.3)
Self-employed 6 (7.4) 0
Unemployed 2 (2.5) 0

Studies child, n (%) .004
Primary school 8 (9.9) 18 (32.1)
Secondary school 73 (90.1) 38 (67.9)
General 35 (43.2) 12 (21.4)
Technical 27 (33.3) 17 (30.4)
Vocational 11 (13.6) 9 (16.1)

Age-category 16–18 years HAg (113/145) Cg (32/145) p

Living situation, n (%) .62
Both parents 98 (86.7) 27 (84.4)
Co-parenting 6 (5.3) 3 (9.4)

(continued)

Table 2. Continued.

Age-category 5–7 years HAg (12/58) Cg (46/58) p

Mother 9 (8) 2 (6.3)
Level of education mother, n

(%)
.94

Vocational 25 (22.1) 5 (15.6)
High school 9 (8) 2 (6.3)
Bachelor 48 (42.5) 17 (53.1)
Master 23 (20.4) 7 (21.9)
Self-employed 6 (5.3) 1 (3.1)
Unemployed 2 (1.8) 0

Studies child, n (%) .09
Secondary school

General 91 (80.5) 28 (87.5)
Technical 22 (19.5) 3 (9.4)
Vocational 0 1 (3.1)

n, number of participants; Bold, p< .05, level of significance; p-values were
deducted from contingency tables (X2).

Table 3. Details of Headache Characteristics Per Age-category.

Age-category

5–7
years
(n= 12)

8–11
years
(n= 27)

12–15
years
(n= 81)

16–18
years
(n= 113)

Total
(n=
233)

Frequency, n (%)
Not weekly 8 (67) 17 (63) 37 (46) 53 (47) 116 (50)
1/w 3 (25) 7 (26) 21 (26) 24 (21) 54 (23)
1–2/w 1 (8) 2 (7) 10 (12) 17 (15) 30 (13)
2–3/w 0 (0) 1 (4) 2 (3) 10 (9) 13 (6)
3–4/w 0 (0) 0 (0) 1 (1) 3 (3) 4 (2)
> 4/w 0 (0) 0 (0) 2 (3) 3 (3) 5 (2)
Daily 0 (0) 0 (0) 8 (10) 3 (3) 11 (5)

Duration, n (%)
< 30 min 4 (33) 9 (33) 28 (35) 29 (26) 70 (30)
30–60 min 1 (8) 5 (19) 20 (25) 30 (27) 56 (24)
1–2 h 5 (42) 5 (19) 7 (9) 13 (12) 30 (12)
2–4 h 1 (8) 0 (0) 8 (10) 19 (17) 28 (11)
No
spontaneous
resolution*

1 (8) 4 (15) 18 (22) 22 (19) 45 (19)

Time of day,
n (%)
Morning 2 (17) 4 (15) 32 (40) 32 (48) 70 (30)
Afternoon 4 (33) 13 (48) 32 (40) 52 (46) 101 (43)
Evening 7 (58) 17 (63) 61 (75) 87 (77) 172 (74)
Night 0 (0) 2 (7) 7 (9) 5 (4) 14 (6)

Intensity, n (%)
≤ 50 (VAS) 11 (92) 19 (70) 54 (66) 66 (58) 159 (68)
> 50 (VAS) 1 (8) 8 (30) 27 (33) 47 (42) 74 (32)

n, number of participants; w, week; min, minute; h, hour; VAS, 100 mm Visual
Analogue Scale, derived from the Faces Pain Scale-Revised; p< .05, level of
significance; *, p.01 (X2), prevalence increased significantly with an increasing age.
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daily activities including playing, school work, and socializing
with peers. CT-use of participants in our study amounts
between 89% and 100% in school- and home-settings, respec-
tively, and was appointed to be the main provocateur for a head-
ache episode in each age-category. According to Brattberg
(2004), pain reported in childhood and early adolescents (eg head-
ache) can persist into the late 20s.59 International guidelines
advise no more than 2 h of recreational screen-time per day on
weekdays for children and adolescents.60 However, 23% of our
participants reported a daily CT-use of 2–4 h. More participants
in the eldest age-categories (12–15 years 29%, 16–18 years
31%) reported a daily CT-use of 2–4 h compared to the youngest
(5–7 years 7%, 8–11 years 8%) (OR= 6.21, 95% CI 2.12–18.18,
p< .001). According to previous work, odds of reporting head-
ache are higher if the time using a screen interface increases.27

In our study, duration of CT-use at home exceeded the dura-
tion of CT-use at school (OR 1–2 h CT-use at home vs school:
13.83, 95% CI 7.82–24.49, p< .001) (OR 2–4 h CT-use at
home vs school: 10.05, 95% CI 5.41–18.63, p< .001). Such dif-
ference in screen behavior at home might be imposed by the
multi-functionality of the devices, which can for instance be
used as electronic babysitters, behavioral management (reward
– calm down) or educational tools.61

Interestingly, CT-use was identified as the main provoca-
teur for headache in each age-category. Yet, the frequency
and duration of such CT-use did not associate with headache
characteristics. It could be hypothesized that headache might
be triggered by the specific posture (or type of CT-device),
and not exclusively the duration or frequency of using such
device. An increased forward head posture was previously
already observed in children with headache.14 Further, a
study of sitting posture in 3520 children in the Czech
Republic revealed that children with poor posture reported
headache and pain in the cervical and lumbar spine more
frequently.62

Although neuro-musculoskeletal disorders are known conse-
quences of increased CT-use, its application in school curricula
is still growing.63 Despite the limited evidence of added value in
school, and the associated neuro-musculoskeletal complaints,
screen-based technologies continue to be an integral part of the
learning environment, with daily CT-exposure starting as early
as the age of six.64,65 It should be noted that neuro-musculoskeletal
pain (which often accompanies headache) experienced in child-
hood is a predictor for continued pain into early adulthood.59

Such complaints may interfere in children’s daily activities, and
over time evolve towards chronicity resulting in sleep

Figure 2. Visualization of headache provocative activities in each age-category (x-axis, proportions (%); n, number of participants; CT,
Communication Technology; Test, school test which required home study; R&W, reading and writing; Other: bending, domestic work,
swimming, class-room temperature, following course in general; HW, Homework).
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disturbances, depression, social isolation, and reduced quality of
life.65–67

It should be noted that CT-use was not systematically higher
in children and adolescents with, versus children and adolescents
without headache. Such finding should be interpreted within the
context of childhood and adolescent headaches being a multifac-
eted problem.4 Recent work by Torres-Ferrus et al (2019) iden-
tified associations between poor sleeping habits, smoking,
skipping breakfast, caffeine overuse, smoking, low level of phys-
ical activity, worse scores on psychosocial factors, and higher
headache prevalence.68 Based on these findings it seems relevant
to compose a patient profile consisting of lifestyle and psychoso-
cial risk factors for headache.

Physical Activity Characteristics. Physical activity is an important
health indicator in children and adolescents.69 Although physical
activity levels did not consistently differ between children and ado-
lescents with, versus children and adolescents without headache, a
significantly higher headache prevalence was observed if partici-
pants were highly physical active. Reflection is needed concerning
these unexpected results.

An association between low physical activity and recurrent
headaches was a finding of the HUNT-study in 12 to 19 year-
olds.27 A bidirectional hypothesis could explain such relationship.
A low activity level might lead to headache, conversely patients
might avoid exercises to prevent a headache attack.70–71 In
Flanders, only 6% of the 6–9 year-olds and 17% of the 10–12
year-olds met the national requirements of sufficient physical
activity based on a national health survey.72 In our study, achiev-
ing this national norm was significantly associated with less
CT-use (< 2–4 h) in 12–15 year-olds (p.001) and 16–18 year-olds
(p.01). It is generally accepted that a reduced physical activity
level contributes to obesity, which is a risk factor to develop
chronic daily headache.65–73 Obesity is already linked with fre-
quency of migraine attacks. Its pro-inflammatory and pro-
thrombotic state might relate to the neurovascular inflammation
in migraine.74–77

Table 4. Comparison of CT-Characteristics Between the HAg
and Cg.

Age category 5–7 years HAg (12/58) Cg (46/58) p

Duration per session at
school, n (%)

.18

< 30 min 2 (16.7) 1 (2.2)
30–60 min 1 (8.3) 4 (8.7)
1–2 h 2 (16.7) 5 (10.9)
2–4 h 7 (58.3) 29 (63)
> 4 h 0 7 (15.2)

Duration per session at home,
n (%)

.56

< 30 min 3 (25) 11 (23.9)
30–60 min 7 (58.3) 19 (41.1)
1–2 h 1 (8.3) 13 (28.3)
2–4 h 1 (8.3) 3 (6.5)

p1: Difference at school versus
at home

.01 <.001

Age-category 8–11 years HAg (27/84) Cg (57/84) p

Duration per session at
school, n (%)

<.001

< 30 min 1 (3.7) 1 (1.8)
30–60 min 2 (7.4) 6 (10.5)
1–2 h 24 (88.9) 1 (1.8)
2–4 h 0 46 (80.7)
> 4 h 0 3 (5.3)

Duration per session at home,
n (%)
< 30 min 1 (3.7) 7 (12.3) .52
30–60 min 17 (63) 27 (47.7)
1–2 h 7 (25.9) 17 (29.8)
2–4 h 2 (7.4) 6 (10.5)

p1: Difference at school versus
at home

<.001 <.001

Age-category 12–15 years HAg (81/137) Cg (56/137) p

Duration per session at
school, n (%)

.11

< 30 min 1 (1.2) 0
30–60 min 0 0
1–2 h 0 2 (3.6)
2–4 h 80 (98.8) 53 (94.6)
> 4 h 0 1 (1.8)

Duration per session at home,
n (%)

.01

< 30 min 7 (8.6) 1 (1.8)
30–60 min 23 (28.4) 19 (33.9)
1–2 h 20 (24.7) 25 (44.6)
2–4 h 31 (38.3) 11 (19.6)

p1: Difference at school versus
at home

<.001 <.001

Age-category 16–18 years HAg (113/145) Cg (32/145) p

Duration per session at
school, n (%)

1

< 30 min 0 0

(continued)

Table 4. Continued.

Age category 5–7 years HAg (12/58) Cg (46/58) p

30–60 min 2 (1.8) 0
1–2 h 0 0
2–4 h 111 (98.2) 32 (100)

Duration per session at home,
n (%)
< 30 min 4 (3.5) 3 (9.3) .01
30–60 min 34 (30.1) 1 (3.1)
1–2 h 43 (38.1) 15 (46.9)
2–4 h 32 (28.3) 13 (40.6)

p1: Difference at school versus
at home

<.001 <.001

n, number of participants; Bold, p< .05, level of significance; 1, Between home
and school for both groups (HAg, Cg) separately; p-values were deducted from
contingency tables (X2).
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Yet, although exercise is often recommended in the treat-
ment of migraine, strenuous physical activity is also reported
as a trigger.78 It seems essential to compose a patient-tailored
activity program since maximal aerobic exercise can trigger
migraine attacks. However, it does not always provoke such
an attack, even in those who report exercise to be a migraine
trigger.79

Suggestions and Limitations
This cross-sectional study was the first to explore the preva-
lence of headache, CT-use and physical activity in Flemish chil-
dren and adolescents. However, to generalize results more data
should be gathered on children and adolescents from different
Flemish regions.

Several variables were selected based on a priori hypotheses
and entered in the regression model, leading to several hypoth-
eses being tested. The models were downsized by selecting the
best model fit (based on parameter estimates and the Bayesian
information criterion). More research in this field of pediatric
pain is needed to correctly interpret results. Statistical correct
interpretations (ie erroneously rejecting the null hypothesis)
depend on repeatedly performing studies, no probability can
be assigned to a singular, observed result.80 The results of the
current study must be interpreted in the context of an explor-
ative study. Therefore, Bonferroni corrections were not applied.

We were interested in gender, age, and level of physical activ-
ity as independent variables, rather than defining such variables

as confounders. Potential influential variables were anticipated
on through the study-protocol (eg quiet and temperature-
controlled room, not interfering with exams), eligibility criteria,
and statistical model building. Yet, although beyond the scope of
the current study, more research is needed on the influence of
among others the sociodemographic status of the child/adoles-
cent and his/her family on headache-characteristics.

The most serious limitation was the low and unacceptable
response-rate in kindergartens (10%) and primary schools
(28%).81 Absences on the day of data collection might have
contributed to a small extent. In addition, studies in these
younger age groups are difficult to conduct because written
parental consent (passive non-response-rate) is required. Such
non-participation increases risk of overestimation due to inter-
est bias.81 Therefore, results from the current study should be
interpreted within the context of an explorative study.

Long-term follow-up studies are required to analyse the
development and evolution of headache from child- to adult-
hood, and to identify its prognostic factors.

We failed to correctly map television time in our study pop-
ulation. More research should focus on realistically measuring
such outcome.

In the current study self-reports were used to define presence
of headache. The subjective nature of this modus operandi
should be taken into account (such as under- or over-reporting
subjective symptoms). It is recommended to define headache
through valid diagnostic criteria such as the criteria of the
International classification of Headache Disorders (ICHD).82

Figure 3. Association between headache prevalence and age category (OR=Odds Ratio; * p < .05).

Figure 4. Association between headache prevalence and level of physical activity (frequency) (OR=Odds Ratio; * p < .05).
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However, a critical reflection is needed concerning the
diagnostic-criteria for pediatric headache. Opinions on such cri-
teria differ between authors. E.g. sensitivity and specificity of
the ICHD is only moderate for adolescent migraine, and the
International Headache Society symptom-based criteria are

highly beneficial in diagnosis of childhood headache, only if
used together with a detailed clinical assessment.8,9 Future
studies should consistently apply valid pediatric-specific crite-
ria to diagnose pediatric headache.

In addition, headache prevalence was estimated based on
parental reports in the youngest age-category (5–7 years).
Since parental reports often underestimate headache-frequency
compared to diary-based self-reports, we suggest a visual diary
because children communicate better through pictures than ver-
bally. To further nuance the headache characteristic, drawings
can be used.83,84

The mechanism of physical activity in children and adoles-
cents should be further explored at fundamental level since
physical activity might be related to alterations in blood nitric
oxide, increase in β-endorphin levels and in well-being.69,85,86

Finally, our preliminary findings should promote further
assessment concerning the impact of headache on eg the
quality of life and school results.

Conclusion
This was the first study to explore headache prevalence and its
associations with using communication technology and physi-
cal activity in Flemish children and adolescents. Our results
suggest that headache is present in Flemish children and adoles-
cents. Headache prevalence increases with age. Between the
ages of 12-18 years, more girls than boys suffer from headache.
CT-use is reported to be the main headache-provocateur.
Further, headache prevalence is higher in frequently physically
active children and adolescents. The level of education of the
mother was low in 12-15 year olds reporting headache. More
research is needed to inventory the magnitude, lifestyle, socio-
economic, and psychosocial risk factors, and consequences of
these headaches.
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Table 5. Summary of Physical Activity Characteristics in the HAg
and Cg.

Age-category 5–7 years HAg (12/58) Cg (46/58) p

Duration per session physical
activity, n (%)

.26

< 30 min 2 (16.7) 1 (2.2)
30–60 min 5 (41.7) 24 (52.2)
1–2 h 4 (33.3) 17 (37)
2–4 h 1 (8.3) 4 (8.7)

Frequency physical activity, n (%) .22
1 time/week 1 (8.3) 1 (2.2)
2 times/week 0 6 (13)
> 2 times/week 11 (91.7) 39 (84.8)

Age-category 8–11 years HAg (27/84) Cg (57/84) p

Duration per session physical
activity, n (%)

<.001

< 30 min 0 18 (31.6)
30–60 min 10 (37) 33 (57.9)
1–2 h 15 (55.6) 6 (10.5)
2–4 h 2 (7.4) 0

Frequency physical activity, n (%) .16

1 time/week 2 (7.4) 0
2 times/week 3 (11.1) 8 (14)
> 2 times/week 22 (81.5) 49 (86)

Age-category 12–15 years HAg (81/137) Cg (56/137) p
Duration per session physical

activity, n (%)
.07

< 30 min 4 (4.9) 7 (12.5)
30–60 min 40 (49.4) 18 (32.1)
1–2 h 30 (37) 21 (37.5)
2–4 h 7 (8.6) 10 (17.9)

Frequency physical activity, n (%) <.001

1 time/week 6 (7.4) 1 (1.8)
2 times/week 31 (38.3) 2 (3.6)
> 2 times/week 44 (54.3) 53 (94.6)

Age-category 16–18 years HAg (113/145) Cg (32/145) p
Duration per session physical

activity, n (%)
.17

< 30 min 10 (8.8) 0
30–60 min 29 (25.7) 9 (28.1)
1–2 h 66 (58.4) 18 (56.3)
2–4 h 8 (7) 5 (15.6)

Frequency physical activity, n (%) .001
1 time/week 23 (20.4) 0
2 times/week 22 (19.5) 1 (3.1)
> 2 times/week 68 (60.2) 31 (96.9)

n, number of participants; Bold, p< .05, level of significance; p-values were
deducted from contingency tables (X2).

Mingels and Granitzer 11



Acknowledgements
The authors wish to thank the schools, parents/guardians, teachers, and
participants for their contribution, and Maud Maessen and Lore Lore
D’haemer for their contribution to the data-collection.

Authors’ Contributions
SM and MG conceived and planned the experiments. SM carried out the
experiments and took the lead in writing the manuscript. MG supervised
and provided feedback throughout the entire research and writing phase.

Availability of Data and Material
Additional data available on request from the authors.

Consent to Participate
Eligible participants had to read and sign the informed consent before
officially being enrolled. Protection of personal data is legally deter-
mined by the Belgian law of December eighth 1992. All test proce-
dures involving human participants were in accordance with the
ethical standards of the institutional research committees and with
the 1964 Helsinki Declaration and its later amendments.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethics Approval
The current study is part a larger project which is registered as an obser-
vational study at ClinicalTrials.gov (NCT02887638). The Medisch
Ethische ToetsingsCommissie of Zuyderland (NL. 55720.09615) and
the Comité Medische Ethiek of the Ziekenhuis Oost-Limburg
(B371201423025) granted approval to execute the experimental
protocol.

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Sarah Mingels https://orcid.org/0000-0001-9024-2377

Supplemental Material
Supplemental material for this article is available online.

References
1. Abu-Arafeh I, Razak S, Sivaraman B, GrahamC. Prevalence of head-

ache andmigraine in children and adolescents: A systematic review of
population-based studies. Dev Med Child Neurol. 2010;52(12):
1088‐1097. doi.org/10.1111/j.1469-8749.2010.03793.x

2. Antonaci F, Voiticovschi-Iosob C, Di Stefano AL, Galli F, Ozge
A, Balottin U. The evolution of headache from childhood to adult-
hood: A review of the literature. J Headache Pain. 2014;15(1):15.
doi.org/10.1186/1129-2377-15-15

3. GBD 2015 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence, preva-
lence, and years lived with disability for 310 diseases and injuries,
1990–2015: A systematic analysis for the global burden of disease

study 2015. Lancet. 2016;388(10053):1545‐1602. doi.org/10.
1016/S0140-6736(16)31678-6

4. Wöber-Bingöl C. Epidemiology of migraine and headache in chil-
dren and adolescents. Cur Pain Headache Rep. 2013;17(6):341.
doi.org/10.1007/s11916-013-0341-z

5. Bille S. Migraine in school children. A study of the incidence and
short-term prognosis, and a clinical, psychological and electroen-
cephalographic comparison between children with migraine and
matched controls. Acta Paediatr. 1962;136(2):1‐151.

6. Bille B. Migraine and tension-type headache in children and ado-
lescents. Cephalalgia. 1996;16(2):78.

7. Abu-Arefeh I, Russell G. Prevalence of headache and migraine in
schoolchildren. Br Med J. 1994;309(6957):765‐769. doi.org/10.
1136/bmj.309.6957.765

8. Ozge A, Bugdayci R, Sasmaz T, et al. The sensitivity and specificity
of the case definition criteria in diagnosis of headache: A school-based
epidemiological study of 5562 children in Mersin. Cephalalgia.
2002;22(10):791‐798. doi.org/10.1046/j.1468-2982.2002.00467.x
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Appendix 1 – Details on Objective
2. Association between headache
(characteristics and prevalence), and CT-use
physical activity characteristics in Flemish
children and adolescents
Table A1 provides a detailed summary of the interpretation of
the independent (age, gender, CT-use, level of physical activ-
ity) and depend (headache prevalence, duration, frequency)
variables concerning objective 2.

Two models were composed to analyse associations:
Model 1: Headache prevalence= dependent variable, phys-

ical activity (frequency, duration), CT-use (frequency,

duration), age category, and gender= independent variables
(logistic regression)

Model 2a:Headache frequency= dependent variable, physical
activity (frequency, duration), CT-use (frequency, duration), age
category, and gender= independent variables (ordinal regression)

Model 2b: Headache duration= dependent variable, physi-
cal activity (frequency, duration), CT-use (frequency, dura-
tion), age category, and gender= independent variables
(ordinal regression).

No associations resulted from the statistical models concerning
models 2a and 2b (extraction JMP, Pro 16). The best model (BIC
– parameter estimates) did not deliver statistically significant
results.

Table A1. Detailed Summary of the Interpretation of the Independent (Age, Gender, CT-Use and Physical Activity Characteristics) and
Dependent (Headache Characteristics) Variables Concerning Objective 2.

Variable Interpretation

Demographics
Age category 1= 2013–2011

2= 2010–2007
3= 2006–2003
4= 2002–2000

Gender M
F

Physical activity characteristics
Frequency 1= 1x/week

2= 2x/week
3=> 2x/week

Duration a=< 30 min
b= 30–60 min
c= 1–2 h
d= 2–4 h

CT-use characteristics
Frequency a=<1x or 1x/week

b= 1–2x/week
c= 2–3x/week
d= 3–4x/week
e=>4x/week
f= daily

Duration a=< 30 min
b= 30–60 min
c= 1–2 h
d= 2–4 h

Headache characteristics
Frequency a=<1x or 1/week

b= 1–2x/week
c= 2–3x/week
d= 3–4x/week
e=>4x/week
f= daily
g= not on a weekly base

Duration a=< 30 min
b= 30–60 min
c= 1–2 h
d= 2–4 h
e= does not spontaneously disappear
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Appendix 2 – Details on CT-use per age category
Table A2 provides a detailed summary of CT-use characteristics and of the combined prevalence of using CT and suffering from
headache.

Table A2. Summary of the CT-Use Characteristics Per Age-Category.

Age-category
5–7 years
(n= 58)

8–11 years
(n= 84)

12–15 years
(n= 137) 16–18 years (n= 145) Total (N= 424)

CT home setting, n (%)
Yes 58 (100) 84 (100) 137 (100) 145 (100) 424 (100)
Desktop 11 (19) 47 (56) 81 (59) 93 (64) 232 (55)
Tablet 44 (76) 75 (89) 105 (77) 83 (57) 307 (72)
Laptop 15 (26) 40 (48) 107 (78) 129 (89) 291 (69)
Smartphone 24 (41) 23 (27) 119 (87) 142 (98) 308 (73)
Television° 57 (98) 84 (100) 132 (96) 137 (94) 410 (97)

Frequency CT-use home, n (%)
≤ 1/w 5 (9) 4 (5) 1 (1) 0 (0) 10 (2)
1–2/w 5 (9) 8 (10) 1 (1) 2 (1) 16 (4)
2–3/w 7(12) 1 (1) 1 (1) 0 (0) 9 (2)
3–4/w 3(5) 10 (12) 3 (2) 0 (0) 16 (4)
> 4/w 7 (12) 3 (4) 2 (2) 0 (0) 12 (3)
Daily 31 (54) 58 (69) 129 (94) 142 (98) 360 (85)

Daily duration CT-use home, n (%)†
< 30 min 14 (24) 8 (10) 8 (6) 7 (5) 37 (9)
30–60 min 25 (43) 43 (51) 36 (26) 29 (20) 133 (31)
1–2 h 14 (24) 23 (27) 44 (32) 55 (38) 136 (32)
2–4 h 4 (7) 7 (8) 40 (29) 45 (31) 96 (23)
No use 1 (2) 2 (2) 1 (1) 0 (0) 4 (1)

CT school setting, n (%)
Yes (%)* 35 (60) 76 (90) 123 (90) 143 (99) 377 (89)
Desktop 21 (36) 75 (89) 104 (76) 131 (90) 331 (78)
Tablet 11 (19) 7 (8) 4 (3) 16 (11) 38 (9)
Laptop 2 (3) 9 (11) 28 (20) 38 (26) 77 (18)
Smartphone 0 (0) 0 (0) 68 (50) 127 (88) 195 (46)
Television 14 (24) 16 (19) 13 (9) 2 (1) 45 (11)
No 23 (40) 8 (10) 14 (10) 2 (1) 47 (11)

Frequency CT-use school, n (%)
≤ 1/w 20 (34) 47 (56) 40 (29) 14 (10) 121 (29)
1–2/w 10 (17) 11 (13) 21 (15) 15 (10) 57 (13)
2–3/w 1 (2) 3 (4) 10 (7) 17 (12) 31 (7)
3–4/w 0 (0) 1 (1) 5 (4) 10 (7) 16 (4)
> 4/w 2 (3) 0 (0) 3 (2) 10 (7) 15 (4)
Daily 1 (2) 12 (14) 48 (35) 78 (54) 139 (33)
No use 24 (41) 10 (12) 10 (7) 1 (1) 45 (31)

Daily duration CT-use school, n (%)
< 30 min 17 (29) 21 (25) 55 (40) 66 (46) 159 (38)
30–60 min 13 (22) 47 (56) 57 (42) 61 (42) 178 (42)
1–2 h 1 (2) 0 (0) 6 (4) 7 (5) 14 (3)
2–4h 0 (0) 3 (4) 6 (4) 3 (2) 12 (3)
No use 27 (47) 12 (14) 11 (8) 2 (1) 52 (12)

Prevalence of CT-use and having headache, n (%)
Headache+CT 12 (21) 27 (32) 83 (61) 122 (84)‡ -
No Headache+CT 46 (79) 57 (68) 54 (39) 23 (16) -

n, number of participants; min, minute; h, hour; w, week; CT, Communication Technology; p< .05, level of significance; *, p< .001 (X2), prevalence increased
significantly with increasing age; †, p< .0001 (X2), duration of CT-use increased significantly with a higher age; °, watching television was not included in the
questions concerning duration and frequency of CT-use; %, proportion*100; ‡, p < .0001 (nominal logistic regression), significantly more participants using CT with
headache.
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