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Abstract

Introduction: Stress is considered the major contributor to migraine and tension-type headache in adolescents. Previous
studies have focused on general stressors, whereas the aim of the present study was to investigate associations between
individuals’ stressful experiences and different types of headache.

Methods: Adolescents from 10th and | Ith grades of grammar schools filled in questionnaires. Stressful experiences were
measured with the Trier Inventory of Chronic Stress. Type of headache was classified according to the International
Classification of Headache Disorders. Linear regressions, adjusted for sex and grade, were calculated to estimate
differences in stress scores that can be attributed to migraine, tension-type headache or miscellaneous headache.
Results: A total of 1260 questionnaires were analysed. Tension-type headache, migraine and co-existing migraine plus
tension-type headache were found in 48.7%, 10.2% and 19.8% of the participants. In subjects with migraine or co-existing
migraine plus tension-type headache, high increases in stress scores were found in all investigated dimensions, whereas
much weaker and inconsistent associations were found in subjects with tension-type headache only.

Conclusions: The characteristic of migraine is more associated with stressful experiences than this is the case for tension-
type headache. This suggests that adolescent migraine patients might especially benefit from behavioural interventions
regarding stress.
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Introduction

found that children and adolescents with migraine
had more days absent from school (6,7,13,14).

Migraine and tension-type headache (TTH) are the
most frequently reported types of primary headache
among adolescents, with prevalences of approximately
10% for migraine and 15-20% for TTH in population-
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based studies (1-4).

Chronic stress, the prolonged imbalance between sit-
uational requirements and the individual’s coping
resources, has been repeatedly found to be related
with headaches in adolescents (5-12). Associations
with exposure to stressors in adolescents have
been reported for both migraine and TTH. It was
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Furthermore, migraine attacks were found to be corre-
lated with the amount of homework or with the timing
of examinations (6,15). Other studies showed that TTH
in adolescents seems to be associated with social
stress: adolescents with TTH had fewer peers, were
more frequently exposed to conflicts within their
families and their parents were more likely to be
divorced (13,16).

However, in previous studies, the effects of situations
which are generally considered stressful, rather than the
individual’s appraisal of stressors or their individual
coping abilities, have been investigated in relation to
headache (6-8,13,15-17). Most of these studies focused
on stressors by asking open-ended questions about life
events and situations that are generally considered to be
related to stress. Other recent studies evaluated per-
ceived stress by asking for the frequency of ‘feeling
stressed” or by implementing visual analogue scales
that should represent the current level of stress, but
without differentiation between the origin of the stres-
sors (10-12). In contrast, the Trier Inventory of
Chronic Stress (TICS) is an instrument which allows
the assessment of the individual’s appraisal of poten-
tially stressful situations (18).

The objective of the present investigation was to
identify possible associations between perceived stress,
as measured with the TICS, and headache in adoles-
cents. In addition, we aimed to assess whether there are
differences between adolescents with migraine and
TTH. In detail, we expected to find larger increases in
TICS scores for adolescents with migraine than for
adolescents with TTH. Furthermore, students with
migraine were supposed to have higher stress scores
on dimensions representing high demands, while stu-
dents with TTH were expected to show higher scores
in social stress dimensions.

Additionally, we aimed to investigate associations
between ‘objective’ exposure to stress, assessed as, for
example, the amount of time for recreation and social
resources, and prevalent headaches.

Subjects and Methods
Study population

The present study was approved by the Data
Safety Officer and the Ethic Committee (082-08) of
the Medical Faculty of the Ludwig-Maximilans-
University Munich and the Bavarian Ministry for
Teaching and Culture. Written informed consent was
obtained from participants’ parents.

The present study is a cross-sectional study in 10th
and 11th grade students in public grammar schools in
Munich, southern Germany.

Study design and procedure

The acquisition phase of the schools for the present
study started in August 2008 and was completed in
October 2008. The principals of all 37 public grammar
schools in Munich received a letter describing the study,
together with a supporting letter from the Bavarian
Ministry for Teaching and Culture. Principals of 11
grammar schools declared consent to participate in
data collection. They were asked to name a contact
person at their schools and to provide some data on
their school, such as the number of classes, number of
students, specialisation of the schools (classical lan-
guages, modern languages, humanistic, natural sciences,
social sciences, fine arts, economics; multiple specialisa-
tions were possible) and region (central vs outer Munich
regions). Non-participating schools were asked to pro-
vide these data as well. In the case of non-responding
schools, the respective information was retrieved from
their internet homepages. The contact person (usually a
teacher or school psychologist) received a package con-
sisting of further information about the study for tea-
chers and the families of the potential participants.
Contact persons distributed this material consisting of
information about the study, separately for the students
and their parents, and a consent form to all students of
the 10th and 11th grades in their schools. As most stu-
dents were younger than 18 years, their parents were
asked to fill in this form to give written consent that
their child was allowed to participate in the study.
Contact persons collected these consent forms and
stored them at school. For data safety, study members
did not obtain individual information on adolescents’
names or addresses nor did they receive the informed
consent forms.

The field phase of data collection started in October
2008 and was completed in February 2009. On the day
of data collection, contact persons or class teachers
identified those adolescents whose parents had given
written consent. Those subjects were given a question-
naire and asked to complete it immediately during a
regular school hour in class. It took about 25-35 min
to complete the questionnaire. Questionnaires were
numbered consecutively. Upon request in some schools
after the questionnaires had been obtained, an informa-
tional lecture about headache was given by one of the
study members, in appreciation for the students’ par-
ticipation in this study.

Instruments

Stressful experiences were assessed with the TICS, a
57-item self-report instrument yielding the following
nine dimensions extracted by factor analysis (18). The
dimensions school overload, social overload and
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pressure to succeed refer to stress due to high demands.
The dimensions dissatisfaction with job, excessive
school demands, lack of social recognition, social ten-
sion and social isolation refer to stress due to lack of
need satisfaction. Furthermore, the TICS contains a
dimension on chronic worries as a personality trait.
Instead of an additive score over all dimensions, in
the test manual the authors of the TICS suggest using
the chronic stress screening scale as a global measure
for chronic stress experience, consisting of 12 items
taken from the other dimensions.

Zero up to three missing values per dimension can
be accepted. For each item, the frequency of personal
experience within the past 3 months had to be indi-
cated on a 5-point Likert scale from 0 (never) to
4 (very often). Item examples are: ‘I have to deal
too much with problems of other persons’ (item 28;
dimension social overload) or ‘I have to carry out
work where I hardly can apply my abilities’ (item
48; dimension dissatisfaction with job). Individual
mean scores for each dimension were calculated and
then linearly transformed to age-group related
T norm values (mean=50; SD=10) (18). Higher
T values correspond to more stress on the respective
dimension. For the individual T value, it was deter-
mined whether this was within the normal range of
the T distribution, below or above average. The TICS
had been psychometrically tested with subjects
between 16-70 years and good internal consistency
and convergent and discriminant validity were
obtained (18). It was expected that some of the stu-
dents would earn own money. Therefore, before the
beginning of this study, the authors of the TICS had
been contacted; they confirmed the appropriateness of
this instrument for the intended study. The authors
of the TICS recommended to instruct students explic-
itly to apply work-related items to school and home-
work, but to refrain from re-phrasing items. We
explicitly instructed the students that the job ques-
tions pertain to their school demands.

As proxies for exposure to stressors, the following
items were assessed: an open-ended question inquired
self-rated sources of headaches. Daily hours of leisure
time (<1, 1-3, 3-5, >5h) and whether this amount of
time was rated as sufficient for recreation (yes, no)
was asked. Two further questions on social resources
asked whether the student has a best friend (yes, no)
and intimate friend (this means a boyfriend or girl-
friend; yes, no), respectively. Furthermore, principals
of schools were asked to determine the number of
students within the respective classes.

Items on headaches were taken from a validated
questionnaire (3) which was based on the German
translation of International Classification  of
Headache Disorders, 2nd edition (ICHD) (19).

A positive answer to the screening question ‘Did you
have headache during the last six months?” identified
adolescents with or without headache. Subjects with
any headache answered further questions regarding fre-
quency, duration, characteristics and symptoms of their
headaches. Severity of headache was estimated with a
10-point visual analogue scale from grade 1 (very low)
to grade 10 (very high). Severity was considered mild,
moderate and high when subjects indicated 1-3, 4-6, or
7-10, respectively. To gauge treatment of headache, the
frequency of medication used during the last 3 months
and the type of medication (i.e. generic as well as trade-
mark) used were asked.

Any type of migraine and any type of TTH were
classified according to the ICHD criteria as primary
headache disorders (19). The classifications of migraine
included the subtypes migraine (with or without aura,
corresponding to ICHD codes 1.1 and 1.2, respec-
tively), chronic migraine (ICHD code 1.5.1), probable
migraine (ICHD codes 1.6.1 and 1.6.2) and probable
chronic migraine (ICHD code 1.6.5), with a minimum
of five headache episodes. The classification of TTH
included the subtypes infrequent episodic TTH, fre-
quent episodic TTH, chronic TTH, probable infrequent
episodic TTH, probable frequent episodic TTH and
probable chronic TTH (corresponding to ICHD codes
2.1, 2.2, 2.3, 2.4.1, 242 and 2.4.3, respectively).
Co-existing migraine and TTH (‘migraine plus TTH)
could be classified in subjects fulfilling the criteria for
both probable (chronic) migraine and probable (epi-
sodic or chronic) TTH, which require matching with
all but one of the respective criteria for migraine or
TTH. All other subjects with headache that did not
match any of these classifications for primary headache
were considered to have miscellaneous headache (MH).

Further questions pertained to sex (male, female),
grade (10th, 11th) and socio-economic variables:
Monthly amount of pocket money was dichotomized
‘50 Euro or less’ versus ‘more than 50 Euro’.
Adolescents’ own income was graded as ‘any’ or ‘noth-
ing’. Questions on parents’ employment status were
taken from the German Health Interview and
Examination Survey for Children and Adolescents
and considered ‘full time’ if indicated as such, and oth-
erwise as ‘not full-time’ (20).

Statistical analysis

Associations between dichotomous variables were
tested by using chi-square statistics. Mean and SD of
the T values of the TICS were reported. Multiple linear
regression models with adjustment for sex and grade
as confounding co-variables were used to quantify the
difference of the TICS scores between adolescents
with and without headache. Separate linear regression
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models for any headache, migraine, TTH, co-existing
migraine plus TTH and MH (each comparing against
‘no headache’) as predictors were calculated.
Differences in polytomous variables (this means the
number of students in class and daily leisure time)
between students without headache and those with
prevalent headache were tested by using Cochrane—
Armitage tests for trend for ordered categories.
Multiple logistic regression models adjusted for sex
and grade were used to estimate associations between
dichotomous measures of stress as exposures and prev-
alent headache as outcome. To estimate associations
between the polytomous variable leisure time as expo-
sure and prevalent headache as outcome, leisure time
was dummy coded using >5h daily leisure time as ref-
erence category in further multiple logistic regression
models. Separate logistic regression models for any
headache, migraine, TTH, co-existing migraine plus
TTH and MH (each comparing against ‘no headache’)
were calculated. Odds ratios (OR) and 95% confidence
intervals (CI) were reported. P-values <0.05 were con-
sidered to indicate a significant difference. To account
for multiple testing of the TICS dimensions, Bonferroni
correction was applied, separately for each dimension
of the TICS (0.05/10=0.005). The evaluations were
performed with the SAS software package (v9.2; SAS
Institute Inc. Cary, NC, USA).

Results
Participating schools

Schools whose principal declared consent with data col-
lection for the study did not differ significantly from
non-participating schools in terms of number of stu-
dents in school, number of students in 10th and 11th
grades, number of 10th and 11th grades, specialisation
of schools and region (data not shown).

Participants

A total of 1818 adolescents were invited for participa-
tion by their contact persons. At the respective day of
data collection, 1504 (82.7%) were present at school.
Reasons for absence from school were suffering from
seasonal infectious diseases or participation in out-
of-school activities. Of all present individuals, 1426
(94.8%) actually filled in the questionnaire. One hun-
dred sixty-six questionnaires (11.6%) had to be
excluded from analysis because of missing values in rel-
evant socio-economic variables, leaving a total of 1260
analyzable questionnaires. Subjects with excluded ques-
tionnaires did not differ significantly from the remain-
ing subjects with respect to prevalent headache and
stress (data not shown).

Six hundred sixty-nine (53%) of the participants
were female, 591 (47%) were male. Six hundred fifty-
one (52%) of the students were visiting the 10th grade,
609 (48%) the 11th grades, mean age was 16.24+0.9
years. One thousand and three (80%) of the adolescents
reported to receive 50 Euro or less as pocket money per
month, 698 (55%) reported to earn own money.
Fathers of 1145 (91%) and mothers of 474 (38%) stu-
dents were full-time employed.

Prevalence of headache

Table 1 shows the detailed distribution of headaches in
the study population. Of all participants, 83.1%
reported to suffer from any headache at least once
during the last 6 months. Migraine only was reported
by 129 subjects (10.2%). TTH only was reported by 614
participants (48.7%). Co-existing migraine plus TTH
were found in 249 subjects (19.8%). A further 55 sub-
jects (4.4%) reported experiencing other headaches
(MH).

Characteristics of the study population

The distribution of socio-economic variables for
students with or without headache is presented in
Table 2. Significantly more girls were found in the
group of subjects suffering from headaches compared
to the group without headache (56.4% vs 37.1%;
chi-squared =26.4; P <0.0001). No significant

Table I. Six-month prevalence of migraine, tension-type
headache (TTH) and miscellaneous headache (MH)

n %
No headache 213 16.9
Migraine (total) 129 10.2
Of which migraine 25 2.0
Of which chronic migraine | 0.1
Of which probable migraine 102 8.1
Of which probable chronic migraine | 0.1
TTH (total) 614 48.7
Of which infrequent episodic TTH 50 4.0
Of which frequent episodic TTH 75 6.0
Of which chronic TTH 163 12.9
Of which probable infrequent episodic TTH 108 8.6

Of which probable frequent episodic TTH 101 8.0

Of which probable chronic TTH 17 9.3
Co-existing migraine plus TTH 249 19.8
Any MH 55 4.4
Total study population 1260  100.0

TTH, tension-type headache; MH, miscellaneous headache.
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differences between subjects reporting headache and
subjects without headache were found with respect to
all other socio-economic variables.

Stressful experiences

Table 2 further shows the proportion of subjects
with normal or below-average versus above-average

T wvalues of all TICS dimensions amongst stu-
dents with or without headache. After applying
Bonferroni correction, there were statistically signifi-
cantly more subjects experiencing excessive school
demands, lack of social recognition or chronic wor-
ries among those reporting headache, also account-
ing for higher values on the chronic stress screening
scale.

Table 2. Distribution of selected socio-economic characteristics and proportion of normal/below-average and above-average
T values for all TICS dimensions in subjects with and without headache

Any headache (n=1047)

No headache (n=213)

Characteristic n % n %
Sex® Male 457 43.6 134 62.9
Female 590 56.4 79 37.1
Grade 10th 535 51.1 16 54.5
I'1th 512 48.9 97 455
Pocket money per month <€50 829 79.2 174 82.7
>€50 218 20.8 39 18.3
Own income Nothing 457 43.6 105 49.3
Any 590 56.4 108 50.7
Father’s employment Full-time 949 90.6 196 92.0
Not full-time 98 9.4 17 8.0
Mother’s employment Full-time 398 38.0 76 35.7
Not full-time 649 62.0 137 64.3
TICS dimensions

School overload® Normal/below 798 76.2 179 84.0
Above average 249 238 34 16.0
Social overload Normal/below 977 933 200 93.9
Above average 70 6.7 13 6.1
Pressure to succeed Normal/below 1019 97.3 208 97.7
Above average 28 2.7 5 2.3

Dissatisfaction with job® Normal/below 763 72.9 171 80.3
Above average 284 27.1 42 19.7
Excessive school demands® Normal/below 539 51.5 149 70.0
Above average 508 48.5 64 30.0
Lack of social recognition® Normal/below 776 74.1 184 86.4
Above average 271 25.9 29 13.6
Social tension Normal/below 802 76.6 170 79.8
Above average 245 234 43 20.2
Social isolation® Normal/below 899 85.9 196 92.0
Above average 148 14.1 17 8.0

Chronic worries® Normal/below 813 77.7 186 87.3
Above average 234 223 27 12.7

Chronic stress screening scale® Normal/below 8l 77.5 192 90.1
Above average 236 225 21 9.9

Significant P values of chi-square tests: *P < 0.05; °P < 0.005; P < 0.001.
TICS, Trier Inventory of Chronic Stress.
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Associations between stressful experiences
and headache

Mean and SD of the T values for all TICS dimensions
are presented in Table 3, separately for subjects without
headache, for subjects with any headache and sepa-
rately for type of headache. Table 4 shows the respec-
tive beta coefficients of the multiple linear regression
models, these represent the adjusted differences in T
values which can be attributed to prevalent headache.
Prevalent headache was associated with an increase in
experienced stress in the dimensions school overload,
dissatisfaction with job, excessive school demands,
lack of social recognition and social isolation in the
range of 1.9 to 3.4 T norm points, also accounting for
an increase in chronic worries (3.1 points; P <0.001)
and on the chronic stress screening scale (3.5 points;
P <0.001).

Considerable differences in affected stress dimen-
sions were observed between types of headache.
Subjects suffering from migraine reported significantly
higher T values for all TICS dimensions in the range of
3.3 to 7.3 points, corresponding to 7.3 points regarding
chronic worries (P <0.001) and 7.7 points on the
chronic stress screening scale (P <0.001). For subjects
with migraine plus TTH, higher T values in all stress
dimensions were also observed, but with lower scores
than subjects with pure migraine. After Bonferroni cor-
rection, the dimension social overload failed to reach
the level of statistical significance. For subjects with
TTH only, increased T values were found for dissatis-
faction with job and excessive school demands. After
Bonferroni correction, the dimensions lack of social
recognition and chronic worries as well as the chronic
stress screening scale can no longer be regarded as sta-
tistically significant for adolescents with TTH. For sub-
jects with MH, T values did not differ significantly from
subjects without headache.

External measures of stress

A general exposure to stress was reported by students
with migraine (OR =2.1; 95% CI 1.3-3.4), TTH (1.9;
1.3-2.7) and co-existing migraine plus TTH (3.2; 2.1-
4.8). Only for subjects with co-existing migraine plus
TTH, there was a significant association with increasing
number of students in the class found (P=0.02).
Students with migraine reported generally fewer hours
of daily leisure time (P =0.04), but separate adjusted
comparisons did not reveal any individual statistically
significant effect. Subjects with migraine and co-existing
migraine plus TTH were more likely to report that the
amount of daily leisure time was not sufficient for rec-
reation (OR =2.3; 95% CI 1.4-3.7 and OR =1.8; 95%
CI 1.2-2.7, respectively). No differences in the

Table 3. Mean and SD values of the T values for all TICS dimensions by type of headache

Chronic

Lack
of social
recognition

Excessive

Social Social Chronic stress
screening

tension

Social Pressure Dissatisfaction school
to succeed demands

overload

School

worries

isolation

with job

overload

478+838 4434+ 10.0 52.8+8.5 545+ 10.0 49.8+10.0 52.1+£9.2 50.1+88 483+10.2 49.0+11.0

498+10.8

No headache

(n=213)
Any headache

459+82 56.4+7.4 584+9.6 533+£99 53.5+93 52.1+8.1 524+9.7 53.3+9.0

49.2+8.1

53.1 0.1

(n= 1047)

Migraine

52.1+£8.0 48.0+8.9 578+74 61.0+93 57.1£10.7 55.0+£9.2 547+84 56.4+9.1 57.4+8.0

58.0+9.6

(n = |29)

TTH (n=614)

51.7+£9.1
554+82

52.1+£9.7 525+9.6 513+78 50.8+9.6
549+89 53.1+£78 54.6+838

545+9.6

57.1+94
60.6 £9.5

558+73
573+7.6

45.1 £8.1
468+7.7

48.2+8.1

51.4+10.0
55.0+£9.8

504+7.38

Migraine plus TTH

(n=249)

MH (n=55)
Total n= 1260

514+93
52.6+9.5

51.5+78 545168 50.2+9.3 508+ 11.0
533493 51.8+82 51.7+£9.9

52.74+10.0

56.8+94
578497

55.0+6.9
559+7.6

458+7.7
45.6 £8.5

49.0+6.5

49.0+82

519+9.0
5254103

TICS, Trier Inventory of Chronic Stress; TTH, tension-type headache; MH, miscellaneous headache.
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Table 4. Prediction of the T values® for all TICS dimension by type of headache compared to no headache. Beta coefficients and standard errors of the multiple linear regression

analyses®

Chronic

Lack of

Excessive

school social Social Social Chronic stress
recognition tension isolation screening

demands

Dissatisfaction

Pressure to

Social
overload

School

worries

with job

succeed

overload

34+0.7° 3.3+0.8° 1.4+0.7 1.9+ 0.6¢ 3.1+0.7° 3.5+07°

2.7 +0.6°

1.0£0.6 1.6+0.7¢

2.4+0.8¢

Any headache

(n= 1047)

Migraine

3.8+ 1.1° 43+ 1.0° 62+ 1.1° 73+1.2° 33+1.1¢ 45+ 1.0° 73+ 1.1° 77+1.2°

3.9+1.0°

70+1.2°

(n=129)

TTH

22+0.8¢ 2.1 +0.8° 03+0.38 1.2+0.7 1.7+0.8° 2.0+0.8°

2.2+0.6°

0.1 £0.7 0.8+0.7

08+0.8

(n=614)
Migraine plus TTH

52+1.0° 4.6+ 1.0° 3.24+09° 2.8+0.8° 5.1 £0.9° 5.1 £0.9°

3.8+0.8°

2.0+0.8° 2.6 +0.9¢

3.7+ 1.0°

(n=249)

MH (n = 55)

I.5+15 24414 00+ 14 20+ 1.5 1.7+1.6

1.5+15 1.4+1.3 1.8+1.5

09+13

1.3+1.5

?One point corresponds to 1/10 SD.

bAdjusted for sex, grade, pocket money, own income, parents’ employment status.

Significant differences:°P < 0.05; P 0 < 0.005; °P < 0.001.

TICS, Trier Inventory of Chronic Stress; TTH, tension-type headache; MH, miscellaneous headache.

availability of a best friend or an intimate friend were
found (Table 5).

Discussion

The TICS instrument allows the discrimination of stress-
ful experiences according to whether they originate from
high demands (when subjects feel overburdened by too
many or too challenging tasks and by too many social
engagements) or dissatisfaction with life situation (when
subjects feel unsatisfied by non-interesting work, over-
burdened by too complicated tasks, do not feel ade-
quately acknowledged for their efforts, often get into
social conflicts and often feel alone). Compared to sub-
jects without headache, higher stress scores were found
for all investigated dimensions in subjects with migraine
and co-existing migraine plus TTH, whereas in subjects
with TTH increased stress scores were confined to only
few contexts.

In adolescents with migraine or co-existing migraine
plus TTH, a considerable shift towards higher stress
scores was observed in all dimensions, indicating that
subjects with migraine perceive stress not only because
of high perceived demands, but also with respect to
their need satisfaction. Additionally, chronic worries
as indicators of a personality trait were increased.
Although the same dimensions were affected, the
strength of the effect was considerably lower in students
with co-existing migraine plus TTH than in students
with migraine only. Therefore, it might be possible
that subjects with co-existing migraine plus TTH have
slightly better appraisal and coping strategies than sub-
jects with pure migraine, resulting only in occasional
headache attacks without showing the full picture of
a migraine episode (21). Previous studies focusing
only on stressors without accounting for individual
appraisal and coping abilities reported same or even
more stress in adolescents with co-existing migraine
plus TTH than in subjects with migraine only (7,22).
Taken together, the present findings of similar stressful
experiences in subjects with migraine and co-existing
migraine plus TTH can be discussed in the line that
TTH episodes in the latter subjects might reflect
milder migraine attacks and not really a TTH. It, there-
fore, seems reasonable to conclude that migraine
attacks are the predominant disorders in these subjects.

The neurobiological mechanisms through which
stressors might trigger the cascade of migraine attacks
and the development of chronic migraine are unclear,
but are likely to be linked to neurochemical changes
related to the patients’ physiological response to stress
(23). Neurophysiological studies in migraine disclose an
abnormality of cortical excitability and information
processing in patients with migraine between attacks.
Lack of habituation is the principal and most
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Table 5. Prevalences of external stressors and associations with types of headache in comparison with no headache

No headache Any headache Migraine TTH Migraine+ TTH MH
(n=213) (n=1047) (n=129) (n=614) (n=249) (n=>55)
‘Stress’ as a source
No? 73.2% 52.4% 51.9% 56.2% 41.4% 61.8%
Yes 26.8% 47.6% 48.1% 43.8% 58.6% 38.2%
P raw® <0.0001 <0.0001 <0.0001 <0.0001 0.10
OR (95% Cly* 2.1 (1.5-3.0) 2.1 (1.3-3.4) 1.9 (1.3-2.7) 3.2 (2.1-4.8) 1.4 (0.8-2.8)
Students in class
P raw® 0.25 0.87 0.41 0.01 0.48
P adjusted* 0.10 0.23 0.71 0.02 0.50
Leisure time
>5h per day® 21.5% 20.3% 16.7% 22.4% 15.7% 25.5%
OR (95% Cl)* I I | [
3-5h per day 34.9% 39.4% 31.0% 41.6% 37.1% 45.5%
OR (95% Cl)* 1.0 (0.7-1.6) 1.0 (0.5-2.0) 1.0 (0.7-1.6) 1.2 (0.7-2.1) 1.0 (0.5-2.2)
-3 h per day 30.1% 28.7% 30.2% 25.7% 37.5% 18.2%
OR (95% Cly* 0.8 (0.5-1.2) 0.9 (0.5-1.8) 0.6 (0.4-1.0) 1.2 (0.7-2.1) 0.4 (0.1-1.0)
< h per day 13.4% 11.6% 22.2% 10.2% 9.7% 10.9%
OR (95% Cly* 0.7 (0.4-1.2) 1.7 (0.8-3.6) 0.6 (0.3-1.1) 0.7 (0.4-1.5) 0.5 (0.2-1.6)
P raw® 0.59 0.04 0.12 0.50 0.15
Recreation
Yes® 55.6% 46.4% 32.5% 52.7% 37.1% 50.0%
No 44.4% 53.6% 67.5% 47.3% 62.9% 50.0%
P raw® 0.02 <0.0001 0.47 <0.0001 0.47
OR (95% Cly* 1.3 (0.9-1.8) 2.3 (1.4-3.7) 1.0 (0.7-1.4) 1.8 (1.2-2.7) 1.1 (0.6-2.0)
Best friend
Yes® 86.3% 85.6% 86.8% 84.9% 86.6% 86.8%
No 13.7% 14.4% 13.2% 15.1% 13.4% 13.2%
P raw® 0.82 0.88 0.63 0.92 0.92
OR (95% Cly* I.1 (0.7-1.7) 1.0 (0.5-1.9) I.1 (0.7-1.8) 0.9 (0.5-1.6) 0.9 (0.4-2.2)
Boyfriend/girlfriend
Yes® 23.0% 25.2% 32.0% 22.0% 31.0% 18.2%
No 77.0% 74.8% 68.0% 78.0% 69.0% 81.8%
P raw® 0.50 0.07 0.78 0.05 0.45
OR (95% Cly* 1.0 (0.7-1.4) 0.7 (0.4-1.2) I.1 (0.8-1.6) 0.7 (0.5-1.1) 1.4 (0.7-3.0)

*Reference category for the logistic regression model.
PP-value of chi-square test.

P-value of Cochrane—Armitage test for trend.
iAd|'usted for sex and grade.

TTH, tension-type headache; MH, miscellaneous headache; OR, odds ratio; Cl, confidence interval.

reproducible interictal abnormality in sensory process-
ing in these patients. Cortical habituation is seen as a
protective mechanism against overstimulation or phys-
iological stress. It is conceivable that stress could pro-
duce additional chemical changes in the cerebral cortex
of sufficient degree to promote migraine attacks (24).
One study has shown increased neurophysiological and
autonomic reactivity in patients with migraine before a
migraine attack (25). It is not yet clear if stress increases
cortical excitability due to adrenergic mechanisms, and

if the reduction of this adrenergic input due to the
better coping strategies is one cause of the observed
differences. The prophylactic effect of B-blockers on
migraine can partly be explained by the reduction of
the adrenergic effect on cortical excitability (26).
Stressful experiences in subjects with TTH were
smaller in effect size than in subjects with migraine
and pertain to few dimensions on lack of need satisfac-
tion dimensions, namely dissatisfaction with job and
excessive school demands. Previous studies reported
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associations between TTH and exposure to stressors
(7,13), which could be reflected in the high demands
dimensions in our study. In our study, none of the cor-
responding dimensions were affected. Only a few of the
previous studies were population-based (6,7) and most
included children and adolescents (7,8,16), whereas our
subjects were all adolescents, which might account for
substantial differences between these findings. Further,
it has to be noted that the prevalence of TTH in our
study was considerably higher than in other studies.
To assess whether the failure to detect further or stron-
ger associations between stress and TTH might be
caused by possible dilution of the effects by over-diag-
nosis of ‘probable’ or ‘infrequent’ TTH subtypes, strat-
ified analyses for adolescents with episodic or chronic
TTH versus probable episodic or probable chronic
TTH were performed. No meaningful differences, how-
ever, were observed (data not shown). If post-hoc anal-
yses were stratified for chronic, frequent and infrequent
episodic TTH, it was found that the number of affected
stress dimensions decreased with decreasing frequency
of TTH episodes: subjects with infrequent episodic
TTH did not report higher stress on any dimension.
For subjects classified as chronic TTH cases, there
was also no significant association with any of the
high demands dimensions observed (data not shown).
Therefore, the failure to detect associations between
stress and TTH is unlikely to be explained only by dilu-
tion of TTH classifications. The association with some
stressors found in some previously published studies
might also reflect different measures: these measures
might not necessarily indicate perceived stress due to
high demands, but rather exposure to environmental
conditions presumed to account for stress. For exam-
ple, the number of students in the class might be a
marker of social stress, but does not allow drawing
conclusions regarding the individual’s experience of
social tension.

Analyses of external measures of exposures to stress
and social support revealed only few differences between
subjects with any types of headaches and headache-free
students. This finding might point to a higher sensitivity
of the TICS or comparable measures of individual expe-
riences and burden of stress. However, both types of
measures, TICS and ‘objective’ measures of stress
emphasize the stronger associations between stress and
migraine, rather than between stress and TTH.

At this point, it can only be speculated why there are
such large differences between the stress scores in
migraineurs and TTH sufferers. One hypothesis is
that subjects who complain about TTH might have
better coping strategies for stress, which might protect
them from developing a central hyper-excitability.
Another hypothesis is that subjects with TTH are
more likely to develop muscular tenderness as a

reaction to stress (27), but are less vulnerable to psy-
chological stress, for example from anxiety or depres-
sion (28-30).

The time course, whether stress precedes headache
onset or whether headache episodes are to be consid-
ered as stressful events, is still under debate (31). Nash
and colleagues (32,33) postulated multiple connections
on how stress and headache can be inter-related: stress
can contribute to the onset or expression of headache in
vulnerable persons (22,34), can trigger individual head-
ache episodes (35-42), can exacerbate the progression
of a headache disorder from an episodic to a chronic
condition (43-45) and can independently worsen head-
ache-related disability and quality of life in headache
sufferers (31,46). Furthermore, headache episodes
themselves can serve as stressors (17,47), that impact
an individual’s health and well-being. Since our data
are cross-sectional, we are only reporting associations
and do not claim causal relations.

Study strengths and limitations

The major strength of our study is its school-based, not
hospital-based, data collection, although recruitment
was confined to a subgroup of students visiting a gram-
mar school. Participating schools did not differ from
schools which refused to participate. Given the high
participation rate (94.8%) and the comparatively low
number of excluded questionnaires (11.6%), sampling
bias seems to be unlikely. Unlike other previous
reports, the analysis was adjusted for relevant con-
founding variables that were shown to be associated
with prevalence of headache and with stress. Thus, we
could estimate the difference in stress score that are,
indeed, associated with prevalent headache.

Previous studies on the association between adoles-
cent migraine and stress have focused on the demand
side (6,7,13,15,17,22). This study adds the investigation
of the individual appraisal of stressful situations. While
other studies mostly assessed stressors such as the
number of days absent from school, in the present
study the individual perception of a burden from
demands and lack of need satisfaction is investigated.
Even though the TICS is a comparatively new instru-
ment, it has already been applied in a number of other
studies (23,48-51).

There are some weaknesses of the present study.
Classifications of types of headache were not validated
by physicians’ diagnoses, but were based on a self-
administered questionnaire. However, a number of
studies found reasonable sensitivity, specificity and pre-
dictive values for headache screening questionnaires for
children and adolescents (52-54). Construction of
the headache questionnaire was based on the criteria
of the ICHD (19). and was similar to widely used
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questionnaires which were already administered in
population-based cross-sectional studies on adolescents
(3,55). However, a possible overdiagnosis of headaches,
especially of TTH, cannot be ruled out.

Although the TICS is psychometrically validated
for subjects between 16-70 years, no additional
papers using the TICS in an adolescent sample had
been published up to now. Approximately one-quarter
of the students of the present sample was slightly
(maximally one year) younger than 16 years, but
there is no reason to believe that these subjects
might not have been able to answer some items cor-
respondingly. Indeed, we did not find any association
between test performance and age below 16 years in
our data (data not shown). While general statements
regarding test profiles are only valid within the age
ranges used for the standardisation of the instrument,
relative comparisons, as performed in our study, are
likely to be valid if the test is applied to individuals at
an age very close to the margins of the age range used
for standardisation.

The clinical relevance of the observed statistically
significant associations between headache and per-
ceived stress might be questionable, especially since ele-
vated stress scores even for students with migraine were
lower than the clinically relevant difference of 10 T
norm points. However, in epidemiological studies
with population-based or healthy samples, such large
differences as in individual medicine cannot always be
obtained. Epidemiological methodology does not
require that necessarily all migraineurs experience ele-
vated stress.

It is known that students visiting a grammar school
in Germany are more likely to experience headache
than students of other school types (3). The higher
prevalence of headache contrasts with the reported
higher quality of life and fewer psychosomatic health
complaints in students visiting grammar schools com-
pared to other schools (56). The proportion of subjects
with headache in this study, confined to a municipal
student population in a city where an abundance of
wealth for a high proportion of students might be
equally stressful as the perceived lack in those who do
not have that affluent parents, was even higher than in
other studies using the same screening instrument
(3,55). This might raise concerns regarding external
validity. The main lessons from this study, however,
pertain to the differences between migraine and TTH
rather than the absolute prevalence of either.

Conclusions

The present systematic investigation of individual expe-
rience of stress and headache in adolescents revealed
considerable differences between subjects with migraine

and subjects with TTH. These differences might reflect
different biological mechanisms. Migraine patients
might, therefore, be more likely to benefit from beha-
vioural interventions to improve stress appraisal and
coping strategies for treatment and prevention than
TTH patients.
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