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Abstract:

Purpose. To examine prevalence, course, and long-term outcome of childhood migraine and other
headaches.

Method. Using questionnaires, 1185 children were followed for recurrent headaches (HAS) at ages 7,
14 and 32 years, respectively.

Results. At age 7 years, 4.0% of the 1185 children (girls 3.7%, boys 4.3%) had migraine and 24%
(25%/23%) had nonmigrainous HA. In adulthood, 16% (22%/8%) had migraine and 60% (64%/54%)
nonmigrainous HA. Childhood migraine persisted into adulthood in 65% of females and 21% of males
and nonmigrainous HA in 62% and 59%, respectively. After childhood, 17% of females and 7% of
males started to have episodes of migraine. No recurrent HA during the follow-up was reported by 11%
(6%/16%). In a multivariate analysis, compared with no childhood HA, childhood migraine increased
the risk of adulthood migraine by 3.36-fold (95% CI 1.94-5.82) and that of nonmigrainous HA by
1.72-fold (1.14-2.60).

Discussion and conclusions. Headaches are generally as common in preschool girls as boys. From early
school years, HAs steadily increase up to young adulthood, but among boys the prevalence levels off
after adolescence. About two thirds of children experienced changes in their headache status during a
25-year follow-up. Any kind of recurrent headache at school entry predicts an increased risk of
headache in young adulthood. Special attention should be paid to girls and particularly those girls who

have recurrent headache when they start school.



Headache (HA) occurs at any age in childhood, but it is rare in infancy and early childhood'>. At
school age, the prevalence of HA and migraine approaches the prevalence rates of adults®°, Several
cross-sectional and a few longitudinal studies have shown an equal or higher incidence of HA in boys
than girls before pre-puberty, a plateau stage at puberty and a higher rate in girls than in boys at post-
puberty and young adulthood**3, Outcome studies show the mean annual remission rate of childhood
migraine to be about 6% during the first 3 years of follow-up4, but 1-2% during a 10 to 50 year
follow-up?121315-17 - Most outcome studies of childhood HA are cross-sectional or very short-term,
retrospective, limited to certain age groups or headache types, based on small, selected samples, or
focused only secondarily on HA. There are only a few long-term prospective transitional studies from
childhood to adulthood**'’. In his population-based study of 9000 schoolchildren, Bille (1997) found
73 children to have “pronounced migraine”. No data, however, were given on those children who had
nonmigrainous HA or no headache at baseline. Brna et al. (2005) reported data on 60 of 77 children
and found headache severity to be predictive of headache outcome in 20 years of follow-up.
Improvement in headache was reported by 66%. Tension-type HA was significantly more likely than
migraine to remit. In a British birth cohort from 1958 of 17,414 infants'8, 8.2% of the mothers reported
HA in their child at age 7 years. At age 33, 14% of the study subjects mentioned headaches, but the
source population is not given. It is also unknown how many of them had migraine, because the type

and severity of the headaches were not defined.

We report prevalence, course, and outcome of recurrent primary headache and migraine in a cohort of

more than 1000 children prospectively followed for 25 years.



Methods

Procedure

The initial study population consisted of a community-based cohort of seven-year-old children born in
1967 and living in the Finnish city of Tampere (total population ca 160,000) and examined for
headaches in 1974%°. The number of children for whom the study design could be applied was 2151.
After exclusion of 80 children for failure to obtain data due to school absence on the index day, or
intellectual disability or similar reasons, 2071 were eligible and recruited for the study. HA history and
status were assessed by the school physician by interviewing the child and his/her parent(s) during
routine clinical examination at school entry, using a structured questionnaire. The study design was

described previously in detail>1%20,

At age 14, the pupils were re-examined while attending the 7" grade in spring 1981 in Tampere, and
1493 (79%) of 1894 eligible participated. HA data were collected in the classroom setting during
school hours with a structured one-page questionnaire identical to the form used in the baseline study at
age 7 in 1974%. In the same year, autumn 1981, a parallel, but separate study was conducted on pupils
attending the 8™ grade in Tampere, most of whom were born in 1967%%%%, A total of 1205 participants
(84% of 1493) were found to have participated in all three studies performed in 1974, spring 1981 and
autumn 1981. The most important reason for a high attrition rate during the school years was a strong
population movement to and from Tampere and a subsequent lack of follow-up data from either of the
1974 or 1981 examinations®. In 1999, at age 32, data were collected by mailed questionnaires. For the
present study, relevant data from childhood and adolescence were available on 1185 of the 1205 pupils
who were included in the study. Of the 1185, 819 (449 females, 370 males) acceptably completed the

questionnaire as adults in 1999 and were included in the longitudinal analyses.



Definitions

Headache was defined as recurrent (two or more) primary episodes of pain in the head area, not
secondary to any initial organic disease and, when occurring, experienced as disturbing daily life
during the preceding six months. Headache freedom was defined as a condition with no episodes of
recurrent primary headache disturbing daily life (but occasional, situational episodes of headache could
not be excluded). Migraine was defined according to the Vahlquist criteria?? both at baseline and
follow-up examinations. Nonmigrainous headache was defined as recurrent headache that did not fulfill
all the criteria of migraine. The following specifying questions of HA were included in all the
questionnaires: frequency of HA per time unit; attack-wise mode of occurrence; unilaterality;
concurrent nausea and/or vomiting; visual aura; and family history of migraine in first-degree relatives.
Secondary headaches were ruled out by questions concerning problems of eyesight or refractive error;
preceding head injury; and concurrent febrile illness, sinusitis, or other known somatic illness.
Diagnosis and classification of HA were at all stages made by a physician according to the Vahlquist
criteria??. Recurrent primary HA was subdivided into migraine, if it fulfilled the Vahlquist criteria, and
nonmigrainous HA, if the criteria were not met. During the data collection at age 7 in 1974, the
Vahlquist criteria?®> were widely used before the IHS criteria were publicized in 1988%. To maintain
comparability between the check-ups, the same criteria were used throughout the study. The
participants were classified into three subgroups: migraine, nonmigrainous HA, and no recurrent HA,

In cases of more than one HA type, the presenting type of HA was considered.

Lost to follow-up
The pattern of attrition of the cohort has been previously reported?*. Male sex and low school
performance (defined by the authors?* as the lowest quartile, less than 6.9, of the self-reported means of

school marks on scale 4-10) were the main predictors for non-responsiveness at 32 years of age. Of the



1185 participants, 366 (31%) were lost to follow-up: 127 (35%) females and 239 (65%) males;
p<0.001). Within the groups of adulthood migraine, nonmigrainous HA, and no HA, the proportion of
female dropouts was 19%, 18%, and 24%, and that of male dropouts 46%, 45%, and 37%, respectively.
The proportions of childhood HA status did not significantly differ between the participants and
nonparticipants (p=0.08 for HA*sex interaction, and p=0.92 for sex-adjusted HA main effect). The p-

values are from modified Poisson regression models®.

Statistical analysis

Descriptive data are given as n (%).Risk ratios with 95% confidence intervals (CI) between childhood
HA types on adulthood HA were calculated with modified Poisson regression models for binary data?®.
Longitudinal analyses of HA types during follow-up were done with similar models expanded for
correlated data?®. Outcome variables in the Poisson regression models were recurrent HA (combined
migraine and nonmigrainous HA); migraine; and HA freedom. Sex and its significant (p<0.05)
interactions were included in all models as potential confounding factors. In multiple comparisons, the
confidence intervals were Bonferroni corrected. The proportions of nonmigrainous HA between sexes
in the three age groups were tested with Bonferroni corrected ¥ tests. Statistical analyses were done
using SAS® version 9.4 (SAS Institute, Cary, NC, USA). The study design was approved by the Ethics
Committee of the Clinical Institute, University of Turku. Informed consent was obtained from the
participants, and the permission for the study in the schools from the parents and the school authorities

of the city of Tampere.

Results

Prevalence of recurrent headaches



The prevalence of recurrent headaches, migraine, and nonmigrainous headache at ages 7, 14, and 32
years are presented in Fig. 1. Recurrent HA occurred in 28% of children, 69% of adolescents and 75%
of adults. Its prevalence was on the rise from childhood to adulthood in females, but remained actually
unchanged after adolescence in males (sex, age, and sex*age interaction: p<0.001 for all). The
prevalence was virtually the same in girls and boys (28% vs. 27%; p>0.99), but significantly higher in
females than males in adolescence (73% vs. 66%; p=0.043) and in adulthood (86% vs. 62%, p<0.001).
Prevalence of migraine showed similar trends (p<0.001 for sex and age main effects, p=0.006 for
sex*age interaction). The prevalence was similar in childhood (3.7% vs. 4.2% for girls and boys,
respectively; p=0.58), while adolescence migraine was significantly more common in girls than in boys
(15% vs. 7%; p<0.001). In adulthood, the prevalence of migraine (16%) continued to be significantly
higher in females than in males (22% vs. 8%; p<0.001). Prevalence of nonmigrainous HA did not differ
between females and males in childhood (25% vs. 23%; p>0.99) or adolescence (58% vs. 60%;

p>0.99), but was significantly higher in adult females than males (64% vs. 54%; p=0.010). (Fig. 1).

Insert Fig. 1 here

Evolution and outcome of childhood recurrent headaches

Fig. 2 illustrates different trajectories between HA types between 7 and 32 years of age. HA status in
general was more changing in females than in males. A change of HA status from 7 to 32 years of age
occurred in 70% of females and 56% of males. On the other hand, the most stable HA types throughout
the study period were female migraine, which remained unchanged in 65%, female nonmigrainous HA
(62%), and male nonmigrainous HA (59%). Freedom from HA remained at 20%, and occurred less

often in females than males (16% vs. 41%). (Fig. 2).



Insert Fig. 2 here

Of HA free children, five out of six girls and three out of five boys failed to remain HA free into
adulthood. Two thirds of the HA free girls and half of the HA free boys experienced adulthood
nonmigrainous HA. Almost one fifth of the girls and less than one tenth of the boys developed
migraine. Girls with nonmigrainous HA were at high risk of continuous nonmigrainous HA, and almost
one third had migraine in adulthood. Eight per cent became, however, HA free. In the majority of boys,
nonmigrainous HA continued to occur unchanged but, in contrast to girls, boys were more often HA
free in adulthood. Childhood migraine remained unchanged in about two thirds and altered to
nonmigrainous HA in three out of ten girls. The risk of continuing migraine in boys was substantially
lower than in girls. One fifth still had migraine in adulthood, while two thirds changed to
nonmigrainous HA and 14% became HA free. (Fig. 2). Supplementary Fig. 1 shows a flow chart of all

transitions between HA types at an individual level from childhood through adolescence to adulthood.

In a 25-year follow-up, headache remission was achieved by 15% of the 819 participants. Of the
children with migraine 10% became HA free (females 6% and males 14%). In children with
nonmigrainous HA, the proportion was 16% (females 8% and males 29%). The percentage of females
was one third of that of males (8% vs. 27%) (Fig. 2). Of the adolescents with HA, 18% remitted and
6% improved from 14 to 32 years of age; a worsening was seen in 27%, and no change in 54%. The
tendency to remit was lower in migraine than in nonmigrainous HA (7% vs. 20%) (Supplementary

Fig.1).

Predictors of adulthood recurrent headaches



Compared with HA free children, there was a 25% increased risk of any recurrent adulthood HA if the
child had migraine and a 14% increased risk in case of childhood nonmigrainous HA. Female vs. male
sex increased the risk of any recurrent adulthood HA by a third. (Table 1).

Insert Table 1 here.

Childhood HA and sex predicted migraine in adulthood. Children with nonmigrainous HA vs. no HA
had a two-fold risk of adulthood migraine and those with migraine vs. nonmigrainous HA again had a
two-fold risk. Therefore, children with migraine vs. no HA were at a four-fold risk for adulthood

migraine. The risk was raised to nearly three-fold for females compared to males. (Table 1).

Children with no HA vs. children with nonmigrainous HA had a 1.5-fold chance to be HA-free in
adulthood. Childhood migraine as a predictor of no HA in adulthood yielded nonsignificant
associations, probably due to sparse data. Males had an over 2.5-fold better chance than females to be

HA free in adulthood. (Table 1).

Discussion and conclusions

Prevalence of recurrent headaches in childhood

The present results are from a 25-year follow-up cohort of 7-year-old children in a prospective
community study. Our prevalence estimates of recurrent headaches compare well with the reported
population data at age 7 years, which usually ranges from 38% to 53%251%27.28 \While there was a
slight male majority, no real sex difference at age 7 existed, which is consistent with the previous
reports®*8, However, a large European study?® reported the prevalence to be “somewhat higher among

boys under the age of 10 years”. On the other hand, a German study?® reported non-significantly lower
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prevalence for boys than girls of both monthly or weekly headache (12% vs. 13%) and migraine (3%

vs. 4%).

Comparison between Vahlquist and IHS 1988 migraine criteria

In comparison with our prevalence rate of migraine (3.7%), the reported rates of migraine by the
Vahlquist criteria range from 1.2% to 5.7%273-%2, The Vahlquist criteria yield somewhat higher
migraine rates than the IHS criteria®®; of the 8-9 year old children, 2.96% had migraine according to
the Vahlquist criteria vs. 2.33% using the IHS criteria®?. Mortimer et al. 5 reported the Vahlquist criteria
to be in agreement with the IHS criteria in children under the age of 18. In the study of Gherbelli et
al.®, the Vahlquist criteria were less sensitive than the IHS criteria, as they were modified in several
ways with terms of duration of the headache episode, and considered single symptoms. Hershey et al.>*
suggested several revisions to the IHS-II criteria to improve the sensitivity of ascertaining pediatric
migraine. To date, no satisfactory consensus exists regarding the criteria of pediatric migraine. Given
the small differences in estimates and comparisons between the Vahlquist and the first version of the

IHS criteria, we considered the first set to adequately reflect prevalence estimates in the present survey.

Prevalence of recurrent headaches in adolescence

The present prevalence of migraine among our 14-year-olds is comparable with previous studies on
children of approximately 14-year-olds®22835-3 as is the prevalence in adults?®*3°*%°, Few papers report
sex differences of migraine at puberty. A German study®® using the IHS 1988 criteria of migraine®3
reported a prevalence of female and male migraine as 13% and 8% at age 12—-13 years and 14% and
7% at age 15-16 years, respectively. Their figures are very similar to our female and male prevalence

of 15% and 7% at 14 years of age. The female majority as regards migraine was already found in the
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years preceding the onset of puberty®. Another German study, also using the IHS 1988 criteria, did not

find any difference between females (10%) and males (11%)2.

Our prevalence of adolescence nonmigrainous headache (59%) appears high, but it is of the same order
as in comparable studies, e.g., the well-known, large (n=8993) population study (70%) by Bille that
included, similar to our study, both frequent and infrequent nonmigrainous headaches at the age of 14
years?. Pothmann et al.*, in their representative sample of 4865 school children, reported 80% to have
nonmigrainous HA in 12 to 13 year old children, and 83% in the 15 to 16 year olds. In their unselected
sample of school children aged 14 years (n=3863), Sillanpaa et al.® found nonmigrainous HA in 58% of
girls and in 59% of boys. Reports covering monthly, weekly, or “frequent” HAs yield substantially

lower percentages.

Evolution of recurrent childhood headaches

An increasing trend in the prevalence of HA in general and migraine in particular up to 13-14 years of
age has been reported**3. In our study, a clear increase in female recurrent HA and migraine could be
seen from childhood to adolescence and on to adulthood in line with previous literature*®. Of note is the
prevalence of male recurrent HA and migraine, which remained virtually unchanged from adolescence
to adulthood. A similar observation was made in a Norwegian study*? that found the prevalence of
frequent (weekly) HA to increase from 12% to 13% among girls aged 12 to 14 years, but was stable
across the 13- to 14-year age groups among boys (4.6% and 4.8%, respectively). Virtanen et al*3, found
the prevalence of monthly HA to increase in females from 68% to 74% between 14 to 17 years of age,

but decrease in males from 62% to 52%, respectively.
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Almost two thirds of children at age 7 years may expect changes in their HA status during the
following 25 years. Subsequently, our study highlights how common it is for changes in different HA
types to occur with increasing age, in either favorable or unfavorable directions. Of our children with
recurrent HA, 15% remitted and 6.3% improved during the 25-year follow-up. A worsening was seen
in 20%, and no change in 59%. Females entered remission substantially less often than males. An
Italian study of 100 HA clinic patients, followed for eight years, is one of the few previous studies on
the evolution of childhood HA*. They found 79% either remitted (34%) or improved (45%), while 6%
deteriorated and 15% remained unchanged. The positive tendency was lower in females than males.
The outcome is far more favorable than in our study, but the comparability may be questionable. In
their cohort, the baseline age varied from 4 to 18 years, which brings about heterogeneity in the
headache evolution patterns. The data were derived from an outpatient clinic, and the mode of data
collection was by an interview, which potentially yields answers that are different from those gained in
questionnaire studies. Nevertheless, both the Italian and Finnish studies show that the vast majority of
children with recurrent HA will have a changing HA profile in the future, and girls will have a less

favorable outcome than boys.

Remission of recurrent headaches
In short-term studies on migraine in school children, an annual remission from migraine to HA

freedom ranged from 0.9% to 3.9%?% 126,45,

Long-term studies of two or more decades follow-up are few. Brna et al.!” followed 77 children with
headache for 20 years. At the end of the follow-up, 27% were in remission. No baseline age for the

children was given.
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Based on a national birth cohort, Fearon and Hotoph® collected headache data in 1991 on 11407 of
17414 cohort members born during one week in Great Britain in 1958. Baseline HA data were received
from the mothers who gave an affirmative answer to the question “does your child have frequent
headache or migraine”. No definition was given to the concepts of “frequent” or “migraine” and the
children were not questioned. At the age of 33 years, according to the report, ““...14.1% (n=998)
mentioned headaches...”. The n of the source population is not given, but one may calculate that 998 is
14.1% of 7078 participants. Who they were is unknown. Whatever the source population of young
adults is, the prevalence of 14.1% is substantially lower than in the previously reported ones and in the
present study. Because of several limitations of the British study, we cannot make comparisons with

our study.

The landmark study of Bille>'? is by far the longest follow-up study of children; however, it only
covers data on migraine. Childhood migraine, defined by the Vahlquist criteria?, had, in the follow up,
remitted in 23% after 25 years®®, in 40% after 30 years'®, and in 43% after 40 years3. The
corresponding percentage of our migraine free adult participants (55%) is comparable with Bille’s

figures.

Limitations

One limitation of the present study is the small number of subjects with childhood migraine (n=47, 4%
of the total study population) at the age of seven, even though that is the prevalence commonly reported
at that age. Consequently, in formal analyses, it was not possible to obtain firm estimates for risk ratios
of all HA outcomes. Another limitation is the use of the Vahlquist criteria. The use of the Vahlquist
criteria was, however, inevitable to maintain comparability throughout the study. Furthermore, they

could be considered to adequately reflect prevalence estimates in the present study. A heightened
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dropout rate, unavoidable in very long-term studies, could not be shown to affect the results. Due to
limited time set by the school authorities for data collection in classrooms, we had to make choices
about potential contributors to the course of HA. We ruled out several aspects of HA including
different HA types, somatic comorbidity, and medical and other treatments of HA, and only focused on
presenting primary recurrent headache. Finally, while the questionnaire completed by the pupils on
follow-up examinations was a photocopy of and then identical with the first questionnaire sheet, the
contents of the responses might have been affected, at least to some extent, by the different

circumstances at the completion of the questionnaires.

Conclusions and clinical implications

Based on our community-based, 25-year follow-up covering different developmental phases from
childhood to adulthood, our study has some important clinical implications. First, headache status at the
beginning of school attendance is, in the majority, subject to marked changes with increasing age.
Second, girls are at substantially higher risk than boys for adolescence migraine, particularly in the case
of any primary headache in childhood. A sizeable increase in migraine obviously starts well before the
age of 14. Third, recurrent headache and migraine steadily continue to increase up to young adulthood
in girls. Fourth, among boys, changes in the prevalence of migraine and other primary headaches
appear to be slight from adolescence up to young adulthood. Inversely, migraine and other headache
among young adults are already predictable in adolescence. In conclusion, girls at school age are at
high risk of future migraine and other primary recurrent headaches. Special attention should be paid to

girls and particularly to those girls who have headaches when they begin school.
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Public Health Relevance
e Every tenth will remain free from recurrent headache from childhood to young adulthood.
e About a half of men, but less than one third of women without headache until mid-puberty have
good chances for sustained headache freedom until young adulthood.
e Any kind of recurrent headache at school entry predicts an increased risk of headache in young

adulthood.



16

References

(1) Vahlquist B, Hackzell G. Migraine of early onset. A study of thirty-one cases in which the disease first
appeared between one and four years of age. Acta Paediatr 1949;38:622-635.

(2) Bille B. Migraine in school children. A study of the incidence and short-term prognosis, and a clinical,
psychological and encephalographic comparison between children with migraine and matched controls. Acta
Paediatr 1962;51 (Suppl 136):1-151.

(3) Sillanpaa M, Piekkala P. Prevalence of migraine and other headaches in early puberty. Scand J Prim Health
Care 1984;2:27-32.

(4) Elser JIM, Woody RC. Migraine headache in the infant and young cild. Headache 1990;30:366-368.

(5) Mortimer MJ, Kay J, Jaron A. Childhood migraine in general practice: clinical features and characteristics.
Cephalalgia 1992;12:238-243.

(6) Abu-Arafeh I, Russell G. Prevalence of headache and migraine in schoolchildren. British Medical Journal
1994;309:765-769.

(7) Sillanpaa M, Abu-Arafeh 1. Epidemiology of recurrent headache in children. In: Abu-Arafeh |, editor.
Childhood Headache London: Mac Keith Press; 2002. p. 19-34.

(8) Laurell K, Larsson B, Eeg-Olofsson O. Prevalence of headache in Swedish schoolchildren, with a focus on
tension-type headache. Cephalalgia 2004;24:380-388.

(9) Abu-Arafeh I, Razak S, Sivaraman B, Graham C. Prevalence of headache and migraine in children and
adolescents: a systematic review of population-based studies. Dev Med Child Neurol 2010 Dec;52(12):1088-
1097.

(10) Wober-Bingdl C. Epidemiology of migraine and headache in children and adolescents. Curr Pain Headache
Rep 2013 Jun;17(341):1-11.

(11) Congdon PJ, Forsythe WI. Migraine in childhood: a study of 300 children. Dev Med Child neurol
1979;21:209-216.

(12) Sillanpaa M. Changes in the prevalence of migraine and other headaches during the first seven school years.
Headache 1983;23:15-109.

(13) Bille B. A 40-year follow-up of school children with migraine. Cephalalgia 1997;17(4):488-491; discussion
487.

(14) Mazzotta G, Carboni F, Guidetti V, Sarchielli P, Feleppa M, Gallai V, et al. Outcome of juvenile headache
in outpatients attending 23 Italian headache clinics. Italian Collaborative Study Group on Juvenile Headache
(Societa Italiana Neuropsichiatria Infantile [SINPI]). Headache 1999;39:737-746.

(15) Bille B. Migraine in childhood and its prognosis. Cephalalgia 1981;1:71-75.

(16) Metséhonkala L, Sillanpd4 M, Tuominen J. Outcome of early school-age migraine. Cephalalgia
1997;17:662-665.

(17) Brna P, Dooley J, Gordon K, Dewan T. The prognosis of childhood headache: a 20-year follow-up.
Archives of Pediatric and Adolescent Medicine 2005;159(12):1157-1160.

(18) Fearon P, Hotopf M. Relation between headache in childhood and physical and psychiatric symptoms in
adulthood: national birth cohort study. BMJ 2001;322:1-6.

(19) Sillanpaa M. Prevalence of migraine and other headache in Finnish children starting school. Headache
1976;15:288-290.



17

(20) Aromaa M, Sillanpda M, Aro H. A population-based study of headache from age 7 to 22 years. J Headache
Pain 2000;1:11-15.

(21) Aro H, Paronen O, Aro S. Psychosomatic symptoms among 14-16 year old Finnish adolescents. Soc
Psychiatry 1987;22(3):171-176.

(22) Vahlquist B. Migraine in children. Int Arch Allergy Appl Immunol 1955;7(4-6):348-355.

(23) Headache Classification Committee of the International Headache Society. Classification and diagnostic
criteria for headache disorders, cranial neuralgias and facial pain. Cephalalgia 1988;8(Suppl 7):1-96.

(24) Eerola M, Huurre T, Aro H. The problem of attrition in a Finnish longitudinal survey on depression. Eur J
Epidemiol 2005;20:113-120.

(25) Zou G. A modified Poisson regression approach to prospective studies with binary data. Am J Epidemiol
2004;159:702-706.

(26) Zou GY, Donner A. Extension of the modified Poisson regression model to prospective studies with
correlated binary data. Stat Methods Med Res 2011;22(6):661-670.

(27) Sillanpad M, Anttila P. Increasing prevalence of headache in 7-year-old schoolchildren. Headache
1996;36:466-470.

(28) Kroner-Herwig B, Heinrich M, Morris L. Headache in German children and adolescents: a population-
based epidemiological study. Cephalalgia 2007;27:519-527.

(29) Stovner LJ, Zwart JA, Hagen K, Terwindt GM, Pascual J. Epidemiology of headache in Europe. . EurJ
Neurol 2006;13:333-345.

(30) Sillanpaa M, Peltonen T. Occurrence of headache amongst schoolchildren in a Northern Finnish
community. In: Sicuter F, editor. Headache: New vistas. Florence, Italy: Biomedical Press; 1977. p. 5-8.

(31) Sillanpaa M. Prevalence of headache in prepuberty. Headache 1983;23:10-14.

(32) Metséhonkala L, Sillanp&a M. Migraine in children--an evaluation of the IHS criteria. Cephalalgia
1994;14:285-290.

(33) Gherbelli JL, Nagae Poetscher LM, Souza AM, Bosse EM, Rabello GD, Diament A, et al. Migraine in
childhood and adolescence. A critical study of the diagnostic creteria and of the influence of age on clinical
findings. Cephalalgia 1998;18:333-341.

(34) Hershey AD, Winner P, Kabbouche MA, Gladstein J, Yonker M, Lewis D, et al. Use of the ICHD-II criteria
in the diagnosis of pediatric migraine. Headache 2005;45:1288-1297.

(35) Deubner DC. An epidemiologic study of migraine in 10-20 year olds. Headache 1977;17:173-180.

(36) Pothmann R, von Frankenberg SV, Mueller B, Sartory G, Hellmeier W. Epidemiology of headache in
children and adolescents: evidence of high prevalence of migraine among girls under 10. Int J Behav Med
1994;1:76-89.

(37) Anttila P, Metsahonkala L, Aromaa M, Sourander A, Salminen J, Helenius H, et al. Determinants of
tension-type headache in children. Cephalalgia 2002;22(5):401-448.

(38) Waldie KE, Thompson JM, Mia Y, Murphy R, Wall C, Mitchell EA. Risk factors for migraine and tension-
type headache in 11 year old children. JHeadache Pain 2014;15(60):1-9.

(39) Krogh Rasmussen B, Jensen R, Schroll M, Olesen J. Epidemiology of headache in a general population - a
prevalence study. J Clin Epidemiol 1991;44:1147-1157.

(40) Molarius A, Tegelberg A. Recurrent headache and migraine as a public health problem—a population-based
study in Sweden. Headache 2006;46:73-81.



18

(41) Lipton RB, Silberstein SD, Stewart WF. An update on the epidemiology of migraine. Headache
1994;34:319-328.

(42) Larsson B, Sund AM. One-year incidence, course, and outcome predictors of frequent headaches among
early adolescents. . Headache 2005;45:684-691.

(43) Virtanen R, Aromaa M, Koskenvuo M, Sillanpaa M, Rose R, Metsahonkala L, et al. Prevalence and
incidence of headache in adolescent Finnish twins. . Headache 2009;49:1503-1512.

(44) Guidetti V, Galli F. Evolution of headache in childhood and adolescence: an 8-year follow-up. Cephalalgia
1998 Sep;18(7):449-454.

(45) Kienbacher C, Wober C, Zesch HE, Hafferl-Gattermayer A, Posch M, Karwautz A, et al. Clinical features,
classification and prognosis of migraine and tension-type headache in children and adeolescents: a long-term
follow-up study. Cephalalgia 2006;26:820-830.



19

Table 1. Risk for any recurrent headache including both migraine and nonmigrainous headache (HA),
migraine, and chance of no recurrent headache in one-year cohort of 819 participants followed from
childhood to adulthood. Risk ratios (RR) with 95% confidence interval (CI) from multivariable
modified Poisson regressions including childhood HA type and sex as predictors.

Recurrent headache

0,
at age 32 years RR P%Cl
HA at age 7y?
migraine vs. nonmigrainous HA 1.10 (0.93-1.29)
migraine vs. no HA 1.25 (1.07-1.46)
nonmigrainous HA vs. no HA 1.14 (1.04-1.25)
Female sex 1.37 (1.25-1.49)
Migraine at age 32 years RR 95% ClI
HA at age 7y?
migraine vs. nonmigrainous HA 2.08 (1.23-3.52)
migraine vs. no HA 3.67 (2.22-6.06)
nonmigrainous HA vs. no HA 1.77 (1.18-2.65)
Female sex 2.69 (1.85-3.93)
No recurrent headache RR 95% ClI
at age 32 years
HA at age 7y?
no HA vs. migraine 2.85 (0.77-10.54)
no HA vs nonmigrainous HA 1.62 (1.08-2.44)
nonmigrainous HA vs. migraine 1.76  (0.45-6.80)
Male sex 2.65 (2.04-3.45)

@ Bonferroni corrected confidence intervals
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Fig 1. Prevalence of migraine and nonmigrainous headache in a community-based cohort of Finnish
schoolchildren followed for 25 years. Number of participants: 1185 ( F 576, M 609) at age 7, 1181 ( F
575, M 606) at age 14, and 819 ( F 449, M 370) at age 32. (F: female; M: male. Migraine: p<0.001 for
sex and age main effects, p=0.006 for sex*age interaction; migraine and nonmigrainous headaches
combined: p<0.001 for all)
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Age 7 years Females Age 32 years
No headache 16% 52 84% . No headache
315 (70%) =57 ey 62(14%)

A

Non-migraine Non-migraine

117 (26%) 288 (64%)

Migraine Migraine

17 (4%) 99 (22%)
Age 7 years Males Age 32 years

No headache
139 (38%)

No headache
280 (76%)

Non-migraine Non-migraine

76 (20%) 200 (54%)
Migraine Migraine
14 (4%) “21% 3 10% 31 (8%)

Fig 2. Evolution of headaches from 7 to 32 years of age among the 449 women and 370 men who
participated in both 7-year and 32-year studies. The arrows represent alternative trajectories between
the three childhood and adulthood headache type groups. Bolded figures in the middle of the arrows
give the number of participants on each trajectory. Percentages at the origin of the arrows show the
proportions of future headaches within each childhood headache group, percentages on the right ends
show the proportions of preceding headaches within each adulthood headache group. (p<0.001)



