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Original Article

Incidence of migraine and tension-type
headache in three different populations
at risk within the German DMKG
headache study

Laura Khil1, Volker Pfaffenrath2, Andreas Straube3,
Stefan Evers1 and Klaus Berger1

Abstract

Background: Unlike the prevalence, the incidence of headache disorders has attracted only little attention in epidemio-

logical research. Different definitions of the ‘population at risk’ among the few published migraine and tension-type

headache incidence studies limit their comparability and warrant further research. Therefore, we analysed data from the

German Migraine and Headache Society (DMKG).

Methods: Incidences were assessed in the general population in Germany via standardized headache questions using the

International Classification of Headache Disorders, 2nd Edition (ICHD-2). The population was drawn from a 5-year age-

group- stratified and gender-stratified random sample from the population register.

Results: Of the 1312 baseline participants examined between 2003 and 2004, 1122 (85.5%) participated in the follow-up in

2006 and were the basis for three different populations at risk. We found that the three populations differed in size, age,

gender and incidence estimate. The total sample incidence of migraine ranged between 0% and 3.3% and of tension-type

headache between 5.3% and 9.2% depending on the definition of ‘at risk’.

Conclusion: We concluded that one significant problem in headache incidence estimation is the definition of ‘at risk’,

limiting comparability. Thus, this study supports the need for a common definition for prospective headache incidence

estimations.
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Introduction

Primary headache disorders are frequent in the general
population. Close to 50% of the world’s adult popula-
tion actively suffers from headache (1). Many affected
individuals do not consult a doctor, although headache
disorders are often disabling and painful (2).

The two most frequent types of primary head-
aches are tension-type headache (TTH) and
migraine. The many available studies on migraine and
TTH prevalences (1,3–7) estimated that on aver-
age 14% of the adult population are affected by
migraine and 46% by TTH, worldwide (lifetime preva-
lence) (1). However, the size of the studies and the
applied methodology varied considerably among these
studies.

In contrast to the large number of reports on head-
ache prevalence, there has so far been only one pub-
lished prospective study on TTH incidence (8) and
seven studies on migraine incidences (8–14) in the gen-
eral population. Only five of the latter are prospective
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(8–10,13–14) and two (11,12) are cross-sectional studies
with retrospective incidence estimations. Whereas in
retrospective studies incidences of migraine are assessed
in migraineurs using current age and age of onset, in
prospective studies a group of disease-free individuals,
called the ‘population at risk’, is followed for a specific
period of time. Different definitions of the population
at risk and variable lengths of the follow-up period
among the published prospective studies on migraine
incidence limit the comparability of the reported inci-
dence estimates. In the past, little attention has been
given to the problem of the population at risk defini-
tion. In case of headache incidence estimation the def-
inition of ‘at risk’ is crucial, because the many headache
types and subtypes offer various definitions of the ‘dis-
ease-free status’. It is reasonable to believe that the risk
for a new onset of migraine differs among those who
never had any headache, compared with those who
report previous unspecific, non-classifiable headaches.
Furthermore, most incidence studies on primary head-
ache types were published before 2004 and used the first
edition of the International Classification of Headache
Disorders (ICHD-1) (15) of the International Headache
Society. The ICHD was revised in 2004 (ICHD-2) (16).
One of the major changes in the second edition was the
introduction of the categories ‘probable’ migraine and
‘probable’ TTH into the classification for patients with
headaches who do not fulfil all criteria of migraine or
TTH, respectively. There has so far been no prospective
study on migraine or TTH incidence applying the new
ICDH-2 criteria.

The aim of the present study was to estimate the
incidence of migraine and TTH in a population based
sample in Germany and in three different populations
at risk within the study.

Methods

Baseline data acquisition

The data for this study were collected in the
Dortmunder Health Study (DHS), which is part of
the DMKG Headache Study. The overall goal of the
DHS was to assess the frequency of headache types,
cardiovascular and other chronic diseases, and their
consequences on daily life among those affected in an
urban German population. In addition, sociodemo-
graphic data, comorbidities (self-reported) and various
health-related lifestyle factors were collected.
Migrational background was classified by own and
parental place of birth and nationality and included
first- and second-generation migrants. Depressive
symptoms were assessed by the Center for
Epidemiologic Studies Depression Scale (17). The
detailed study procedure is described elsewhere (5).

In brief, a 5-year age-group-stratified and gender-stra-
tified random sample of 3,820 people was drawn from
the population register from a total population of
591,000 living in Dortmund. The baseline data acquisi-
tion took place from October 2003 to September 2004.
Participation was restricted to the age groups 25 to 75
years. Of the 3,820 people, 395 were not eligible because
of moving from the study area, lack of sufficient knowl-
edge of the German language, or death. Thus, 3,425
people were invited to an interview and standardized
examination in the central study centre. Participants
were interviewed face-to-face by trained interviewers
who were supervised for interview quality. If personal
participation was not possible, a standardized question-
naire with a shortened but otherwise identical set of
questions was sent to the participant. Where there
was no response, two additional invitation letters
were sent out and up to five phone calls were made.
Finally, all addresses of non-responders were again
checked for movements out of the study region and
home visits were made to the remaining addresses.

The overall response rate was 66.9%, yielding 2,291
participants (1312 interview and 979 questionnaire par-
ticipants). For the purposes of this analysis, only inter-
view participants were considered (n¼ 1312), because
not all criteria of the IHS classification were imple-
mented in the questionnaire. The interview and ques-
tionnaire groups did not differ in mean age and gender
(52.1 vs. 53.0 years) but 12-month headache reports
were significantly different (52.8% vs. 68.8%,
p< 0.001).

Follow-up assessment

In 2006, a follow-up of the Dortmund Health
Study data was conducted via mailed questionnaire
to all participants of the baseline survey. This
questionnaire included a headache question
module, which was identical to the headache ques-
tions of the baseline interview. Participants were
asked to return the completed questionnaire using
an included prepaid envelope. Where there was no
response, identical procedures were used as in the
baseline sampling.

Headache assessment

The standardized headache question module was
designed on the basis of the second edition of the
International Headache Society’s (IHS) classification
criteria to assess the 6- and 12-month prevalence of
headache in general and of migraine and TTH in par-
ticular. In addition, the design of this headache module
allowed assessment and classification of the presence of
any second headache type (5).
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The IHS classification provides an algorithm that
classifies headache disorders into major groups. Each
group is then subdivided into headache subtypes.

In the present analysis, we focused on the two most
common major groups of primary headache, migraine
and tension-type headache (TTH). The IHS defines six
subtypes of migraine and four subtypes of TTH. When
referring to definite migraine, we classified headache
according to IHS code 1.1 and 1.2 (migraine without
and with aura) and definite TTH according to IHS code
2.1 to 2.3 (infrequent episodic, frequent episodic and
chronic TTH). Probable migraine (PM, IHS code 1.6)
was recorded when one criterion was missing to fulfil
definite migraine, and probable TTH (PTTH, IHS code
2.4) when one was missing to fulfil definite TTH. PM
and PTTH criteria are not mutually exclusive, so it is
not always possible to distinguish between PM and
PTTH. Participants who fulfilled both classifications
were allocated to a group called ‘PM plus PTTH’. If
no classification criteria were fulfilled but headache was
present, the headache type was recorded as ‘unspecific
headache’.

Definition of incidence and population at risk

In epidemiological studies the term incidence refers to
the onset of a new condition (typically a specific dis-
ease). Cumulative incidences are estimated by the
number of individuals that became diseased during a
specific period of time divided by the number of all
people initially free of the disease. The incidence rate
is calculated by using the person-time instead of the
number of people. Typically, incidences are estimated
from prospective studies in which disease-free individ-
uals are observed. These disease-free individuals are
labelled ‘population at risk’ because they are potentially
prone to an incident event. The population at risk
determines the denominator for incidence calculations
and poses a particular challenge in population-based
headache incidence estimations because the different
headache types offer various possible definitions of
being disease-free and therefore various definitions of
the population at risk.

To identify migraine-free individuals in the present
study we assessed the presence of migraine during a
period of 1 year before baseline (1 year prevalence).
The same was true for the other headache types.
Information on whether migraine-free individuals had
suffered from migraine earlier in their life was not avail-
able. Thus, incident migraine (or other headache types
mentioned in this study) is defined as a new onset
migraine compared with the baseline condition, not
excluding participants with a recurrent event after a
symptom-free period of at least 1 year.

We estimated incidences of migraine and of TTH in
three different populations at risk: (a) participants with
no headache 1 year before baseline (population A), (b)
participants without definite and PM (for incidence of
definite migraine, population B.1), or without definite
TTH (for incidence of definite TTH, population B.2)
1 year before baseline, and (c) participants without defi-
nite migraine, PM and definite TTH 1 year before base-
line (population C). Thus, the different populations at
risk varied in the number of participants with 12-month
headache prevalences (Table 2).

Ethics

The Study was approved by the local ethics committee
of the medical faculty at the University of Münster. All
participants gave their written informed consent before
inclusion in the study.

Statistical methods

Continuous variables were described with means and
standard deviations and compared using Student’s
t-test. Differences in categorical variables were com-
pared using the chi-square test or Fisher’s exact test
(if cell number was 5 or less). Age effects were analysed
by grouping into 5-year age groups. Because the true
time point of an incident event was unknown, our data
were interval-censored. Thus, annual incidence rates in
person-years and their corresponding confidence inter-
vals were calculated with parametric survival models
fitting an exponential distribution using the SAS
LIFEREG procedure (18). Because traditional methods
for confidence interval calculations do not perform well
when the estimate is zero or based on small numbers
(less than 5), confidence intervals for the cumulative inci-
dences were calculated using an alternative approach
(19). The effect of age on migraine and TTH incidences
was analysed using a linear trend test with age as a con-
tinuous variable. Participants who were lost to follow-up
were excluded from the analysis (n¼ 190). All data anal-
yses were carried out using SPSS statistical software,
version 18.0, and SAS statistical software, version 9.2.

Results

Follow-up response was 85.5% after a mean time of
2.2 years and yielded 1,122 participants. Those who
participated in the follow-up assessment were signifi-
cantly older than participants who did not participate
(52.9 vs. 47.5 years, p< 0.001). Furthermore, partici-
pants differed significantly from non-participants in
the number of people with a migrational background
(13.7% vs. 29.5%, p< 0.001), the distribution of
social class with more non-participants in the lower
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social-class (15.3% vs. 8.4%, p¼ 0.008) and the number
of smokers, with more current smokers in non-partici-
pants (24.3% vs. 32.6%, p¼ 0.026). At baseline more
non-participants than participants were suffering from
current headache (12-month baseline prevalence,
62.6% vs. 51.2%, p¼ 0.003). Other baseline character-
istics were not significantly different.

Baseline characteristics of the sample population are
summarized in Table 1. The mean age of the 1,122 par-
ticipants was 52.9 (SD 13.5) years, with a slightly higher
proportion of women (53.3%) than men.
Approximately 14% had a migrational background
and about a quarter had a body mass index (BMI) of
30 or higher. More than 24% were current smokers and
7.8% reported an alcohol consumption of more than
40 g per day. The prevalence of severe depressive symp-
toms (Center for Epidemiologic Studies Depression
Scale-Revised (CESD)� 16) in this sample population
was 15.8%. Almost 4% had a history of heart attack,
2% a history of stroke and 7.8% had been diagnosed
with diabetes. At baseline, 51.2% of the participants
had experienced headache during the preceding 12
months. Based on the ICDH-2, definite migraine and
definite TTH prevalences at baseline were 8.5% and
20.1%, respectively (definite TTH prevalence was
18.0% for TTH as a first and 2.1% as a second (addi-
tional) hedache type; second headache type means that
more than one headache type was present). Of those
with migraine 14 participants (14.7%) had TTH as a
second headache. Prevalence of PM was 3.9%, of
PTTH 11.1%, and of PM plus PTTH 6.7%. In total,
9 (4.3%) participants with one of the probable head-
ache types had TTH as a second headache. However,
migraine was never indicated as a second headache.

Incidences were estimated in three different popula-
tions at risk (populations A to C). The size, mean age
and gender varied among the three risk populations
(Table 2). Population A (including all participants
without headache during 12 months before baseline),
yielded 48.8% (n¼ 548) of the sample population.
The proportion of women and the mean age differed
considerably from the other two populations. 87.6%
(n¼ 983) of the sample population was included in pop-
ulation B.1 (all participants without definite and proba-
ble migraine) and 79.9% (n¼ 897) in population B.2 (all
participants without definite TTH). In population C
(participants free of definite and probable migraine and
free of definite TTH at baseline) 772 participants (68.8%
of the sample population) remained for the analysis.

The cumulative headache incidence was estimated
within population A. There were 145 new cases of head-
ache resulting in an overall cumulative headache inci-
dence of 26.5% (95% CI 24.6–28.7%). In this
population no incident headache case was classified
into definite migraine, but the cumulative incidence of

PM was 1.5% (95% CI 1.1–2.5%). The cumulative inci-
dence of definite TTH was 5.3% (95% CI 4.5–6.7%), of
PTTH 10.8% (95% CI 9.5–12.5%) and of PM plus
PTTH 0.4% (95% CI 0.2–1.2%).

Age- and gender-specific cumulative incidences and
incidence rates of definite migraine are shown in
Table 3 for populations B.1 and C. We found 32 new
cases in population B.1 and 22 in population C, result-
ing in an overall cumulative incidence of 3.3% and
2.9%, respectively. The incidence rates per 1000
person years were 15.1 and 13.2. In both populations
the incidence was markedly higher in women than in

Table 1. Baseline characteristics of the study population

(n¼ 1122)

Characteristics

Sociodemographic factors

Mean age (SD), years 52.9 (13.5)

Women (%) 53.3

Migrational background (%) 13.7

Social class (%)*

Low 8.4

Middle 49.6

High 42.1

Risk factors (%)

BMI� 30 25.9

Smoker

Never 44.2

Ex 31.5

Current 24.2

Alcohol consumption (%)

Non-drinker 38.3

1–39 g/day 52.5

>40 g/day 7.8

Co-morbidities (%)

Severe depressive symptomsy 15.8

History of diabetes 7.8

History of heart attack 3.8

History of stroke 2.1

12-month headache prevalences

Any headache 51.2

Migraine 8.5

Probable migraine 3.9

Tension-type headache (TTH) 20.1

Probable tension-type headache TTH 11.0

Probable migraine plus probable

tension-type headache

6.3

*According to the Winkler-Schicht-Index.
ySummary Score of the Center of Epidemiologic Studies Depression

Scale� 16.

BMI: body mass index, SD: standard deviation.
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men (p� 0.001). However, no significant difference was
found between age groups (p> 0.1).

Table 4 shows age- and gender-specific cumulative
incidences and incidence rates of definite TTH. The
overall cumulative incidence in population B.2 was
9.3% with 83 incident cases, whereas 69 incident cases
were observed in population C, resulting in an overall
cumulative incidence of 8.9%. The overall incidence
rates per 1000 person years for populations B.2 and C
were 44.3 and 42.7, respectively. The incidence was
higher among women (p� 0.006) and decreased

markedly with increasing age (p� 0.001). However, dif-
ferences in incidences between age groups were not sig-
nificant in men (p> 0.2).

To compare the incidence of definite migraine in our
study with previously published migraine incidences in
other prospective studies, we plotted cumulative
migraine incidences of the few population-based cohort
studies against follow-up time. Figure 1 shows the total
and gender-specific cumulative incidence by length of the
follow-up period. For a better comparison the x-axis
(time) was transformed into a logarithmic scale.

Table 2. Characteristics of the three different populations at risk within the study

Population at risk n

Mean age,

years (SD) Female, %

12-month

headache prevalence,

N (%)

Population A: no headache at baseline 548 57.9 (12.5) 42.7 0

Population B.1: no migraine at baseline 983 53.5 (13.5) 49.0 479 (44.3)

Population B.2: no TTH at baseline 897 54.2 (13.4) 52.7 350 (39%)

Population C: no migraine and no TTH at baseline 772 55.4 (13.3) 48.2 225 (29.2)

SD: standard deviation, TTH: tension-type headache.

Table 3. Age and gender specific incidences of definite migraine in population B.1 and C

Population at risk B.1 Population at risk C

Age group n e

Cumul-inc.%

(95%CI)

Rate per 1000 PY

(95%CI) n e

Cumul-inc.%

(95%CI)

Rate per 1000 PY

(95%CI)

All

25–34 115 4 3.5(2.3–7.7) 16.0 (5.9–42.5) 73 3 4.1 (2.6–10.2) 19.0 (6.1–58.6)

35–44 148 6 4.1 (2.9–7.6) 18.8 (8.5–42.0) 102 2 1.9(1.2–6.2) 9.1 (2.3–36.2)

45–54 208 9 4.3 (3.2–7.1) 20.4 (10.6–39.2) 149 6 4.0 (2.8–7.5) 19.0 (8.5–42.2)

55–64 270 10 3.7 (2.8–5.9) 17.2 (9.3–32.0) 229 8 3.5 (2.6–5.9) 16.2 (8.1–32.4)

65–75 242 3 1.2 (0.8–3.2) 5.7 (1.8–17.6) 219 3 1.4 (0.9–3.5) 6.3 (2.2–19.4)

25–75 983 32 3.3 (2.8–4.1) 15.1 (10.7–21.3) 772 22 2.9 (2.3–3.8) 13.2 (8.7–20.0)

Women

25–34 61 4 6.6 (4.3–14.0) 30.3 (11.4–80.7) 38 3 7.9 (4.8–18.7) 37.0 (12.0–114.8)

35–44 76 4 5.3 (3.5–11.4) 24.5 (9.2–65.4) 54 2 3.7 (2.1–11.4) 17.2 (4.3–68.8)

45–54 106 8 7.6 (5.5–12.6) 33.8 (17.9–71.7) 73 6 8.2 (5.7–14.9) 39.2 (17.6–87.3)

55–64 130 10 7.7 (5.8–12.0) 36.2 (19.5–67.4) 109 8 7.3 (5.4–12.2) 34.6 (17.3–69.2)

65–75 111 3 2.7 (1.7–6.9) 12.5 (4.0–38.7) 98 3 3.1 (1.9–7.7) 14.1 (4.6–43.8)

25–75 484 29 6.0 (5.0–7.6) 28.0 (19.5–40.3) 372 22 5.9 (4.9–7.9) 27.7 (18.2–42.1)

Men

25–34 54 0 0.0 (0–6.7) 0.0 35 0 0.0 (0–10.0) 0.0

35–44 72 2 2.8 (1.6–8.7) 12.8 (3.2–51.3) 48 0 0.0 (0–7.5) 0.0

45–54 102 1 1.0 (0.5–5.0) 4.5 (0.7–32.6) 76 0 0.0 (0–4.9) 0.0

55–64 140 0 0.0 (0–2.7) 0.0 120 0 0.0 (0–3.1) 0.0

65–75 131 0 0.0 (0–2.9) 0.0 121 0 0.0 (0–3.1) 0.0

25–75 499 3 0.6 (0.4–1.6) 2.8 (0.9–8.6) 400 0 0.0 (0–1.0) 0.0

Cumul-inc.: cumulative incidence, PY: person years; CI: confidence interval; e: events.
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We used the estimated cumulative incidence of group C
from our study for this comparison. With 2.2 years of
follow-up, our study had a similar follow-up time to the
study by Breslau and colleagues conducted in 2003 (10),

but our incidence was lower. Generally, the incidences
presented in figure 1 followed a continous pattern until a
follow-up time of 5.5 years. After that point, there was a
nonlinear increase in the incidence. Furthermore, the
incidence was consistently higher in women in all studies
(Figure 1).

Discussion

In a population-based cohort study in Germany we
assessed migraine and TTH incidences using the
ICDH-2 published in 2004. Incidences were calculated
in three different populations at risk within the study,
addressing the methodological problem of adequately
defining ‘at risk’ in prospective studies on migraine and
TTH. We found that the three populations differed in
size, age, gender and in estimated incidences, ranging
from 0% to 3.3% (definite migraine) and 5.3% to 9.3%
(definite TTH) depending on the definition of ‘at risk’.
In agreement with previous findings (8,13–14) inci-
dences of definite migraine and TTH were higher in
women than in men, and TTH incidence decreased
with increasing age. In our study, we made the interest-
ing observation that the subgroup with no headache

Table 4. Age and gender specific incidences of definite tension-type headache (TTH) in Population B.2 and C

Population at risk B.2 Population at risk C

Age group n e

Cumul-inc.%

(95%CI)

Rate per

1000 PY (95%CI) n e

Cumul-inc.%

(95%CI)

Rate per 1000 PY

(95%CI)

All

25–34 89 16 18.0 (14.2–24.4) 90.2 (55.2–147.3) 73 14 19.2 (14.9–26.6) 96.3 (57.0–162.7)

35–44 150 19 12.7 (10.2–17.0) 61.9 (39.5–97.0) 102 12 11.8 (9.0–17.3) 57.3 (32.5–101.0)

45–54 179 21 11.7 (9.6–15.5) 57.4 (37.4–88.0) 149 18 12.1 (9.7–16.4) 59.4 (37.4–94.4)

55–64 253 16 6.3 (5.0–8.9) 29.8 (18.3–48.6) 229 14 6.1 (4.8–8.9) 28.2 (17.1–48.6)

65–75 226 11 4.9 (3.7–7.5) 22.7 (12.8–41.0) 219 11 5.0 (3.8–7.8) 23.4 (13.0–42.3)

25–75 897 83 9.3 (8.3–10.5) 44.3 (35.8–55.0) 772 69 8.9 (8.0–10.3) 42.7 (33.7–54.1)

Women

25–34 53 14 26.4 (20.4–35.6) 139.5(82.4–236.0) 38 12 31.6 (23.7–42.9) 171.0 (96.8–302.0)

35–44 92 14 15.2 (11.9–21.4) 75.4 (44.6–127.4) 54 8 14.8 (10.6–23.7) 73.2 (36.6–146.5)

45–54 98 15 15.3 (12.0–21.2) 76.1 (45.8–126.2) 73 12 16.4 (12.5–23.7) 82.4 (46.8–145.2)

55–64 128 11 8.6 (6.5–13.1) 40.9 (22.6–73.8) 109 10 9.2 (6.9–14.2) 43.7 (23.5–81.3)

65–75 102 5 4.9 (3.4–9.7) 22.8 (9.5–54.9) 98 5 5.1 (3.5–10.1) 23.8 (10.0–57.2)

25–75 473 59 12.5 (11.0–14.5) 60.7 (47.0–78.4) 372 47 12.6 (11.0–15.0) 61.5 (46.2–81.8)

Men

25–34 36 2 5.6 (3.1–16.5) 26.0 (65.1–104.1) 35 2 5.7 (3.2–17.0) 26.7 (6.7–106.7)

35–44 58 5 8.6 (5.8–16.6) 41.2 (17.1–99.0) 48 4 8.3 (5.4–17.5) 40.0 (15.0–106.6)

45–54 81 6 7.4 (5.2–13.5) 35.6 (16.0–79.2) 76 6 7.9 (5.5–14.3) 38.2 (17.1–85.1)

55–64 125 5 4.0 (2.7–8.0) 18.7 (7.8–44.9) 120 4 3.3 (2.2–7.3) 15.6 (5.8–41.4)

65–75 124 6 4.8 (3.4–9.0) 22.6 (10.2–50.3) 121 6 5.0 (3.5–9.2) 23.1 (10.4–51.5)

25–75 424 24 5.7 (4.7–7.4) 26.7 (17.8–39.8) 400 23 5.5 (4.8–7.6) 25.9 (17.1–39.4)

Cumul-inc.: cumulative incidence, PY: person years; CI: confidence interval; e: events.
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Figure 1. Comparison of migraine incidences in published

studies with different follow-up periods. The follow-up period

was transformed into a logarithmic scale. Two studies did not

separate incidences by gender, so this information was left out

for those studies. (A) Breslau et al. 2003 (10), (B) Dortmunder

Health Study, (C) Breslau et al. 1994 (9), (D) Breslau et al. 1996

(14), (E) Lyngberg et al. 2005 (8), (F) Swartz et al. 2000 (13).
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history at baseline did not present a single incident case
of definite migraine. We assume that in the age group
studied here, previous headache might be a risk factor
for incident migraine.

Strengths of this study are the large sample size and
the high follow-up response (85.5%). Furthermore, we
were able to apply the ICDH-2 and had trained inter-
viewers for standardized headache assessment. The
incidence of migraine and TTH was based on a rather
short follow-up time of 2.2 years, reducing recall bias.
However, the short follow-up time could also be
regarded as limitation. Another limitation of this
study is that the follow-up assessment used self-comple-
tion questionnaires, whereas baseline assessment was
done using face-to-face interviews. However, the
number and wording of questions in the headache
module was identical in both assessments. Thus, we
do not expect significant response differences in head-
ache prevalences due to the assessment technique.
However, the precision of headache type classification
(e.g. TTH or migraine) might be lower using question-
naires instead of interviews (20). Hence, misclassifica-
tion of headache types could result in slight under- or
overestimations of the specific incidences. The cohort
was limited to an age span from 25 to 75 years and did
not allow for incidence observations in younger age
groups. Another limitation of this study is that we did
not assess the lifetime prevalence of migraine at base-
line, but the 12-month prevalence. Thus, we could not
completely exclude participants who had definite
migraine attacks longer ago than 1 year before baseline
and were attack-free during that previous year. This
may result in an overestimation of our migraine inci-
dences owing to inclusion of recurrences. However, we
consider such a disease course as rare and the proba-
bility of inclusion of recurrences as small. Therefore,
the definition of incidence in our study is a mixture of
incidence and recurrence as defined by the ICDH.
Furthermore, we addressed the problem of migraine
incidence overestimation due to recurrence by exclud-
ing PM from the population at risk, because it might be
that participants who fulfilled definite migraine criteria
years before had remitted to a PM (diminution of
severe symptoms) at the baseline and relapsed back to
a definite migraine (reoccurrence of more severe symp-
toms) at the follow-up assessment.

Finally, the sample population was limited to the
baseline interview participants. Using questionnaires
for headache classification is not considered as limita-
tion. Schürks and colleagues reported a large agreement
between self-reported migraine and ICDH-2 question-
naire-based migraine assessment (21).

We plotted the cumulative migraine incidence
observed in our study and those of other prospective
studies on follow-up time and found that incidences

followed a continuous pattern until about 5.5 years.
The rather slight increase might be explained by two
factors. First, there were different age ranges in the 5.5
year study by Breslau (14) from the studies by Swartz
(13) and Lyngberg (8), and second, different definitions
of ‘at risk’ were applied. Whereas Breslau’s population
at risk was determined by all participants with no
migraine at baseline, Swartz included only those with-
out headache at baseline. This might result in a differ-
ent susceptibility of the populations because a history
of headache could influence the probability of a new
migraine. The issue of different population at risk def-
initions has been given little attention in headache stud-
ies. However, the definition of at risk is crucial in
headache incidence studies because the different head-
ache types and subtypes can either be included in or
excluded from the population at risk. For example, of
the five prospective studies on migraine incidence pub-
lished so far (8–10,13,14), two included all participants
with no headache at baseline (10,13) and three with no
migraine at baseline (8,9,14). We estimated migraine
and TTH incidence in three different populations.
Including only participants with no headache at base-
line resulted in a population characterized by the lowest
number of participants at risk, the highest age and a
smaller proportion of women. In this population we
observed a lower incidence of definite migraine and
TTH. This is not a surprising result, but it highlights
how the definition of the population at risk influences
the incidence estimate. In detail, because the prevalence
of migraine and TTH varies between age groups,
gender, sociodemographic determinants and other risk
factors (4–7,22), the population at risk is inversely
defined by the characteristics of prevalent cases within
the sampled study population. In our study, the overall
headache prevalence at baseline was 51.2%. Excluding
participants with any type of headache at baseline
reduced the size of the population by about 50%. In
addition, it is known that migraine and TTH are more
common in women and in younger participants, yield-
ing an older population at risk with fewer women.
Thus, this definition of ‘at risk’ may result in a less
susceptible population.

In contrast to other studies (8–9,13), we did not find
a higher migraine incidence (definite migraine) in youn-
ger age groups. This finding may be due to a much
shorter follow-up time in this study than in Swartz’s
(13) and Lyngberg’s (8) studies, in which a long
follow-up time might cause misclassification of the
true age of incident migraine. Additionally, Swartz’s
study (13) included participants aged 18 to over 45,
with more participants younger than 45 than older
than 45 (860 vs. 483). In our study, the opposite was
true. We assume that in the present study the short
follow-up time and the fewer participants in younger
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age groups could result in an underestimation of
migraine incidence in younger age groups.
Furthermore, we observed rather few incident cases,
especially for men (the incidence of definite migraine
in men was in fact zero in population C). Thus, when
analysing age effects it should be noted that the low
number of cases could result in statistical uncertainty.

It was previously mentioned that PM and PTTH are
not mutually exclusive, requiring the IHS classification
to integrate further information for a final diagnosis
(5). In addition, difficulties in distinguishing migraine
from TTH have been reported (23), leading to the con-
clusion that this problem could also apply to PM and
PTTH. Furthermore, it was previously suggested that
PM is a precursor of migraine and that participants
with PM may develop definite migraine over time
(24). We found that all participants with incident defi-
nite migraine in population at risk B.1 had a history of
headache at baseline. Nine of them were initially clas-
sified into TTH. Thus, our data support the above-
mentioned suggestions and extend them to PTTH and
unspecific headache (PM plus PTTH).

The change of the classification of initial headache
over time is a known problem, especially in studies
with children and adolescents (25,26). An interesting
observation is that age-dependent incidences for
migraine and TTH did not differ greatly, regardless
of the basic population (B or C). In other words,
the presence of headache at baseline increased the
risk of developing a definite migraine or a definite
TTH to the same extent. The fact that no patients
with no headache at baseline developed a definite
migraine in the follow-up period of 2.2 years but
that some did develop TTH is unexplained and
might be related to a ‘progress’ of headaches from
initial mild to moderate headaches to severe headaches
during the course of a headache disorder. In this
respect it would be interesting how these 145 new
patients would be classified today. The exclusion of
all participants with any headache seems, therefore,
not to be an adequate population at risk definition
in population-based migraine or TTH incidence stud-
ies, because this definition might result in an underes-
timation of the incidences. Furthermore, the difficulty
in distinguishing migraine from TTH is exacerbated
by the fact that the coexistence of other headaches
can complicate a precise separation between migraine
and TTH in epidemiological studies (20,27). Keeping
TTH in the population at risk for migraine incidence
estimations and migraine for TTH incidence estima-
tions might result in an overestimation of the inci-
dences. Therefore, we recommend excluding both
migraine and TTH from the population at risk for
TTH as well as for migraine incidence estimations in
population-based studies using interviews or

questionnaires for headache classification. However,
the issue of finding an adequate population at risk
requires further discussion and a consensus.

In summary, we found an influence of the definition
of ‘at risk’ on the sample characteristics and observed
incidences of migraine and tension-type headache in
this prospective 2.2 year follow-up study. Our results
support the need for a consensus population at risk in
future headache incidence studies.
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