
ISBN 978-82-326-3720-1 (printed ver.)
ISBN 978-82-326-3721-8 (electronic ver.)

ISSN 1503-8181

Doctoral theses at NTNU, 2019:58

Lena Hoem Nordhaug

Headache Attributed to 
Traumatic Injury to the Head

Epidemiological Evidence and Natural 
Course

D
oc

to
ra

l t
he

si
s

D
octoral theses at N

TN
U

, 2019:58
Lena H

oem
 N

or dhaug

N
TN
U

N
or

w
eg

ia
n 

U
ni

ve
rs

ity
 o

f S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y

Th
es

is
 fo

r 
th

e 
D

eg
re

e 
of

P
hi

lo
so

ph
ia

e 
D

oc
to

r
Fa

cu
lt

y 
of

 M
ed

ic
in

e 
an

d 
H

ea
lt

h 
Sc

ie
nc

es
  

D
ep

ar
tm

en
t o

f N
eu

ro
m

ed
ic

in
e 

an
d 

M
ov

em
en

t
Sc

ie
nc

e



Lena Hoem Nordhaug

Headache Attributed to Traumatic 
Injury to the Head

Epidemiological Evidence and Natural Course

Thesis for the Degree of Philosophiae Doctor

Trondheim, February 2019

Norwegian University of Science and Technology
Faculty of Medicine and Health Sciences
Department of Neuromedicine and Movement Science



NTNU
Norwegian University of Science and Technology

Thesis for the Degree of Philosophiae Doctor

Faculty of Medicine and Health Sciences 
Department of neuromedicine and Movement Science

© Lena Hoem Nordhaug

ISBN 978-82-326-3720-1 (printed ver.)
ISBN 978-82-326-3721-8 (electronic ver.)
ISSN 1503-8181

Doctoral theses at NTNU, 2019:58

Printed by NTNU Grafisk senter















 

 

 

 













 

















 





 















®







 









 



 

 



 

 





Baseline questionnaire: Headache suffering last 12 months prior to injury (MTBI and trauma 
controls) or first questionnaire (community controls). 3-month questionnaire: Headache suffering the 

first 3 months post-injury. 12-month questionnaire: Headache suffering 3-12 months post-injury. 

 

 

Month 12 - 0

pre-injury

Month 0 - 3

post-injury

Month 3 - 12 

post-injury

Baseline headache status
Headache first 3 

months post-injury
Headache 3-12 months post-injury

Baseline 

questionnaire 

3-month 

questionnaire 

12-month 

questionnaire 

Injury 



 



 











 

 

 



Estimated values of log odds with 95% CI for headache pre-

injury, the first 3 months post-injury and 3-12 months post-injury for the MTBI group 

and two control groups. 

 



Acute HAIH 

Persistent HAIH 



 































 





























Omtrent antall dager pr. måned med hodepine: 18

Mindre enn 1 dag ........... 7-14 dager....................

1-6 dager ......................... Mer enn 14 dager........

Hva slags hodepine:
Migrene ........................

Annen hodepine..........

Hvor sterk er hodepina vanligvis?19

Mild (hemmer ikke aktivitet) .............................................

Moderat (hemmer aktivitet) ..............................................

Sterk (forhindrer aktivitet)..................................................

Har du vært plaget av hodepine 
det siste året?
Hvis nei, gå til spørsmål 24.

17 Ja Nei

HODEPINE

HHvis ja:

Hvor lenge varer hodepina vanligvis?20

Mindre enn 4 timer ......... 1-3 døgn.......................

4 timer – 1 døgn.............. Mer enn 3 døgn...........

Bankende/dunkende smerte? ....................................

Pressende smerte?........................................................

Ensidig smerte (høyre eller venstre)?.........................

Forverring ved moderat fysisk aktivitet? ...................

Kvalme og/eller oppkast?............................................

Lys- og lydskyhet? .........................................................

Er hodepina vanligvis preget av eller ledsaget av:
(Sett ett kryss pr. linje)

21

Ja Nei

Synsforstyrrelse? (takkede linjer, flimring, tåkesyn, lysglimt)

Nummenhet i halve ansiktet eller i handa?.....................

Før eller under hodepina; kan du ha forbigående:
(Sett ett kryss pr. linje)

22

Angi hvor mange dager du har vært
borte fra arbeid eller skole siste
måned på grunn av hodepine:

23

Ja Nei

dager



1. Har du vært plaget av hodepine det siste året før hodeskaden din?

Hvis ja:

2. Hva slags hodepine? (Sett to kryss hvis du har opplevd begge alternativer)

3. Omtrent antall dager pr. måned med hodepine

4. Hvor sterk er hodepinen vanligvis?

5. Hvor lenge varer hodepinen vanligvis?

6. Er hodepinen vanligvis preget eller ledsaget av:
(Sett ett kryss pr. linje)

Bankende/dunkende smerte?

Pressende smerte?      

Ensidig smerte(høyre eller venstre)?  

Forverring ved moderat fysisk aktivitet?  

Kvalme og/eller oppkast?    

Lys- og lydskyhet?     

7. Før eller under hodepinen kan du ha forbigående:
(Sett ett kryss pr. linje)

Synsforstyrrelse? (takkede linjer, flimring, tåkesyn, lysglimt)

Nummenhet i halve ansiktet eller hånden?

8. Angi hvor mange dager du har vært borte fra arbeid
eller skole siste måned på grunn av hodepine:       dager

9. Angi hvor mange dager du har tatt smertestillende medikamenter
eller migrenemedisin siste måned på grunn av hodepine: dager  

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Migrene Annen hodepine

Mindre enn 1 dag 1-6 dager 7-14 dager Mer enn 14 dager

Mild (hemmer ikke aktivitet) Moderat (hemmer aktivitet) Sterk (forhindrer aktivitet)

Mindre enn 4 timer 4 timer - 1 døgn 1-3 døgn Mer enn 3 døgn



1. Har duvært plaget av hodepine på noe tidspunkt etter skaden
(siste 3 måneder)? Her tenker vi på alle hodepineplager siste
3 måneder, ikke bare plager du relaterer til skaden.
(Hvis nei, gå til spørsmål 10)

Hvis du ikke lenger er plaget av hodepine nå, men har vært det på noe tidspunkt etter skaden,
beskriv hodepinen slik den var da du opplevde den.

2. Hva slags hodepine? (Sett to kryss hvis du har opplevd begge alternativer)

3. Omtrent antall dager pr. måned med hodepine

4. Hvor sterk har hodepinen du har opplevd de 3 siste måneder vanligvis vært?

5. Hvor lenge har hodepinen du har opplevd de 3 siste måneder vanligvis vart?

6. Har hodepinen du har opplevd de 3 siste måneder vanligvis vært preget eller ledsaget av:
(Sett ett kryss pr. linje)

Bankende/dunkende smerte?

Pressende smerte?      

Ensidig smerte(høyre eller venstre)?  

Forverring ved moderat fysisk aktivitet?  

Kvalme og/eller oppkast?    

Lys- og lydskyhet?     

7. Før eller under hodepinen duhar opplevd siste 3 måneder; kan du ha forbigående:
(Sett ett kryss pr. linje)

Synsforstyrrelse? (takkede linjer, flimring, tåkesyn, lysglimt)

Nummenhet i halve ansiktet eller hånden?

8. Angi hvor mange dager du har vært borte fra arbeid
eller skole siste måned på grunn av hodepine:       dager

9. Angi hvor mange dager du har tatt smertestillende medikamenter
eller migrenemedisin siste måned på grunn av hodepine: dager

10.Fikk du ny eller forverret hodepine etter skaden?
(hvis ja, svar på spørsmål 11 og 12)

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Migrene Annen hodepine

Mindre enn 1 dag 1-6 dager 7-14 dager Mer enn 14 dager

Mild (hemmer ikke aktivitet) Moderat (hemmer aktivitet) Sterk (forhindrer aktivitet)

Mindre enn 4 timer 4 timer - 1 døgn 1-3 døgn Mer enn 3 døgn

Ja Nei

11.Dersom hodepinen har opphørt, eller blitt som før
skaden, hvor lang tid etter skaden tok det?

12.Hvordan plages du av hodepine nå sammenlignet med før skaden?

Likt som før skaden

Verre enn før skaden

Bedre enn før skaden



1. Har duvært plaget av hodepine på noe tidspunkt siden forrige
samtale (siste 9 måneder)? 
(Hvis nei, gå til spørsmål 10)

Hvis du ikke lenger er plaget av hodepine nå, men har vært det på noe tidspunkt etter skaden,
beskriv hodepinen slik den var da du opplevde den.

2. Hva slags hodepine? (Sett to kryss hvis du har opplevd begge alternativer)

3. Omtrent antall dager pr. måned med hodepine

4. Hvor sterk har hodepinen du har opplevd siste 9 måneder vanligvis vært?

5. Hvor lenge har hodepinen du har opplevd siste 9 måneder vanligvis vart?

6. Har hodepinen du har opplevd det siste 9 mnd vanligvis vært preget eller ledsaget av:
(Sett ett kryss pr. linje)

Bankende/dunkende smerte?

Pressende smerte?      

Ensidig smerte(høyre eller venstre)?  

Forverring ved moderat fysisk aktivitet?  

Kvalme og/eller oppkast?    

Lys- og lydskyhet?     

7. Før eller under hodepinen duhar opplevd siste 9 måneder; kan du ha forbigående:
(Sett ett kryss pr. linje)

Synsforstyrrelse? (takkede linjer, flimring, tåkesyn, lysglimt)

Nummenhet i halve ansiktet eller hånden?

8. Angi hvor mange dager du har vært borte fra arbeid
eller skole siste måned på grunn av hodepine:       dager

9. Angi hvor mange dager du har tatt smertestillende medikamenter
eller migrenemedisin siste måned på grunn av hodepine: dager

10.Fikk du ny eller forverret hodepine etter skaden?
(hvis ja, svar på spørsmål 11 og 12)

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Migrene Annen hodepine

Mindre enn 1 dag 1-6 dager 7-14 dager Mer enn 14 dager

Mild (hemmer ikke aktivitet) Moderat (hemmer aktivitet) Sterk (forhindrer aktivitet)

Mindre enn 4 timer 4 timer - 1 døgn 1-3 døgn Mer enn 3 døgn

Ja Nei

11.Dersom hodepinen har opphørt, eller blitt som før
skaden, hvor lang tid etter skaden tok det?

12.Hvordan plages du av hodepine nå sammenlignet med før skaden?

Likt som før skaden

Verre enn før skaden

Bedre enn før skaden
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Original Article

Headaches in patients with previous head
injuries: A population-based historical
cohort study (HUNT)

Lena Hoem Nordhaug1, Anne Vik1,2, Knut Hagen1,3, Lars
Jacob Stovner1,3, Torunn Pedersen1, Gøril Bruvik Gravdahl3 and
Mattias Linde1,3

Abstract

Background: Headache attributed to head injury is claimed to be among the most common secondary headache

disorders, yet available epidemiological evidence is scarce. We evaluated the prevalence of headache among individuals

previously exposed to head injury by a comparison to an uninjured control group.

Methods: This population-based historical cohort study used data from hospital records on previous exposure to head

injury linked to a large epidemiological survey with data on headache occurrence. Participants without head injury,

according to hospital records, were used as controls. The head injuries were classified according to the Head Injury

Severity Scale (HISS) and the International Classification of Headache Disorders (ICHD-3 beta). Binary logistic regression

was performed to investigate the association between headache and head injury, controlling for potential confounders.

Results: The exposed group consisted of 940 individuals and the control group of 38,751 individuals. In the multivariate

analyses, adjusting for age, sex, anxiety, depression and socioeconomic status, there were significant associations

between mild head injury and any headache, migraine, chronic daily headache and medication overuse headache.

Conclusion: Headache was more likely among individuals previously referred to a hospital for a mild head injury

compared to uninjured controls.

Keywords

Epidemiology, headache, post-traumatic headache, head injuries, traumatic brain injury

Date received: 23 July 2015; revised: 2 October 2015; 20 October 2015; accepted: 22 October 2015

Introduction

Headache is very common in the general population
and constitutes a large social and economic burden
for the global society as well as the individual (1,2).
Headache can either be primary, for example migraine
or tension-type headache (TTH), or it can be secondary
to another disorder. Headache attributed to head injury
(the latter referred to as traumatic brain injury (TBI) if
the brain is affected), is among the most common sec-
ondary headache disorders (3).

Traumatic brain injury (TBI) is a common and
important global health issue and a major cause of
morbidity (4,5). Headache is the most common symp-
tom following TBI (6–8) and is often persistent (6,9). It
is reported that 18–22% of the headaches attributed to
traumatic injury to the head (HAIH) last for more than
one year (10,11).

HAIH is defined in the current version of the
International Classification of Headache Disorders
(ICHD-3 beta) as a headache disorder with no defining
clinical characteristics that starts within seven days of
trauma or injury or after regaining consciousness (3).
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HAIH is defined as persistent if it continues beyond
three months.

Only a small number of studies using non-injured
comparison groups have investigated the causal rela-
tionship between head injury and headache (12,13),
and few of them have shown a dose-response relation-
ship (14). It has also been shown that HAIH does not
differ from migraine and tension-type headache (TTH)
based on clinical characteristics (10). Consequently,
some experts are disputing the existence of HAIH,
arguing that it may be nothing other than a primary
headache being misattributed to a head injury (15).

Available epidemiological evidence on HAIH is
mainly based on studies with methodological limita-
tions such as small samples with a high risk of selection
bias, and varying case definitions for both head injury
and HAIH.

In this article we present the findings of the so far
largest controlled, population-based study on HAIH.
We specifically investigated whether the prevalence of
headache and its subtypes was higher among persons
previously exposed to head injury and whether this was
influenced by injury characteristics.

Materials and Methods

Study design

This is a historical cohort study. Data from hospital
records on exposure to head injury during the period
1988–2008 were assembled and linked to a large epi-
demiological survey, performed between 2006 and
2008, with validated data on the occurrence of head-
ache. Participants without head injury, according to
hospital records, were used as a control group.

The HUNT3 survey

The third Nord-Trøndelag Health Study (HUNT3) was
a cross-sectional study performed between October
2006 and June 2008. All inhabitants of Nord-
Trøndelag County above the age of 19 were invited to
participate. There were more than 200 health-related
questions, and among them there were 14 headache
questions designed to establish whether the participants
suffered from headache or not, and to classify the head-
ache according to the International Classification of
Headache Disorders (ICHD-II) (16). Details of this
comprehensive health study, including non-respon-
dents, are described elsewhere (17,18).

Head injury data collection

Inhabitants in Nord-Trøndelag who had answered
the 14 headache questions in HUNT3 and also

been exposed to a head injury during the period
1988–2008 were identified in 2012 by a computer-
based search. This was performed as follows: The
national 11-digit identification numbers of all patients
who had received one or more diagnoses related to
head injury at the outpatient or inpatient wards at
the hospitals in Nord-Trøndelag (i.e. Levanger and
Namsos) or the nearest university hospital (St.
Olavs Hospital in Trondheim, Sør-Trøndelag)
during the time period 1988–2008 were registered.
From the list of identification numbers, a data man-
ager at the HUNT Research Centre identified all
individuals who had answered the headache questions
in HUNT3. Initially, all participants with head inju-
ries that had received diagnostic codes from the
International Classification of Diseases 9 (ICD-9)
and 10 (ICD-10) referring to trauma to the body
above the neck were included. Participants with diag-
nostic codes without assumed influence of brain func-
tion were later removed and the final selection was
done by search for ICD-9 codes 800–804, 850–854,
920 and 925, and ICD-10 codes S02, S06, S07,
T02.0–T04.0, and T06.0. Exclusion criteria were
chronic subdural hematoma, no contact with the hos-
pital in the first 48 hours after injury, and no match-
ing information about trauma in the text of the chart
or lack of signs or symptoms of head injury noted in
the medical record.

Data regarding the head injuries were collected
from medical records. This was performed by two
medical students (LHN and TP) and an experienced
research nurse (GBG) in close dialogue with a neur-
ologist with expertise in epidemiology and headache
(ML) and a neurosurgeon with expertise in head
injury (AV). All available information in the medical
records was scrutinized. A total of 38 variables were
recorded for each head injury (Supplementary Table
1). If the same individual had more than one head
injury, up to three of the most recent head injuries
were recorded in chronological order. We recorded
any CT, MRI or X-ray-imaging associated with the
head injury within three months after the injury.
Clear clinical signs of cranial fractures (hemotym-
panum, clear bleeding from the auditory canal and
leakage of cerebrospinal fluid) were regarded as cra-
nial fractures even without imaging evidence. The
head injuries were classified according to the Head
Injury Severity Scale (HISS, 19), and to the ICHD-
3 beta, which contains a relatively detailed classifica-
tion of the head injury associated with the headache
(3). Because medical records often contain insufficient
information to correctly classify injury severity (20),
we used the term ‘‘most likely’’ in some categories in
order to be able to describe the acute symptoms and
signs and classify the injury.

1010 Cephalalgia 36(11)



Headache diagnosis in HUNT3

Individuals who answered ‘‘yes’’ to the first screening
question ‘‘Have you suffered from headaches during
the last year?’’ answered the subsequent thirteen head-
ache questions in HUNT3 that enabled the report of
definite migraine, probable migraine and tension-type
headache (TTH), according to the ICHD-II criteria
(16). The participants were also asked to state the con-
sumption of analgesics and over-the-counter (OTC)
drugs during the last month. This enabled the report
of medication overuse headache (MOH). Participants
fulfilling both TTH and probable migraine criteria were
classified as TTH. Participants were not specifically
asked about the duration of untreated headache
attacks, due to the fact that some individuals always
use attack medication for their headaches. Because of
this, the ICHD-II criteria for migraine were modified
so that duration of less than four hours was also
accepted. Chronic daily headache (CDH) was defined
as headache occurring >14 days per month. The
ICHD-II criteria for MOH were slightly modified so
that they were based on OTC-medications only. This
was due to lack of information about prescribed anal-
gesics and triptans. Medication overuse was defined as
OTC-medication use for headache or pains in muscles
and joints �4 days per week during the last month.
MOH was defined as CDH with medication overuse.
The validity of these questionnaire-based diagnoses has
been reported previously (21). For any headache, the
sensitivity was 88% and specificity 86% (kappa value
0.70, 95% confidence interval (CI) 0.61–0.79); for
migraine, the sensitivity was 51% and specificity 95%
(kappa values 0.50, 95% CI 0.32–0.68); for TTH� 1
day/month the sensitivity was 96% and specificity
was 69% (kappa value 0.44, 95% CI 0.30–0.58), and
for MOH the sensitivity was 75% and specificity was
99% (kappa value 0.75, 95% CI 0.30–1.00).

Statistical analysis

Descriptive statistics (mean with standard deviation)
and chi-square test were used to characterize the
sample. In the multivariate analyses, using binary logis-
tic regression, we estimated the odds ratios (OR) with
95% CI for the association between head injury and its
subcategories and each category of headache. Head
injuries were also stratified on the basis of when it hap-
pened (the 50% most recent, i.e. �10 years before inter-
view, and the 50% earliest head injuries, i.e. >10 years
before interview). Persons not suffering from headache
were used as reference category. We initially adjusted
for age (continuous variable) and sex, and subsequently
for other potential confounding factors identified pre-
viously (e.g. smoking (yes/no), body mass index (BMI,
continuous variable), and total Hospital Anxiety and

Depression Scale (HADS) score (categorized from con-
tinuous variable into three categories with score bound-
aries �16, 17–21 and �22). Further, to adjust for
socioeconomic status, we included information on
occupation (ten categories) and reclassified the subjects
into an approximation of the international social class
schema by Erikson, Goldthorpe and Portocarero
(EGP) (22,23). The participants were classified into
three categories: high social class (EGP I-II), medium
social class (EGP III-IV) and lower social class
(EGP V-VII).

Covariates that did not substantially change the esti-
mated ORs separately or together (i.e. less than 0.05)
were excluded from the final model. This was the case
for smoking and BMI. Subjects with incomplete data
for the HADS score variable were nevertheless
included, as a separate missing category, in all analyses
to reduce the impact of response bias. In all analyses,
two-tailed p-values were calculated and a p-value of
0.05 or less was defined as statistically significant.
Statistical analyses were performed with IBM� SPSS�

Statistics 21.

Ethical approval

The study was approved by the Regional Committee
for Medical and Health Research Ethics and by the
HUNT Research Centre.

Results

Participants

The flow of participants through the different stages of
the study is presented in Figure 1. There were 25,760
registered hospital-referred head injuries at Levanger
and Namsos hospitals and 119,402 at St. Olavs hospital
in Trondheim during the 20-year period. Linkage of the
patients’ national identification numbers to the HUNT
database revealed that 2,889 of the persons with hospi-
tal-referred head injuries had answered the headache
questions in HUNT3. Of them, 1,183 had a head
injury with a diagnostic code reflecting assumed influ-
ence of brain function. Among these, 66 experienced
their head injury after the HUNT3 survey and were
thus not eligible, and 177 were excluded with regard
to the exclusion criteria. The final exposed group
(n¼ 940) and the unexposed group (n¼ 38,751) are pre-
sented in Table 1.

Head injuries

Among the 940 persons with head injuries, 55 had more
than one head injury adding up to a total of 1,001 head
injuries. Their severities according to HISS and

Nordhaug et al. 1011



ICHD-3 beta and acute symptoms following the head
injury are reported in Table 2.

After the head injury, a CT scan was performed on
40% (n¼ 380), an MRI on 1% (n¼ 6) and a plain X-
ray of the head on 11% (n¼ 102) of the patients. The
scans revealed traumatic pathology in 11% (n¼ 99) of
all patients in the cohort. In total, 6.5% (n¼ 61) had
intracranial pathology: 30 patients had only intrapar-
enchymal lesions (22 patients had brain contusions,
four had intracerebral hematomas, four had both
brain contusion and intracerebral hematoma), 14 had
only extraparenchymal hemorrhages and 17 patients
had both. 7.7% of all patients (n¼ 72) had cranial frac-
tures (revealed either by imaging or clinical findings),
and 3.3% (n¼ 31) had both cranial fracture and intra-
cranial pathology.

In the year 2000, new guidelines for initial manage-
ment of minimal, mild and moderate head injuries were
implemented in Norway advocating more liberal use of
CT imaging of the head (24). During the period 1988
through 2000, 30% had a CT examination (n¼ 196 out

of 643), while from 2001 the proportion was 62%
(n¼ 184 out of 297). During the first time period, 6%
(n¼ 37) of all patients had imaging evidence of intra-
cranial pathology compared to 8% from 2001(n¼ 23),
�2 (1)¼ 1.346, p¼ 0.246.

Headache diagnoses

In multivariate analyses adjusting for age, sex, HADS
score and social class, the ORs of headache and
migraine in HUNT3 were increased among individuals
with head injury as compared to those without, evident
only for those with mild head injury (Table 3). The OR
of episodic migraine with frequency 1–14 days/month
was nearly two-fold (n¼ 90 (14%), OR 1.77, 95% CI
1.37–2.28, p< 0.001) for those with mild head injury
according to HISS compared to those without head
injury. Subjects having more than one head injury
showed an even stronger association with headache
than any head injury without specification of iteration
(Tables 3 and 4a). The head injuries �10 years before

Invited Complete non-
participants, 

answering
no questionnaire

43,355 individuals

Levanger and Namsos
hospitals:

Traumas against the
head in the time period

1988 to 2008

St. Olavs hospital:
Traumas against the

head in the time
period 1988 to 2008

Participants answering
first questionnaire (Q1)

94,194 individuals

Partial non-participants
answering first (Q1), but

not second (Q2)
questionnaire

Partial non-participants
answering both Q1 and

Q2, but not the
headache section of Q2

HUNT research centre:
Trauma against the

head, and part of the 
“head-HUNT” sample

One or more traumas
assumed to influence

brain function and part of
the head-HUNT sample

Final study population

Excluded traumas

Participation in HUNT3
prior to head trauma

Reduction in the number of
diagnostic codes included.

Codes not assumed to
influence brain

function removed.

Partial non-participants
answering headache
section but ignoring

initial screening question

9,523 individuals 25,760 traumas 119,402 traumas

1001 traumas

1,439 individuals 2,889 individuals

1,183 individuals
187 individuals

940 individuals

177 individuals

66 individuals

1,706 individuals

50,839 individuals

Participants answering
both questionnaires

(Q1 and Q2)

Participants answering
headache section of

questionnaire Q2

The “head-HUNT”
sample

41,316 individuals

39,877 individuals

39,691 individuals

(The adult population of
Nord-Trøndelag county)

Figure 1. Flow of participants through the different steps of the HUNT3 headache survey and the different steps of identification of

participants with head injuries.
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interview were significantly associated with any head-
ache as well as migraine and TTH, while the older head
injuries (>10 years before interview) were only signifi-
cantly associated with migraine (Tables 3 and 4b). The
strongest association was found between mild head
injury according to HISS and MOH (Table 4b). No
significant relationship was found between head injury
according to HISS and TTH for the overall period
(Table 3).

Participants exposed to a mild head injury according
to ICHD-3 beta had a significantly higher prevalence of
migraine (n¼ 126 (17%), OR 1.58, 95% CI 1.27–1.97,

Table 2. Injury characteristics.

HISS classificationa

No head injury 3 (0.3%)

Minimal 110 (11.0%)

Mild 681 (68.0%)

Minimal or mild 44 (4.4%)

Moderate 109 (10.8%)

Severe 9 (0.9%)

Unknown 45 (4.5%)

ICHD 3-beta classificationa

No head injury 58 (5.8%)

Mild head injury 782 (78.1%)

Moderate or severe head injury 118 (11.8%)

Unknown 43 (4.3%)

Mechanism of injurya

Fall 466 (46.6%)

Traffic accident 333 (33.3%)

Assault 66 (6.6%)

Other 126 (12.6%)

Unknown 10 (0.9%)

Acute symptomsb

Headache during hospital stay 615 (65.4%)

Missing data 129 (13.7%)

(continued)

Table 1. Demographics.

Cases Controls

Variable N (%) N (%)

Total number of subjects 940 38,751

Total number of head injuries 1,001

Age at injury (first injury) (mean� SD) 39.9� 19.6

Age at participation in HUNT3 (mean� SD) 50.6� 17.9 54.2� 15.6

Time from injury to HUNT3 (years) (mean� SD) 10.3� 6.0

Head injury >10 years before interview (years) (mean� SD) 15.4� 2.8

Head injury �10 years before interview (years) (mean� SD) 5.1� 3.0

Female 425 (45%) 21,808 (56%)

Social class by occupationa

High 305 (32%) 13,215 (34%)

Medium 328 (35%) 14,872 (38%)

Low 249 (26%) 8,493 (22%)

Othersb 58 (6%) 2,171 (6%)

HADS score (mean� SD) 8.2� 5.8 7.3� 5.4

BMI (mean� SD) 27.2� 4.6 27.2� 4.4

Smoking 280 (30%) 8,694 (22%)

Self-reported health poor or less than good 268 (29%) 9,806 (25%)

BMI: Body Mass Index; HADS: Hospital Anxiety and Depression Scale.
aThe HUNT occupational classification reclassified into Erikson, Goldthorpe and Portocarero (EGP) social class schema (23,24).
bFull-time household workers, students, militaries, persons receiving social security and persons with missing data.

Table 2. Continued.

Nausea 521 (55.4%)

Missing data 112 (11.9%)

Dizziness 265 (28.2%)

Missing data 307 (32.7%)

Alteration in mental state at the scene or

at admissionc
404 (43.0%)

Missing data 166 (17.7%)

HISS: Head Injury Severity Scale; ICHD 3-beta: International

Classification of Headache Disorders, version 3-beta.
aRefers to number of head injuries and not number of patients.
bIf several head injuries, only first head injury is counted.
cE.g. confusion, disorientation, slowed thinking, or somnolence.
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p< 0.001), CDH (n¼ 32 (4%), OR 1.89, 95% CI 1.30–
2.76, p¼ 0.001) and MOH (n¼ 16 (2%), OR 1.98, 95%
CI 1.17–3.32, p¼ 0.010). However, they did not have a
significantly higher prevalence of TTH (n¼ 127 (18%)
OR 1.12, 95% CI 0.91–1.38, p¼ 0.30) or CDH without
MOH (n¼ 14 (2 %), OR 1.72, 95% CI 1.00–2.98,
p¼ 0.052).

Participants previously exposed to a moderate or
severe head injury according to both classifications
did not have a significantly higher prevalence of head-
ache. The figures for the HISS classification are given in
Table 3, and for ICHD3 beta classification the OR was
1.05 (n¼ 38, 95% CI 0.54–2.04, p¼ 0.89).

Relationship between acute symptoms, imaging
findings and current headache

Table 5 describes acute symptoms and imaging findings
soon after the head injury. Previous head injuries were
significantly associated with any headache only if they
had been accompanied by headache during the hospital
stay (OR 1.36, 95% CI 1.15–1.62), nausea at admission
(OR 1.25, 95% CI 1.04–1.50) or dizziness at
admission (OR 1.35, 95% CI 1.04–1.75). There was
no significant association between any headache and
acute alteration in mental state at the scene or at admis-
sion, cranial fractures or intracranial pathology (trau-
matic lesions).

Discussion

In this large population-based study, the main finding
was that headache suffering was more likely among
individuals exposed to a mild head injury than those
not exposed.

Our results contrast with a previous Norwegian
population-based study with an uninjured control
group, which did not find an association between pre-
vious head injury and headache (12). However, that
study had low statistical power since only 192 patients
and controls were included and the control group dif-
fered significantly from the exposed group with regard
to several important confounders.

We found that the association between headache
and head injury was evident only for those sustaining
mild head injury. This is in accordance with several
earlier studies (10,25), although the comparability is
limited by different methods for classification of head
injury severity. We used both HISS and ICDH-3 beta
as classification systems, as HISS is widely used among
neurosurgeons whereas ICHD-3 is used by headache
specialists (5,24). Using ICHD-3 beta for classification
of head injury severity in our analysis resulted in the
same conclusions as for HISS, with the one exception
that a significant association between previous mildT
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head injury and CDH without medication overuse was
no longer observed.

When classifying the headaches according to criteria
for primary headache disorders, the higher occurrence
of headache among individuals exposed to head injury
was only evident for migraine, with the exception of
TTH in the most recent injuries. This is in accordance
with several studies published in recent years that
report migraine as the most common headache pheno-
type after head injury (6,9,26,27). This is in contrast
with earlier studies where TTH was reported as the
most common (8,28,29).

Headache, nausea or dizziness at admission was
associated with headache at the time of HUNT3,
while alteration in mental state, cranial fracture, or
intracranial pathology (traumatic lesions) was not. A
study from 2002 found that the presence of nausea in
the emergency room after mild TBI was strongly asso-
ciated with the severity of most post-traumatic com-
plaints, including headache, after six months, while
headache and dizziness in the emergency room were
not significantly associated. However, the study was
small and did not have uninjured controls (7).
Although headache, nausea and dizziness at admission

Table 4b. Prevalence OR with 95% CI of chronic daily headache (CDH) (disregarding diagnosis) and medication overuseb headache

(MOH) related to earlier head injury.

Chronic daily headache (CDH)a

including medication

overuse headache

Medication overuseb

headache (MOH)

Chronic daily

headache (CDH)a without

medication overuse headache

Total

no.c N OR (95% CI) p-value N OR (95% CI) p-value N OR (95% CI) p-value

No head injury 38,751 933 Ref. 459 Ref. 439 Ref.

Any head injury 940 41 1.87 (1.37–2.61) <0.001 22 2.10 (1.34–3.28) 0.001 17 1.62 (0.98–2.67) 0.058

Mild (HISS) 645 34 2.33 (1.61–3.37) <0.001 18 2.55 (1.55–4.19) <0.001 14 2.01 (1.16–3.49) 0.013

Moderate/severe (HISS) 109 1 – 1 – 0 –

>1 head injury 55 3 – 0 – 3 –

Head injury >10 years

before interview

470 22 1.95 (1.24–3.07) 0.004 10 1.96 (1.02–3.75) 0.044 11 1.98 (1.07–3.69) 0.031

Head injury �10 years

before interview

470 19 1.77 (1.09–2.87) 0.020 12 2.23 (1.22–4.08) 0.009 6 –

Adjusted for age, sex, social class by occupation and HADS score. HISS: Head injury severity scale.
aHeadache on �15 days/month.
bMedication overuse is estimated based on medications used for headache or pain in muscles and joints.
cNumber of patients, not of head injuries.

Table 4a. Prevalence OR with 95% CI of different frequencies of headache (disregarding diagnosis) related to earlier head injury.

Headache

<1 day/month

Headache

1–6 days/month

Headache

7–14 days/month

Total

no.a N OR (95% CI) p-value N OR (95% CI) p-value N OR (95% CI) p-value

No head injury 38,751 3,053 Ref. 8,042 Ref. 1,679 Ref.

Any head injury 940 71 1.00 (0.77–1.28) 0.97 223 1.19 (1.01–1.41) 0.037 51 1.28 (0.94–1.73) 0.12

Mild (HISS) 645 51 1.08 (0.80–1.47) 0.60 151 1.22 (1.00–1.49) 0.054 36 1.35 (0.94–1.94) 0.10

Moderate/severe (HISS) 109 11 1.12 (0.59–2.15) 0.72 20 0.83 (0.50–1.38) 0.47 3 –

>1 head injury 55 4 – 20 2.82 (1.47–5.41) 0.002 6 –

Head injury >10 years

before interview

470 27 0.70 (0.47–1.05) 0.087 117 1.16 (0.93–1.46) 0.19 22 1.08 (0.69–1.69) 0.75

Head injury �10 years

before interview

470 44 1.33 (0.96–1.84) 0.092 106 1.23 (0.97–1.56) 0.094 29 1.49 (0.99–2.23) 0.054

Adjusted for age, sex, social class by occupation and HADS score. HISS: Head injury severity scale.
aNumber of patients, not of head injuries.

Nordhaug et al. 1015



may be consequences of the head injury, they can also
represent an already existing primary headache dis-
order. Among some individuals with episodic migraine
or TTH, the stressful circumstances of the accident
and physical injury rather than the direct injury to
the head may have triggered an episode of headache
on the day of admission. Likewise, those with pre-
existing CDH of any kind may have had an increased
likelihood of reporting headache both at the day of
admission and at follow-up even if there is no causal
relationship with the injury to the head. In a study
from 2005, Nestvold et al. (30) studied predictors of

headache 22 years after hospitalization for head
injury. They found no association between headache
the first day after head injury and headache 22 years
after the head injury. Cranial fracture seemed to be
protective of long-term headache. We did not find
cranial fracture to be either protective or a risk
factor for headache.

Our study, and others like it, may be subject to a
selection bias because individuals with headache and
nausea after a head trauma may be more likely to
seek medical advice and also to be referred to hos-
pital. Since pre-traumatic headache seems to be a

Table 5. Prevalence OR with 95% CI of headache following head injury with or without proposed risk factors for headache.

Any headache

Total no.b N OR 95% CI p-value

Glasgow Coma Scale (GCS) score at admission

No head injury 38,751 13,833 Ref.

GCS score 15a 776 326 1.21 1.04–1.41 0.015

GCS score 14 106 44 1.29 0.86–1.94 0.22

GCS score �13 40 11 0.65 0.32–1.35 0.25

Missing 18

Headache during hospital stay

No head injury 38,751 13,833 Ref.

Head injury without headachea 325 112 0.92 0.72–1.17 0.47

Head injury with headache 615 278 1.36 1.15–1.62 <0.001

Nausea at admission

No head injury 38,751 13,833 Ref.

Head injury without nauseaa 419 162 1.13 0.92–1.39 0.26

Head injury with nausea 521 228 1.25 1.04–1.50 0.020

Dizziness at admission

No head injury 38,751 13,833 Ref.

Head injury without dizzinessa 675 279 1.14 0.97–1.34 0.13

Head injury with dizziness 265 111 1.35 1.04–1.75 0.024

Alteration in mental state at the scene or at admission

No head injury 38,751 13,833 Ref.

Head injury without alteration in mental statea 536 220 1.21 1.00–1.45 0.046

Head injury with alteration in mental state 404 170 1.18 0.95–1.45 0.13

Cranial fracture

No head injury 38,751 13,833 Ref.

Head injury without cranial fracturea 868 364 1.18 1.02–1.37 0.024

Head injury with cranial fracture 72 26 1.33 0.81 – 2.20 0.27

Intracranial pathologyc

No head injury 38,751 13,833 Ref.

Head injury without intracranial traumatic lesiona 880 370 1.20 1.04–1.38 0.014

Head injury with intracranial traumatic lesion 60 20 1.13 0.64–2.00 0.67

Adjusted for age, sex, social class by occupation and HADS score. aOr most likely. bRefers to number of patients and not number of head injuries.
cSubdural hematoma, epidural hematoma, subarachnoid haemorrhage and cortical contusions or intracerebral hematoma. Missing data are interpreted

as not having the symptom or finding.
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strong risk factor for headache after head injury
(31), this may have contributed to our finding of a
somewhat higher prevalence of headache after head
injury.

Having had multiple head injuries increased the
association to headache. This may represent a ‘‘bio-
logical gradient’’ in support of a causal relationship
according to the Bradford Hill criteria (32). A recent
study showed that soldiers with two or more mild TBIs
experienced significantly more post-traumatic symp-
toms than those with a single mild TBI only (33).
However, this may also be due to a reinforcement of
the selection bias mentioned above. Another similar
study could not confirm this phenomenon statistically
(34).

The major strengths of this study were the popula-
tion-based design, the large sample size, and the use of
validated headache diagnoses. Selective participation in
HUNT3 due to headache status seems unlikely, because
the headache questions were a minor part of a survey
with more than 200 health related questions. It was also
an advantage that head injury was not mentioned in
HUNT3, as this might have introduced a recall bias
(e.g. those remembering their head trauma being
more likely to recall suffering from headache). We
had extensive objective and previously documented
information on each head injury, retrieved from med-
ical records, thereby eliminating recall bias. This also
enabled us to classify most of the cases both according
to HISS and ICHD-3 beta. We had information on
medication overuse and were able to distinguish medi-
cation overuse headache from other chronic daily
headache.

The study also has some limitations. We were not
able to determine time of onset of the headaches. This
has two consequences, the first one being that the
headache could have been present already before
the head injury. Secondly, we cannot determine if
the onset of headache was within seven days after
head injury, which is the criterion for classifying a
headache as attributed to traumatic injury to the
head, according to ICHD-3 beta (3). However, several
studies have indicated that this criterion may be too
strict (9,35). Moreover, patients with chronic head-
aches had to be pooled into one CDH category,
because only seven persons with chronic migraine
and 16 with chronic TTH had had any trauma. This
sample size was too small for drawing statistical con-
clusions about possible associations to previous
trauma. Since it is difficult in epidemiological studies
to establish precise diagnosis among persons with very
frequent headache, headaches occurring >14 days/
month are often pooled into one category. However,

the low number of events in some subgroups, (e.g.
moderate/severe head traumas and subjects with head-
ache >14 days/month), made it difficult to draw firm
conclusions with regard to their associations, despite
pooling headaches into one CDH category in this
study. A further limitation was that medications
other than OTC-analgesics could not be considered
in the definition of MOH because there was no infor-
mation available about triptans or other prescription
drugs in the present HUNT dataset. Furthermore,
when retrieving information about the head injury
from medical records, there is a risk of not capturing
relevant information. Missing data may have led to
overrepresentation of certain symptoms because the
physicians were more likely to make a note in the
medical record of a present symptom than an absent
one. However, the proportion of data missing was low
(Table 2). Generalization of results should be per-
formed with caution, since only 42% of the adults
invited to HUNT3 answered the headache question-
naire. Furthermore, patients without referral to hos-
pital were not captured, and those had presumably
mostly minimal or mild head injuries and not moder-
ate or severe head injuries. The results might have
been different if we had been able to include all per-
sons in the population with minimal or mild traumas,
provided that there is, as we have argued above, a
selective inclusion of persons in whom such events
elicit headache. However, it is unrealistic to capture
in a population-based survey all persons who do not
seek medical help after a trauma. Finally, during the
data collection, it was not registered which of the four
exclusion criteria that was applied when persons were
excluded.

In conclusion, the present study indicates that mild
but not moderate or severe injuries are associated with
persistent headache. It can, however, not be excluded
that cases with mild head injuries already suffering from
primary headache came to the hospital more often. A
large cohort-study is needed to follow a population
which is known to be headache free and explore
whether subjects who are exposed to a head injury
more often develop persistent headache than the sur-
rounding population.

Headache has high personal and societal costs
because it leads to absence from work and social activ-
ities and patients with mild TBI present daily at emer-
gency departments (1,2). Headache attributed to mild
traumatic injury to the head may thus be a significant
public health issue, and it has also important medico-
legal implications. Further epidemiological research
aiming to elucidate whether there is a causal association
is urgently needed.
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Key findings

. Headache suffering was more likely among individuals exposed to a mild head injury than those not
exposed.

. The association between headache and head injury was not evident for those sustaining moderate or severe
head injury.

. Migraine was the most common headache phenotype after head injury.

. Headache, nausea or dizziness at admission was associated with headache after head injury, while alteration
in mental state, cranial fracture, or intracranial pathology (traumatic lesions) was not.
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Abstract

Background: Headache is the most frequent symptom following head injury, but long-term follow-up of headache
after head injury entails methodological challenges. In a population-based cohort study, we explored whether
subjects hospitalized due to a head injury more often developed a new headache or experienced exacerbation of
previously reported headache compared to the surrounding population.

Methods: This population-based historical cohort study included headache data from two large epidemiological
surveys performed with an 11-year interval. This was linked with data from hospital records on exposure to head
injury occurring between the health surveys. Participants in the surveys who had not been hospitalized because of
a head injury comprised the control group. The head injuries were classified according to the Head Injury Severity
Scale (HISS). Multinomial logistic regression was performed to investigate the association between head injury and
new headache or exacerbation of pre-existing headache in a population with known pre-injury headache status,
controlling for potential confounders.

Results: The exposed group consisted of 294 individuals and the control group of 25,662 individuals. In multivariate
analyses, adjusting for age, sex, anxiety, depression, education level, smoking and alcohol use, mild head injury
increased the risk of new onset headache suffering (OR 1.74, 95% CI 1.05–2.87), stable headache suffering (OR
1.70, 95% CI 1.15–2.50) and exacerbation of previously reported headache (OR 1.93, 95% CI 1.24–3.02). The
reference category was participants without headache in both surveys.

Conclusion: Individuals hospitalized due to a head injury were more likely to have new onset and worsening
of pre-existing headache and persistent headache, compared to the surrounding general population. The results support
the entity of the ICHD-3 beta diagnosis “persistent headache attributed to traumatic injury to the head”.

Keywords: Headache attributed to head injury, Head injury, Traumatic brain injury, Secondary headache disorders,
Post-traumatic headache, Population-based

Background
Headache often has a major impact on the lives of the
individuals affected, and constitutes a large social and
economic burden for the global society [1–3].
Likewise, head injury is an important global health

issue and a major cause of morbidity [4, 5]. Headache is

the most frequent symptom following head injury, and
it is manifested both as new onset and worsening of
pre-existing headache [6–9]. The international classifica-
tion of headache disorders (third edition, ICHD-3 beta) de-
fines headache attributed to head injury (HAIH) as a
headache with no defining clinical characteristics that
starts within seven days of injury [10]. Persistent HAIH is
of greater than 3 months’ duration [10]. Long-term follow-
up of headache after head injury entails methodological
challenges. To investigate a causal relationship between
head injury and subsequent headache, a control group for
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comparison is vital, preferably through a population-based
design. There are, to our knowledge, only two other
population-based, controlled studies on this subject and
their findings are inconsistent [11, 12]. Moreover, both
studies have methodological limitations [11, 12]. Head-
ache prevalence and severity have been reported to be
greater in those with mild head injury compared to those
with more severe head injury [13, 14]. This inverse dose-
response relationship is paradoxical and needs further
investigation.
In a previous population-based historical cohort

study, which was based on the third wave of the Nord-
Trøndelag Health Study (HUNT), we evaluated the re-
lationship between previous head injury and headache
phenotype [15]. The primary aim of the current study
was to analyze headache data for those who partici-
pated in both the second and third waves of the HUNT
Study, evaluating the impact on new onset headache or
exacerbation of headache due to head injuries in a
population with known pre-injury headache status, taking
into account the head injury severity.

Methods
Study design
This historical cohort study included data on headache
from the second and third HUNT surveys, two large epi-
demiological surveys performed with an 11-year interval.
Headache data was linked with data from hospital records
on exposure to head injury occuring between the surveys.
The exposed group consisted of study participants hospi-
talized due to a head injury, the remaining participants
were used as controls.

The HUNT-surveys
The HUNT Study is a longitudinal cohort study in which
all inhabitants ≥20 years of age in Nord-Trøndelag were
invited to participate. Participants were examined three
times. The two last surveys, HUNT2 (1995–1997) and
HUNT3 (2006–2008) covered a large number of health-
related items. Details of these comprehensive surveys, in-
cluding non-respondents, are described elsewhere [16, 17].

Headache categories
Both HUNT2 and HUNT3 questionnaires included the
screening question “Have you suffered from headache
during the last 12 months?” The answers to the screening
questions were used to categorize the responders into
four mutually exclusive groups with regard to headache
suffering at the two time points: Stable non-sufferers
(headache-free in both studies), past sufferer (headache
in HUNT2 but not in HUNT3), stable headache sufferer
(headache in both studies) and new sufferer (headache in
HUNT3, but not in HUNT2).

Participants answering “yes” to the headache screening
question also reported their headache frequency. This
enabled categorization of the responders with headache
suffering in both surveys into three mutually exclusive
groups: less frequent headache (in HUNT3 compared to
HUNT2), stable headache frequency (same headache
frequency in HUNT3 as in HUNT2), more frequent
headache (in HUNT3 compared to HUNT2). Alternatives
available for the headache frequency question were < 7, 7–
14 and > 14 days/month.
To examine exacerbation or improvement in headache

status between HUNT2 and HUNT3 we merged the
frequency variable with the screening question so that
each participant could be categorized in one of the
following four groups: no headache suffering, head-
ache suffering < 7 days/month, headache suffering 7–
14 days/month, headache suffering > 14 days/month.
Exacerbation of headache was defined as new onset of
headache or increased frequency of previously reported
headache. Improvement was defined as absence of or de-
crease in frequency of previously reported headache.
Stable headache frequency was defined as headache suffer-
ing in both surveys with the same headache frequency in
both.
Pre-existing headache was classified into two mutually

exclusive groups: Migraine and non-migrainous headache.
The approach used in determining headache subtype is
described and validated elsewhere [18].
The validities of the headache questionnaires in HUNT2

and HUNT3 have been reported previously [18, 19]. For
any headache suffering in HUNT2, the sensitivity was 85%
and specificity 83% (kappa 0.57, 95% CI 0.41–0.73). For
any headache suffering in HUNT3, the sensitivity was 88%
and specificity 86% (kappa 0.70, 95% CI 0.61–0.79). A per-
sonal interview by a neurologist was used as gold standard.

Head injury data collection
All participants who had answered the headache screen-
ing question in HUNT3 and who had also been hospital-
ized in the region due to a head injury during the period
1988–2008 were identified in 2012 by a computer-based
search. Details on how this was performed have been
reported previously [15].
Information regarding the head injuries was collected

from medical records. If the same individual had more
than one head injury within the period, up to three of
the most recent head injuries were recorded. The head
injuries were classified according to the Head Injury
Severity Scale (HISS) [20].
Only participants who answered the headache screen-

ing question in both HUNT2 and HUNT3 were of inter-
est for analyses. Participants with head injuries between
participation in HUNT2 and HUNT3 were included in
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the exposed group. Participants with head injuries before
HUNT2 were excluded.

Other measurements
The HUNT2 and HUNT3 surveys included many health-
related items, and in the present study we used the follow-
ing information about the participants in addition to head-
ache status: age, sex, duration of education, smoking
habits, total Hospital Anxiety and Depression Scale
(HADS) score, self-reported health, BMI and CAGE score.
The HADS is a fourteen item scale used to determine
levels of anxiety and depression. The CAGE questionnaire
is a widely used screening instrument for potential alcohol
problems [21].

Statistical analysis
Demographic data for individuals with and without head
injury are presented as means with standard deviations
(continuous variables) and percentages (categorical data).
In multivariate analyses, using multinomial logistic regres-
sion, we first examined the association between head injury
and relative headache status in HUNT3 versus HUNT2
with regard only to suffering from headache and then the
association between head injury and relative headache
status in HUNT3 versus HUNT2 with regard both to
suffering from headache and change in headache frequency.
The results are presented as odds ratios (OR) with 95%
confidence intervals (CI). OR’s for which the 95% CI did
not include 1 were considered statistically significant. Stable
non-sufferers were used as reference category. The associa-
tions were investigated both with head injury as a binary
variable (yes/no) and with head injury in four categories ac-
cording to head injury severity (no head injury/minimal/
mild/moderate head injury).
In the multivariate analyses we initially adjusted for

age and sex. Subsequently, we also added the following
potential confounding factors retrieved from the HUNT2
dataset: duration of education (≤ 9, 10–12 and ≥13 years)
as proxy for socioeconomic status, daily smoking (yes/no),
total HADS score (categorized from a continuous variable
into three categories with score ≤ 16, 17–21 and ≥22) and
CAGE score (0 or ≥1). In the logistic regression analyses
missing data were handled by listwise deletion. Linearity
of the continuous variables with respect to the logit of the
dependent variable was assessed via the Box-Tidwell
procedure [22]. The continuous variable age was found
to fail the assumption of linearity and was split into cat-
egories with 10 year intervals. We investigated potential
interactions between all covariates and head injury by
including the product of the two variables into the
multinomial logistic regression analyses. The inter-
action coefficients were tested using Wald statistics,
with p-values less than 0.05 considered statistically

significant. Because headache disorders in general are
highly dependent on sex [17], separate analyses after
stratifying for sex are common in research concerning
headache. Consequently we chose to also do separate
analyses after stratifying for sex. No formal adjustment
for multiple testing was made.
The study was approved by the Regional Committee

for Medical and Health Research Ethics and by the HUNT
Research Centre.

Results
Participants
The flow of participants through the different stages of
the study is presented in Fig. 1. A total of 294 participants
had been hospitalized due to a head injury during the
11 year time period between the two surveys (exposed).
The remaining 25,662 individuals were not hospitalized
for head injury during this period (unexposed). Demo-
graphic data for the two groups are presented in Table 1.
Prevalence of headache in HUNT2 was similar in the two
groups (43.9% versus 41.7%, χ2 (1) = 0.575, p = 0.45).

Head injuries
Among the 294 individuals with head injuries, 11 experi-
enced two head injuries, adding up to a total of 305 inci-
dents. Taking into account only the first head injury (of
those with more than one), 11.9% of the head injuries were
minimal, 71.8% were mild, 10.9% were moderate and 5.4%
were unclassifiable. There were no severe head injuries.
The most common injury mechanism was falling (55.1%),
followed by traffic accidents (28.6%) and assault (1.7%).
A CT scan was performed in 56.4% (n = 172), an MRI

in 1.0% (n = 3) and a plain X-ray of the head in 3.6%
(n = 11) of the cases. The scans revealed traumatic path-
ology in 16.0% (n = 47). In total, 9.2% (n = 27) of all pa-
tients had intracranial pathology. 9.9% (n = 29) had cranial
fractures (revealed either by imaging or clinical find-
ings), and 5.1% (n = 15) had both cranial fracture and
intracranial pathology.

Headache categories
Among the 25,956 partcipants, 12,830 (49.4%) were
headache free in HUNT2 and HUNT3 (stable non-
suffering), 6303 (24.3%) suffered from headache in both
surveys (stable headache suffering), 4523 (17.4%) re-
ported headache in HUNT2 only (past headache suffer-
ing) and 2300 participants (8.9%) had no headache in
HUNT2, but reported to suffer from headache in
HUNT3 (new headache suffering).
Among the 129 participants with head injury and pre-

existing headache, 46 (35.7%) suffered from migraine, 57
(44.2%) from non-migrainous headache and 26 (20.2%)
were unclassifiable.
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Individuals with mild head injury were more likely to
have new onset of headache (OR 1.74, 95% CI 1.05–2.87)
and stable headache suffering (OR 1.70, 95 CI 1.15–2.50)
compared to controls (Table 2).
Table 3 demonstrates change in monthly headache fre-

quency between HUNT2 and HUNT3 among partici-
pants suffering from headache in both surveys. In the
head injury population 15.0% had more frequent head-
ache in HUNT3 than in HUNT 2, in the control popula-
tion the corresponding proportion was 12.2%.
There was a significant association between exacerba-

tion of headache and head injury (Table 4). There was a
nearly doubled odds of exacerbation of headache among
those exposed to mild head injury than among the con-
trols (OR 1.93, 95% CI 1.24–3.02) (Table 4). Individuals
with head injury were also more likely to have stable

headache suffering with unchanged frequency from
HUNT2 to HUNT3 than the controls (Table 4). There
was no significant relationship between moderate head in-
jury and any of the headache trajectories (Tables 2 and 4).
There were no significant associations between head

injury and past headache suffering or improvement of
headache status.
No consistent significant interaction was observed be-

tween head injury and any of the covariates. The only
significant interaction observed was for smoking and
only in the case of improvement of headache.
Although no significant interaction was observed be-

tween sex and head injury, we did separate analyses for
males and females for all headache trajectories. In these
separate analyses, significant associations were found
only for men (Tables 2 and 4).

Invited HUNT2
92,566 individuals

(100 %)

Invited HUNT3
94,194 individuals 

(100 %)

Answered headache 
question in both 

HUNT2 and HUNT3
26,191 individuals

Complete or partial 
non-participantsa

HUNT2
41,183 individuals

(44 %)

Final study population not 
hospitalized due to head injury 

during the interval between HUNT2 
and HUNT3 (controls)

25,662 individuals

Final study population hospitalized 
due to head injury during the interval 

between HUNT2 and HUNT3 
(exposed)

294 individuals 

Participation in 
HUNT3 prior to 

head injury
66 individuals

Complete or partial 
non-participantsa

HUNT3
54,404 individuals

(58 %)
Participants in both 
HUNT2 and HUNT3
37,071 individuals

Head injury prior to 
participation in HUNT2 

235 individuals

Hospitalized due to 
head injury in the time 

period 1988-2008
595 individuals

Fig. 1 Flow of participants through the HUNT2 and HUNT3 study and selection of head injury patients. aComplete non-participants: Answering no
questionnaire. Partial non-participants: Answering part of the questinonnaire, but not the headache screening question. Abbreviations: HUNT = the
Nord-Trøndelag Health Study
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Discussion
This is the first study which presents population
based data on headache occurrence after head injury
with known pre-injury headache status. Our main
finding was that exposure to head injury increased
the risk of new onset headache suffering and exacer-
bation of headache. Also, head injury was positively
associated with stable headache suffering, which
means that headache was less likely to improve. This
confirms findings from several studies with less reli-
able study designs during the last years [9, 23, 24],
but contrast with an earlier population-based study,
which did not find an association between previous
head injury and headache [12]. However, in that study

there was a 22-year interval between the exposure to
trauma and inquiry about headache [12].
The data were analyzed with regard to sex differences,

since both prevalences of primary headache, as well as
injuries to the head, are known to differ between men and
women [25, 26]. The available literature concerning any
sex-differences for persistent HAIH has been inconsistent
[6, 27–29]. We did not find any significant difference be-
tween males and females in the effect of a head injury on
change in headache status from HUNT2 to HUNT3. In
the analyses stratified upon sex, the positive associations
from the combined analysis were observed to be signifi-
cant only among men. This could be an incidental finding.
Earlier studies have shown an inverse dose-response

relationship between the severity of head injuries and
development of persistent headache [13, 14]. In our ana-
lyses the estimated odds for all unfavourable headache
trajectories after a mild head injury were higher than the
corresponding odds found for moderate head injury.
This indicates that although sequelae in general after
mild head injuries are milder compared to more severe
head injuries, patients with previous mild head injuries
may be just as, or even more affected by headache. This
seems to confirm the paradoxical finding in earlier stud-
ies of a lack of a positive dose-response relationship be-
tween head injury severity and HAIH. However, the
present study included few moderate head injuries,
which gives low power. Furthermore, the classification
of head injury severity has differed widely, which makes
comparisons between studies difficult [30–32].

Strengths
The major strengths of this study were the large
population-based dataset on headache at two time
points, combined with extensive objective information
on each head injury, retrieved from medical records which
eliminated recall bias regarding the head injury and en-
abled us to classify the head injuries according to severity.
We had validated information about the headache status
of the participants before the head injury, which enabled
us to compare prevalence as well as frequency before and
after the time of the head injuries and make comparisons
with a non-exposed control group. This has not been pos-
sible in earlier studies. The design eliminates recall bias
also regarding pre-study headache suffering, which can be
a problem in prospective studies, as participants might
tend to trivialise headache before the head injury because
they understand their headache as a consequence of their
head injury. Such possible under-reporting of pre-injury
headache could be the reason why several prospective
studies report pre-injury headache prevalence far below
known headache prevalence in the general population
[33–35]. This is especially a problem in studies without
control groups. In some studies, using a control group

Table 1 Demographics and health related variables

Head injury
population

Controls

Variable

Total number of subjects 294 25,662

Age at participation in HUNT2 (years) (mean
± SD)

48.4 ± 14.7 47.3 ± 13.1

Age at injury (first injury) (years) (mean ± SD) 53.8 ± 15.2

Age at participation in HUNT3 (years) (mean
± SD)

59.6 ± 14.7 58.5 ± 13.1

Time from head injury (first injury) to
HUNT3 (years) (mean ± SD)

4.9 ± 3.2

Female 137 (46.5) 14,639
(57.0)

Duration of education (HUNT2) (n (%))

≤ 9 years 82 (27.9) 7535 (29.4)

10–12 years 135 (45.9) 11,663
(45.4)

≥ 13 years 73 (24.8) 6007 (23.4)

HADS score (mean ± SD) (HUNT2) 8.8 ± 5.7 7.4 ± 5.4

HADS score (mean ± SD) (HUNT3) 8.5 ± 6.0 7.3 ± 5.4

BMI (mean ± SD) (HUNT2) 26.2 ± 3.9 26.0 ± 3.6

BMI (mean ± SD) (HUNT3) 27.4 ± 4.3 27.4 ± 4.3

Daily smoking (HUNT2) (n (%)) 62 (21.1) 6278 (24.5)

Daily and occasionally smoking (HUNT3)
(n (%))

73 (24.8) 5338 (20.8)

Self-reported health poor or less than
good (HUNT2) (n (%))

82 (27.9) 5451 (21.2)

Self-reported health poor or less than
good (HUNT3) (n (%))

102 (34.7) 6883 (26.8)

Headache sufferer (n (%))

HUNT2 129 (43.9) 10,697
(41.7)

HUNT3 111 (37.8) 8492 (33.1)

CAGEa≥ 1 (HUNT2) (n (%)) 56 (19.0) 3721 (14.5)

CAGEa≥ 1 (HUNT3) (n (%)) 58 (19.7) 3834 (14.9)

Abbreviations: HADS Hospital Anxiety and Depression Scale, BMI Body Mass Index
aCAGE Modified Norwegian version of the CAGE alcohol-screening instrument
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with injuries other than head injuries could be an advan-
tage, as one could theorize that physical trauma could
cause headache through psychosocial stressors, regardless
of which part of the body is injured. However, if the study
is epidemiological, the design is population-based and the
intention is to investigate whether head injury is a risk
factor for development of headache regardless of the
underlying mechanism, a community control group is
more appropriate [36].
In a previous study, we analysed headache in HUNT3

related to all hospitalized head injuries (n = 940) between
1988 and HUNT3 [15]. As in the present study, there
was a significant association between head injury and
headache. However, in that study we were not able to
take headache status before the trauma into account.
This was a limitation because in patients with headache
complaints a trauma may cause stress which can precipi-
tate an attack of their pre-existing headache. Headache
in a trauma setting can be a sign of a serious head in-
jury, and these patients may therefore be referred to a
hospital. Hence, one could imagine that pre-existing
headache could act as a confounder. However, the present

Table 2 Multivariate regression analyses of the associations between head injury and relative headache status in HUNT3 versus
HUNT2 with regard to suffering from headache only

All Men Women

Adjustment for age and sex Complete adjustmenta Complete adjustmenta Complete adjustmenta

N N (OR, 95% CI) N (OR, 95% CI) N (OR, 95% CI) N (OR, 95% CI)

Past headache suffering

No head injury (reference) 25,662 4474 (ref.) 4474 (ref.) 1603 (ref.) 2871 (ref.)

Any head injury 294 49 (1.21, 0.87–1.69) 49 (1.23, 0.85–1.78) 24 (1.35, 0.82–2.21) 25 (1.06, 0.60–1.86)

Minimal head injury 35 7 (1.15, 0.47–2.80) 7 (0.94, 0.33–2.70) 1 (0.50, 0.06–4.14) 6 (1.17, 0.33–4.18)

Mild head injury 211 36 (1.35, 0.91–2.00) 36 (1.39, 0.89–2.15) 18 (1.53, 0.85–2.75) 18 (1.19, 0.61–2.32)

Moderate head injury 32 5 (1.13, 0.41–3.13) 5 (1.24, 0.43–3.54) 4 (1.41, 0.44–4.49) 1 (0.93, 0.08–10.52)

Stable headache suffering

No head injury (reference) 25,662 6223 (ref.) 6223 (ref.) 1833 (ref.) 4390 (ref.)

Any head injury 294 80 (1.51, 1.13–2.03) 80 (1.55, 1.12–2.14) 37 (1.65, 1.06–2.56) 43 (1.37, 0.85–2.20)

Minimal head injury 35 10 (1.20, 0.53–2.70) 10 (0.96, 0.38–2.42) 4 (1.22, 0.32–4.60) 6 (0.78, 0.21–2.86)

Mild head injury 211 56 (1.60, 1.12–2.27) 56 (1.70, 1.15–2.50) 27 (1.91, 1.13–3.22) 29 (1.42, 0.80–2.51)

Moderate head injury 32 9 (1.58, 0.66–3.75) 9 (1.45, 0.57–3.70) 4 (0.90, 0.24–3.34) 5 (2.54, 0.45–14.30)

New headache suffering

No head injury (reference) 25,662 2269 (ref.) 2269 (ref.) 974 (ref.) 1295 (ref.)

Any head injury 294 31 (1.44, 0.96–2.15) 31 (1.37, 0.88–2.15) 21 (1.89, 1.12–3.21) 10 (0.70, 0.29–1.69)

Minimal head injury 35 1 (0.33, 0.04–2.47) 1 (0.38, 0.05–2.90) 1 (0.81, 0.10–6.75) 0 (−)

Mild head injury 211 27 (1.86, 1.20–2.90) 27 (1.74, 1.05–2.87) 17 (2.31, 1.26–4.23) 10 (1.02, 0.41–2.52)

Moderate head injury 32 3 (1.20, 0.34–4.22) 3 (1.30, 0.36–4.65) 3 (1.75 (0.48–6.42) 0 (−)

One analysis was done with head injury as a binary variable (no head injury/any head injury) and a separate analysis was done with head injury in four categories
according to head injury severity (no head injury/minimal head injury/mild head injury/moderate head injury). The head injury severity was classified according to
the Head Injury Severity Scale (HISS)
Reference category: Stable non-sufferer (absence of headache suffering in both surveys)
Abbreviations: OR Odds ratio, CI Confidence interval
aAnalyses are adjusted for age, sex, duration of education, daily smoking, CAGE score ≥ 1 and HADS-score

Table 3 Change in monthly headache frequency between
HUNT2 and HUNT3 among participants suffering from
headache in both surveys

N (%), head injury
population

N (%),
controlsHUNT2 HUNT3

Decreased headache frequencya 10 (12.5) 939 (15.1)

> 14 days 1–14 days 2 (2.5) 269 (4.3)

7–14 days < 7 days 8 (10.0) 670 (10.8)

Stable headache frequencyb 55 (68.8) 4234 (68.0)

< 7 days < 7 days 46 (57.5) 3833 (61.6)

7–14 days 7–14 days 4 (5.0) 257 (4.1)

> 14 days > 14 days 5 (6.3) 144 (2.3)

Increased headache frequencyc 12 (15.0) 757 (12.2)

< 7 days 7–30 days 10 (12.5) 633 (10.2)

7–14 days > 14 days 2 (2.5) 124 (2.0)

Missing 3 (3.8) 293 (4.7)

Total 80 (100.0) 6223 (100.0)
aLess frequent headache (days/month) in HUNT3 compared to HUNT2
bSame headache frequency (days/month) in HUNT3 as in HUNT2
cMore frequent headache (days/month) in HUNT3 compared to HUNT2
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study shows that in the head injury group pre-existing
headache was not more prevalent than in the control
group, while new headache and exacerbation of headache
was. We therefore find no reason to suspect the occur-
rence of such confounding.

Limitations
The study was not designed to determine time of head-
ache onset. Therefore, we cannot specify if the onset of
headache was within 7 days after head injury, which is a
criterion for classifying a headache as HAIH, according
to ICHD-3 beta [10]. However, ICHD-3 beta states that
this criterion is somewhat arbitrary and concludes further
research is needed into which interval might be more ap-
propriate [10].
The present study included only 32 individuals with a

moderate and 35 individuals with a minimal head in-
jury, which gives low power and uncertain results from
these groups. Furthermore, generalization of results
should be performed with caution, since only 56% of

those invited to participate in HUNT2 and 42% of
those invited to participate in HUNT3 answered the
headache questionnaire.
Patients not examined at a hospital were not included.

However, the proportion of patients with head injury be-
ing admitted to a hospital after examination by health
care providers was larger in the period of data collection
than it is today [26, 37]. This can mostly be attributed to
increased availability of CT imaging and the implemen-
tation of guidelines for initial management of head in-
jury in Norwegian hospitals [38].

Implications for public health
HAIH is one of the most prevalent of secondary head-
aches worldwide and a potentially preventable one. Every-
where, but especially in low and middle-income countries,
head injury is common and most often caused by road
traffic injuries, falls and violence [39]. An important step
in reducing the incidence of HAIH is therefore head in-
jury preventive strategies [39].

Table 4 Multivariate regression analyses of the associations between head injury and relative headache status in HUNT3 versus
HUNT2 with regard both to suffering from headache as well as to change in headache frequency

All Men Women

Adjustment for age and sex Complete adjustmenta Complete adjustmenta Complete adjustmenta

N N (OR, 95% CI) N (OR, 95% CI) N (OR, 95% CI) N (OR, 95% CI)

Improvement of headache status1

No head injury (reference) 25,662 5413 (ref.) 5413 (ref.) 1852 (ref.) 3561 (ref.)

Any head injury 294 59 (1.22, 0.89–1.68) 59 (1.21, 0.85–1,72) 28 (1.30, 0.81–2.08) 31 (1.06, 0.63–1.80)

Minimal head injury 35 12 (1.62, 0.76–3.44) 12 (1.35, 0.56–3.24) 2 (0.76, 0.15–3.82) 10 (1.65, 0.54–4.98)

Mild head injury 211 40 (1.26, 0.86–1.84) 40 (1.27, 0.83–1.95) 20 (1.39, 0.79–2.47) 20 (1.09, 0.58–2.07)

Moderate head injury 32 6 (1.16, 0.44–3.02 6 (1.23, 0.45–3.31) 5 (1.51, 0.51–4.42) 1 (0.66, 0.06–7.63)

Stable headache suffering and frequency2

No head injury (reference) 25,662 4234 (ref.) 4234 (ref.) 1302 (ref.) 2932 (ref.)

Any head injury 294 55 (1.55, 1.11–2.15) 55 (1.60, 1.12–2.28) 28 (1.86, 1.16–2.99) 27 (1.30, 0.76–2.21)

Minimal head injury 35 5 (0.88, 0.32–2.45) 5 (0.71, 0.23–2.25) 3 (1.37, 0.33–5.68) 2 (0.28, 0.03–2.39)

Mild head injury 211 40 (1.71, 1.15–2.53) 40 (1.83, 1.20–2.79) 20 (2.14, 1.22–3.76) 20 (1.48, 0.79–2.77)

Moderate head injury 32 5 (1.26, 0.44–3.61) 5 (1.06, 0.33–3.40) 3 (0.87, 0.19–4.02) 2 (1.40, 0.18–10.82)

Exacerbation of headache status3

No head injury (reference) 25,662 3026 (ref.) 3026 (ref.) 1181 (ref.) 1845 (ref.)

Any head injury 294 43 (1.55, 1.09–2.21) 43 (1.52, 1.02–2.25) 26 (1.87, 1.14–3.05) 17 (1.08, 0.56–2.08)

Minimal head injury 35 1 (0.24, 0.03–1.83) 1 (0.26, 0.03–2.03) 1 (0.62, 0.07–5.16) 0 (−)

Mild head injury 211 37 (2.00, 1.35–2.98) 37 (1.93, 1.24–3.02) 22 (2.40, 1.37–4.21) 15 (1.37, 0.66–2.85)

Moderate head injury 32 5 (1.56, 0.55–4.41) 5 (1.65, 0.57–4.79) 3 (1.42, 0.39–5.22) 2 (2.09, 0.27–16.16)

One analysis was done with head injury as a binary variable (no head injury/any head injury) and a separate analysis was done with head injury in four categories
according to head injury severity (no head injury/minimal head injury/mild head injury/moderate head injury). The head injury severity was classified according to
the Head Injury Severity Scale (HISS)
Reference category: Stable non-sufferer (absence of headache suffering in both surveys)
Abbreviations: OR Odds ratio, CI Confidence interval
1Improvement of headache status: Absence of previously reported headache or decrease in its frequency
2Stable headache suffering and frequency: Headache suffering in both HUNT2 and HUNT3 with the same frequency in both studies
3Exacerbation of headache status: New onset of headache or increased frequency of previously reported headache
aAnalyses are adjusted for age, sex, duration of education, daily smoking, CAGE score ≥ 1 and HADS-score
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The fact that development of HAIH also, or even espe-
cially, occurs after mild head injuries should have impli-
cations for the follow-up of patients with mild head
injury. In Norway, like many other countries, there are
no guidelines for follow-up after mild head injury. We
know little about individual factors that predispose to
development of persistent HAIH. We therefore suggest
that all persons seeking medical advice due to a mild
head injury should be encouraged to seek their general
practitioner in the case of development of new headache
or exacerbation of already existing headache with a dur-
ation longer than 3 months. A recent study suggests that
a standardized tool might be helpful in the general popu-
lation of concussion patients to assess for post-traumatic
headache [40]. While we await better knowledge of how
to best treat HAIH, we suggest using treatment strategies
with proven efficacy against the primary headache that it
most resembles [41].

Future research
The incidence of mild head injury is high and a close
follow-up of all persons experiencing a mild head injury
would require a large effort for the health care service. It
is therefore especially important to be able to identify
persons at risk of developing HAIH and develop clinical
guidelines for follow-up after mild head injury. HAIH
occurred more frequently in patients with minimal trau-
matic intracranial haemorrhage after mild TBI than those
without in a recent published study [42]. Another study
found that persistent HAIH and migraine are associated
with differences in brain structure [43]. Both studies
suggests that it is possible to find underlying pathophysi-
ology that separates HAIH from the primary headache
type it phenotypically resembles. Future research should be
aimed at understanding its pathophysiological mecha-
nisms, acquiring knowledge on predictors for development
of HAIH and based on this, develop effective preventive
measures and treatment options.

Conclusion
Individuals hospitalized due to a mild head injury were
more likely to develop new headache suffering or report
exacerbation of previously documented headache compared
to the surrounding general population. Hence, the present
study substantiates HAIH as a true secondary headache
entity and not a primary headache misattributed to head
injury.
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