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Abstract
Purpose The aim of the present paper is to study which pre-
scription pain medications are most commonly dispensed to
people with chronic headache (CH), particularly those with
medication-overuse headache (MOH).
Methods This cross-sectional study analysed prescription
pain medications dispensed within 1 year to 68,518 respon-
dents of a national health survey. Participants with headache
≥15 days per month for 3 months were classified as having
CH. Those with CH and over-the-counter analgesic use
≥15 days per month or purchase of ≥20 or ≥30 defined daily
doses (DDDs) of prescription pain medication per month (de-
pending on the drug) were classified as having MOH. Asso-
ciations between CH and other chronic pain conditions were
analysed by logistic regression.
Results Among those with CH (adjusted prevalence 3.3 %, CI
3.2–3.5 %), pain medications most commonly dispensed were
paracetamol, tramadol, ibuprofen and codeine. CH was asso-
ciated with osteoarthritis, back pain, and rheumatoid arthritis.
Among those with MOH, 32.4 % were dispensed an opioid at

least once within 1 year. Only 5.1 % of people with CH were
dispensed triptans.
Conclusions High prevalence of opioid use among people
with CH may be due to inappropriate headache treatment or
development of MOH among those treated for other pain con-
ditions. While there were cases of triptan overuse, triptans
remain underutilized among those with CH, suggesting that
migraine may be under-recognized and inappropriately treat-
ed, leading to overuse of other medications. Education of phy-
sicians on appropriate headache management is essential for
MOH prevention. There is a need to increase universal aware-
ness about MOH as an adverse effect of long-term analgesic
use.
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Introduction

The benefits of frequent analgesic use must always be
weighed against risks [1]. An often unrecognized adverse ef-
fect of analgesic use is medication-overuse headache (MOH)
[2–4]. In MOH, headache is paradoxically caused by medica-
tion that is supposed to relieve it and inadequate relief is ad-
dressed by further escalation in pain medication use. MOH
prevalence is 1.0–2.0 % globally, with several countries
reporting higher numbers and is estimated as 1.8 % in Den-
mark [5]. MOH is associated with ill health and disability
[4–7] and is among the most costly neurologic diseases [8].
These individual and societal costs are unnecessary because
MOH is preventable and treatable [3, 4, 7].

MOH is described in the International Classification of
Headache Disorders (ICHD-3 beta, Table 1) [9]. Not everyone
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who frequently takes analgesics will develop MOH. Those
with a predisposition to headache, particularly migraine, ap-
pear to be at highest risk [2, 4].

Most MOH cases are attributed to use of simple or combi-
nation analgesics [10]. MOH due to triptans, ergotamines, or
opioids is less common but more difficult to treat [4, 11].
Reliable data on pain medication use is difficult to elicit in
population-based studies because of limitations in recall. With
regard to prescription pain medications, a large-scale study in
Denmark showed that agreement between self-reported data
and prescription records was lowest for opioids (kappa 0.49),
other analgesics (kappa 0.46), and antimigraine preparations
(kappa 0.39) [12]. This is likely because pain medications are
used as needed, and not as regularly as drugs for the cardio-
vascular system or diabetes, for example.

Prescription registries are useful tools in identifying MOH
cases because these are not subject to recall bias. These regis-
tries have been used to study MOH incidence in Norway and
[13] prevalence in Denmark [5].

The aims of the present paper are to study which prescrip-
tion pain medications are most commonly dispensed to people
with chronic headache (CH) using data from a national pre-
scription registry and to examine the average amount of pre-
scription pain medications dispensed to those with MOH,
those with CH but no medication overuse (CHnoO), and the
general population without CH.

We hypothesized that certain prescription pain medications
were more frequently dispensed to people with MOH than
those with CHnoO or the general population.

Methods

This cross-sectional population-based study is based on data
gathered from the Danish National Health Survey (DNHS)
and the Danish National Prescription Registry (DNPR) which
were linked at the individual level.

The DNHS used a self-administered questionnaire to gath-
er data on chronic illness and health-related behaviour from a
randomly selected, representative sample of the national pop-
ulation aged ≥16 years. Sampling methods have been previ-
ously described [5, 14]. A total of 129,150 individuals were
invited to participate.

Participants with headache occurring ≥15 days per month
in the last 3 months were classified as having CH. This case
definition corresponds to ICHD-3 beta criterion A for chronic
migraine and chronic tension-type headache [9]. There were
no other questions on headache characteristics; therefore, spe-
cific headache diagnoses could not be made.

Participants with CH who self-reported overuse of over-
the-counter (OTC) pain medication or had registry evidence
of overuse of prescription pain medications were classified as
having MOH.

OTC analgesic overuse was defined as use ≥15 days per
month in the last 3 months. The type of OTC drug purchased
was not specified in the questionnaire. Triptans are not avail-
able OTC in Denmark.

Prescription pain medication overuse was assessed by
reviewing participants’ DNPR records [15] on the following
Anatomical Therapeutic Chemical (ATC) groups [16] for year

Table 1 International classification of headache disorders (3-beta) diagnostic criteria for medication-overuse headache

Criterion A Headache occurring on ≥15 days/month in a patient with a pre-existing headache disorder

Criterion B Regular overuse for >3 months of one or more drugs that can be taken for acute and/or symptomatic treatment
of headache

8.2.1. Ergotamine-overuse headache, 8.2.2. Triptan-overuse headache, 8.2.4. Opioid-overuse headache
• Ergotamine, triptans, or opioids
• Regular intake on ≥10 days/month for >3 months
8.2.3. Simple analgesic-overuse headache
• Paracetamol, ASA, or other NSAID
• Regular intake on ≥15 days/month for >3 months
8.2.5. Combination analgesic-overuse headache
• One or more combination analgesic medications described as formulations combining drugs of two or more classes,
each with an analgesic effect or acting as adjuvants

• Most commonly combinations of simple analgesics with opioids, butalbital, and/or caffeine
• Regular intake on ≥10 days/month for >3 months
8.2.6. Medication-overuse headache attributed to multiple drug classes not individually overused
• Any combination of ergotamine, triptans, simple analgesics, NSAIDs and/or opioids
• Regular intake for a total of ≥10 days/month for >3 months without overuse of any single drug or drug class alone.
8.2.7. Medication-overuse headache attributed to unverified overuse of multiple drug classes
• Any combination of ergotamine, triptans, simple analgesics, NSAIDs and/or opioids
• The identity, quantity and/or pattern of use or overuse of these classes of drug cannot be reliably established.
• Regular intake on ≥10 days per month for >3 months

Criterion C Not better accounted for by another ICHD-3 diagnosis

Summarized from Reference [9]

ASA acetylsalicylic acid, NSAID non-steroidal anti-inflammatory drug
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2009: M01A (anti-inflammatory and antirheumatic products),
N02A (opioids), N02B (other analgesics and antipyretics),
and N02C (antimigraine preparations). Codeine in combina-
tion with paracetamol or aspirin is classified as N02A and
N02B, respectively. Plain codeine preparations are classified
in R05D (cough suppressants).

For those with chronic headache, defined daily doses
(DDDs) of drugs of interest were calculated as an average per
month spanning at least 3months to approximate the diagnostic
criteria of overuse for more than 3 months (Table 1). One DDD
is the typical dose required by an adult per day for a drug’smain
indication [16]. To increase the likelihood that medication use
was concurrent with self-report of chronic headache during the
survey period (January to April 2010), the last purchase should
have been on 1 October 2009 or later [5].

The cutoff for overuse was ≥30 DDDs per month for sim-
ple analgesics or ≥20 DDDs per month for opioids, triptans,
combination preparations, or combinations of medications
from different classes.

Respondents with CH who did not meet the criteria for
OTC or prescription drug overuse were classified as having
CH without medication overuse (CHnoO).

Prevalences of CH, MOH, and several chronic pain condi-
tions (osteoarthritis, discus prolapse/back problem, rheumatoid
arthritis, osteoporosis, and cancer) were calculated and adjusted
for stratified sampling and non-response.Weights were calculat-
ed by Statistics Denmark based on register information [5, 14].

Associations between CH and chronic pain conditions
were analysed separately for the sexes using logistic regres-
sion adjusted for age, civil status, ethnicity, income, work
status, and highest educational attainment. The prevalence of
CH varies significantly across categories of these
sociodemographic variables [5], and therefore, these were in-
cluded as possible confounders in the regression analyses.

For medications with at least 100 prescriptions dispensed
to people with CH, DDDs per person (1 year) were calculated
as an average for the headache groups (CHnoO and MOH).
For triptans, medians and ranges were also computed, since
there were relatively fewer users of this drug class. Total drug
purchases were summarized as DDDs per 1000 inhabitants
per day.

National drug utilization data for 2009 (publicly available
in medstat.dk) were analysed for the four most commonly
dispensed pain medications to explore the possible effect of
non-response to the survey. Available data for those aged
≥15 years were summarized as DDDs per 1000 inhabitants
per day and compared to summary data from the sample (aged
≥16 years).

SAS software (version 9.3, SAS Institute Inc., Cary, NC,
USA) was used for data management and analysis. Microsoft
Excel 2010 was used for some supplementary DDD analyses.

To protect the anonymity of respondents, Statistics Den-
mark encrypted 10-digit codes used to select respondents in

the Civil Registration System [17] and replaced these with 12-
digit personal identification numbers used to link data from
the DNHS and DNPR. Authors MLW and CG had access to
the data for analysis purposes. Informed consent for use of
data was given by respondents upon return of the
questionnaire.

Results

There were 68,518 respondents (53.1 % response) and 2087
were identified as having CH (Table 2). The adjusted preva-
lence of CH was 3.3 % (CI 3.2–3.5 %) and for MOH 1.8 %
(CI 1.7–1.9 %). Both CH and MOH were more prevalent
among women (ratio of 1.9:1 for MOH). About half of men
and half of women with CH overused pain medications, with
no significant difference between the sexes. MOH is most
prevalent among the middle aged. Among all the MOH cases
identified, 96.2 % reported overuse of OTC analgesics. Those
who overused prescribed medications exclusively were aged
35 years or older (Table 2). Detailed sociodemographic data
have been previously reported [5].

The prevalences of several chronic pain conditions are
summarized in Table 3. Osteoarthritis, back pain, rheumatoid
arthritis, and osteoporosis (but not cancer) was significantly
more common among people with CH than those without.
Associations between CH and osteoarthritis, back pain, and
rheumatoid arthritis were strong in both sexes.

Half (49.2%) of those with CH purchased prescription pain
medications at least once during the year (Fig. 1).

Compared to the CHnoO group, the MOH group was more
likely to purchase opioids (32.4 vs. 11.4%), NSAIDs (36.6 vs.
21.0 %), and other analgesics (26.9 vs. 6.8 %; Table 4).

Among people with CH, 5.1 % purchased triptans, with
only a small absolute difference in proportions between the
MOH and CHnoO groups (6.2 vs. 3.9 %; Table 5). The four
pain medications most commonly prescribed to people with
CH were paracetamol, tramadol, ibuprofen, and codeine
(Table 4). The MOH and CHnoO groups differed markedly
in their purchases of these four drugs. For example, tramadol
was purchased by one in six people with MOH, and by one in
21 people with CHnoO. People with MOH purchased larger
amounts on average compared to people with CHnoO. The
amount of pain medications dispensed to those with CHnoO
paralleled that of the general population without CH, particu-
larly for paracetamol, tramadol, ibuprofen, and codeine
(Table 4). However, for these four drugs, amounts dispensed
to the MOH group were 11, 18, 4, and 8 times higher, respec-
tively, than amounts dispensed to those with CHnoO. For
example, the amount of codeine purchased by those without
CH and those with CHnoO was 3.38 DDDs per 1000 inhab-
itants per day. The corresponding amount was 28.65 DDDs
per 1000 inhabitants per day for the MOH group.
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Our sample’s drug utilization data were consistent with,
though slightly lower than, the national data. Utilization of

plain codeine for the entire sample was 3.79 DDDs per 1000
people per day. The equivalent for the national population was

Table 3 Prevalence of chronic pain conditions among respondents
with and without chronic headache, and associations between these
conditions and chronic headache

Total
respondents

Total
cases

No chronic headache With chronic headache p valueb

CH vs. no CH
OR for chronic
headache (95 % CI)c

Cases Adjusted
prevalencea

Cases Adjusted prevalencea

% (95 % CI) % (95 % CI)

Females

Osteoarthritis 36,664 8990 8527 23.0 (22.4–23.5) 463 34.3 (31.3–37.3) <0.0001 1.7 (1.4–2.0)d

Discus prolapse or
other back problems

36,456 4845 4494 13.1 (12.6–13.5) 351 28.0 (25.0–30.9) <0.0001 2.0 (1.7–2.4)d

Rheumatoid arthritis 35,931 2128 1937 6.1 (5.8–6.5) 191 16.6 (14.0–19.1) <0.0001 2.2 (1.8–2.9)d

Osteoporosis 36,358 1774 1675 4.8 (4.6–5.1) 99 8.1 (6.3–9.9) <0.0001 1.3 (1.0–1.8)

Cancer 36,353 1002 956 2.5 (2.3–2.7) 46 3.0 (2.1–4.0) 0.2668 1.1 (0.7–1.5)

Males

Osteoarthritis 29,297 5409 5184 15.1 (14.7–15.6) 654 31.2 (27.1–35.3) <0.0001 2.0 (1.5–2.5)d

Discus prolapse or other
back problems

29,260 3938 3745 12.5 (12.1–13.0) 193 30.9 (26.5–35.2) <0.0001 1.9 (1.5–2.4)d

Rheumatoid arthritis 29,002 1915 1812 5.9 (5.6–6.2) 103 16.8 (13.4–20.2) <0.0001 2.0 (1.5–2.7)d

Osteoporosis 29,122 304 288 0.9 (0.8–1.1) 16 2.1 (0.9–3.4) 0.0070 1.4 (0.7–2.7)

Cancer 29,201 809 787 2.2 (2.0–2.3) 22 2.2 (1.1–3.2) 0.9487 0.8 (0.5–1.5)

CH chronic headache, CI confidence interval, OR odds ratio
a Prevalences were adjusted for stratified sampling and non-response
b p values refer to chi-square tests comparing prevalence of pain conditions among those with and without chronic headache
c The odds ratios for chronic headache were computed separately for the sexes and controlled for age, civil status, ethnicity, income, work status, and
highest educational attainment. Global (Wald) tests for all regression models, p<0.0001
d The odds ratios do not overlap the null value (OR=1)

Opioids
d

(N02A)

n=375

Rx=2441

Other analgesics 

(N02B)

n=368

Rx=1671

NSAIDs 

(M01A)

n =673

Rx=1952

Ergotamines 

(N02CA)

n=3

Rx=3

Triptans 

(N02CC)

n=107

Rx=687

Codeine
d

(R05DA04)

n=152

Rx=611

Self-report of chronic 

headache in DNHS 2010

n=2,087
a

Respondents dispensed at least 

one prescription in 2009

n=1,889 Rx=37,687
b

Respondents dispensed at least one prescription for 

NSAIDs (M01A), analgesics (N02) or codeine (R05DA04)

n=1026
c

Rx=7365

Respondents not dispensed any 

prescription medication in 2009

n=198

Respondents not dispensed any 

prescription pain medication

n=863

Fig. 1 All drug codes are based on theAnatomical Therapeutic Chemical
(ATC) classification system. DNHS Danish National Health Survey,
NSAIDs non-steroidal anti-inflammatory drugs, Rx number of
dispensed prescriptions. a Among 68,518 respondents, 2087 reported
chronic headache. b There were in total 660,691 prescriptions

dispensed to all respondents, of which 37,687 (5.8 %) were to people
with chronic headache. c The sum total of respondents below is greater
than 1026 since some respondents were dispensed more than one type of
medication. d The combined total for opioid purchases (N02A plus
R05DA04) is Rx = 3052 and n = 474 respondents
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3.2 DDDs per 1000 inhabitants per day and an estimated 3.88
DDDs per 1000 inhabitants per day for those ≥15 years. Com-
parisons for the other three drugs were as follows for the sample
(aged ≥16 years) vs. national data (for those aged ≥15 years):
para-cetamol, 25.72 vs. 33.09; tramadol, 6.89 vs. 9.22; and
ibuprofen, 17.15 vs. 19.22 DDDs per 1000 inhabitants per day.

Discussion

Use of prescription drug registries for estimating total preva-
lence or incidence of MOH has so far only been attempted in
Norway [13] and Denmark [5]. There have been comprehen-
sive prescription registry studies on triptan overuse since the
late 1990s [18, 19], but these did not correlate medication
purchases with headache symptomatology and did not consid-
er the concurrent use of other pain medications, particularly
OTC analgesics.

Among people with CH, about half overused analgesics
purchased without prescription and in addition purchased
larger amounts of prescribed pain medications. The other half
purchased much less prescribed pain medications and in
amounts that paralleled those of the general population. It is
possible that a subset of people with CH took pain

medications more frequently because of comorbid chronic
pain. However, it is important to consider that frequent anal-
gesic use for other pains could cause MOH.

Opioids for headache?

One in five people with CH—and one in three with MOH—
were dispensed an opioid at least once during the year. This is
a high proportion considering that opioids are not included in
national treatment guidelines for headache [20]. Opioids are
not recommended for CH because few improve in terms of
function or sustained pain reduction, and in the long run, the
risk of dependence outweighs benefits [21, 22]. There were no
significant differences in the prevalence of self-reported can-
cer in the CH and no CH groups, suggesting that opioids were
likely being taken for non-cancer pain.

In this cross-sectional study, we cannot determine which
came first: headache, other chronic pain, or opioid use. A US-
based study described that 17.7 % of people with CH used
opioids for headache or any other pain [23]. Longitudinal
studies have demonstrated the link between opioid use and
headache chronification [24, 25].

It is unclear why the number of prescriptions for tramadol
was second only to paracetamol. There is weak evidence for

Table 4 Number of prescriptions, number of people with chronic headache who were dispensed prescriptions, and defined daily doses (DDDs) per
person for selected NSAIDs, opioids, and other analgesicsa

Number of
prescriptions

Number who
purchased
medication

% who purchased
medication

Average DDDs per person
for those who purchased
medication (1 year)

DDDs/1000
inhabitants/day

CHnoO MOH CHnoO MOH CHnoO MOH CHnoO MOH No CH CHnoO MOH

NSAIDsb 342 1261 202 412 21.00 36.62

Ibuprofen 212 659 139 260 14.45 23.11 42.79 100.35 16.37 16.94 63.54

Diclofenac 71 285 49 105 5.09 9.33 29.85 125.64 5.90 4.16 32.13

Etodolac 8 118 6 38 0.62 3.38 30.00 135.66 3.22 0.51 12.55

Opioids 306 2746 110 364 11.43 32.36

Tramadol 91 1041 45 202 4.68 17.96 21.37 99.26 6.24 2.74 48.83

Codeine 69 542 39 113 4.05 10.04 30.46 104.11 3.38 3.38 28.65

Oxycodone 47 355 11 59 1.14 5.24 32.21 88.23 1.61 1.01 12.68

Codeine plus paracetamol 22 296 18 38 1.87 3.38 20.74 230.26 1.82 1.06 21.31

Morphine 43 199 6 28 0.62 2.49 77.25 123.25 1.62 1.32 8.41

Buprenorphine 13 95 3 23 0.31 2.04 51.00 33.34 0.43 0.44 1.87

Ketobemidone and
antispasmodics

9 98 3 19 0.31 1.69 44.00 42.53 0.59 0.38 1.97

Analgesics and antipyretics 128 1543 65 303 6.76 26.93

Paracetamol 123 1316 62 286 6.44 25.42 72.52 197.13 24.02 12.81 137.30

Salicylamide combinations
with psycholeptics

3 220 1 18 0.10 1.60 50.00 348.15 0.79 0.14 15.26

DDD defined daily dose—the assumed average maintenance dose per day for a drug used for its main indication in adults

No CH no chronic headache, n=66,431; CHnoO chronic headache without medication overuse, n=962;MOH medication overuse headache, n=1125
aOnly medications with at least 100 prescriptions are shown in the table. Data are based on prescription registry records from 2009
bNon-steroidal anti-inflammatory drugs excluding glucosamine (M01AX05): n=120 users and Rx=349
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tramadol efficacy in migraine, and even in emergency settings,
risks may outweigh benefits [26, 27]. Tramadol is not indicated
for tension-type headache: limited data show declining efficacy
over time and the common occurrence of adverse events [28].

Plain codeine was not initially included in an earlier anal-
ysis of MOH prevalence because of its primary indication as a
cough suppressant [5]. Studies on prescription patterns of co-
deine for non-malignant pain both include [29] and exclude
[30] plain codeine. The current analysis shows that 10 % of
people with MOH purchased plain codeine. None of them
overused plain codeine exclusively, but rather used this in
combination with other medications. Including plain codeine
as a drug of interest yielded additional cases of MOH but did
not change the overall MOH prevalence estimate of 1.8 %.
Excluding this drug would have underestimated opioid expo-
sure. The large difference in the average DDDs of codeine
purchased by the MOH and CHnoO groups is unlikely to be
due simply to a higher prevalence of chronic cough in the
MOH group.

Triptans and ergotamines

There were 1277 persons from the study population who pur-
chased a triptan at least once. Utilization can be estimated as
18.6 per 1000 people, a threefold increase from 6.6 per 1000
in 1994 [18]. Coverage of migraineurs can be estimated as
15.2 % assuming a 1-year migraine prevalence of 12.3 %
[31]. This level of triptan use is within the range (3 to 19 %)

reported by other countries [19, 32, 33]. However, the proportion
using triptans among those with CH is on the low end at 5.1 %.

There were cases of overuse among the triptan users. The
MOH group showed a wide range of DDDs per person for
triptans. While there were cases of exclusive triptan overuse,
for the most part, people with MOH who used triptans were
classified as having MOH due to overuse of other pain
medications.

The proportion of triptan users among those with MOH
was very low considering that migraineurs account for
37.0 % of MOH cases in Norway [13] and 58.5 % of cases
in Sweden [10]. Population-based studies report co-
occurrence of migraine in 50–70 %, while co-occurrence is
80–100 % in tertiary headache centres [4].

It is possible that migraine was under-recognized and
under-treated in our study population. The underutilization
of an effective migraine treatment might in part explain the
overuse of other pain medications. Migraineurs who discon-
tinue triptans tend to shift to using OTC analgesics or opioids
during migraine attacks [34]. A recent longitudinal study
found that poor treatment efficacy carries a twofold to three-
fold increased risk of new-onset chronic migraine among
those with episodic migraine. Those who used NSAIDs and
simple analgesics were less likely to have high treatment effi-
cacy compared to those who used triptans [35].

Ergotamine use has declined in Europe because of changes
in migraine treatment guidelines [36]. There were no cases of
ergotamine overuse identified in this study.

Table 5 Number of triptan prescriptions, number of people with chronic headache who were dispensed triptans, and defined daily doses (DDDs) per
person

Number of
prescriptions

Number who
purchased medication

% who purchased
medication

DDDs per person for those who
purchased medication in 1 year
Average, median (range)

DDDs/1000 inhabitants/day

CHnoO MOH CHnoO MOH CHnoO MOH CHnoO MOH No CH CHnoO MOH

Triptans 196 491 37 70 3.85 6.22

Sumatriptan 104 313 25 45 2.60 4.00 36.36 94.18 1.26 2.80 10.32

24 (2–204) 36 (2–552)

Naratriptan 11 3 1 2 0.10 0.18 66.00 15.00 0.02 0.19 0.07

– 15 n

Zolmitriptan 20 20 4 4 0.42 0.36 41.25 84.00 0.21 0.47 0.82

36 (12–81) 27 (6–276)

Rizatriptan 16 72 4 16 0.42 1.42 33.00 47.06 0.19 0.38 1.83

33 (6–60) 12 (3–246)

Almotriptan 0 1 0 1 0.00 0.09 – 9.00 0.02 0.00 0.00

Eletriptan 44 82 6 10 0.62 0.89 53.50 128.40 0.28 0.92 3.13

45 (6–117) 81 (3–474)

Frovatriptan 1 0 1 0 0.10 0.00 6.00 – 0.01 0.02 0.00

Data are based on prescription registry records from 2009

DDD defined daily dose—the assumed average maintenance dose per day for a drug used for its main indication in adults

No CH no chronic headache, n=66,431; CHnoO chronic headache without medication overuse, n=962;MOH medication overuse headache, n=1125

Eur J Clin Pharmacol (2015) 71:851–860 857



Simple and combination analgesics

Paracetamol and ibuprofen ranked highest in terms of amount
dispensed. These medications do not necessarily present the
highest risk for developing MOH; the results may simply re-
flect how these are the most commonly purchased analgesics.
Their use appeared to be within the therapeutic range based on
the amount of medications dispensed as well as intervals be-
tween purchases.

Nonetheless, there were differences in the average amounts
of paracetamol and ibuprofen dispensed to the MOH and
CHnoO groups. These medications are also available without
prescription, and differences in actual intake could be even
higher.

Chronic headache and comorbid pain

Our findings on the association between CH and other chronic
pain are consistent with previous studies. Hagen et al. showed
that chronic musculoskeletal or gastrointestinal complaints at
baseline increased the risk of MOH and CHnoO [10]. Bahra
et al. found that CH could develop de novo among patients
treated for arthritis, but only among those predisposed to head-
ache [37]. Yoon et al. found strong associations between CH
and back pain [38]. Johnson et al. described how prolonged
opioid use for different pain conditions could cause opioid-
induced hyperalgesia which might have pathophysiological
features common to MOH [39].

Methodological considerations

We cannot interpret the direction of causality. Medication in-
take could be a consequence or cause of worsening headache
[24]. It is not possible to determine a causal relationship be-
tween MOH and specific prescription medications.

The 59.5 % nationwide participation rate was expected for
the DNHS. Non-response trends have been previously
analysed and found to be lowest for young men, those with
an ethnic background other than Danish, and also in specific
neighbourhoods [14]. Prevalence proportions were adjusted
for non-response and were generally slightly higher than crude
prevalences [5]. A non-responder analysis was not done with
respect to headache. This was performed in Norway in a study
that showed small differences in headache reporting among
respondents and non-respondents [39].

Drug utilization was not calculated for non-respondents.
Data on paracetamol, tramadol, ibuprofen, and codeine from
our sample were slightly lower than the national data, suggest-
ing that non-response might have contributed to an underesti-
mation of total drug utilization.

It was beyond the scope of the study to validate chronic
pain self-reports with patient records.

Large differences in access to health care according to so-
cioeconomic position were not expected because health ser-
vices are largely free in Denmark. Low income could certainly
affect medication purchase patterns but not necessarily in
terms of less access to medication. In this population, low
income groups had a significantly higher prevalence of
MOH [5].

Avenues for future research

Which cutoff level is indicative of overuse? Cutoff levels
should consider likely differences between amounts pur-
chased and amounts actually consumed. Hagen et al. [13] used
the same cutoff level of ≥20 DDDs per month for triptans and
opioids. Our cutoff level of ≥30 DDDs per month for simple
analgesics is equivalent to daily intake of the full dose of these
medications and is lower than the level used by Hagen et al.
(≥70 DDDs per month). Studies to assess the sensitivity and
specificity of these levels have yet to be performed.

MOH can arise in susceptible individuals even if the main
indication for pain treatment is not headache [11, 13, 37–39].
There is a need for studies on headache comorbidity. Studies
that analyse comorbidity among non-communicable diseases
should include CH.

Conclusions and recommendations

The four prescription pain medications most commonly dis-
pensed to people with CH were paracetamol, tramadol, ibu-
profen, and codeine. These were likely taken not just for CH
but also other chronic pain conditions prevalent among those
with CH. About half of those with CH overused pain medica-
tions purchased with or without prescription and were classi-
fied as having MOH. There were cases of triptan overuse;
however, the proportion of triptan users was low relative to
the expected prevalence of migraine among those with CH or
MOH. This suggests that migraine may be under-recognized
and inappropriately treated, which might lead to overuse of
other medications. Opioid use among people with CH needs
urgent attention since this represents inappropriate opioid use
for headache or the development of MOH in people treated
with opioids for other pain.

Increasing universal awareness about rational use of anal-
gesics is important for MOH prevention efforts. Physicians
must be aware of MOH risk in patients who are prescribed
analgesics for any chronic pain. Education of physicians on
appropriate headache management is essential for prevention
of MOH.
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