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SUMMARY

Introduction Since a few case reports have demonstrated some beneficial effects of angiotensin converting enzyme (ACE)
inhibitors in migraine prevention, we were interested in studying the impact of ACE inhibitors and angiotensin II receptor
antagonists (Ang II) on the consumption of specific abortive migraine drugs and, therefore, indirectly on the frequency of
migraine attacks.
Methods Data from a large prescription database involving 95 patients initiating a specific abortive migraine drug (ergo-
tamine or a triptan) and subsequently treated with either an ACE inhibitor or angiotensin receptor antagonist (index group:
ACE/Ang II) or diuretic (reference group) were analysed. The effects of ACE/Ang II inhibition as well as diuretic therapy on
reducing the frequency of migraine attacks were assessed by measuring the mean consumption of abortive migraine drug
use, in DDDs per month (‘therapeutic intensity’), before, during and after ACE/Ang II or diuretic therapy. A ‘therapeutic
fluctuation intensity estimate’ of abortive migraine drug use for all patients was likewise calculated.
Results On an individual level, the therapeutic intensity (TI) fluctuation estimate, ‘during’ relative to ‘before’ ACE diure-
tic therapy, was significantly larger for the ACE/Ang II group (62% reduction) than for the diuretic group (24% reduction)
( p¼ 0.02). For patients who continued abortive migraine drug use during and after ACE/Ang II or diuretic therapy, a sig-
nificantly larger reduction in this estimate was observed during ACE/Ang II inhibition (68.9%) compared to during diuretic
therapy (10.5% increase) ( p¼ 0.004). The TI fluctuation estimate, after relative to ‘during’, had increased by 50.3% after
ACE/Ang II inhibition and had reduced by 22.2% after diuretic treatment ( p¼ 0.1).
Conclusions A clear reduction in the TI of abortive migraine drug use during the use of ACE inhibitors as compared
to diuretic treatment was observed. Our findings may indirectly support a positive effect of ACE/Ang II inhibition on
the frequency and severity of migraine attacks, as observed in other studies and reports. Copyright # 2003 John Wiley
& Sons, Ltd.
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INTRODUCTION

Migraine is a common disabling condition that can sig-
nificantly limit and impair the patient’s health-related
quality of life.1 Despite the recent advances in
migraine abortive therapy, such as the availability of
sumatriptan and the second generation triptans, a sig-
nificant number of migraine patients are unable
to achieve satisfactory results from specific or
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non-specific abortive migraine therapy. In these
patients, the initiation of prophylactic medication can
therefore be considered a therapeutic option.2 In clin-
ical practice, this form of treatment is frequently
unable to provide sustained benefit and is often limited
due to a wide spectrum of side-effects. The use of
b-blockers, serotonin agonists, calcium channel block-
ers, clonidine and valproic acid for migraine prophy-
laxis can reduce the frequency of migraine attacks
by about 50% as compared to placebo. The few con-
trolled comparative clinical trials conducted so far
have failed to prove any superiority of one migraine
prophylactic medication to another. This indicates
the need to further clarify the pathogenesis of migraine
and investigate other drugs that can enhance the ther-
apeutic options of migraine prevention.

Some clinical trials and case reports have demon-
strated beneficial effects of other drugs such as the
selective serotonin reuptake inhibitors, high dose
riboflavin, magnesium and even the coumarin deriva-
tives in the prophylactic management of migraine.3–6

There is increasing evidence that use of angiotensin
converting enzyme (ACE) inhibitors can substantially
reduce the frequency and severity of migraine attacks.
Quite recently, a controlled clinical trial demonstrated
a clear improvement of migraine, in terms of
headache duration and severity, during ACE inhibi-
tion therapy with lisinopril when compared to
placebo.7 Although the underlying mechanism asso-
ciated with the possible improvement of migraine due
to ACE inhibition therapy has not been fully
elucidated, it has been suggested that the effects of
ACE inhibitors are related to their ability to enhance
the effects of norepinephrine and serotonin on
vascular tone.8

It has therefore, been suggested that the use of
lisinopril and other ACE inhibitors including angio-
tensin II receptor antagonists (Ang II) should be
considered a viable long-term therapeutic approach
to migraine prevention.9,10 It has however, not been
shown whether the positive effects on migraine are
shared by all ACE I and II inhibitors. This means
that the possible reduction in migraine attack fre-
quency and severity due to the use of angiotensin
receptor antagonists as a group requires further
assesment.

The objective of this observational retrospective
follow-up study was to evaluate the nature and strength
of the association between angiotensin receptor
antagonist therapy and severity of migraine by
evaluating the intraindividual change in specific
abortive migraine drug use before, during and after
the initiation of ACE I or II inhibition therapy.

METHODS

Study setting

The study used prescription data from the PHARMO-
RLS database located at the University of Utrecht, the
Netherlands, covering the period 1985–1998. This
database has been described in full elsewhere.11 In
brief, the system was designed in 1985 to provide rele-
vant demographic and prescription data at an indivi-
dual level for five medium-sized cities in the
Netherlands from 1985–1989. Since 1990 it has been
further updated, covering a total of six cities
(n¼ 300 000), and from 1993 to 1998, eight cities
(n¼ 450 000). In view of a high patient–pharmacy
registration commitment in the Netherlands, in addi-
tion to sophisticated pharmacy software currently
available, the prescription medication information
for each patient is virtually complete.

Each registered person is identified with an anon-
ymous unique patient identification code which allows
for the observation of patient medication use in time.
Retrievable information per prescribed medicine
includes date of dispensing, drug, dosage regimen,
quantity supplied (defined daily doses) and type of
prescriber. Patient information per prescribed medi-
cine includes gender and date of birth. The database
does not provide information concerning the indica-
tions of use of the medicines, in this case the diagnosis
of migraine versus cluster headache, or complete
registration of non-prescription medicines (e.g. over-
the-counter (OTC) use of salicylates or paracetamol).

Study population

For this study, patients presenting more than one pre-
scription for an abortive migraine drug (ergotamine,
naratriptan, rizatriptan, sumatriptan and zolmitriptan)
as well as a prescription for an angiotensin I or II
antagonist (‘ACE/Ang II inhibitors’) for the first time
from 1st January 1985 to 31st December 1998 were
initially identified using the Anatomical Classification
Codes (ATC) for each drug.12 As a reference group,
patients using abortive migraine drugs as well as
diuretic treatment (loop, potassium sparing or thia-
zide) were included.

For each patient included in the study, the date of first
prescription of an abortive migraine drug was termed
the ‘start date analgesia’.

Patients identified above were subsequently cate-
gorised into two groups: patients commencing ACE
inhibition therapy (index group, n¼ 165) or patients
commencing diuretic therapy (reference group,
n¼ 229) following the start date of analgesia. The first
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prescription of ACE inhibition or diuretic therapy was
termed ‘start date ACE or diuretic’.

For eligibility, patients had to fulfil all of the
following criteria (Figure 1):

� duration of ACE and diuretic therapy of at least two
years, defined as the time-span between the first and
last prescription of the particular drug;

� not using an ACE inhibitor and diuretic simulta-
neously during evaluation period;

� not having commenced migraine prophylactic
therapy (propranolol, metoprolol, pizotifen, cloni-
dine, flunarizine, methysergide, verapamil, amitrip-
tyline or valproic acid) during the entire study
period; and

� the presentation of at least two prescriptions of the
abortive migraine drug during a 2-year observation
period preceding the ‘start date ACE or diuretic’.

After having satisfied the eligibility criteria, 95
patients were included in the study population, of
which 47 (49%) and 48 (51%) had been prescribed
either an ACE inhibitor or diuretic respectively.

Data analysis

For each identified patient, a few baseline characteris-
tics were determined including age (determined at
start date analgesia), gender, type of abortive migraine
drug use, start date ACE or diuretic and duration of
ACE inhibition and diuretic therapy.

The outcome of interest in this study was to examine
the intraindividual change in frequency of migraine
attacks before, during and after ACE inhibition therapy.
As a measure of change in the frequency of attacks, we
used the mean consumption of abortive migraine drug

use in terms of defined daily doses (DDDs) per month
before, during and after ACE inhibition (index group)
or diuretic treatments (reference group), as has been
applied elsewhere.13 This measurement of drug utilisa-
tion was termed the ‘therapeutic intensity’ (TI) of
abortive migraine drug use.

� 1 DDD sumatriptan corresponded to one 100 mg
tablet or one 6 mg subcutaneous injection.

� 1 DDD naratriptan or zolmitriptan corresponded to
one 2.5 mg tablet respectively.

� 1 DDD rizatriptan corresponded to one 10 mg tablet.

� 1 DDD ergotamine corresponded to one 4 mg single
preparation by any route or one 2 mg combination
preparation by any route.12

The TI was calculated by dividing the absolute
number of DDDs dispensed per prescription per patient
by the number of days between the first and last
prescription presented during a 2-year follow-up period
preceding, during and after ACE or diuretic therapy.

To express the impact of ACE therapy or diuretic
therapy on the migraine analgesic consumption on
an individual level relative to before initiation of
ACE or diuretic treatments, we calculated for all
patients a ‘therapeutic intensity fluctuation estimate’
defined as:

TIduring ACE or diuretic � TIbefore ACE or diuretic

TIbefore ACE or diuretic

� 100%

In addition, the TI fluctuation estimate was calcu-
lated for those patients who had continued abortive
migraine drug use even after discontinuation of ACE or
diuretic treatment. This expressed the impact of
discontinuing ACE or diuretic treatment on abortive

Figure 1. Study design
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migraine drug use as compared to during the treatment
with an ACE or diuretic:

TIafter ACE or diuretic � TIduring ACE or diuretic

TIduring ACE or diuretic

� 100%

MICROSOFT ACCESS1, a relational database
software package, was used for database management
and internal quality and validation procedures. The
difference in mean change in TI fluctuation between
the index (ACE) and reference (diuretic) group was
evaluated using the independent sample t-test as well
as adjusted for differences in age, gender and
prescriber using multivariate regression analysis. The
statistical package SPSS for Windows was used for
statistical data analysis.

RESULTS

Of the 95 included patients, 87% were women and the
overall age range was 18–94 (mean age 50.1 years).
More than two-thirds included patients who were 55
years or younger. The majority of the study population
(84%) used ergotamine solely as the abortive migraine
drug during the 2-year period prior to ACE or diuretic
treatment (Table 1).

Recipients of the second-generation triptans were
not found. Significant differences between gender and
prescriber of the first ACE and diuretic prescription

were observed when comparing the index and
reference group. The ACE cohort included less females
(78.7%) than the diuretic cohort (95.8%). The mean
duration of ACE/Ang II inhibition and diuretic therapy
(time span between first and last prescription) was
almost identical ( p¼ 0.62); duration of treatment with
ACE/Ang II inhibitors was approximately 2 years
compared to 2.5 years with diuretic treatment.

For all patients, the mean TI of abortive migraine
drug use before ACE/Ang II or diuretic therapy was
similar, 5.5 DDDs per month and 6.7 DDDs per month
respectively (Figure 2a). The intensity of abortive
migraine drug use fell by 51% (95% CI: 36.7%–
65.3%) for patients following ACE/Ang II treatment
versus 18% (95% CI: 7.1%–28.9%) for patients using
a diuretic.

For patients having continued ergotamine or suma-
triptan after ACE/Ang II or diuretic therapy, similar
patterns of TI were observed (Figure 2b). A reduction
(55%) followed by an increase (36%) in the mean TI
during and after discontinuation of ACE/Ang II
inhibition respectively, was observed (Figure 2b). This
consumption pattern of abortive migraine medication
differed from that observed within the diuretic cohort,
in which an increase (20%) and a slight reduction
(12%) was observed during and after diuretic
treatment.

On an individual patient level (Table 2), the change in
TI ‘during’ relative to ‘before’ ACE/Ang II or diuretic
therapy, expressed as the ‘TI fluctuation estimate’ of

Table 1. Baseline characteristics of the study population (n¼ 95)

Characteristics ACE n¼ 47 (%) Diuretic n¼ 48 (%) p-value

Gender 0.01*
Female 37 (78.7) 46 (95.8)
Male 10 (21.3) 2 (4.2)

Mean (SD) Age (years) 51.0 (11.0) 49.2 (14.3) 0.50{

�55 years 31 (66.0) 34 (70.8) 0.60*
>55 years 16 (34.0) 14 (29.2)

Abortive migraine therapy before ACE or diuretic therapy 0.67*
Ergotamine 39 (83.0) 41 (85.4)
Sumatriptan 4 (8.5) 5 (10.4)
Users of both 4 (8.5) 2 (4.2)

Abortive migraine therapy during ACE or diuretic therapy 0.06*
Ergotamine 39 (95.1) 34 (79.1)
Sumatriptan 2 (4.9) 5 (11.6)
Users of both 0 (0.0) 4 (9.3)

Prescriber of ACE or diuretic therapyz <0.01*
General practitioner 34 (72.3) 47 (97.9)
Specialist 13 (27.7) 1 (2.1)

Mean (SD) duration of ACE or diuretic therapy (years) 2.2 (2.4) 2.5 (2.9) 0.62{

*Pearson’s chi-square.
{Student’s t-test.
zCorresponds to ‘start date ACE/diuretic’.
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abortive migraine drug use, was significantly larger for
the ACE/Ang II cohort (62% reduction) than for the
diuretic group (24% reduction) (p¼ 0.02). This differ-
ence did not change after adjustment for age, gender
and type of prescriber. Approximately, 57% of the ACE
cohort had achieved a TI reduction of 50% or more,
compared to 15% of the diuretic cohort (data not

shown). In contrast, an increase of 25% or more was
estimated in approximately 11% of the ACE/Ang II
cohort and 40% of the diuretic cohort.

For patients who continued use of abortive migraine
drugs after discontinuation of ACE/Ang II (n¼ 20) or
diuretic therapy (n¼ 27), a significantly larger reduc-
tion in the TI fluctuation estimate was observed in the
ACE group (68.9%) compared to the diuretic cohort
(10.5% increase) ( p¼ 0.004). Following the disconti-
nuation of ACE or diuretic therapy, the TI estimate,
after relative to during therapy, increased by 50.3% for
the ACE cohort and reduced by 22.2% for the diuretic
cohort ( p¼ 0.1).

Although the number of patients was low (data not
shown), on average all ACE inhibitors prescribed led to
a reduction in the TI fluctuation ratio, for which the
magnitude realised by each drug was not found to be
significantly different from one another. The majority
of the ACE cohort, 81%, had either been using
captopril, enalapril or lisinopril during the study period
and more than half of these patients had achieved an
individual TI reduction in abortive migraine drug use
of at least 50% during the use of these ACE inhibitors.
Only one angiotensin II receptor antagonist was
included in the study, losartan, which also caused a
reduction in the TI ratio in all three users of the drug.

DISCUSSION

In our study, we observed that treatment with ACE
inhibitors and losartan, an ANG II, resulted in a reduc-
tion in the TI of abortive migraine drug use on an
individual patient level. Close to two-thirds of our
migraine patients, having undergone treatment with
these drugs, had experienced a substantial reduction
in abortive migraine drug use, indirectly suggesting
that these patients may have experienced a reduction
in the number of migraine attacks and/or attacks of
shorter duration. The increase in the TI observed after
discontinuing ACE inhibitors for patients continuing

Table 2. Therapeutic intensity fluctuation estimate

Abortive migraine usage patterns ACE Diuretic Diff Diff adj* p-value{

All patients (n¼ 95) n¼ 47 n¼ 48
During versus Before (95%CI) �62.1%

(�74.5–�50.0)
�24.0%

(�45.6–þ2.4)
38.1%

(12.2–64.0)
34.7%

(6.2–63.2)
0.02

Continued users (n¼ 47) n¼ 20 n¼ 27
During versus Before (95%CI) �68.9%

(�88.5–�47.5)
þ10.5%

(�17.0–þ38.7)
79.4%

(35.8–122.3)
74.8%

(24.8–124.9)
0.04

After versus During (95%CI) þ50.3%
(�7.9%–þ108.6)

�22.2%
(�61.3–þ17.1)

72.4%
(6.1–139.9)

61.6%
(13.6–136.9)

0.1

*Adjusted for age, gender and prescriber.
{Independant sample t-test.

Figure 2. Therapeutic intensity of abortive migraine drug use
before, during and after ACE or diuretic treatment. (a) all patients
(n¼95) (b) Continued users (n¼47)
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abortive migraine drugs during and after this treat-
ment further strengthens this implication.

By comparing the efficacy of lisinopril to placebo in
the prophylaxis of migraine, Schrader et al. observed a
significant reduction in the number of days and duration
of migraine attacks in lisinopril-treated patients. As a
consequence, a reduction in the consumption of specific
and non-specific migraine analgesics during lisinopril
treatment was realised.8 Similar to this study, Bender
et al. observed a dramatic improvement of migraine in
10 of 17 patients in whom enalapril or lisinopril was
initiated.14 However, as seen in these studies as well as
ours, not all patients will achieve beneficial effects from
treatment with ACE inhibitors.

A possible explanation for the positive effects on
migraine is the ability of the ACE inhibitors to modify
sympathetic activity on vasomotor tone, decrease free
radicals and increase prostacyclin production.15,16

A few genetic studies have shown that migraineurs
without aura possess increased plasma ACE activity
due to higher levels of an ACE gene (the ACE-DD
gene). This association is thought to contribute to an
increase in the frequency of migraine attacks in
migraine without aura.17,18 The reduction in the
intensity of ergotamine and sumatriptan use observed
during treatment with all ACE inhibitors studied may
therefore be related to this common pharmacology,
assuming that amelioration of migraine was the prime
cause for the reduction. Even though the use of losartan
in our study did cause a reduction in the consumption of
ergotamine and sumatriptan in all the three patients
using this drug, we cannot fully claim that angiotensin
II antagonists may offer beneficial effects in migraine
prophylaxis in some patients as previously suggested,
due to the small number of patients involved and lack
of inclusion of other drugs from this therapeutic group.
As concluded in other studies, the mechanism of this
benefit is not known and randomised trials are
warranted.

A few limitations of this study should not be ignored.
Our study consisted of a relatively small sample
size (n ¼ 95), mainly due to the strict eligibility criteria
applied. Hence, our results should be viewed with
some caution. However, we do feel that our findings
as well as others should at least stimulate interest to
conduct more clinical research to further establish
the effects of ACE inhibitors, as well as ACE II
receptor antagonists, in migraine compared to placebo
or established migraine prophylactic drugs, such as the
�-blockers. We are intending to apply the same method
using established migraine prophylactic drugs as the
reference category in order to better validate the
possible therapeutic benefit of the ACE inhibitors.

Furthermore, we estimated changes in migraine
frequency and severity by analysing prescription data
with the assumption that a prescription presented at the
pharmacy correlates with consumption of the drug.
Estimation of drug consumption is often valid for
recipients of multiple prescriptions, since consistently
repeated prescriptions can serve as strong evidence of
drug use by patients.19 Our study included only those
patients who presented multiple prescriptions of
ergotamine or sumatriptan prior to ACE inhibition or
diuretic treatments.

Due to the aforementioned issues as well as
incomplete data concerning the use of other analgesics,
particularly OTC analgesics, our estimate of migraine
attack frequency on the basis of drug consumption data
will have a certain degree of imprecision. However, it is
highly unlikely that this imprecision is differential
between the ACE and diuretic group and, therefore, the
large difference found between these two groups can be
justified on therapeutic grounds. In fact, various drug
utilisation studies have shown that changes in drug use
can be considered a reliable marker of changes in
disease severity.20,21

Since access to diagnostic information was lacking,
we could not distinguish between patients suffering
from migraine or cluster headache. This presents as an
important limitation since a positive association
between cluster headache and hypertension has been
demonstrated.22 This could mean that a proportion of
sumatriptan users treated with an ACE inhibitor or
ACE II receptor antagonist may have included patients
suffering from cluster headache and co-existing
hypertension. Moreover, patients suffering from clus-
ter headache tend to require large amounts of analgesia
to treat their headaches, which could alter our
estimations more easily than seen for the typical
migraine sufferer. However, we believe that the effect
of this limitation on our estimations is minor since the
majority of the population was using ergotamine and
all sumatriptan users (n¼ 8) were solely using the
tablet form during the observation period. Further-
more, epidemiological data reveal that the lifetime
prevalence of cluster headache as compared to
migraine is extremely low (0.07%) and that an
association between migraine and hypertension has
likewise been established.21–23

About a third of our study population included
elderly migraine patients. As a result, it could be
argued that the reduction in migraine analgesic
consumption in these patients may be related to the
age-related decline in migraine attacks. In view of the
comparable age features within the ACE and diuretic
groups, a comparable reduction in migraine analgesic
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consumption in the diuretic group would likely have
been expected if age was a major ‘contributive
factor’.7,8,20

In view of the vasoconstrictive properties of
ergotamine and sumatriptan, doctors may generally
be more reluctant to prescribe these drugs to migrai-
neurs suffering from cardiovascular disorders, such as
hypertension or cardiac failure.24,25 A correlation
between reluctant prescribing behaviour and the
considerable reduction in migraine analgesic con-
sumption during ACE inhibition treatment, in parti-
cular, cannot be ruled out. However, only six patients
(13%) temporarily discontinued ergotamine and
sumatriptan use during this treatment.

In conclusion, we can suggest that our results
indirectly contribute to the existing evidence that ACE
inhibitors in particular may offer beneficial prophylac-
tic effects to migraineurs and that these effects may be
attributed to the pharmacological group as a whole. In
future, these drugs could present as an alternative
therapeutic option in migraineurs with coexisting
cardiovascular disease, such as hypertension, particu-
larly when �-blockers are contraindicated or are
ineffective. To gain more conclusive power concerning
the possible new therapeutic benefit of these drugs,
more controlled clinical trials are certainly required.
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