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ORLDWIDE , APPROXI mately 240 million
people have an estimated 1.4 billion attacks of migraine each year.1 The effect
of this illness on society has been characterized by the World Health Organization using the Global Burden of Disease scale, 2 which includes severe
migraine in the highest disability class
(together with active psychosis, dementia, and quadriplegia), emphasizing that this illness represents a serious health problem both for individuals
and for society.
Triptans are a major contribution to
migraine management, but only about
50% to 60% of patients consistently
respond to this type of medication,3
and in many, it provides only partial
relief. Prophylactic treatment is indicated if acute treatment alone is inadequate and if patients experience 2 or
more migraine attacks per month. The
prophylactic agents available today
have limited efficacy and may cause
adverse effects not compatible with
long-term use.
The angiotensin-converting enzyme
(ACE) inhibitor lisinopril has been
found to be an effective prophylactic
treatment for frequent migraine at-

Context There is a paucity of effective, well-tolerated drugs available for migraine
prophylaxis.
Objective To determine whether treatment with the angiotensin II receptor blocker
candesartan is effective as a migraine-prophylactic drug.
Design and Setting Randomized, double-blind, placebo-controlled crossover study
performed in a Norwegian neurological outpatient clinic from January 2001 to February 2002.
Patients Sixty patients aged 18 to 65 years with 2 to 6 migraine attacks per month
were recruited mainly from newspaper advertisements.
Interventions A placebo run-in period of 4 weeks was followed by two 12-week
treatment periods separated by 4 weeks of placebo washout. Thirty patients were randomly assigned to receive one 16-mg candesartan cilexetil tablet daily in the first treatment period followed by 1 placebo tablet daily in the second period. The remaining
30 received placebo followed by candesartan.
Main Outcome Measures The primary end point was number of days with headache; secondary end points included hours with headache, days with migraine, hours
with migraine, headache severity index, level of disability, doses of triptans, doses of
analgesics, acceptability of treatment, days of sick leave, and quality-of-life variables
on the Short Form 36 questionnaire.
Results In a period of 12 weeks, the mean number of days with headache was 18.5
with placebo vs 13.6 with candesartan (P=.001) in the intention-to-treat analysis (n=57).
Some secondary end points also favored candesartan, including hours with headache
(139 vs 95; P⬍.001), days with migraine (12.6 vs 9.0; P⬍.001), hours with migraine
(92.2 vs 59.4; P⬍.001), headache severity index (293 vs 191; P⬍.001), level of disability (20.6 vs 14.1; P⬍.001) and days of sick leave (3.9 vs 1.4; P=.01), although
there were no significant differences in health-related quality of life. The number of
candesartan responders (reduction of ⱖ50% compared with placebo) was 18 (31.6%)
of 57 for days with headache and 23 (40.4%) of 57 for days with migraine. Adverse
events were similar in the 2 periods.
Conclusion In this study, the angiotensin II receptor blocker candesartan provided effective migraine prophylaxis, with a tolerability profile comparable with that
of placebo.
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tacks.4 Angiotensin II receptor blockers provide specific blockade of the renin-angiotensin system by competing
directly with angiotensin II at its receptor, blocking the effects of angiotensin
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Figure. Flow of Participants Through the
Trial
75 Participants Screened
75 Entered 4-Week Run-in Period
15 Excluded
7 Had >6 Attacks per mo
5 Had <2 Attacks per mo
3 Other

60 Randomized

30 Assigned to Receive
Candesartan
(12 Weeks)

30 Assigned to Receive
Placebo (12 Weeks)

2 Did Not Comply
With Medication
2 Dropped Out
1 No Reason Given
1 Depression

4 Did Not Comply
With Medication
1 Dropped Out
(No Reason Given)

28 Entered 4-Week
Washout Period

29 Entered 4-Week
Washout Period

29 Crossed Over
to Candesartan
(12 Weeks)

28 Crossed Over
to Placebo
(12 Weeks)

3 Did Not Comply
With Medication

2 Did Not Comply
With Medication

METHODS
Study Design and Participants

57 Included in Primary
Analysis
46 Included in Per-Protocol
Analysis

II produced by both ACE and nonACE pathways. Since angiotensin II receptor blockers do not interfere with bradykinin, substance P, or tachykinin
metabolism, the usual potential adverse effects associated with ACE inhibitors, such as coughing5 and angioneurotic edema,6 are greatly reduced.
Candesartan is a long-acting angiotensin II type 1 (AT1) receptor blocker
with a high affinity for the AT1 receptor. In clinical studies, this substance has
an adverse event profile similar to that
of placebo.7 If the migraine-prophylactic effect of the ACE inhibitor lisinopril
is linked to its ability to reduce the level
of angiotensin II, angiotensin II receptor blockers could theoretically have the
same or better effect on migraine. A recently published meta-analysis involving 12000 patients who were treated for
other conditions but in whom head66

ache was registered indicated that the risk
of headache was about one third lower
in patients taking an angiotensin II receptor blocker compared with those taking placebo.8 Randomized trials of patients with specific headache conditions
are needed to prove an effect, however.
The objective of this study was to investigate the use of candesartan as a
migraine-prophylactic agent, using a
randomized, double-blind, placebocontrolled, crossover design.

The study was conducted in the Department of Neurology of the University
Hospital of Trondheim, Norway, between January 2001 and February 2002
and followed the guidelines recommended by the International Headache
Society (IHS) Committee on Clinical Trials in Migraine9 with 1 exception. We
used the number of headache days as the
primary efficacy outcome instead of the
recommended “frequency of attacks per
4 weeks.” The crossover design was chosen for this single-center study because
it requires fewer patients than does a parallel-group design. The study included
a 4-week placebo run-in period to verify
the frequency of attacks, followed by two
12-week treatment periods separated by
4 weeks of placebo washout. Of the 60
patients included, 57 were recruited
from newspaper advertisements and 3
from our outpatient clinic. The protocol and informed consent were approved by the regional ethics committee. Written informed consent was
obtained for all patients.
Inclusion criteria were age 18 to 65
years, migraine occurrence with or
without aura according to IHS criteria
at a rate of 2 to 6 attacks per month,
and debut of migraine attacks at least
1 year prior to randomization and before age 50 years.
Exclusion criteria were interval headache not distinguishable from migraine
headache; pregnancy, nursing, or inability to use contraceptives in women;
decreased hepatic or renal function;
hypersensitivity to active substance; previous history of angioneurotic edema;
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psychiatric illness preventing full participation; use of daily migraine prophylactics in 12 weeks prior to start of study;
having used more than 1 migraine prophylactic prior to study; and cardiac
problems or use of diuretics.
Eligible patients underwent physical
and neurological examinations, and
blood samples were taken for routine hematological and chemistry workups.
Medical histories and demographic information were obtained. Participants
were instructed to keep headache diaries recording headache duration and severity, level of disability, nausea, vomiting, photophobia/phonophobia, acute
medication use, headache characteristics, days of sick leave, and adverse
events. In addition, the Short Form 36
(SF-36) quality-of-life questionnaire10
was completed on each visit.
After a 4-week single-blind placebo
run-in period to verify the frequency of
attacks, the participants were randomized by a computer-generated randomization scheme to receive either active
medication (candesartan cilexetil, one
16-mg tablet daily) or placebo. Patients
had a total of 4 visits with a physician:
an initial enrollment visit (screening in
week 0), a randomization visit (at week
4), and visits after each treatment period (at weeks 17 and 32). In addition,
blood pressure was measured and routine blood samples taken by a study nurse
2 weeks after the start of each treatment
period. In weeks 12 and 27, participants were telephoned by the study nurse
to ensure that possible adverse events
were logged. Compliance with treatment was defined as more than 80% of
tablets taken as scheduled during each
treatment period (determined by tablet
count). A summary profile of the trial is
presented in the FIGURE. The tablets (active and placebo) that were used in the
study had the same size, weight, taste,
and appearance to ensure blindness. No
specific testing was done to examine if
patients could distinguish active drug
from placebo, but no patient had used
candesartan prior to the study and there
was no indication that any of the participants could differentiate between the
tablets in the 2 study periods.
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Efficacy Outcomes
and Statistical Analysis

The primary efficacy outcome measure was days with headache, recorded by patients in daily diaries. Secondary efficacy outcome measures were
hours with headache, days with migraine, hours with migraine, headache severity index (calculated as headache hours multiplied by the reported
maximum severity on that day [grades
1-4] and subsequently adding the results for all headache days during the
12 weeks of either treatment period),
level of disability (grades 0-3), doses of
triptans, doses of analgesics, acceptability of treatment (whether the medication received in each treatment period was something the participant
would consider continue using as a prescription), days of sick leave, and
health-related quality of life (measured by the SF-36).
For each efficacy outcome measure,
a candesartan responder was recorded
when a symptom reduction of at least
50% was observed in the candesartan
period compared with the placebo period, a definition that is in accordance
with IHS guidelines9 and that was used
in the lisinopril study.4 In addition, we
recorded those with at least a 50%
symptom reduction in the placebo period compared with the candesartan period. Analysis of responders was performed for the total treatment period
as well as for the first, second, and third
months separately.
The statistical software SPSS version 10.0 (SPSS Inc, Chicago, Ill) was
used in the analyses. Prior to the study,
we calculated that with a study group
of 60 patients, the power to detect a
mean placebo-candesartan difference of
0.6 SD (2-sided ␣=.05) would be 93%.
To compare end-point variables and to
assess carryover or period effects, the
Wilcoxon signed rank test was used.
The McNemar matched-pairs test was
used to compare adverse events. A
2-sided P⬍.05 was considered significant. The number of placebo vs candesartan responders was tested in the subgroup of responders with a binomial
test.

RESULTS
Of the 60 patients randomized, there
were 3 dropouts; 2 withdrew with no
reason given (both in the first period;
1 in the placebo group and 1 in the candesartan group) and 1 withdrew from
the study because of depression (first
period; candesartan group). Eight were
noncompliers with regard to tablet intake but kept a diary for the entire study
period. Of these, 1 started a selective
serotonin reuptake inhibitor for depression (first period; placebo group),
1 started a ␤-blocker for supraventricular tachycardia (second period; placebo group), 4 stopped taking tablets
because of dizziness (2 in the first period; 1 in the placebo group and 1 in
the candesartan group and 2 in the second period; both in the candesartan
group), 1 had only a 2-week washout
and 1 was noncompliant in both treatment periods. In addition, 3 had days
with no diary entries. When patients
failed to enter data in their diaries, missing data were imputed from the mean

values of that measure for the remaining days of the treatment period.
The intention-to-treat (ITT) analysis was performed on 57 patients, including the 11 noncompliers. The 45
women had a mean (SD) age of 42 (11)
years and the 12 men were aged 48 (12)
years. Forty-six patients (35 women,
mean (SD) age, 42 [12] years; 11 men,
age 48 [13] years) completed the study
strictly according to protocol.
In the ITT analysis (TABLE 1), differences between candesartan and placebo were significant in favor of candesartan for number of days with headache,
headache hours, number of days with
migraine, migraine hours, headache severity index, level of disability, doses of
triptans, and doses of analgesics. In the
per protocol analysis, similar results were
observed, with a relative reduction in
headache days of 22% (P=.001), 25% for
headache hours (P=.001), 27% for migraine days (P⬍.001), 36% for migraine hours (P⬍.001), 33% for headache severity index (P⬍.001), 33% for

Table 1. Intention-to-Treat Analysis of Efficacy Outcomes in 57 Migraine Patients During
12-Week Treatment Periods
Reduction With
Candesartan

Outcome, Mean (SD)

Headache days (primary
efficacy measure)
Secondary efficacy measures
Headache hours
Migraine days
Migraine hours
Headache severity index†
Triptan doses
Analgesic doses
Disability level
Sick leave days

Candesartan
13.6 (10.7)

Placebo
18.5 (12.5)

Mean (SD)
4.9 (10.6)

Percentage
26

P
Value*
.001

95.0 (118)
9.0 (8.6)
59.4 (66.6)
191 (249)
6.9 (10.3)
12.7 (18.3)
14.1 (15.4)
1.4 (5.2)

139 (146)
12.6 (8.2)
92.2 (76.8)
293 (290)
9.5 (14)
18.9 (30.6)
20.6 (14.3)
3.9 (12.0)

43.9 (105)
3.5 (6.4)
32.8 (61.7)
102 (210)
2.6 (10.0)
6.2 (22.0)
6.5 (10.8)
2.5 (8.9)

31
28
36
35
27
33
32
64

⬍.001
⬍.001
⬍.001
⬍.001
.03
.02
⬍.001
.01

*Calculated by the Wilcoxon signed rank test.
†See “Methods” section of text for explanation of headache severity index.

Table 2. Responders in the Intention-to-Treat Analysis (n = 57)*
No. (%)

Headache days
Headache hours
Migraine days
Migraine hours
Headache severity index

Candesartan
18 (31.6)
20 (35.1)
23 (40.4)
26 (45.6)
23 (40.4)

Placebo
1 (1.8)
1 (1.8)
2 (3.5)
1 (1.8)
2 (3.5)

P Value†
.001
⬍.001
⬍.001
⬍.001
⬍.001

*Response defined as a 50% reduction or more in efficacy measure vs placebo.
†Calculated by binomial test in the subgroup of responders.
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Table 3. Outcomes in Run-in Period Compared With Candesartan and Placebo Periods
(n = 57)
Outcome, Mean (SD) per 4 Weeks

Headache days
Migraine days
Headache hours
Migraine hours
Headache severity
index*
Triptan doses
Analgesic doses
Disability level
Sick leave days

Reduction From
Run-in, %

Run-in
8.4 (3.9)
5.7 (2.9)
59.1 (50.3)
42.8 (34.5)
128 (130)

Candesartan
4.6 (3.6)
3.0 (2.9)
31.7 (39.3)
19.8 (22.2)
63.7 (82.9)

Placebo
6.2 (4.2)
4.2 (2.8)
46.3 (48.6)
30.7 (25.6)
97.8 (96.5)

Candesartan
45.6
47.2
46.4
53.8
50.4

Placebo
26.3
26.5
21.6
28.2
23.8

3.8 (4.6)
7.0 (10.0)
9.7 (6.4)
1.00 (2.00)

2.3 (3.4)
4.2 (6.1)
4.7 (5.1)
0.47 (1.74)

3.2 (4.7)
6.2 (10.2)
6.9 (4.8)
1.30 (4.00)

39.2
39.9
51.2
53.0

16.3
12.1
29.0
−30.0

*See “Methods” section of text for explanation of headache severity index.

Table 4. Number of Adverse Events in
Candesartan and Placebo Periods (n = 57)*
Adverse Events
At least 1 symptom
Symptoms in
musculoskeletal
system
Fracture
Dizziness
Tendency to faint
Fatigue
Upper respiratory
tract infection
Other infection
Cough
Cardiac problems
Gastrointestinal
problems
Rash
Other
Total

Candesartan
26
6

Placebo
27
8

0
11
0
4
4

1
9
2
2
9

2
0
0
2

6
1
1
3

1
2
32

0
2
44

*P⬎.99 by the McNemar matched-pairs test of comparison of pooled effects for no adverse events vs at least
1 symptom (2 ⫻ 2 table).

disability level (P⬍.001), 19% for triptan doses (P=.03), and 32% for analgesic doses (P=.02) (complete data available from the author). The reduction of
sick leave days of 44% was marginally
nonsignificant (P=.05). Treatment was
acceptable for 37 of 46 in the candesartan period and 24 of 46 in the placebo
period (P=.001). Health-related quality of life (SF-36) showed no significant differences.
The percentage of candesartan responders varied from 32% to 46% for
the different outcome variables in the
ITT analysis (TABLE 2) and from 33 to
48% in the per-protocol analysis. Only
2% to 4% had more than a 50% reduction in each outcome measure with placebo compared with candesartan.
68

Compared with baseline data (ITT
analysis) from the 4-week run-in period (TABLE 3), treatment with candesartan resulted in a 46% relative reduction of days with headache, a 47% relative
reduction of days with migraine, a 46%
relative reduction of headache hours, and
a 54% relative reduction of migraine
hours. The relative reduction for these
outcomes in the placebo period also
ranged from 22% to 28% (Table 3).
During the placebo and candesartan
periods, respectively, mean (SD) blood
pressures were 126/77 (20/11) mm Hg
and 115/70 (16/10) mm Hg (P⬍.001 for
systolic and diastolic pressure), and mean
(SD) pulse rates were 70 (5) beats/min
and 69 (5) beats/min (P=.76) There was
no significant difference in adverse events
between the candesartan and placebo
groups (TABLE 4) despite that patients
used 16 mg/d of candesartan from the
start of the treatment period instead of
beginning with the usual starting dose
of 8 mg/d. Among the 4 noncompliers
who stopped taking tablets because of
dizziness, 3 were taking candesartan and
1 was taking placebo. We found no carryover or period effects.
To assess the onset of the antimigraine effect, we compared the number of responders in each month of the
2 treatment periods (eg, month 1 in the
candesartan period compared with
month 1 in the placebo period). A treatment effect was observed during the
first month (21/57 responders taking
candesartan and 7/57 responders taking placebo) and remained relatively
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stable throughout the second (17/57 vs
7/57) and third (20/57 vs 6/57) months.
COMMENT
In our study, candesartan reduced the
number of headache days, migraine
days, and migraine hours compared
with placebo, and 32% to 46% of patients were responders with at least a
50% reduction on at least 1 of the efficacy outcomes. We used number of
headache days as a primary efficacy outcome instead of the recommended “attacks per 4 weeks” because we considered number of headache days to be a
more robust and conservative parameter. Use of triptans may make it difficult to distinguish between separate attacks, and the participants would also
have had to record exactly when each
headache started and stopped. Since our
headache diary was already quite extensive, we feared that this might cause
an even higher dropout rate.
A comparison between candesartan
and other drugs used for migraine prophylaxis is difficult to perform because
of differences in design and end points.
Many studies also report results as differences from baseline instead of in comparison with placebo. ␤-Blockers, calcium channel blockers, and valproic acid
are the medications used as first-line migraine-prophylactic therapies.11 In a
meta-analysis of propranolol, 160 mg/d,
for prophylaxis of migraine including 53
studies (both open and controlled) and
2403 patients, Holroyd et al12 reported
a relative improvement of 33% with regard to headache index with active medication compared with placebo, which is
similar to the results of the present study
(33% in the per-protocol analysis and
35% in the ITT analysis). In comparative studies, no significant differences in
headache indexes were found for flunarizine, the most thoroughly investigated calcium channel antagonist, compared with the ␤-blockers propranolol
or metoprolol.13 In a recent multicenter
controlled trial in which flunarizine was
compared with propranolol, 160 mg/d,
there was a 59% reduction of mean number of hours with migraine during flunarizine and propranolol treatment com-
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pared with the run-in period.14 This
treatment effect is on the same order of
magnitude as that of the present study
(54%). For valproate, a double-blind, placebo controlled study showed a reduction in migraine hours of 38% compared with placebo,15 and we found a
reduction of 36% for this outcome.
Double-blind, placebo-controlled studies of valproate based on comparison to
baseline also show a relative reduction
of migraine frequency of 30% to 40%.16
Our comparison with baseline (runin) headache frequency showed substantial effects of both candesartan and
placebo. A meta-analysis quantifying
the placebo response of prophylactic
therapy in migraine demonstrated a
mean (SD) reduction in migraine attacks of 16.8% (12.7%) (95% confidence interval, 10.9%-22.6%) in the placebo groups.17 Our placebo response
was somewhat larger than anticipated. One explanation may be that
many patients volunteer for migraine
treatment studies at a time when their
disorder is at a higher level than usual.
Baseline comparisons may therefore
give too optimistic results.
The mechanism of action of candesartan as a migraine prophylactic is not
yet known. The main rationale for the
present trial was the positive effect of the
ACE inhibitor lisinopril in migraine prophylaxis.2 Candesartan reduces the effects of angiotensin II, which has several effects that may be relevant to
migraine, such as direct vasoconstriction, increased sympathetic discharge,
and adrenal medullary catecholamine release. In addition to its traditional role
as a circulating hormone, angiotensin is
also involved in local functions through
activity of tissue renin-angiotensin systems that occur in many organs, including the brain (both systemic and presumptive neurally derived angiotensin).18
Acting through the AT1 receptor in the
brain, angiotensin modulates cerebrovascular flow19 and has effects on fluid
and electrolyte homeostasis, autonomic pathways, and neuroendocrine
systems. It is thought that angiotensin II
modulates both potassium channels and
calcium activity in cells.18 Angiotensin II

has also been shown in rat brains to increase the level of both dopamine and the
main serotonin metabolite, 5HIAA, and
to exert a significant influence on the
tonic modulation of pineal melatonin
synthesis.20,21
In addition, angiotensin II has been
shown to activate nuclear factor kappa
B, which is associated with increased
expression of inducible nitric oxide synthase.22,23 These effects of angiotensin
II may be targets for further research
on the pathogenesis of migraine.
Several characteristics of candesartan may make it suitable as a migraine
prophylactic drug. In this study, the incidence of adverse effects attributable
to candesartan was similar to that for
placebo, and it has no significant drug
interactions.24 In contrast with ␤-blockers, candesartan does not affect pulse
rate, is not associated with sexual dysfunction and can be used safely in patients with asthma.25 The incidence of
cough, which is a common adverse
effect of ACE inhibitors, is low.24
Our findings suggest that the angiotensin II receptor blocker candesartan
might be a useful agent for migraine
prophylaxis. Larger studies to confirm our results are warranted.
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