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WORLDWIDE, APPROXI-
mately 240 mill ion
people have an esti-
mated 1.4 billion at-

tacks of migraine each year.1 The effect
of this illness on society has been char-
acterized by the World Health Organi-
zation using the Global Burden of Dis-
ease scale,2 which includes severe
migraine in the highest disability class
(together with active psychosis, de-
mentia, and quadriplegia), emphasiz-
ing that this illness represents a seri-
ous 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 indi-
cated if acute treatment alone is inad-
equate 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-

tacks.4 Angiotensin II receptor block-
ers provide specific blockade of the re-
nin-angiotensin system by competing
directly with angiotensin II at its recep-
tor, blocking the effects of angiotensin
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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 Feb-
ruary 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 ran-
domly assigned to receive one 16-mg candesartan cilexetil tablet daily in the first treat-
ment 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 head-
ache; 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 dis-
ability (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 �50% 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 pro-
vided effective migraine prophylaxis, with a tolerability profile comparable with that
of placebo.
JAMA. 2003;289:65-69 www.jama.com

©2003 American Medical Association. All rights reserved. (Reprinted) JAMA, January 1, 2003—Vol 289, No. 1 65



II produced by both ACE and non-
ACE pathways. Since angiotensin II re-
ceptor blockers do not interfere with bra-
dykinin, substance P, or tachykinin
metabolism, the usual potential ad-
verse effects associated with ACE in-
hibitors, such as coughing5 and angio-
neurotic edema,6 are greatly reduced.

Candesartan is a long-acting angio-
tensin II type 1 (AT1) receptor blocker
with a high affinity for the AT1 recep-
tor. In clinical studies, this substance has
an adverse event profile similar to that
of placebo.7 If the migraine-prophylac-
tic effect of the ACE inhibitor lisinopril
is linked to its ability to reduce the level
of angiotensin II, angiotensin II recep-
tor blockers could theoretically have the
same or better effect on migraine. A re-
cently published meta-analysis involv-
ing 12000 patients who were treated for
other conditions but in whom head-

achewas registered indicated that the risk
of headache was about one third lower
in patients taking an angiotensin II re-
ceptor blocker compared with those tak-
ing placebo.8 Randomized trials of pa-
tients with specific headache conditions
are needed to prove an effect, however.

The objective of this study was to in-
vestigate the use of candesartan as a
migraine-prophylactic agent, using a
randomized, double-blind, placebo-
controlled, crossover design.

METHODS
Study Design and Participants

The study was conducted in the Depart-
ment of Neurology of the University
Hospital of Trondheim, Norway, be-
tween January 2001 and February 2002
and followed the guidelines recom-
mended by the International Headache
Society (IHS) Committee on Clinical Tri-
als 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 cho-
sen for this single-center study because
it requires fewer patients than does a par-
allel-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 proto-
col and informed consent were ap-
proved by the regional ethics commit-
tee. 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 be-
fore age 50 years.

Exclusion criteria were interval head-
ache not distinguishable from migraine
headache; pregnancy, nursing, or inabil-
ity to use contraceptives in women;
decreased hepatic or renal function;
hypersensitivity to active substance; pre-
vious history of angioneurotic edema;

psychiatric illness preventing full par-
ticipation; use of daily migraine prophy-
lactics in 12 weeks prior to start of study;
having used more than 1 migraine pro-
phylactic prior to study; and cardiac
problems or use of diuretics.

Eligible patients underwent physical
and neurological examinations, and
blood samples were taken for routine he-
matological and chemistry workups.
Medical histories and demographic in-
formation were obtained. Participants
were instructed to keep headache dia-
ries recording headache duration and se-
verity, level of disability, nausea, vom-
iting, photophobia/phonophobia, acute
medication use, headache characteris-
tics, 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 random-
ized by a computer-generated random-
ization 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 pe-
riod (at weeks 17 and 32). In addition,
blood pressure was measured and rou-
tine blood samples taken by a studynurse
2 weeks after the start of each treatment
period. In weeks 12 and 27, partici-
pants were telephoned by the studynurse
to ensure that possible adverse events
were logged. Compliance with treat-
ment 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 (ac-
tive 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 par-
ticipants could differentiate between the
tablets in the 2 study periods.

Figure. Flow of Participants Through the
Trial
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(12 Weeks)

2 Did Not Comply
With Medication

30 Assigned to Receive
Placebo (12 Weeks)

4 Did Not Comply
With Medication
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29 Entered 4-Week
Washout Period

75 Entered 4-Week Run-in Period

75 Participants Screened
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3 Other
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(12 Weeks)
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With Medication
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Candesartan
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46 Included in Per-Protocol
Analysis
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Efficacy Outcomes
and Statistical Analysis
The primary efficacy outcome mea-
sure was days with headache, re-
corded by patients in daily diaries. Sec-
ondary efficacy outcome measures were
hours with headache, days with mi-
graine, hours with migraine, head-
ache severity index (calculated as head-
ache hours multiplied by the reported
maximum severity on that day [grades
1-4] and subsequently adding the re-
sults for all headache days during the
12 weeks of either treatment period),
level of disability (grades 0-3), doses of
triptans, doses of analgesics, accept-
ability of treatment (whether the medi-
cation received in each treatment pe-
riod was something the participant
would consider continue using as a pre-
scription), days of sick leave, and
health-related quality of life (mea-
sured 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 pe-
riod, 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 pe-
riod compared with the candesartan pe-
riod. Analysis of responders was per-
formed for the total treatment period
as well as for the first, second, and third
months separately.

The statistical software SPSS ver-
sion 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 signifi-
cant. The number of placebo vs cande-
sartan responders was tested in the sub-
group 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 can-
desartan group) and 1 withdrew from
the study because of depression (first
period; candesartan group). Eight were
noncompliers with regard to tablet in-
take but kept a diary for the entire study
period. Of these, 1 started a selective
serotonin reuptake inhibitor for de-
pression (first period; placebo group),
1 started a �-blocker for supraventricu-
lar tachycardia (second period; pla-
cebo group), 4 stopped taking tablets
because of dizziness (2 in the first pe-
riod; 1 in the placebo group and 1 in
the candesartan group and 2 in the sec-
ond period; both in the candesartan
group), 1 had only a 2-week washout
and 1 was noncompliant in both treat-
ment periods. In addition, 3 had days
with no diary entries. When patients
failed to enter data in their diaries, miss-
ing data were imputed from the mean

values of that measure for the remain-
ing days of the treatment period.

The intention-to-treat (ITT) analy-
sis was performed on 57 patients, in-
cluding 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), differ-
ences between candesartan and pla-
cebo were significant in favor of cande-
sartan for number of days with headache,
headache hours, number of days with
migraine, migraine hours, headache se-
verity 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 mi-
graine days (P�.001), 36% for mi-
graine hours (P�.001), 33% for head-
ache severity index (P�.001), 33% for

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

Outcome, Mean (SD)
Reduction With

Candesartan
P

Value*Candesartan Placebo Mean (SD) Percentage

Headache days (primary
efficacy measure)

13.6 (10.7) 18.5 (12.5) 4.9 (10.6) 26 .001

Secondary efficacy measures
Headache hours 95.0 (118) 139 (146) 43.9 (105) 31 �.001
Migraine days 9.0 (8.6) 12.6 (8.2) 3.5 (6.4) 28 �.001
Migraine hours 59.4 (66.6) 92.2 (76.8) 32.8 (61.7) 36 �.001
Headache severity index† 191 (249) 293 (290) 102 (210) 35 �.001
Triptan doses 6.9 (10.3) 9.5 (14) 2.6 (10.0) 27 .03
Analgesic doses 12.7 (18.3) 18.9 (30.6) 6.2 (22.0) 33 .02
Disability level 14.1 (15.4) 20.6 (14.3) 6.5 (10.8) 32 �.001
Sick leave days 1.4 (5.2) 3.9 (12.0) 2.5 (8.9) 64 .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. (%)

P Value†Candesartan Placebo

Headache days 18 (31.6) 1 (1.8) .001
Headache hours 20 (35.1) 1 (1.8) �.001
Migraine days 23 (40.4) 2 (3.5) �.001
Migraine hours 26 (45.6) 1 (1.8) �.001
Headache severity index 23 (40.4) 2 (3.5) �.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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disability level (P�.001), 19% for trip-
tan doses (P=.03), and 32% for analge-
sic doses (P=.02) (complete data avail-
able 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 candesar-
tan period and 24 of 46 in the placebo
period (P=.001). Health-related qual-
ity of life (SF-36) showed no signifi-
cant differences.

The percentage of candesartan re-
sponders 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% reduc-
tion in each outcome measure with pla-
cebo compared with candesartan.

Compared with baseline data (ITT
analysis) from the 4-week run-in pe-
riod (TABLE 3), treatment with candes-
artan resulted in a 46% relative reduc-
tion ofdays 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 anddiastolicpressure), andmean
(SD) pulse rates were 70 (5) beats/min
and 69 (5) beats/min (P=.76) There was
nosignificantdifference inadverseevents
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 car-
ryover or period effects.

To assess the onset of the antimi-
graine effect, we compared the num-
ber 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 treat-
ment effect was observed during the
first month (21/57 responders taking
candesartan and 7/57 responders tak-
ing placebo) and remained relatively

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 pa-
tients were responders with at least a
50% reduction on at least 1 of the effi-
cacy outcomes. We used number of
headache days as a primary efficacy out-
come instead of the recommended “at-
tacks per 4 weeks” because we consid-
ered number of headache days to be a
more robust and conservative param-
eter. Use of triptans may make it diffi-
cult to distinguish between separate at-
tacks, and the participants would also
have had to record exactly when each
headache started and stopped. Since our
headache diary was already quite ex-
tensive, we feared that this might cause
an even higher dropout rate.

A comparison between candesartan
and other drugs used for migraine pro-
phylaxis is difficult to perform because
of differences in design and end points.
Many studies also report results as dif-
ferences from baseline instead of in com-
parison with placebo. �-Blockers, cal-
cium channel blockers, and valproic acid
are the medications used as first-line mi-
graine-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 re-
gard to headache index with active medi-
cation 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 compara-
tive studies, no significant differences in
headache indexes were found for flu-
narizine, the most thoroughly investi-
gated calcium channel antagonist, com-
pared 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 num-
ber of hours with migraine during flu-
narizine and propranolol treatment com-

Table 3. Outcomes in Run-in Period Compared With Candesartan and Placebo Periods
(n = 57)

Outcome, Mean (SD) per 4 Weeks
Reduction From

Run-in, %

Run-in Candesartan Placebo Candesartan Placebo
Headache days 8.4 (3.9) 4.6 (3.6) 6.2 (4.2) 45.6 26.3
Migraine days 5.7 (2.9) 3.0 (2.9) 4.2 (2.8) 47.2 26.5
Headache hours 59.1 (50.3) 31.7 (39.3) 46.3 (48.6) 46.4 21.6
Migraine hours 42.8 (34.5) 19.8 (22.2) 30.7 (25.6) 53.8 28.2
Headache severity

index*
128 (130) 63.7 (82.9) 97.8 (96.5) 50.4 23.8

Triptan doses 3.8 (4.6) 2.3 (3.4) 3.2 (4.7) 39.2 16.3
Analgesic doses 7.0 (10.0) 4.2 (6.1) 6.2 (10.2) 39.9 12.1
Disability level 9.7 (6.4) 4.7 (5.1) 6.9 (4.8) 51.2 29.0
Sick leave days 1.00 (2.00) 0.47 (1.74) 1.30 (4.00) 53.0 −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 Candesartan Placebo

At least 1 symptom 26 27
Symptoms in

musculoskeletal
system

6 8

Fracture 0 1
Dizziness 11 9
Tendency to faint 0 2
Fatigue 4 2
Upper respiratory

tract infection
4 9

Other infection 2 6
Cough 0 1
Cardiac problems 0 1
Gastrointestinal

problems
2 3

Rash 1 0
Other 2 2
Total 32 44

*P�.99 by the McNemar matched-pairs test of compari-
son of pooled effects for no adverse events vs at least
1 symptom (2 � 2 table).
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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%).Forvalproate, adouble-blind,pla-
cebo controlled study showed a reduc-
tion in migraine hours of 38% com-
pared with placebo,15 and we found a
reduction of 36% for this outcome.
Double-blind, placebo-controlled stud-
ies of valproate based on comparison to
baseline also show a relative reduction
of migraine frequency of 30% to 40%.16

Our comparison with baseline (run-
in) headache frequency showed sub-
stantial 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 at-
tacks of 16.8% (12.7%) (95% confi-
dence interval, 10.9%-22.6%) in the pla-
cebo groups.17 Our placebo response
was somewhat larger than antici-
pated. 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 candes-
artan 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 pro-
phylaxis.2 Candesartan reduces the ef-
fects of angiotensin II, which has sev-
eral effects that may be relevant to
migraine, such as direct vasoconstric-
tion, increased sympathetic discharge,
and adrenal medullary catecholamine re-
lease. In addition to its traditional role
as a circulating hormone, angiotensin is
also involved in local functions through
activity of tissue renin-angiotensin sys-
tems that occur in many organs, includ-
ing the brain (both systemic and pre-
sumptiveneurallyderivedangiotensin).18

Acting through the AT1 receptor in the
brain, angiotensin modulates cerebro-
vascular flow19 and has effects on fluid
and electrolyte homeostasis, auto-
nomic 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 in-
crease 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 syn-
thase.22,23 These effects of angiotensin
II may be targets for further research
on the pathogenesis of migraine.

Several characteristics of candesar-
tan may make it suitable as a migraine
prophylactic drug. In this study, the in-
cidence of adverse effects attributable
to candesartan was similar to that for
placebo, and it has no significant drug
interactions.24 In contrast with �-block-
ers, candesartan does not affect pulse
rate, is not associated with sexual dys-
function and can be used safely in pa-
tients with asthma.25 The incidence of
cough, which is a common adverse
effect of ACE inhibitors, is low.24

Our findings suggest that the angio-
tensin II receptor blocker candesartan
might be a useful agent for migraine
prophylaxis. Larger studies to con-
firm our results are warranted.
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