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Abstract
Randomized studies have reported a positive effect of candesartan, an angiotensin II receptor antagonist, in migraine pre-
vention. The aim of our study was to explore patient subjective efficacy of candesartan in a real-world sample of migraine 
patients and try to identify predictors of candesartan response. We audited the clinical records of 253 patients who attended 
the King’s College Hospital, London, from February 2015 to December 2017, looking specifically at their response to 
candesartan. Univariate and multivariate logistic regression models were used to identify predictors of headache benefit. 
Odds ratios (OR) with confidence intervals (CI) 95% were calculated. Eighty-one patients (chronic migraine, n = 68) were 
included in the final analysis. Thirty-eight patients reported a positive response to candesartan, while 43 patients did not have 
a meaningful therapeutic effect. The median dose of candesartan was 8 mg and the median treatment period was 6 months. In 
a univariate logistic regression model, the presence of daily headache was associated with reduced odds of headache benefit 
(OR 0.39, 95% CI 0.16–0.96, p = 0.04). In multivariate logistic regression model, younger age (OR 0.92, 95% CI 0.87–0.98, 
p = 0.006) and longer disease duration (OR 1.06, 95% CI 1.01–1.12, p = 0.03) were associated with a good response to 
candesartan, while the presence of daily headache was associated with reduced odds of headache benefit (OR 0.16, 95% CI 
0.04–0.71, p = 0.01). Having failed up to nine preventives in patients did not predict a treatment failure with candesartan as 
well. Candesartan yields clinical benefits in difficult-to-treat migraine patients, irrespective of previous failed preventives.
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Introduction

A range of therapies are currently available for migraine 
prevention, with most, excepting calcitonin gene-related 
peptide (CGRP) pathway monoclonal antibodies, having 

ill-defined mechanisms [1, 2]. Predictors of response to a 
particular treatment have not been identified for any preven-
tive or sub-type of migraine. Candesartan, an angiotensin II 
type 1 receptor blocker, is an effective and well-tolerated, 
commonly used migraine preventive drug [3]. Randomized 
placebo-controlled trials (RCTs) [4, 5] have shown cande-
sartan 16 mg is effective, and comparable to propranolol, in 
reducing the number of headache days in migraine patients. 
One small case series has demonstrated the efficacy of can-
desartan for treating migraine patients with comorbid hyper-
tension in real life [6]. In this study, we wished to explore 
patient subjective efficacy of candesartan in migraine pre-
vention in a cohort of migraine patients, which included 
those who had failed previous preventives. We also sought 
to identify response predictors to candesartan. The work has 
been reported in preliminary form at the 4th Congress of the 
European Academy of Neurology (June 16–19, Lisbon) [7].
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Methods

Study design and study population

We reviewed the clinical history of migraine patients who 
attended the Headache Clinic at King’s College Hospital 
between February 2015 and March 2018 and to whom 
candesartan had been prescribed as a migraine preventive. 
Inclusion criteria for patients were initiation of treatment 
with candesartan under our care, at least an initial consul-
tation note at the start of treatment and a follow-up clini-
cal note, and having an adequate course of candesartan for 
at least 2 months [8]. Exclusion criteria for patients were 
having tried candesartan for less than 2 months, a concur-
rent diagnosis of migraine and other forms of headache, 
and missing clinical data. Candesartan was started at a dose 
of 2 mg and, if needed, slowly increased until therapeutic 
effects develop or adverse events were intolerable.

The primary audit question was whether patients in our 
referral clinic derived any degree of benefit from taking 
candesartan. Specifically, during the visit we asked patients 
whether they have noticed a reduction in the number of 
headache days, migraine days or in the severity of migraine 
attacks while having candesartan. A positive response in 
any of these variables was reported in the patient’s clinical 
letter as a positive subjective treatment response. All patients 
met the then standard diagnostic criteria of the International 
Classification of Headache Disorders [9]. Where possible, 
the following information was collected from medical 
records for each patient: age, gender, headache diagnosis, 
presence of aura, history of medication overuse, presence of 
cutaneous allodynia, disease duration, headache frequency 
defined as the number of days per month when some head 
discomfort was experienced, migraine attack frequency, 
other headache treatments tried for prevention, presence 
of comorbid psychiatric diseases and hypertension, doses 
of candesartan used, duration of treatment, and side effects 
and patient-reported clinical effect on headache in terms of 
improvement in migraine attack frequency or severity.

Standard protocol approvals and registrations

The audit was registered with the King’s College Hospital 
Neurology Department Audit Committee.

Data analysis

Responders’ and non-responders’ demographic and clinical 
characteristics were compared using the independent t test 
or Mann–Whitney test for continuous or discrete variables, 
and the Fisher exact test for categorical variables. Univariate 

and multivariate logistic regression models were performed 
to evaluate potential predictors of headache benefit such as 
patients’ demographic and clinical characteristics. Given the 
exploratory nature of the study, multivariate stepwise regres-
sion with backward selection of covariates was performed. 
Multicollinearity was assessed using the variance inflation 
factor (VIF). Model fits were screened for the presence of 
outliers and for lack of fit using the Hosmer–Lemeshow test. 
Odds ratios (OR) were calculated with a confidence interval 
(CI) of 95%. Analysis was performed using SPSS software.

Data availability statement

The data that support the findings of this study are available 
from the corresponding author, upon reasonable request.

Results

The clinical history of 253 patients was reviewed. A total 
of 81 patients (62 females), with a mean age of 45 years 
(± 16, SD), who had candesartan for at least 2 months were 
included in the final analysis. One hundred and seventy-
two patients were excluded due to missing data or for the 
contemporary presence of other forms of headache, such 
as cluster headache, or post-traumatic headache. The main 
demographic and clinical characteristics of patients are sum-
marized in Table 1. Thirteen patients had episodic migraine, 
while 68 patients had chronic migraine. Forty-six patients 
reported having daily headache. Seventy-four patients had 
tried other preventives including beta-blockers, sodium val-
proate, topiramate, amitriptyline, flunarizine, gabapentin, 
pizotifen, methysergide, onabotulinum toxin A and single 
pulse transcranial magnetic stimulation. The median dose 
of candesartan was 8 mg (interquartile range: 4–16) and the 
median treatment period was 6 months (interquartile range: 
3–8). The maximum dose of candesartan was 24 mg and the 
longest treatment period was two-and-a-half years. Twenty-
five patients (31%) experienced side effects, with dizziness, 
nausea, lightheadness, fatigue and low blood pressure being 
the most common.

Headache outcome

Thirty-eight patients (47%) reported a positive response to 
candesartan, while 43 patients (53%) did not have a signifi-
cant therapeutic effect. There were no differences in demo-
graphic and clinical variables between responders and non-
responders, except from a higher incidence of daily headache 
in non-responders (Table 1).
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Modeling predictors of outcome

In univariate logistic regression modeling, the presence of 
daily headache was associated with reduced odds of head-
ache benefit (OR 0.39, 95% CI 0.16–0.96, p = 0.04). In mul-
tivariate logistic regression model, younger age (OR 0.92, 
95% CI 0.87–0.98, p = 0.006) and longer disease duration 
(OR 1.06, 95% CI 1.01–1.12, p = 0.03) were associated with 
a good response to candesartan, while the presence of daily 
headache was associated with reduced odds of headache 
benefit (OR 0.16, 95% CI 0.04–0.71, p = 0.01). Headache 
frequency was excluded from the model due to VIF values 
higher than 10. The Hosmer–Lemeshow goodness-of-fit test 
for the final model was consistent with an acceptable fit to 
the data (p = 0.82).

Discussion

Here, we have provided clinical experience confirming the 
benefits and tolerability of candesartan in migraine preven-
tion in a cohort of real-world migraine patients. Forty-seven 
percent of the total patient cohort reported a positive effect 
of candesartan. Despite the different measures of efficacy, 
the outcome is comparable to the RCTs [4, 5], and we have 

observed a positive response using a lower dosage of can-
desartan. Non-response in a substantial cohort of patients is 
consistent with outcomes from all current preventives, likely 
based on dose limitations with side effects and biological 
variability between patients. Candesartan is not perfect; 
however, it is easy to use, generally well tolerated, safe and 
of low cost, such that it is a useful tool in the neurologist’s 
hands for the preventive treatment of migraine.

An important finding here is that challenging migraine 
patients, such as patients with chronic migraine, long disease 
duration and who have failed to respond to other preventives, 
can benefit from candesartan as migraine prevention. Con-
trary to our findings, some studies have shown an association 
between short disease duration and better treatment response 
to onabotulinumtoxinA [10, 11]. Different mechanisms of 
action of the two treatments might explain this incongruity.

Given the tertiary clinic base for the sample, many 
patients had daily headache. Migraine patients with 
daily headache are one of the most substantial manage-
ment challenges in headache clinics. The poor treatment 
response we have found in association with the presence of 
daily headache supports the complexity of these subgroup 
of patients. Interestingly, having failed up to nine preven-
tives in patients did not predict a treatment failure with 
candesartan as well. Prospective studies targeting patients 

Table 1  Main demographic 
and clinical characteristics of 
migraine patients enrolled in 
the study

Measures are reported as medians and interquartile ranges (25th–75th percentiles). Sex, type of migraine, 
presence of aura, daily headache, medication overuse, cutaneous allodynia, comorbidities and side effects 
to candesartan are reported as frequencies
NSAIDs nonsteroidal anti-inflammatory drugs
* Fisher exact test, p < 0.05

Whole cohort 
of migraineurs

Responders Non-responders p value

Women/men 62/19 29/9 33/10 1.0
Age (range) [years] 45 (31–57) 41 (29–50) 51 (36–59) 0.07
Episodic/chronic headache 13/68 6/32 7/36 1.0
Daily headache 46 17 29 0.05*
Presence of aura 36 19 17 0.4
Disease duration (range) [years] 22 (12–33) 26 (15–33) 20 (7–33) 0.1
Headache attack frequency/month (range) 30 (18–30) 26 (15–30) 30 (20–30) 0.4
Migraine attack frequency/month (range) 18 (15–25) 18 (14–25) 20 (15–28) 0.5
Presence of medication overuse
Triptans
NSAIDs/paracetamol
Opioids

37
15
22
10

21
8
12
5

16
7
10
5

0.1
0.8
0.5
1.0

Presence of cutaneous allodynia 53 27 26 0.4
Other preventive treatments tried (range) [total no] 3 (2–4) 2 (1–4) 3 (2–5) 0.1
Presence of psychiatric comorbidities 16 8 8 0.8
Presence of comorbid hypertension 15 6 9 0.6
Candesartan dosage (range) [mg] 8 (4–16) 8 (4–13) 8 (4–16) 0.5
Candesartan treatment period (range) [months] 6 (3–8) 6 (5–8) 5 (3–8) 0.6
Candesartan side effects 25 10 15 0.5
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who have failed previous preventives are now emerging for 
up to four failures [12–14], and suggest, as we do here, that 
previous preventive failure is not invariably a predictor of 
the response to another preventive.

Our cohort covers a wide age range of adult migraine 
patients, providing evidence of efficacy and safety also in 
patients who are over 65 years and who were not studied in 
previous RCTs [4, 5], even if younger patients were found 
to be relatively more likely to benefit from candesartan. 
Likewise, an association between younger age and better 
response to onabotulinumtoxinA [10] and detoxification 
treatment [15] has been demonstrated. Further studies 
investigating predictors of treatment response in migraine 
patients are warranted. New evidence might help us to 
better understand the interaction between age and disease 
duration in predicting treatment response in migraine.

The tolerability and side effects of candesartan were 
comparable with the existing literature [4, 5], with diz-
ziness and tiredness being the most common side effects 
reported. It is also worth noting that prolonged treatment 
with candesartan for up to 2 years was well tolerated.

The main limit of the study is its retrospective design. 
The use of clinic letters to ascertain patient subjective can-
desartan response is clearly not as effective as using an 
established measure of headache treatment efficacy (e.g., 
50% reduction of monthly migraine days). Future prospec-
tive studies should investigate the treatment response to 
candesartan using patients’ headache diaries. A longer 
follow-up of patients would provide information regarding 
candesartan response and tolerability over a longer period.

In this new era of migraine treatment where different 
options are available, the good efficacy, tolerability and 
the low cost make candesartan an attractive option for 
migraine prevention. Optimized preventive treatments 
tailored to the individual patient are essential to improve 
migraine patients’ management. The choice of preventive 
treatment in migraine is still made by trial, and predictors 
that can help to identify which patient would respond to a 
specific prevention are still lacking. Our results encourage 
neurologists to be cautiously optimistic when dealing with 
patients who have failed previous preventives and offer a 
specific, simple option that has not been widely deployed.
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