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Abstract

Background and purpose: Little is known about the comparative effects of migraine pre-
ventive drugs. We aimed to estimate treatment retention and effectiveness of migraine
preventive drugs in a nationwide registry-based cohort study in Norway between 2010
and 2020.

Methods: We assessed retention, defined as the number of uninterrupted treatment
days, and effectiveness, defined as the reduction in filled triptan prescriptions during
four 90-day periods after the first preventive prescription, compared to a 90-day baseline
period. We compared retention and efficacy for different drugs against beta blockers.
Comparative retention was estimated with hazard ratios (HRs), adjusted for covariates,
using Cox regression, and effectiveness as odds ratios (ORs) using logistic regression,
with propensity-weighted adjustment for covariates.

Results: We identified 104,072 migraine patients, 81,890 of whom were female (78.69%)
and whose mean (standard deviation) age was 44.60 (15.61) years. Compared to beta
blockers, botulinum toxin (HR0.43, 95% confidence interval [CI] 0.42-0.44) and calci-
tonin gene-related peptide pathway antibodies (CGRPabs; HR0.63, 95% Cl 0.59-0.66)
were the least likely to be discontinued, while clonidine (HR2.95, 95% Cl 2.88-3.02) and
topiramate (HR 1.34, 95% Cl 1.31-1.37) were the most likely to be discontinued. Patients
on simvastatin, CGRPabs, and amitriptyline were more likely to achieve a clinically sig-
nificant reduction in triptan use during the first 90days of treatment, with propensity
score-adjusted ORs of 1.28 (95% Cl 1.19-1.38), 1.23 (95% Cl 0.79-1.90), and 1.13 (95%
Cl 1.08-1.17), respectively.

Conclusions: We found a favorable effect of CGRPabs, amitriptyline, and simvasta-
tin compared with beta blockers, while topiramate and clonidine were associated with

poorer outcomes.
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INTRODUCTION

Migraine is a headache disorder characterized by attacks of pulsat-
ing unilateral headache, accompanied by nausea, and/or photo- and
phonophobia, and exacerbated by physical exertion [1]. The global
1-year prevalence of migraine is 18% in women and 9% in men [2],
with 959 million people experiencing migraine worldwide [3]. In
2019, migraine was second among the causes of disability and the
most important cause of disability among women under 50years [2-
5]. Patients with chronic migraine have at least 15 headache days
a month, with at least 8days of having headaches with migraine
features [1]. Migraine preventive drugs reduce migraine attack fre-
quency, intensity, duration, and disability [6]. Even though almost
40% of all patients with migraine and most patients with chronic mi-
graine would benefit from migraine preventive drugs, only 3%-13%
use such drugs and adherence has been found to be low [7-13].
Recently, many new treatments for migraine have become avail-
able. The introduction of botulinum toxin A (BtA) for chronic migraine
and drugs specifically designed for migraine prevention, such as the
calcitonin gene-related peptide pathway antibodies (CGRPabs), have
led to a need for a better understanding of how patients are affected
by different treatment options in a real-world setting. Little is known
about the comparative effectiveness and tolerability of migraine pre-
ventive drugs, and this limits access to some of the treatments [7, 14].
Prescription data provide opportunities to study the treatment
duration and effectiveness of migraine preventive drugs in a real-
world setting. Treatment duration can be analyzed by studying the
time from treatment initiation to treatment discontinuation [15-17].
The uninterrupted use of preventive drugs suggest a satisfactory
patient experience. Effectiveness can be approximated by measur-
ing a patient's reduction in triptan prescriptions as an indication of

improvement in migraine symptoms [18].

METHODS
Data source, design, and study cohort

We conducted a registry-based cohort study of eligible migraine pa-
tients in Norway filling prescriptions for migraine preventive drugs
between 2010 and 2020, using data from the Norwegian Prescrip-
tion Database. This database contains detailed information on all
prescriptions filled in pharmacies nationwide. Over-the-counter
drugs and medication used in hospitals and nursing homes were not
included. Drug expenses are universally covered in Norway, but re-
imbursement may require fulfillment of clinical criteria.

We defined patients with migraine as a person that had at least
one prescription reimbursed for migraine (code G43 according to
the 10th revision of International Statistical Classification of Dis-
eases [ICD-10]) or code N89 according to the International Classi-
fication of Primary Care (ICPC-2) [19-21]. As there was imperfect
compliance with the registration of reimbursement codes in the
early years of the registry and triptans are almost exclusively used

for the treatment of migraines in Norway, we also included patients
with at least two prescriptions of triptans (Anatomical Therapeutic
Chemical [ATC] classification code NO2CC) [22] between 1 January
2008 and 31 December 2020 (n=346,154 patients). To further en-
sure that the study population was composed exclusively of migraine
patients, we excluded patients who had at any time had a drug reim-
bursed for cluster headache (ICD-10: G44.0-G44.2 or ICPC-2N90).
We also excluded patients aged <2 years or >99 years at the time of
their first prescription (n=18,250; Figure S1). The dataset included
all prescriptions filled by these patients (n=54,246,980 prescrip-
tions). Each prescription included the date of redemption, county of
residence, year and month of birth and death, sex, reimbursement
code (ICD-10/ICPC2), pack size, drug strength, drug name, defined
daily dose (DDD) and ATC code [22, 23].

Patients with no migraine preventive drug prescriptions between
1 January 2010 and 31 December 2019 were excluded (n=223,832)
to ensure at least 1year of follow-up. Patients with no triptan pre-
scriptions were included in the analysis of retention but excluded
from the analysis of effectiveness (Figure S1).

We defined a minimum effective dose for prophylactic use of
migraine preventive drugs based on doses recommended to treat
migraine in Norway (Table S1). Individual treatment periods were
constructed based on the amount of DDDs retrieved and the mini-
mum effective dose for each drug and defined as an uninterrupted
period during which a patient retrieved enough DDDs of a specific
drug to cover its minimum effective dose. Since these were based on
minimum effective doses, no grace period between treatment peri-
ods was included. The analysis was restricted to each patient's first
treatment period with each different migraine preventive drug type.

Outcome variables

The primary outcomes were retention rate and 30% effectiveness
for the following migraine preventive drugs groups: beta blockers
(propranolol and metoprolol), candesartan, lisinopril, topiramate,
CGRPabs (erenumab, fremanezumab, galcanezumab), BtA, clonidine,
and simvastatin (Table S1). These drugs are recommended for
migraine prophylaxis by clinical guidelines and/or are in common use
for this indication in Norway [6, 24-29]. As reimbursement practice
has varied in Norway over the last 10years, all prescriptions were
included regardless of reimbursement code.

Retention rates were defined as the duration, in days, of uninter-
rupted treatment periods. Based on guidelines from the International
Headache Society, we defined effectiveness as the reduction in a
patient's triptan use over the course of 360days after initiation of a
migraine preventive drug, divided into 90-day periods, compared to
their triptan use during a 90-day baseline period before they started
the preventive drug (Table S2) [30]. The primary outcome was the
percentage of patients achieving at least a 30% reduction in the use
of triptans during the first 90days since start of treatment. In each
successive 90-day period, only patients who had not discontinued
treatment were included in the calculation of effectiveness.
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Secondary outcomes were the proportion of patients achieving
at least a 50% reduction in triptan use and the absolute change in

triptan use measured in DDDs as a proxy for migraine days [30].

Covariates

Covariates included were patient age, county of residence, selected
comorbidities (acute myocardial infarction, congestive heart failure,
hypertension, heart rhythm disorders, renal disease, depression,
anxiety disorder, nicotine replacement products, epilepsy, mood
disorders, type 2 diabetes and asthma), year of treatment start, pre-
vious or simultaneous use of other migraine preventive drugs, and
frequent triptan use, defined as filling prescriptions for more than 16
DDDs within a 30-day period (Table S3).

Analyses

Beta blockers were selected as the active comparator for retention
and effectiveness estimates since they are the most prescribed
migraine preventive drugs in Norway and their effectiveness for
this indication is well documented. Retention was estimated using
the Kaplan-Meier estimator [31]. We compared retention for the
different drugs using Cox regression adjusted for covariates to
estimate hazard ratios (HRs).

Effectiveness was estimated using logistic regression to pro-
duce odds ratios (ORs) adjusted for covariates. To further account
for differences in patient characteristics across drug types, we ap-
plied propensity-score weighting (Supplementary Methods) [32].
Each logistic regression was restricted to patients in the migraine
preventive drug group and beta blockers with overlapping propen-
sity scores, resulting in covariate balance across groups (Figure S2).

All analyses were performed using STATA 17.

Sensitivity analyses

In Norway, BtA and CGRPabs are only reimbursed for chronic mi-
graine. Thus, subgroup analyses were performed for patients filling
prescriptions for 16 or more and 15 or fewer triptan DDDs within
30days before initiating migraine preventive drugs (high-frequency
and low-frequency triptan users). Since patients are recommended 1-2
triptan DDDs per day, 16 DDDs indicate 8-16 migraine days/month,
suggesting chronic migraine and/or medication overuse headaches [1].

We restricted the sample to migraine preventive medications
prescribed with a migraine reimbursement code, to check whether
our results were affected by the indication for use. To avoid con-
founding outcomes of effectiveness resulting from use of multiple
drugs with preventive properties, we limited the study group to pa-
tients on migraine preventive drug monotherapy.

Patients using triptans before experiencing a cerebrovascular or
cardiovascular event could be prescribed antihypertensive or statin

treatment after said event and thus be advised no longer to use trip-
tans [33]. Thus, we excluded patients with prescriptions of plate-
let aggregation antibodies or antithrombotic agents (ATC codes:
BO1AA, BO1AC, BO1AE, and BO1AF).

Separate analyses of effectiveness were performed by extend-
ing the baseline period for BtA by 270days as this treatment in Nor-
way is sometimes initiated in hospital outpatient clinics, which is not

captured in prescription data.

Ethical approval

Ethical approval and a waiver of informed consent was granted by
the Regional Committees for Medical and Health Research Ethics
(Ref: 242126).

RESULTS

The study population consisted of 104,072 patients (Figure S1).
The mean (standard deviation [SD]) patient age at the time of
their first treatment period was 44.60(15.61) years and 78.69%
(81,890) were female. Beta blockers (51,385 patients), candesartan
(35,736 patients), and amitriptyline (34,504 patients) were the most

prescribed drugs with migraine preventive properties.

Retention

Retention rates varied substantially across the drug groups
(Figure 1 and Table 1). BtA, simvastatin, and CGRPabs showed the
highest proportion of patients on treatment 1year after the first
prescription, with 38.98% (1897/4867), 31.43% (4494/14,298), and
21.97% of patients receiving these drugs (308/1402), respectively.
The proportion was lowest for clonidine (1.71%, 147/8584), topira-
mate (9.14%, 876/9586), and amitriptyline (10.34%, 3569/34,504).

Compared to beta blockers, the probability of treatment dis-
continuation adjusted for differences in covariates was lower for
BtA (HR0.43, 95% confidence interval [CI] 0.42-0.44), CGRPabs
(HRO0.63, 95% ClI 0.59-0.66), simvastatin (HR0.71, 95% Cl 0.69-
0.72), and candesartan (HR0.76,95% Cl 0.75-0.77). Adherence rates
for clonidine (HR2.95, Cl 2.88-3.02), topiramate (HR1.34, 95%
Cl 1.31-1.37), and amitriptyline (HR1.03, 95% Cl 1.02-1.05) were
lower than for beta blockers.

Effectiveness

Forall drugs combined, 50.22% of patients (40,912/81,472) achieved
a 30% or greater reduction in triptan use during the 90days follow-
ing their first prescription, while 57.06% (25,654/44,963), 58.25%
(14,887/25,557), and 59.45% (10,222/17,194) achieved this in the
following observation periods during the first year.
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(a) Proportion of patients still on preventive migraine therapy after 90, 180, 270 and 360 days
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(c) Number of patients at risk at 0, 90, 180, 270 and 360 days
0 days 90 days 180 days 270 days 360 days
Beta blockers 51,385 29,066 13,920 8,520 6,511
Candesartan 35,736 23,945 13,589 8,926 7,114
Amitriptyline 34,504 11,988 6,220 4,503 3,569
Simvastatin 14,298 12,424 8,007 5,424 4,494
Topiramate 9,586 2,531 1,518 1,095 876
Clonidine 8,584 936 410 236 147
BtA 4,867 4,363 3,297 2,516 1,897
Lisinopril 2,903 1,791 941 596 460
CGRPabs 1,402 885 557 388 308

FIGURE 1 Duration of migraine preventive treatment by drug group. (a) Proportion of patients still on preventive migraine therapy after
90, 180, 270, and 360days and proportion of patients still on each drug since first prescription (retention rate). (b) Retention rate with 95%
confidence intervals (dotted lines) adjusted for patient characteristics, comorbidities, year of treatment start, previous use of migraine
preventive drugs, and amount of triptan defined daily doses (DDDs) prescribed per month (above or below 16 DDDs/30days in baseline
period. BtA, botulinum toxin A; CGRPabs, calcitonin gene-related peptide pathway antibodies. (c) Number of patients at risk at 0, 90, 180,
270 and 360 days from (b).

During the first 90days, the proportion with a 30% or greater to achieve 30% triptan reduction than patients filling prescrip-
reduction was largest for simvastatin (56.71%, 3457/6096), CGR- tions for beta blockers, adjusted for covariates (Figure 2). Re-
Pabs(54.71%,616/1126) and amitriptyline (53.29%,8801/16,516), stricting the population to patients with overlapping propensity
and patients filling prescriptions for these drugs were more likely scores, the ORs for achieving a 30% triptan reduction were 1.28
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(95% ClI 1.19-1.38) for simvastatin, 1.23 (95% Cl 0.79-1.90) for 0.86-1.02) for topiramate, 0.93 (95% Cl 0.85-1.03) for clonidine,
CGRPabs, and 1.13 (95% Cl 1.08-1.17) for amitriptyline. These 1.01 (95% Cl 0.66-1.54) for BtA and 1.03 (95% Cls 0.91-1.16) for
ORs were 0.94 (95% Cl 0.91-0.98) for candesartan, 0.94 (95% CI lisinopril.

Adjusted PS adjusted
ORt OR#
First observation period (0-90 days)

Exposure N total 30% triptan reduction Crude OR Propensity score adjusted odds ratios with 95% CI

Beta blockers

23 848 12 062 50,58 %
(reference)
0,93 0,94 0,94
7 48,84 % ’ ’ ;
=t 20822 10170 884%  10.90,097] [0.91,098] [0.91,0.98] e
1,12 1,13 1,13
Amitriptyli 16516 8801 53,29 % ’ ’ ’
misriptyline ° [1.07,1.16] [1.09,1.18] [1.08,1.17] e
1,28 1,16 1,28
Simvastatin 6096 3457 56,71 % ! ’ ! i
° [1.21,135] [1.09,1.24] [1.19,1.38]
Topiramate 6 046 2766 45,75 % 0,82 0,97 0,94 et
[0.78,0.87] [0.91,1.04] [0.86,1.02]
Clonidine 2378 1054 44,32 % 0,78 0,87 02K .
[0.71,0.85] [0.80,0.95] [0.85,1.03]
BtA 3085 1235 40,03 % 0,65 0,83 Hod
[0.60,0.70] [0.76,0.91]  [0.66,1.54]
Lisinopril 1555 751 48,30 % eih 025 E) I
[0.82,1.01] [0.85,1.05] [0.91,1.16]
CGRPabs 1126 616 54,71% 118 141 1,23 » . |
[1.05,1.33] [1.22,1.63] [0.79,1.90]
0, r T T T T T T 1
All MPDs 81472 40912 50,22 % 04 06 08 10 12 14 16 18 20
Odds ratio
Second observation period (91-180 days)
. 13784 8110 58,84 %
(reference)
Candesartan 13619 7926 58,20 % wEr VS WE e
[0.92,1.02] [0.89,0.98] [0.89,0.98]
Amitriptyline 6088 3473 57,05% 0,93 0,93 0,93 e
[0.87,0.98] [0.87,0.99] [0.87,0.99]
1,08 1,11 1,09
Simvastati 5266 3091 58,70 % ; ; ; ——i
imyastatin ® [1.02,1.16] [1.03,1.19] [1.01,1.17] ¢
Topiramate 1569 769 49,01 % 071 0,450 0,74 i
[0.64,0.79] [0.71,0.90]  [0.63,0.88]
0,69 0,81 0,62
Clonidine 201 100 49,75 % ; ’ ; ,
e ® [0.52,091] [0.60,1.08] [0.43,0.89] *
BtA 2793 1212 43,39% 8,58 0:55 el ' . <
[0.49,0.58] [0.58,0.73] [0.52,1.46]
0,90 1,00 1,07
Lisinopril 926 523 56,48 % ’ ’ ’ R
g ° [0.79,1.03] [0.87,1.15] [0.92,1.25]
CGRPabs 717 450 62,76 % 1,23 1,48 135 .
[1.05,1.43] [1.22,1.79] [0.70,2.58]
All MPDs 44 963 25 654 57,06 % ' oo

o4 06 08 10 1,2 14 16 1,8 20
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FIGURE 2 Relative effectiveness by drug group and observation period. Odds ratios (ORs) below 1 indicate a lower probability of

effect (30% reduction in triptan use). TAdjusted for covariates (patients age, county of residence at treatment start, number of relevant
comorbidities, year of treatment start, previous or simultaneous use of migraine preventive drugs, and amount of triptan defined daily doses
(DDDs) prescribed per month (above or below 16 DDDs within a 30-day period). *Propensity score adjusted. BtA, botulinum toxin A; Cl,
confidence interval; CGRPabs, calcitonin gene-related peptide pathway antibodies; MPD, migraine preventive drug.

FIGURE 3 Reductions in triptan use by drug group and observation period. Proportion of patients achieving at least a 50% reduction

in triptan use compared to their baseline levels (a), and (b) triptan daily doses used by patients before (light gray bars) and after starting
treatment with migraine preventive drugs (colored bars). (c) summarize number of patiens, patients with 50% reduction, and change in DDD
for each drug group and observation period. Baseline triptan consumption may vary across periods (within the same drug group), reflecting
that the sample of patients who remain on treatment over each successive observation period is different. BtA, botulinum toxin A; Cl,
confidence interval; CGRPabs, calcitonin gene-related peptide pathway antibodies; DDD, defined daily dose; MPD, migraine preventive drug.
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(a) Patients with >50% reduction in triptan use
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(c) Summary of secondary effectiveness analysis
0-90 days Beta blockers Candesartan Amitriptyline Simvastatin Topiramate Clonidine BtA Lisinopril CGRPabs ALL MPDs
Total patients 23,848 20,822 16,516 6,096 6,046 2,378 3,085 1,555 1,126 81,472
N with 50% reduction 9,696 7,854 7,285 3,049 2,026 797 838 595 434 32,574
% with 50% reduction 40.66 % 37.72% 4411 % 50.02 % 33.51% 33.52% 27.16 % 38.26 % 38.54 % 39.98 %
Baseline DDD 33.57 34.65 33.20 29.33 45.72 42.56 53.52 40.89 69.10 36.00
DDD in period 28.76 29.70 27.03 24.49 40.02 40.91 50.68 36.88 47.81 30.77
Percentage reduction 14.34% 14.29% 18.59 % 16.51% 12.46 % 3.89% 5.32% 9.81% 30.81% 14.55%
91-180 days
Total patients 13,784 13,619 6,088 5,266 1,569 201 2,793 926 717 44,963
N with 50% reduction 6,695 6,458 2,960 2,721 613 72 881 428 341 21,169
% with 50% reduction 48.57 % 47.42 % 48.62 % 51.67 % 39.07 % 35.82% 31.54% 46.22 % 47.56 % 47.08 %
Baseline DDD 34.15 35.06 35.75 29.24 49.04 56.15 52.60 43.12 67.52 36.55
DDD in period 24.79 25.17 27.52 21.96 37.61 47.32 46.41 34.20 38.38 27.25
Percentage reduction 27.41% 28.21% 23.00 % 24,89 % 23.32% 15.72 % 11.76 % 20.69 % 43,16 % 2545 %
181-270 days
Total patients 6,809 7,837 3,350 3,431 955 101 2,126 486 462 25,557
N with 50% reduction 3,371 3,757 1,662 1,888 434 36 717 223 216 12,304
% with 50% reduction 49.51 % 4794 % 49.61 % 55.03 % 4545 % 35.64% 33.73% 45.88 % 46.75 % 4814 %
Baseline DDD 34.42 36.22 36.87 28.04 48.12 57.20 52.37 46.94 68.64 37.41
DDD in period 2481 26.16 27.97 20.62 31.78 55.54 45.27 33.74 40.33 27.63
Percentage reduction 27.92 % 27.77 % 24,14 % 26.46 % 33.96 % 2.90 % 13.56 % 28.10 % 41.25% 26.15%
271-360 days
Total patients 4,154 5,210 2,472 2,364 666 56 1,652 296 324 17,194
N with 50% reduction 2,107 2,599 1,239 1,356 287 17 574 140 142 8,461
% with 50% reduction 50.72 % 49.88 % 50.12 % 57.36% 43.09 % 30.36 % 34.75% 47.30 % 43.83 % 49.21%
Baseline DDD 34.48 37.36 37.35 27.90 4476 65.06 53.56 52.53 68.34 38.14
DDD in period 25.12 26.15 28.15 20.03 30.81 62.09 45.60 37.20 41.29 27.99
Percentage reduction 27.16 % 30.01% 24.63 % 28.23 % 31.15% 4.55 % 14.85 % 29.18 % 39.58 % 26.62 %
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During the first 90days after their first migraine preventive pre-
scription, 39.98% of patients (32,574/81,472) achieved a 50% re-
duction in triptan prescriptions for the whole sample, and 49.21%
(8461/17,194) achieved this by the latest observation period. The pat-
tern of effectiveness for a 50% reduction in triptan use for the differ-
ent drugs was similar to that for the 30% reduction outcome (Figure 3).

The mean reduction in daily triptan doses during the first 90days
of treatment was 14.55% (5.23/36.00) for all migraine preventive drugs
combined. The mean reduction was 30.81% (21.29/69.10) for CGR-
Pabs, 18.59% (6.17/33.20) for amitriptyline, and 16.51% (4.84/29.33)
for simvastatin. The other drugs were associated with a reduction of
14.34% or less (Figure 3). For patients staying on the drug after 90days,
the mean triptan reduction over the course of the remaining first year of
treatment ranged from 39.58% (27.05/68.34) to 43.16% (29.14/67.52)
for CGRPabs, 23.32% (11.44/49.04) to 33.96% (16.34/48.12) for topira-
mate, 27.77% (10.06/36.22) to 30.01% (11.21/37.36) for candesartan,
27.16% (9.37/34.48) to 27.92% (9.61/34.42) for beta blockers, 20.69%
(8.92/43.12) t029.18% (15.33/52.53) for lisinopril, 24.89% (7.28/29.24)
to 28.23% (7.88/27.90) for simvastatin, 11.76% (6.18/52.60) to 14.85%
(7.95/53.56) for BtA, and 2.90% (1.66/57.20) to 15.72% (8.82/56.15)
for clonidine.

Sensitivity analyses

The patterns of retention and effectiveness were similar when
subdividing the patient population into high-frequency and low-
frequency triptan users. Overall, the proportion of patients
achieving 30% reduction in triptan prescriptions was lower among
the high-frequency group (45.58% [26,457/58,050] vs. 61.72%
[14,455/23,422]; Figure 4 and Table S4). The results from the
propensity score-adjusted comparisons with beta blockers were
similar to those from the whole study population but with larger Cls,
except for the BtA group (Figure 4, lower panel). Restricted to the
patient group using most triptans, the BtA group had statistically
significantly lower odds than the beta blocker group for achieving a
30% triptan reduction (OR0.70, 95% CI 0.52-0.94; Figure 4).

The results for BtA after shifting the baseline period did not
change much (Figure S3). Similarly, restricting the analysis to patients
with a migraine reimbursement code, patients on monotherapy, or
patients without prescriptions of platelet aggregation antibodies or
antithrombotic agents did not influence the results much (Figure S4).

DISCUSSION

To our knowledge, only one study has compared CGRPabs directly
to another migraine preventive drug [34]. In that study, erenumab
had better tolerability than topiramate and was more effective in an
intention-to-treat analysis [35-37]. In our study including all patients
prescribed CGRPabs in Norway during the study period, CGRPabs
were associated with higher retention, supporting these data. Their
effectiveness, measured as reduction in triptan use, was also higher

than beta blockers. However, baseline triptan use was considerably
higher for patients on CGRPabs. When restricting the analysis to
patients with similar background characteristics (including triptan
use), no statistically significant difference in effectiveness remained
between the CGRPabs and beta blockers.

Simvastatin was associated with higher effectiveness and re-
tention than beta blockers. Previous randomized controlled studies
have shown that simvastatin and atorvastatin can prevent migraine
attacks with similar response rates to those of other preventive
drugs [38-41]. As most of these studies were recently published,
many patients in our study probably used simvastatin to prevent
vascular incidents and not for their migraine, and this could have
influenced the results [38, 41].

Amitriptyline use was associated with lower retention than beta
blockers but higher effectiveness during the first 90 days of treatment.
Although frequently used and recommended for migraine treatment,
few studies have previously evaluated its effectiveness [42].

In our analyses, BtA was associated with the greatest treat-
ment retention of all the drugs. However, the proportion of patients
with reduced triptan use was lower for BtA than for beta blockers.
Placebo-controlled studies of BtA also indicate that its effects are
greater in terms of reduction of headache days than in terms of acute
medication intake [43, 44]. We did not estimate potential reduction
in non-specific acute medication (nonsteroidal anti-inflammatory
drugs, paracetamol, opioids etc.) and did not have access to over-
the-counter drugs or drugs obtained without a prescription over the
internet.

Antihypertensive agents (candesartan, clonidine and lisinopril)
showed effectiveness as beta blockers, in line with a randomized
controlled study of candesartan versus propranolol [45]. However,
candesartan was associated with higher levels of retention. Cloni-
dine, deemed possibly effective in the American Headache Society
Position Statement on Migraine Treatments in 2018, was associ-
ated with significantly poorer retention and effectiveness than beta
blockers [7, 46].

Topiramate was also associated with low levels of retention and
effectiveness compared to beta blockers. Low tolerability for topira-
mate is well known from previous studies [42].

A strength of this study is that it includes all migraine patients
filling prescriptions for preventive migraine treatment in Norway
between 2010 and 2020. Retention and effectiveness could thereby
be studied in the complete patient population without selection
bias or loss of follow-up. The selection of patients into clinical tri-
als and consent-based registries may limit external generalizability
[42]. Knowledge about the overall tolerability and effectiveness for
different drugs and drug classes in unselected populations from real-
world studies can inform doctors, patients and other stakeholders
when considering different treatment options.

We adjusted for a range of possible confounders influencing the
choice of migraine preventive drugs, including comorbidities and the
number of previously failed migraine preventive drugs. We further
accounted for patient characteristics in different drug groups by
using propensity score-weighted analyses. We nevertheless cannot
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Patients with 216 DDD

Patients with <16 DDD

(a) Proportion of patients still on preventive migraine therapy after 90, 180, 270 and 360 days
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(b) Proportion of patients on each migraine therapy with >30% reduction in triptan use in each observation period
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(c) Odds ratios for a >30% reduction in the first observation period (0-90 days) compared to baseline periode with 95% CI
Candesartan 1o Candesartan -]
Amitriptyline o Amitriptyline o
Simvastatin —o— Simvastatin —eo—i
Topiramate o Topiramate ——i
Clonidine o Clonidine —to—it
BtA —— BtA**
Lisinopril —a— Lisinopril —lo—
CGRPabs . CGRPabs*
0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 15 2.0 2.5

FIGURE 4 Sensitivity analysis: retention and effectiveness for patients stratified by triptan frequency (defined daily dose [DDD]).
Retention (a) and effectiveness (b, c) for patients with a DDD above and below 16, by migraine preventive drug (MPD) group *Calcitonin
gene-related peptide pathway antibodies (CGRPabs) were excluded from the analysis of patients with <16 DDDs due to small sample size.

**Botulinum toxin A (BtA) was excluded due to few observations in the propensity score-adjusted analyses for patients with<16 DDDs. Cl,

confidence interval.
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rule out that unmeasured confounding factors impacted the results
when comparing estimates to beta blockers. Finally, we conducted
a range of sensitivity analyses that showed that our findings were
robust to different sample specifications.

However, relying on prescription data has important limitations.
We tested effectiveness by comparing the triptans used before and
after starting a migraine preventive drug as triptans are a specific
migraine treatment, but this is still an indirect measure of migraine
days. The effect of preventive drugs on the use of non-specific acute
drugs was not assessed. Some migraine preventive drugs, including
flunarizine, were not included as these were either not approved for
use and/or reimbursement in Norway during the study period. CGR-
Pabs were introduced in Norway in 2018 and approved for reim-
bursement for chronic migraine in December 2019. Reimbursement
beyond the first 90 days of treatment is conditional on proof that the
patient experienced at least a 30% reduction in moderate to strong
migraine headaches, therefore, the estimation of effectiveness for
these drugs beyond the initial 90days should be interpreted with
caution.

This study included all migraine preventive drugs regardless of
the indication for use, the rationale being that if a drug has migraine
prophylactic properties it will reduce migraine days in migraineurs.
This practice is supported by the response rate to beta blockers in
our study, and is in line with previous literature [6]. Oral migraine
preventive drugs are often used for several indications [7]. In con-
trast, the parenteral drugs BtA and CGRPabs in the present study
were only used for migraine. This difference may have understated
the effectiveness of oral drugs in comparison to the parenteral op-
tions, as the dose may have been titrated to treat the non-migraine
indication instead of the migraine, and their use depends on patient
adherence. As patients may have not expected an effect on mi-
graine, the placebo effect would impact the outcomes less for these
drugs. On the other hand, using the migraine preventive drug for
non-migraine indications could have prolonged the duration of use
despite lack of effect on migraine, increasing retention. Finally, as
we wanted to assess the retention and effectiveness in the complete
population, we did not stratify analyses according to age groups but
instead adjusted for age.

In conclusion, responder rates to the different drugs ranged
from 30% to 50%, and there were large differences in retention and
effectiveness among the drugs. All drug groups and drugs studied
reduced triptan prescription fills. Overall, the results showed fa-
vorable response of CGRPabs, amitriptyline, and simvastatin over
beta blockers, while topiramate and clonidine were associated with

poorer outcome.
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