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Effect of COVID vaccination on
monthly migraine days: a longitudinal
cohort study
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Abstract

Background: This longitudinal cohort study aimed to investigate changes in migraine-related outcomes following

COVID-19 infection and vaccination.

Methods: We identified 547 clinically diagnosed migraine patients from the Leiden Headache Center who kept a

headache E-diary during the COVID-19 pandemic (February 2020 to August 2022). We sent a questionnaire to register

their COVID-19 infection and/or vaccination dates. After applying inclusion criteria, n¼ 59 participants could be includ-

ed in the infection analysis and n¼ 147 could be included in the vaccination analysis. Primary outcome was the change in

monthly migraine days (MMD) between 1 month prior and 1 month post COVID-19 infection or vaccination. Secondary

outcome variables were change in monthly headache days (MHD) and monthly acute medication days (MAMD).

Results: Vaccination against COVID-19 was associated with an increase in MMD (1.06; 95% confidence interval [CI]¼
0.57–1.55; p< 0.001), MHD (1.52; 95% CI¼ 0.91–2.14; p< 0.001) and MAMD (0.72; 95% CI¼ 0.33–1.12; p< 0.001) in

the first month post-vaccination. COVID-19 infection solely increased the number of MAMD (1.11; 95% CI¼ 0.10–1.62;

p< 0.027), but no statistically significant differences in MMD or MHD were observed.

Conclusions: Our findings imply that vaccination against COVID-19 is associated with an increase in migraine, indi-

cating a possible role of inflammatory mediators in migraine pathophysiology.
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Introduction

The severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) is a single-stranded RNA virus and

causes coronavirus disease 2019 (COVID-19). Although

initially perceived as a disease mainly affecting the respi-

ratory system, it became apparent during the pandemic

that COVID-19 has a broader effect, among which

are neurological manifestations including headache.1

The COVID-19 pandemic also had a major impact on

the care of people who suffer from migraine.

Consequently, telemedicine became an effective way to

ascertain continuation of headache care for patients.

The Leiden Headache Center was already using telemed-

icine before the outbreak of the COVID-19 pandemic,

including the use of validated headache E-diaries.2,3

E-diaries are a useful tool in migraine care and help to
gain insight into attack frequency and treatment
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response.4,5 As a result of the Leiden Headache Center’s
prospective E-diary data collection during the COVID
period as part of regular care, we have a unique oppor-
tunity to investigate the effects of COVID-19 infection
and vaccination on an individual level in migraine
patients. At this point, there are still limited data about
the effect of a COVID-19 infection on primary headache
disorders. Headache in the acute phase after COVID-19
infection seems to be more common in people with a
previous history of headache disorders and often resem-
bles the features of that headache disorder.6 Patients with
a history of migraine self-reported to experience longer
and more severe headaches attributed to COVID-19.7,8

In The Netherlands, vaccination against COVID-19
started in January 2021, with four available vaccine
types. The aim of vaccines is to deliver or produce
antigens derived from the pathogen to trigger
immune responses without causing considerable dis-
ease manifestations. The immune system recognizes
the vaccine as foreign and mounts a response similar
to that of an infection, but, because the pathogen is not
able to multiply, the body is able to build immunity to
the pathogen without causing the disease. Viral vector
vaccines, such as Ad26.COV2.S (Janssen, Beerse,
Belgium)9 and AZD1222 (AstraZeneca, Cambridge,
UK)10, use viral DNA that is introduced into the
target cells nucleus, where it is transcribed into
mRNA. The mRNA strains introduced into the body
will be translated and presented by the antigen-
presenting cells (APC) to the Toll-like receptors
(TLR), simulating a viral infection. Recognition by
the TLR stimulates a T helper type 1 response by acti-
vating interferon (IFN)-1, which results in the engage-
ment of several mediators such as cytokines and the
complement system.11 This leads to a strong antibody
production as well as a T-cell response, demonstrated
by an increase in IFNc, tumor necrosis factor (TNF)-a
and interleukin (IL)-2.11,12 The mRNA vaccines, such
as BNT162b2 (Pfizer, New York, NY, USA/
BioNTech, Mainz, Germany)13 and mRNA-1273
(Moderna, Cambridge, MA, USA)14, use a different
technique by solely using a RNA strand coding for
the antigenic sequence of the spike protein (S-protein),
modified to increase mRNA translation in vivo.15 After
mRNA translation, the newly synthesized S-proteins
are presented on the surface of the APCs, activating
the immune system cascade mentioned above. The
mRNA vaccines thus bypass the need for viral DNA
to be integrated into the nucleus, and instead directly
provide the instructions for the body to produce the
S-protein fragment of the SARS-CoV-2 virus.

Various side effects of the COVID-19 vaccines have
been reported, among which injection site pain, swell-
ing, fever and headache.16 Headache is the most
common neurological symptom reported, with an

incidence of headache in the days after vaccination of

>50%, and with rates varying between vaccine types

and reports.9,13,17

Headache incidence after vaccination with Pfizer/

BioNTech was significantly higher in patients with a

migraine diagnosis compared to a healthy control

group (69.2% and 37.9%, respectively, p¼ 0.012).18

Other studies reported a higher pain intensity and

duration of the post-vaccine headache in patients

with a history of migraine for both Pfizer/BioNTech

and AstraZeneca.19,20 Finally, a questionnaire study

found migraine attacks to have a higher pain intensity,

longer duration and reduced responsiveness to usually

effective migraine attack medication after vaccina-

tion.21 Important to note is that these studies should

be interpreted with care because of their small retro-

spective nature and therefore a liability to recall bias.
Migraine attacks are considered to be the result of

natural fluctuations in neuronal excitability and trigger

factors.22 Inflammatory mediators, such as peptides

[predominantly calcitonin gene-related peptide (CGRP),

substance P and neurokinin A], cytokines, metabolites

(prostaglandins), nitric oxide and other molecules

involved in the inflammatory response, have been impli-

cated in the pathophysiology of migraine. These media-

tors are considered to play a role in the sensitization of

trigeminal neurons, leading to the development of the

migraine headache.23,24 However, the relationship

between inflammatory mediators and migraine is com-

plex and still not fully understood. Although the gen-

eral population may experience an increase in other

non-migrainous headache days post-vaccination,

patients with migraine may have a higher impact, pos-

sibly leading to an increase in migraine or other head-

ache days.18 The objective of the present study was to

determine whether COVID-19 vaccination or infection

affects the number of monthly migraine days in indi-

viduals with migraine by merging E-headache diary

information with the dates of infection and vaccina-

tion, which can be easily obtained through our national

registration system.

Methods

For this longitudinal cohort study, we identified

patients whose E-headache diaries were collected

during the COVID-19 pandemic, covering a period

between February 2020 and August 2022.2,4 Patients

were included if they had a confirmed diagnosis of

migraine at the Leiden Headache Center, were aged

�18 years and filled out the E-headache diary for at

least three subsequent months with at least 80% com-

pliance per month. This study was approved by the

medical ethics committee of the Leiden University
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Medical Center (LUMC) and all patients provided
their informed consent.

During the study period, each morning at 08.00 h,
an alert was sent to all patients, which could be
accessed on a mobile device or a computer. The ques-
tionnaire contained from six to 31 questions, depending
on the answers provided, about the presence of head-
ache including its detailed characteristics and associat-
ed symptoms (one sided, throbbing, intensity,
increasing with physical activities, photophobia/pho-
nophobia, nausea, vomiting), presence of visual aura
symptoms and their characteristics, use of acute medi-
cation, change in preventive medication, presence of
menstruation, general wellbeing and pain coping.
Questions covered the 24 h of the previous day (from
midnight to midnight), enabling patients to enter data
first thing in the morning. If the E-diary was not com-
pleted by the end of the afternoon, a reminder was sent.
Entries could not be edited after completion of the
questionnaire and questionnaires were time-locked
after 48 h. Patients were encouraged to enter data
daily. An automated algorithm based on ICHD-3 cri-
teria verified for each day whether criteria for headache
and migraine were met.25 A headache day was defined
as a day with headache symptoms lasting �1 h.
Migraine days were defined based on detailed charac-
teristics as described in the ICHD-3 criteria, including
all days with triptan intake.3 Additionally, days with
visual aura symptoms lasting 5–60min and days with
triptan intake were considered migraine days. By defi-
nition, each migraine day was also considered a head-
ache day.

An online questionnaire was sent to acquire infor-
mation about a potential COVID-19 infection or vac-
cination. First, the patients were asked if they had
noticed an increase in migraine days after infection or
vaccination, both in the case of COVID-19 and for
other pathogens, using a three-point scale. Second,
patients were asked to report the number of
COVID-19 infections, the method of testing and the
corresponding date(s). Finally, they were asked to
report the number and type of vaccinations and the
corresponding date(s), which could be found in the
“Corona check” app or website (https://coronacheck.nl),
developed by the Dutch Ministry of Public Health,
Welfare and Sport.

Statistical analysis

We integrated dates of infection and vaccination with
the E-diary data, removing months in which �1 infec-
tion and/or vaccination date was present and months
with �80% compliance. Baseline months were defined
as 1 month (28 days) before the reported infection or
vaccination date. Our primary outcome was change in

number of monthly migraine days (MMD) between
baseline month and one month (28 days) after the
reported infection and/or vaccination date. Secondary
outcome variables were change in monthly non-
migrainous headache days (MHD) and monthly acute
medication days (MAMD). Subgroup analyses for
change in monthly triptan days and monthly analgetic
days were performed. We predefined that, if a signifi-
cant change in the outcome was found in the first
month, we would investigate whether this change in
month 1 was significantly declined in month 2.
Additionally, we aimed to evaluate the effect of type
of vaccination (mRNA or viral vector) on our outcome
measures.

Baseline patient characteristics were described using
descriptive statistics. Chronic migraine was defined as
�15 headache days per month with �8 migraine days
per month. For each outcome variable, a linear mixed
model was fitted for the baseline month, and both the
first (month 1) and the second month (month 2) after
infection/vaccination. The patient was included as
random effect to account for within-patient correlation.
Possible confounding factors, including age, sex, body
mass index, chronic migraine, changes in preventive
medication and number of previous infections or vacci-
nations, were treated as fixed effects. We evaluated dif-
ferences at a significance level of 5%, and examined the
marginal effect on MMD. The marginal effect repre-
sents the mean difference in MMD between the baseline
month, month 1 and month 2, while holding all other
variables constant. All analyses were performed using
RStudio (R Foundation for Statistical Computing,
Vienna, Austria), version 4.0.5, and the lmer package
was used to fit linear mixed-effects models.

Results

Out of 12,843 patients in the Leiden Headache Center
database at the time of selection, we identified 547 clin-
ically diagnosed migraine patients who fulfilled the ini-
tial inclusion criteria, out of whom 336 (61.4%)
responded to the questionnaire. For the infection anal-
ysis, we excluded patients who did not experience
any infection or had insufficient compliance in the
2 months surrounding the infection date, resulting in
a representative group of n¼ 59 migraine patients with
a combined total of 150 months of E-diary data (sup-
plementary Figure 1). Concerning the vaccination anal-
ysis, 189 patients out of the group of 336 responders
were excluded as a result of either lack of vaccination
or insufficient compliance surrounding the vaccination
dates, resulting in a representative group of n¼ 147
migraine patients with a combined total of 536 months
of E-diary data (supplementary Figure 2). The mean age
of responders to the questionnaire was 50.2 years and
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81.3% were female. Baseline characteristics of the res-

ponders and those participants included in the infection

or vaccination analysis are shown in Table 1. Of the 147

individuals in the vaccination group, the majority

received solely one or more mRNA vaccines (73%), 16

participants (11%) exclusively received viral vector vac-

cines and 23 subjects (16%) received at least one vaccine

of both types (supplementary Table 1).

Patients self-reported perception

Data were collected through a one-time questionnaire

from a total of 336 participants. Among the respond-

ents, 164 patients (49%) with migraine reported a his-

tory of COVID-19 infection. Of these patients, 64.6%

(n¼ 106/164) reported to have precepted no change in

MMD, whereas 26.2% (n¼ 43) perceived an increase,

1.2% (n¼ 2) perceived a decrease and 7.9% (n¼ 13)

were uncertain about this.

Regarding COVID-19 vaccination, 272 out of 336 (81%)
patients with migraine reported having received a
COVID-19 vaccine. Among them, 72.4% (n¼ 197) reported
to have perceived no noticeable change in MMD, 12.9%
(n¼ 35) perceived an increase, 3.7% (n¼ 10) perceived a
decrease and 11.0% (n¼ 30) were uncertain.

Effect of COVID-19 infection

After correction for confounders, no difference in
MMD was found in the first month (0.08; 95% confi-
dence interval [CI]¼ –0.84 to 0.99; p¼ 0.983) after infec-
tion compared to the baseline MMD (Figure 1a). We
also did not find a difference in MHD (0.85; 95%
CI¼�0.15 to 1.85; p¼ 0.112) but MAMD was
increased in the first month after infection with 1.11
days (95% CI¼ 0.10–1.62; p¼ 0.027). Crude means
without statistical modelling are visualized in Figure 1,
adjusted estimates per outcome measure are shown
in Table 2. Subgroup analysis showed an increase in

Table 1. Baseline characteristics of responders, included participants in the COVID infection analysis and included participants in the
COVID vaccination analysis.

Responders

(n¼ 336)

Infection

(n¼ 59)

Vaccination

(n¼ 147)

Age, mean (SD) 50.2 (11.9) 47.8 (12.8) 50.3 (11.6)

Female sex, n (%) 273 (81.3) 51 (86.4) 118 (80.3)

Body mass index, mean (SD) 24.8 (4.2) 24.2 (3.4) 25.0 (4.4)

Migraine without aura, n (%) 215 (64.0) 42 (71.2) 99 (67.3)

Chronic migraine, n (%) 45 (13.4) 8 (13.6) 18 (12.2)

Monthly migraine days, mean (SD) 6.9 (4.4) 6.7 (4.9) 6.0 (4.5)

Monthly headache days, mean (SD) 10.6 (6.2) 9.2 (6.5) 9.0 (6.4)

Monthly acute medication days, mean (SD) 4.9 (2.6) 4.3 (3.1) 4.2 (2.6)

Figure 1. Crude mean� SEM for migraine-related outcomes during baseline and first 2 months following infection. *p� 0.05 in the
linear mixed model. (a) Represents the mean change in monthly migraine days (MMD), (b) represents the mean change in monthly
headache days (MHD) and (c) represents the mean change in monthly acute medication days (MAMD).
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days with analgetic intake in the first month after infec-

tion compared to baseline (1.18; 95% CI¼ 0.43–1.92;

p¼ 0.002). However, this effect was not seen for medi-

cation days with triptan intake (–0.05; 95% CI¼ –0.53

to 0.43; p¼ 0.846). In addition, the increase in analgesic

intake days was observed predominantly when combin-

ing non-migrainous headache days with non-headache

days (0.79; 95% CI¼ 0.23–1.35; p¼ 0.006), but was

not found for non-headache days alone (0.33; 95%

CI¼ –0.07 fto 0.72; p¼ 0.104).

Effect of COVID-19 vaccination

We found an increase in MMD in month 1 after vac-

cination compared to the baseline month (1.06; 95%

CI¼ 0.57–1.55; p< 0.001) (Figure 2a). Analysis of mar-

ginal effects showed a significant difference in MMD

between month 1 and month 2 post-vaccination (0.59;

95% CI¼ 0.00–1.17; p¼ 0.049), indicating that, in

month 1, more MMD occurred compared to month 2

post-vaccination. Additionally, we found an increase in

both MHD (1.52; 95% CI¼ 0.91–2.14, p< 0.001) and

MAMD (0.72; 95% CI¼ 0.33–1.12; p< 0.001) in

month 1 post-vaccination. Crude means without sta-

tistical modelling are visualized in Figure 2, adjusted

estimates per outcome are shown in Table 3.

Subgroup analysis showed an increase in both anal-

getic intake (0.49; 95% CI¼ 0.15–0.84; p¼ 0.005) and

triptan intake (0.51; 95% CI¼ 0.22–0.80; p¼ 0.001) in

month 1 after vaccination compared to the baseline

month. Lastly, solely for the mRNA vaccination we

found an increase in MMD in month 1 after vaccina-

tion compared to the baseline month (0.50; 95%

CI¼�0.54 to 1.55; p¼ 0.347) (supplementary Table

2). Analysis of marginal effects showed no evidence

to suggest a difference between the effect of the

mRNA vaccines and the viral vector vaccines on the

number of MMD (0.50; 95% CI¼ 0.00–1.00;

p¼ 0.35).

Discussion

Our longitudinal cohort study examined the relation-

ship between COVID-19 vaccination or infection and

the frequency of migraine. We observed a rise in the

number of MMD, MHD and MAMD during the first

month after vaccination compared to the preceding

month. Interestingly, there was a decrease in MMD

Table 2. Change in monthly migraine days (MMD), monthly
headache days (MHD) and monthly acute medication days
(MAMD) for month 1 and month 2 post COVID-19 infection
compared to the baseline month.

Estimates

95% confidence

interval p-value

Monthly migraine days (MMD)

Month 1 0.08 �0.84 to 0.99 0.867

Month 2 �0.54 �2.06 to 0.99 0.490

Monthly headache days (MHD)

Month 1 0.85 �0.20 to 1.90 0.112

Month 2 0.85 �0.92 to 2.62 0.342

Monthly acute medication days (MAMD)

Month 1 1.11 0.32–1.89 0.006

Month 2 �0.28 �1.59 to 1.04 0.678

One month is defined as 28 days. Total months of E-diary data was

n¼ 150 months from n¼ 59 participants.

Figure 2. Crude mean� SEM for migraine-related outcomes during baseline (28 days) and month 1 and month 2 following
vaccination. *p� 0.05 in the linear mixed model. (a) Represents the mean change in monthly migraine days (MMD), (b) represents the
mean change in monthly headache days (MHD) and (c) represents the mean change in monthly acute medication days (MAMD).
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during the second month after vaccination, indicating
that the effect is temporary. These findings may suggest
that the vaccine may decrease the threshold for
migraine attacks, possibly because of an increase in
circulating inflammatory mediators.

Inflammation plays a crucial role in migraine path-
ophysiology, as indicated by the increased prevalence
of chronic inflammatory diseases such as multiple scle-
rosis and inflammatory bowel disease in patients with
migraine.26 During a migraine attack, plasma levels of
inflammatory cytokines such as IL-6, IL-10 and TNF-a
are increased.26,27 The release of neuropeptides, such as
CGRP, pituitary adenylate cyclase-activating polypep-
tide, substance P and neurokinin-A, along with neuro-
genic inflammation, are also implicated in migraine
pathophysiology.24,28,29 Activation of trigeminal noci-
ceptors by inflammatory cytokines can lead to the
release of these peptides, initiating a sterile meningeal
inflammatory reaction.30 This eventually leads to the
release of nitric oxide, activation of glial cells and mast
cell degranulation, resulting in sustained activation and
sensitization of meningeal nociceptors, possibly con-
tributing to migraine headache.31 Apart from inflam-
mation, inflammatory cytokines have also been
implicated in modulation of the pain threshold and
activation of trigeminal nociceptors.24 Therefore, it is
hypothesized that COVID-19 vaccination may initiate
the release of inflammatory mediators, which in turn
may trigger migraine headaches.32

Our study has some limitations. First, the infection
analysis was limited by a smaller sample size with less
diary days and a low incidence of reported COVID-19
infections among our cohort of subjects with migraine.
To ensure reliability of the results, we applied an
E-diary compliance criterion of �80% per month,
which further reduced our sample size. Despite this

inherent limitation, the high compliance rate enabled

us to precisely capture changes in migraine frequency

and medication usage around the time of COVID-19
infection. However, this may explain why we found a

significant increase in MAMD but not in MMD and

MHD, because we had less statistical power compared

to the vaccination data. Although the exact day and
method of diagnosis of the infection may have differed

between participants, leading to less accurate estima-

tion exact infection date compared to the vaccination

date, this potential limitation is mitigated by the fact

that we analyzed the data on a monthly scale. By con-
trast, a strength of the vaccination analysis was that

our participants could easily access their exact vaccina-

tion date(s) and type(s) through the “Corona check”

app/website developed by the Dutch Ministry of Public
Health, Welfare and Sport, ensuring accuracy. Despite

the fact that regular care was given and treatment

changes were made, we were still able to show an over-

all negative effect of COVID-19 vaccination. It is

important to note that, although the effect size appears
to be small, even subtle changes can have varying

degrees of impact depending on the individual.

Lastly, an additional limitation is the absence of vali-

dated questionnaires assessing disability, which might
have offered a more comprehensive evaluation.

Discrepancy in our findings for vaccination in com-

parison with COVID-infection may also be a result of

higher peak antibody levels following vaccination com-
pared to natural infection.33 However, it is important

to note that individual antibody levels can vary

depending on many factors, including the severity of

infection. Interestingly, although COVID-19 infection
did not lead to an increase in MMD, it did result in

a higher number of MAMD. This could be a result

of the increased use of pain medication to manage

non-neurological or non-migrainous symptoms of
COVID-19. Subgroup analysis indeed suggests that

the increase in MAMD was driven solely by an increase

in monthly analgesic days and not triptan days. Indeed,

this increase in analgesic days was primarily observed

on days with non-migrainous headache, indicating that
the surge in analgesic intake is mainly associated with

non-migrainous days. By contrast, after vaccination,

both analgesic and triptan use increased in the first

month, suggesting a stronger association with
migraine. Moreover, the potential impact of analgesic

use for non-headache purposes during the study period

can be a possible explanation for the absence of an

increase in MMD after COVID-19 infection. It is plau-
sible that individuals resorted to analgesics to alleviate

other COVID-19-related symptoms, which might have

affected the occurrence of migraine attacks as a preven-

tive measure.

Table 3. Change in monthly migraine days (MMD), monthly
headache days (MHD) and monthly acute medication days
(MAMD) for month 1 and month 2 after COVID-19 vaccination
compared to the baseline month.

Estimates

95% confidence

interval p-value

Monthly migraine days (MMD)

Month 1 1.06 0.57–1.55 <0.001
Month 2 0.47 �0.12 to 1.06 0.117

Monthly headache days (MHD)

Month 1 1.52 0.91–2.14 <0.001
Month 2 1.07 0.32–1.81 0.005

Monthly acute medication days (MAMD)

Month 1 0.72 0.33–1.12 <0.001
Month 2 0.50 0.03–0.98 0.038

One month is defined as 28 days. Total months of E-diary data was

n¼ 536 months from n¼ 147 participants.
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A principal strength of this study is the use of our
validated E-headache diary. As a result of its time-
locked design patients are prevented from changing
or delaying their input, thereby evading recall bias.2

The automated algorithm ensures that every migraine
day fulfilled necessary ICHD-3 criteria, consequently
making the final results more reliable.3 Moreover, all
patients completed their E-diaries as part of their rou-
tine care or for other research purposes. At the time of
data collection, none of them were aware that these E-
headache diary data might be used for analyzing the
effect of COVID vaccination or infection. This approach
helped to minimize the potential nocebo effect with vac-
cination and negative expectations of patients.
Furthermore, our detailed E-headache diary tool ensured
compliance in the post-infection month, and the validated
algorithm ensures that assessment is not based on
patients own interpretation of their headaches.

As far as we are aware, there is currently no pub-
lished research that has investigated the potential
impact of COVID-19 infection or vaccination on the
severity of pre-existing migraine in a longitudinal
cohort study. Importantly, our vaccination analyses

results are consistent with a retrospective questionnaire
study that showed an increase in length and severity of
headache attacks in patients with migraine in the first
week after COVID-19 vaccination.21 This study also
reported that headaches were less responsive to usually
effective pain medication, which is consistent with the
increase in MAMD found in the present study.21

Although the general population may experience mild
and temporary headaches after vaccination, individuals
prone to migraine, who are already more susceptible to
headache attacks, might encounter a more pronounced
impact. Our study offers valuable insights into how
patients with migraine specifically respond to
COVID-19 vaccination.

This follow up study shows that vaccination against
COVID-19 is associated with an increase in migraine in
the first month. COVID-19 infection solely increases
the number of acute medication intake days. Our find-
ings suggest that vaccination against COVID-19 is
associated with an increase in migraine, which could
indicate the involvement of inflammatory mediators
in the pathophysiology of migraine and can impact
the intrinsic threshold for upcoming attacks.

Clinical implications

• This follow-up study suggest that vaccination against COVID-19 is associated with an increase in migraine.
• Our findings could indicate that the involvement of inflammatory mediators in the pathophysiology of

migraine can impact the intrinsic threshold for upcoming attacks.
• COVID-19 infection solely increases the number of acute medication intake days.
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