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ABSTRACT

Migraine has been linked to chronotype, but with mixed results. Here, we tested chronotype in association with physical and
mental health and headache characteristics in a large database of migraine patients and controls. A sample of the UK Biobank
(n=1360,081; 58.3% female, mean age: 56.38) was used. Data included self-reported chronotype, mental (neuroticism, depression,
stress) and physical (body fat percentage, overall health rating) health factors, and migraine diagnosis based on ICD-10G43
morning’ n=210,775), evening type controls (Cevemng, n=129,174),
n=12,194), and evening type migraine patients (M, n=7938) were compared.

diagnosis from healthcare data. Morning type controls (C
morning type migraine patients (M " vening’
Additionally, in a subsample of questionnaire-based migraine (n=15,356), chronotype was tested in association with headache-
related features. One-way ANOVA, Kruskal-Wallis test and chi-squared test were run in SPSS 28 with Bonferroni correction.
Evening chronotype was more frequent among migraine patients with an OR=1.06, 95% CI [1.03; 1.09] compared to controls
(x¥*=16.523,p<0.001). The M .. o 8roup showed the worst level of all mental and physical health variables, while the C, | s
group reported the best values. Migraine patients with morning or evening chronotype showed a highly similar headache symp-

tom profile, but the M, subgroup expressed a higher disability (t=-3.965, p<0.001). In conclusion, evening chronotype

vening

was associated with the worst physical and mental health status and the highest headache-related disability among migraine
patients, suggesting a need for elevated medical attention on chronotype in migraine.
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1 | Introduction

According to the most recent Global Burden of Disease study,
the worldwide incidence of migraine increased by 40.5% from
1990 to 2019 (Fan et al. 2023). Despite the high rate, migraine is
still often under- and misdiagnosed; therefore, many people with
migraine do not receive proper treatment (Ashina et al. 2021).
Furthermore, even novel migraine-specific drugs are not effec-
tive in all cases; e.g., anti-CGRP medications show a 50%-60%
efficacy rate among migraine patients (Guo et al. 2022). The high
heterogeneity of people with migraine, including variability in,
e.g., symptom profile, disability, comorbid disorders, migraine
subtype- and sex-related mechanisms, and the involvement of
multiple pathophysiological pathways, probably represents the
main challenge in migraine therapy (Juhasz et al. 2023). One
further, lesser-known factor contributing to this heterogeneity
and possibly modifying treatment efficacy might be the chrono-
type of migraine patients.

Chronotype or morningness-eveningness is generally defined
as the individual's preference for the timing of activity and rest
during the 24-hday. Chronotype depends on multiple factors,
including sex, age, genetic, environmental, and psychosocial
components, and shows a nearly normal distribution in the pop-
ulation: most people are intermediate type, while the extreme
sides of the spectrum are represented by morning (or lark) and
evening (or owl) types (Roenneberg et al. 2003; Urban et al. 2011;
van Oosterhout et al. 2018). Both extreme types have been linked
to several conditions (van Oosterhout et al. 2018); however, gen-
erally, the evening type is considered the more vulnerable one,
mostly because of its association with psychiatric disorders, in-
cluding comorbid diseases of migraine, such as major depressive
disorder and bipolar disorder (Kiveld et al. 2018). Furthermore, a
study found that healthy males with evening chronotype showed
a lower pain threshold compared to healthy males with morn-
ing chronotype, regardless of the time of day (Jankowski 2013).
These results suggest that evening chronotype might also be as-
sociated with migraine, but the related few studies showed mixed
results (Benkli et al. 2023). Some authors detected a higher ratio
of both extreme chronotypes among migraine patients compared
to healthy controls (Gori et al. 2005; van Oosterhout et al. 2018),
while others found an association between migraine and solely
evening chronotype (Bruni et al. 2008), but most studies were
not able to show any differences in chronotype distribution be-
tween migraine patients and controls (Cevoli et al. 2010; Kouhi
Fayegh et al. 2023; Kozak et al. 2017; McAdams et al. 2020; Ong
et al. 2018). Effects of chronotype on headache characteristics
were also revealed: morning chronotype usually correlated with
an attack starting in the morning, while evening chronotype
correlated with an attack onset in the afternoon/evening (Im
et al. 2019; van Oosterhout et al. 2018), a higher attack frequency
(Im et al. 2019), and an earlier search for medical help because of
headache symptoms (Viticchi et al. 2019).

However, the related investigations were conducted with low
sample sizes (usually between 100 and 200 participants, and the
largest one (van Oosterhout et al. 2018) around 3000)—repre-
senting an obvious limitation. Here, we used a large database
to explore differences between migraine patients and controls
(1) in the distribution of morning and evening chronotypes,
and (2) in physical and mental health factors in association

with chronotype; furthermore, (3) to compare headache char-
acteristics of people with migraine showing morning or evening
chronotype.

2 | Methods
2.1 | Study Population and Phenotype Data

In our cross-sectional study, participants were selected from the
UK Biobank (UKB, Application no. 71718) dataset: n=360,081
subjects provided complete data for our main analysis. The fol-
lowing self-reported data were used: age and sex as general de-
scriptive data; neuroticism, current depression symptoms, and
stressful events in the last 2years as mental health factors; body
fat percentage (BFP) and overall health rating as physical health
variables. Chronotype was measured with the following ques-
tion: “Do you consider yourself to be?” with the following op-
tions: (1) “definitely a ‘morning’ person”, (2) “more a ‘morning’
than ‘evening’ person”, (3) “more an ‘evening’ than ‘morning’
person”, (4) “definitely an ‘evening’ person”, (5) “do not know”.
In our analyses, we defined two broad categories by combining
options (1) and (2) for a morning chronotype and options (3) and
(4) for an evening chronotype (participants with a “do not know”
answer were excluded). Migraine diagnosis was based on the
G43 ICD-10 code derived from hospital inpatient, primary care,
and death registry data (for further details, see UKB Resource
593). Controls were defined as not having a G43 diagnosis. The
following study groups were created: (1) controls with morning
chronotype (Cmommg, n=210,775), (2) controls with evening
chronotype (Cevening’ n=129,174), (3) migraine patients with
morning chronotype (M n=12,194), and (4) migraine pa-

n=7938).

morning’
tients with evening chronotype (M,

vening’
During an online follow-up by the UKB, a subset of participants
provided detailed data on pain symptoms, including headache
characteristics by filling out the Experience of Pain questionnaire
(UKB Category ID: 154). From this smaller database, n=15,356
participants with questionnaire-based migraine were used to
compare headache-related features of subjects with morning
(n=28972) to subjects with evening (n = 6384) chronotype. In this
additional analysis, the following variables were utilised: age,
sex and chronotype—similarly as in the main analysis; further-
more, monthly headache frequency, headache-related disability
in the last 3months, the presence of prodromal symptoms, uni-
lateral headache pain, pulsating-throbbing headache pain, mod-
erate-severe headache pain intensity, aggravation of headache
pain by routine physical activity, sickness during headache, pho-
tophobia, phonophobia, visual and sensory aura. Questionnaire-
based migraine was defined as a “yes” answer to the following
question: “Have you ever been told by a doctor that you have
had migraine?” Headache symptoms and severity data were
measured by a simplified version of a validated questionnaire
which showed a 100% sensitivity and 82.3% specificity for mi-
graine diagnosis and was used in the large-scale, representative
American Migraine Prevalence and Prevention (AMPP) Study
by Lipton et al. (2007). For further details on all variables and re-
lated derivation protocols, see Supporting Information Table S1.

Reliability of the neuroticism and current depression scales was
tested, which indicated adequate levels of internal consistency
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(Cronbach's alpha: 0.772 for neuroticism, and 0.775 for current
depression).

Ethical approval was given by the National Research Ethics
Service Committee North West-Haydock. All procedures were
carried out in accordance with the Declaration of Helsinki. All
participants provided written informed consent.

2.2 | Statistical Analysis

IBM SPSS Statistics 28 (IBM Corp, Armonk, NY, USA) was used
for data analysis. Study groups were compared with one-way
ANOVA, post hoc Games-Howell test, Kruskal-Wallis test, post
hoc Mann-Whitney test, chi-squared test, and post hoc z-test.
To adjust for multiple testing, a Bonferroni-corrected threshold
of p<0.0071 (0.05/7) was applied in the main analysis (i.e., com-
paring the measured 7 variables between the four study groups),
and a p<0.0035 (0.05/14) threshold in the additional analysis
(i.e., comparing the measured 14 variables between the two mi-
graine subgroups). In the case of post hoc tests, a p <0.05 thresh-
old was used.

3 | Results

3.1 | Distribution of Morning and Evening
Chronotypes in Migraine Patients and Controls

Among controls, 62% reported a morning chronotype, and
38% an evening chronotype; among migraine patients, 60.6% a
morning chronotype, and 39.4% an evening chronotype. There
was a significant association between migraine/control status
and chronotype (¥?=16.523, p<0.001). Based on the odds ratio
(OR), the odds of morning chronotype were 1.06 times higher
among controls compared to migraine patients (in other words,
evening chronotype was more frequent among migraine pa-
tients with an OR=1.06, 95% CI [1.03; 1.09] compared to con-
trols). For further details, see Supporting Information Table S2.

3.2 | Main Analysis Results: Comparison Between
Migraine Patients and Controls With Morning
or Evening Chronotype

Descriptive statistics and results of the comparison between mi-
graine patients and controls with morning or evening chrono-
type are shown in Table 1 (details on post hoc tests can be found
in Supporting Information Table S3). Significant differences
emerged between the groups in all measured data. Regarding
general descriptive data, females dominated every group, espe-
cially the two migraine groups; while the age showed the follow-
ing descending order: C, >M >C >M

morning morning evening evening®

Regarding mental health variables, the level of neuroticism,
current depression symptoms, and life stress was the highest
among the M, ..., group, and the lowest in the C, .. group.
The other two groups showed intermediate values: the 17—
group reported a higher level of neuroticism, but no difference
was found in current depression and stress compared to the

Covenin o group. A similar pattern was detected in physical health

factors. Concerning overall health rating, the M yening SrOUP
expressed the worst level, while the Cmorning group expressed
the best level. Furthermore, the M, .., group reported better
overall health than the Cevening group. BFP was also the high-
est among the M, group. The M, orning EYOUP also showed

a higher BFP value in comparison with the two control groups.

3.3 | Additional Analysis Results:
Headache-Related Features of People With
Questionnaire-Based Migraine Showing Morning
or Evening Chronotype

The headache-related results of the subset with questionnaire-
based migraine showing morning or evening chronotype are
collected in Table 2. The Mmorning group was a bit older than
the M., 8rOUP, but no significant difference was found in
sex ratios. Furthermore, a higher level of headache-related dis-
ability and a higher frequency of unilateral headache pain was
reported by the M evening 8TOUP in comparison with the M, orning
group. The two groups did not differ significantly in any other
headache-related variable, although the M, o roup tends to

report a higher attack frequency.

venin,;

Based on the migraine diagnosis criteria which were used in the
AMPP Study by Lipton et al. (Lipton et al. 2001, 2007) (for deri-
vation protocol, see Supporting Information Table S1), 95.2% of
this sample can be further validated as having migraine, among
morning people: 94.9%, and evening people: 95.6%.

4 | Discussion

So far, this is the largest study investigating the relationship
between migraine and chronotype, and chronotype-dependent
mental and physical health status of migraine patients. Morning
chronotype was more often reported by both migraine patients
and controls; however, individuals with migraine still had a little
higher chance for eveningness compared to controls. Evening-
type migraine patients showed the worst level of mental and
physical health in all measured categories, while morning-type
controls were in the best state. Moreover, the analysis with a
subsample with questionnaire-based migraine also revealed a
highly similar headache-related symptom profile of individuals
with morning or evening chronotype; nevertheless, evening-
type persons expressed a higher level of headache-related dis-
ability than those with morning chronotype.

Various mental and physical health factors have been linked
to both migraine and chronotype. We already discussed in the
Introduction the association between evening chronotype and
comorbid psychiatric diseases of migraine, specifically major
depressive disorder and bipolar disorder (Kiveld et al. 2018).
Thus, the highest level of current depression symptoms among
evening-type migraine patients in our study is not surprising.
Interestingly, a recent study with bipolar disorder patients also
showed a higher frequency of evening chronotype among pa-
tients with comorbid migraine compared to non-migraine pa-
tients (Romo-Nava et al. 2021)—proposing a role for evening
chronotype even in the relationship between migraine and its
comorbid disorders, at least bipolar disorder. Neuroticism or
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TABLE1 | Descriptive statistics and the comparison between migraine patients and controls with morning or evening chronotype.

morning evening GI'OII!p
Total Cmoming «,) evening «,) M,) (M) comparisons
Participant number 360,081 210,775 129,174 12,194 (3.4%) 7938 (2.2%)
(n, %) (58.5%) (35.9%)
Age (mean, SD) 56.38 57.01 55.54 55.82 54.37 F(3)=1084.691,
(8.08) (7.91) (8.28) (7.81) (8.07) p<0.001
c,>M,>C,>M)
Sex (n, %)
Male 150,262 88,530 57,219 2715(22.3%) 1798 (22.7%)  x*(3)=3444.606,
(41.7%) (42%) (44.3%) p<0.001(C,,
Female 209,819 122,245 71,955 9479 (77.7%) 6140 (77.3%) Co M,, M,:
female > male)
(58.3%) (58%) (55.7%)
Neuroti-cism 5 4.8 5.22 5.44 6 F(3)=899.135,
(mean, SD) (3.02) (2.95) (3.08) (3.05) (3.17) p<0.001
M, >M, >C,>C,)
Current depression 5.88 5.7 6.1 6.09 6.66 F(3)=1261.708,
(mean, SD) (2.23) (2.11) (2.36) (2.32) (2.62) p<0.001
WM, >M, =C,>C,)
Stressful events in the last 2years (1, %)
None 193,874 116,868 66,953 6292 (51.6%) 3761 H(3)=825.43,
(53.8%) (55.4%) (51.8%) (47.4%) p<0.001
Low 120,436 69,629 44,007 4121 (33.8%) 2679 (M,>M,=C>C,)
(33.4%) (33%) (34.1%) (33.7%)
Moderate or high 45,771 (12.7%) 24,278 18,214 1781 (14.6%) 1498
(11.5%) (14.1%) (18.9%)
BFP 31.92 31.78 31.77 34.02 34.52 F(3)=523.609,
(mean, SD) (8.53) (8.44) (8.67) (8.14) (8.34) p<0.001
M, >M, >C,=C,)
Overall health rating (n, %)
Excellent 54,263 (15.1%) 34,717 (16.5%) 17,223 1543 (12.7%) 780 H(3)=2438.214,
(13.3%) (9.8%) p<0.001
Good 209,732 125,357 72,956 7187 (58.9%)  4232(53.3%) (Me> C>My>C)
(58.2%) (59.5%) (56.5%)
Fair 79,428 (22.1%) 42,848 (20.3%) 31,571 2787 (22.9%) 2222 (28%)
(24.4%)
Poor 16,658 (4.6%) 7853 7424 677 704
3.7%) (5.7%) (5.6%) (8.9%)

Note: Table 1 shows descriptive data and statistical results of the comparison between migraine patients and controls with morning or evening chronotype. Results of

one-way ANOVA, Kruskal-Wallis and chi-squared tests with a Bonferroni-corrected p <0.0071 threshold are shown. In case of significant results, the directions of

differences are presented in brackets (the exact results of these post hoc tests can be found in Supporting Information Table S3). For further details on all variables and

related derivation protocols, see Supporting Information Table S1.

Abbreviations: x?, chi-squared test statistic; BFP, body fat percentage; Cevening (C,), controls with evening chronotype; C,

F, one-way ANOVA test statistic; H, Kruskal-Wallis test statistic; M ening
morning chronotype; p, p value; SD, standard deviation.

emotional instability is also a common correlate of migraine
(Galvez-Sanchez and Montoro Aguilar 2022) and chronotype
(Antypa et al. 2017). Inconsistent results emerged regarding
the association of neuroticism and morningness-eveningness
(Antypa et al. 2017; Lipnevich et al. 2017), but a meta-analysis
revealed a unique, negative association between neuroticism
and morningness (Lipnevich et al. 2017). Furthermore, high

(M,), migraine patients with evening chronotype; M,

(C,)), controls with morning chronotype;

morning
(M,,), migraine patients with

morning

neuroticism seems to enhance the risk of depression symp-
toms, specifically among evening-type individuals (Gorgol
et al. 2022). Our study identified the highest neuroticism level in
evening-type migraine patients (and the lowest among morning-
type controls) which is in line with these previous results. Stress
plays multiple roles in migraine, including, e.g., triggering at-
tacks, amplifying attack intensity, possibly contributing to
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TABLE 2 | Headache-related results of the subset with questionnaire-based migraine showing morning or evening chronotype.
Total Mmorning M,) Mevening (M) Group comparisons
Participant number (n, %) 15,356 8972 (58.4%) 6384 (41.6%)
Age (mean, SD) 53.4 (7.49) 53.9 (7.41) 52.71 (7.55) £(13587.66)=9.677, p<0.001 (M, >M,)
Sex (n, %)
Male 3474 (22.6%) 1960 (21.8%) 1514 (23.7%) x*(1)=7.45, p=0.006
Female 11,882 (77.4%) 7012 (78.2%) 4870 (76.3%)

Headache frequency (mean, SD)

Headache-related disability
(mean, SD)

Prodromal symptoms (n, %)
No
Yes

Unilateral headache pain (n, %)
No

Yes

6.85 (7.19)

4.13(9.26)

4111 (26.8%)

11,245 (73.2%)

2090 (13.6%)

13,266 (86.4%)

Pulsating-throbbing headache pain (n, %)

No

Yes

1036 (6.7%)

14,320 (93.3%)

Moderate-severe headache pain intensity (n, %)

No

Yes

168 (1.1%)
15,188 (98.9%)

6.71 (7.06)

3.87(8.53)

2429 (27.1%)

6543 (72.9%)

1294 (14.4%)

7678 (85.6%)

627 (7%)
8345 (93%)

110 (1.2%)
8862 (98.8%)

Aggravation of headache pain by routine physical activity (n, %)

No
Yes

Sickness during headache (n, %)
No
Yes

Photophobia (n, %)
No
Yes

Phonophobia (n, %)
No
Yes

Visual aura (n, %)
No
Yes

Sensory aura (n, %)
No

Yes

4787 (31.2%)
10,569 (68.8%)

2162 (14.1%)

13,194 (85.9%)

1113 (7.2%)

14,243 (92.8%)

1512 (9.8%)

13,844 (90.2%)

7938 (51.7%)
7418 (48.3%)

13,636 (88.8%)
1720 (11.2%)

2862 (31.9%)
6110 (68.1%)

1294 (14.4%)

7678 (85.6%)

676 (7.5%)
8296 (92.5%)

899 (10%)
8073 (90%)

4617 (51.5%)

4355 (48.5%)

7988 (89%)
984 (11%)

7.03 (7.351)

4.49 (10.18)

1682 (26.3%)

4702 (73.7%)

796 (12.5%)
5588 (87.5%)

409 (6.4%)
5975 (93.6%)

58 (0.9%)
6326 (99.1%)

1925 (30.2%)
4459 (69.8%)

868 (13.6%)

5516 (86.4%)

437 (6.8%)
5947 (93.2%)

613 (9.6%)
5771 (90.4%)

3321 (52%)
3063 (48%)

5648 (88.5%)
736 (11.5%)

1(15354)=—2.662, p=0.004

1(12189.986)=—3.965, p<0.001
M,>M,)

x*(1)=1.003, p=0.317

2X(1)=12.112, p<0.001 (M,>M,)

2X(1)=2.007, p=0.157

x2(1)=3.475, p=0.062

22(1)=5.298, p=0.021

x2(1)=2.105, p=0.147

x*(1)=2.636, p=0.104

xX(1)=0.734, p=0.392

x2(1)=0.469, p=0.493

x2(1)=1.182, p=0.277

Note: Table 2 shows headache-related results of the subset with questionnaire-based migraine showing morning or evening chronotype. Results of independent
samples t-tests and chi-squared tests with a Bonferroni-corrected p <0.0035 threshold are shown. In case of significant results, the directions of differences are
presented in brackets. For further details on all variables and related derivation protocols, see Supporting Information, Table S1.

Abbreviations: x*, chi-squared test statistic; M, ;,, (M,), people with migraine showing evening chronotype; M, ,,..i,, (M,,): people with migraine showing morning
chronotype; p, p value; t, independent samples t-test statistic; SD, standard deviation.
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migraine chronification, and comorbidities with stress-related
disorders (such as major depressive disorder), causing relapse
and diminishing treatment efficacy (Sauro and Becker 2009;
Wacogne et al. 2003). Evening chronotype has been linked
to higher perceived stress (Gebska et al. 2022; Saalwirth and
Leipold 2021) and might be a risk factor for pathologic stress re-
sponses (McCall et al. 2023). Again, the highest level of stressful
events among evening-type migraine patients that we detected
fits well with these previous observations.

Regarding BFP, the association of migraine with obesity and, in
some cases, also with underweight has been confirmed by multi-
ple meta-analyses(Gelaye et al. 2017; Hatami et al. 2021; Martami
et al. 2022; Ornello et al. 2015). Evening-type adults are gener-
ally more prone to show unhealthy behaviour, including follow-
ing an unhealthy diet compared to morning-type individuals
(Maukonen et al. 2016), and a recent meta-analysis strengthened
the association of eveningness with obesity and adverse charac-
teristics of glucose and lipid metabolism (Zhang et al. 2022). Our
result showing the highest BFP among evening-type migraine
patients corresponds well with these previous findings. Finally,
poorer perceived health has also been reported by individuals
with migraine compared to controls (Glavor et al. 2019; Popit
et al. 2020), and with evening compared to morning chronotype
(Haraszti et al. 2014; Maukonen et al. 2016)—which is similarly
well reflected in our study: evening-type migraine patients ex-
pressed the worst level of overall health.

Thus, all our results suggest that evening chronotype is a risk
factor for adverse mental and physical health symptoms among
migraine patients. Although this higher general vulnerability
was not reflected in headache symptoms among people with mi-
graine: morning and evening types showed an almost identical
symptom profile. Despite this strong similarity, subjects with
evening type still reported a higher headache-related disability.
Hence, we can conclude that this increased interference with
work and spare time is not a consequence of differing or more
frequent headache symptoms; rather, it might be associated with
the mentioned general vulnerability brought by evening chrono-
type itself. Similarly, among controls, evening-type individuals
also showed a more disadvantageous mental and physical status
in all measured categories compared to morning-type people.
Furthermore, controls with evening chronotype reported com-
parable levels of depression and stress and even worse overall
health in comparison with morning-type migraine patients.

Based on these data, we propose that chronotype should be
considered during the treatment of migraine patients. Here, we
have to note that evening chronotype is not unfavourable, per
se. Disadvantages may occur when someone maintains a life-
style which is not in synchrony with his/her chronotype, and
evening-type individuals are generally more often exposed to
such situations because of asynchronous social and occupational
demands. Social jetlag, defined as the time difference between
the sleep midpoint of work- and free days, occurs in case of a
discrepancy between someone's biological rhythm and the di-
urnal timing of activities and rest dictated by social constraints,
and represents a proxy for circadian misalignment which can
be considered a chronic stress factor increasing the risk of vari-
ous physical and mental disorders (Roenneberg et al. 2003; Stidy
et al. 2019; Taillard et al. 2021; Wittmann et al. 2006). A general

recommendation is to adapt work/school and other social sched-
ules to chronotype as much as possible (Wittmann et al. 2006).
In the case of migraine, the therapeutic effect of sleep in ter-
minating acute migraine attack pain was suggested many de-
cades ago (Blau 1982); however, regular sleep in the daytime
can enhance poor sleep hygiene and lead to circadian misalign-
ment and its negative consequences, and possibly to worsening
headache symptoms—similarly, migraine medication can help
in acute attack relief, but medication overuse leads to migraine
chronification. Shift and night work has also been associated
with migraine, migraine chronification and an increase in
headache-related disability, although with conflicting results
(Leso et al. 2020; Sandoe et al. 2019).

Migraine treatment may also directly benefit from circadian ad-
aptations. For example, early morning migraine attacks were suc-
cessfully prevented by a sumatriptan succinate in a press-coated
floating pulsatile tablet form, administered at bedtime and de-
signed to accomplish drug delivery during the morning (Jagdale
and Pawar 2014). Furthermore, a pilot randomised controlled trial
with chronic migraine patients investigated the effect of exercise on
migraine burden controlling exercise timing and synchrony with
chronotype, and concluded that only the latter factor had a signifi-
cant effect: migraine burden improved after regular ‘in-sync’ exer-
cise, but not in the case of ‘out-of-sync’ exercise (Malek et al. 2023).
Interestingly, a novel 12-month real-life study with erenumab de-
tected a change in chronotype among chronic migraine patients:
at three-month assessment, the frequency of morningness signifi-
cantly reduced in favour of intermediate chronotype, and, although
this change has not reached a statistically significant level at later
follow-up points, the authors observed a similar trend—suggest-
ing an association between migraine, CGRP and circadian rhythm
(Pilati et al. 2023) which needs to be further tested.

5 | Limitations

A cross-sectional study was run; therefore, the causative effect
of chronotype could not be measured. In our main analysis, mi-
graine was based on ICD-10 diagnosis using hospital inpatient,
primary care, and death registry data; while in the additional
analysis, a self-reported doctor's diagnosis of migraine was ap-
plied, which was confirmed by the symptom-based criteria of
(Lipton et al. 2001, 2007)—providing a good validation for our
study. In the case of other self-reported data, social desirability
bias cannot be excluded. Controls were defined as not having mi-
graine, and we have not corrected for any other disorders—still,
we were able to detect differences between the study groups.
Future studies screening for the effects of migraine comorbid-
ities and chronotype-related conditions might reveal more pre-
cise details regarding the connection between migraine and
chronotype. Moreover, the inclusion of migraine subtypes (e.g.,
episodic and chronic migraine, migraine with and without aura)
could also identify subtype-dependent associations. Chronotype
was measured with a simple question, and we used rather broad
definitions of morningness and eveningness, not including an
intermediate group. At the moment, there is no agreement in
the literature about the number of types (e.g., two, three or even
more types were studied) (Urban et al. 2011). Future studies
with a more precise chronotype measurement (e.g., the Munich
ChronoType Questionnaire, (Roenneberg et al. 2003)) and more
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chronotype categories could explore further aspects of the rela-
tionship between migraine and chronotype. Nonetheless, with
the use of broad chronotype categories, we were able to capture
chronotype-related differences. Females were overrepresented
in our sample, especially among the migraine groups, which is
in line with the known higher prevalence of migraine among
women compared to men. The study groups also showed minor
differences in age; although, they all represented mostly middle-
aged individuals of the same age group. Since both migraine
and chronotype show age-dependent variations, future studies
should include a comparison of different age groups.

6 | Conclusions

In conclusion, evening chronotype is associated with the
worst physical and mental health status, and the highest level
of headache-related disability among migraine patients, sug-
gesting a need for heightened medical attention in this specific
patient group and urging future studies to further test possible
chronotherapeutic options in migraine treatment.
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