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Abstract

Background: This narrative review aims to broaden our understanding of the epidemiology, burden and clinical
spectrum of cluster headache based on updated findings with a global perspective.

Methods: We conducted a literature search on the following topics: (a) epidemiology; (b) burden: quality of life,
disability, economic burden, job-related burden and suicidality; and (c) clinical spectrum: male predominance and its
changes, age, pre-cluster and pre-attack symptoms, aura, post-drome, attack characteristics (location, severity, duration
and associated symptoms), bout characteristics (attack frequency, bout duration and bout frequency), circadian and
seasonal rhythmicity and disease course.

Results: New large-scale population-based reports have suggested a lower prevalence than previous estimations. The
impact of cluster headache creates a significant burden in terms of the quality of life, disability, economic and job-related
burdens and suicidality. Several studies have reported decreasing male-to-female ratios and a wide age range at disease
onset. The non-headache phases of cluster headache, including pre-cluster, pre-attack and postictal symptoms, have
recently been revisited. The latest data regarding attack characteristics, bout characteristics, and circadian and seasonal
rhythmicity from different countries have shown variability among bouts, attacks, individuals and ethnicities. Studies on
the disease course of cluster headache have shown typical characteristics of attacks or bouts that decrease with time.
Conclusions: Cluster headache may be more than a “trigeminal autonomic headache” because it involves complex
central nervous system phenomena. The spectrum of attacks and bouts is wider than previously recognised. Cluster
headache is a dynamic disorder that evolves or regresses over time.
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updated data to broaden the understanding of epide-
miology, burden and clinical spectrum, including
attack phases, attack phenotype, bout characteristics
and clinical course of CH with a global perspective.

Epidemiology

CH is far less common than migraine (2-4), making it
challenging to investigate the exact prevalence of CH in
the general population. To date, only limited data
using rigorous epidemiological methodologies are
available (5-18). Most of these studies were conducted
in Europe, while others were performed in the USA (6).
By contrast, only a limited number of population-
based studies have been conducted in Asia, Africa
and Latin America (8,10,11,16,17).

Table 1 summarises the results of these epidemiolog-
ical studies. Fischera et al. (6) conducted a meta-
analysis of 16 population-based studies, mostly
conducted in European and North American countries.
The pooled estimates of lifetime prevalence and 1-year
prevalence were 124 per 100,000 [95% confidence inter-
val (CI)=101-151] and 53 per 100,000 (95% CI=26—
95), respectively. Significant heterogeneity was noted
between countries: the lifetime prevalence ranged
from 0 (Greece) to 381 (Norway) per 100,000 individ-
uals, and the l-year prevalence was reported as 0
(Malaysia), 32 (Ethiopia), 119, and 150 (two German
studies) per 100,000 individuals (6,9—-14).

Following this meta-analysis (6), new data were
obtained from Norway, Ethiopia, Georgia and Brazil
(15-18). Among the studies included in the aforemen-
tioned meta-analysis, the Vaga study conducted in
Norway showed the highest lifetime prevalence of
CH, with 381 cases per 100,000 individuals (95%
Cl1=153-783) (12). However, a recent nationwide epi-
demiological study conducted in Norway reported a
prevalence of 48.6 per 100,000 and an annual incidence
of 3.0 per 100,000, which are much lower than the
results of the Vaga study (12,18). Torelli et al. (19)

conducted a meta-analysis on 10,071 Italian patients
and estimated a lifetime prevalence of 279 per 100,000
people (95% CI=173-427). The prevalence rates were
227 per 100,000 in women and 338 per 100,000 in men.
A previous study from Ethiopia reported a 1-year prev-
alence rate of 32 per 100,000 (95% CI=10-75) in the
1990s, which was much lower than that reported in
European countries (10). In 2013, a study from
Ethiopia reported an increased prevalence (3/231),
although the sample size was much smaller (16). The
first epidemiological data from Georgia and Brazil esti-
mated the lifetime prevalence of CH to be 87 per 100,000
(15) and 41.4 per 100,000 (17), respectively.

Few population-based studies have been conducted
on CH in Asia. One study from China, published in
1988, screened 246,812 inhabitants and reported 14 CH
cases based on the investigators’ in-house definition (8).
Another study from Malaysia evaluated 595 partici-
pants and reported no CH cases (11). Hirata et al.
(20) analysed data from employees aged 19-74 years
who worked for large companies nationwide and reg-
istered for health insurance. This study identified
21 (0.098%) CH cases among the 21,480 respondents,
similar to the pooled estimates reported by Fischera
et al. (6). To address the geographical and ethnic imbal-
ance in current epidemiological studies, an internation-
al group of experts is working on the genetic differences
in cluster headache among different regions and
ethnicities.

Burden

CH is characterised by debilitating headache and is
often referred to as the “suicide headache” (21).
Patients with CH frequently experience headache-
related disabilities, decreased quality of life, economic
burdens and job-related issues. We reviewed the impact
of CH on these issues to highlight the significance of
this condition and the need for increased awareness in
the society.

Table |. Prevalence of cluster headache from population-based studies: 2008 meta-analysis and updates.

Population
Author Year  Country sample (n)  Type of survey Estimates M:F ratio
Fischera et al. (6) 2008 Meta-analysis of 16 studies Lifetime prevalence 124 per 100,000 43
mainly Europe and (95% CI=101-151)
Northern America
Katsarava et al. (15) 2009 Georgia 1,145 Lifetime prevalence 87 per 100,000 -
(95% Cl=—258/
100,000)
Mengistu et al. (16) 2013  Ethiopia 231 |-year prevalence 77 per 100,000 All men
Jurno et al. (17) 2018  Brazil 36,145 Lifetime prevalence 41.4 per 100,000 6.5
Crespi et al. (18) 2022 Norway 3,892,260  Lifetime prevalence 48.6 per 100,000 1.47

Annual incidence 3.0 per 100,000
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Quality of life

CH significantly affects the quality of life. D’Amico
et al. (22) reviewed eight studies that utilised quality
of life scales and reported that quality of life measures
were significantly lower in patients with CH than nor-
mative values, controls and patients with migraine.
Interestingly, neuromodulation studies of medically
refractory CH failed to improve the quality of life,
although the attack frequencies reduced. In a recent
review by Freeman et al. (23), significantly reduced
quality of life was identified in a qualitative analysis
of 11 studies conducted in the UK, Sweden, France,
Korea, Germany, Denmark, Italy, Spain and Brazil.
A significant impact on quality of life was also reported
in Asian patients with CH, as reported in Korea (24)
and China (25).

The overall impact of CH is not limited to the pain
experienced during attacks. Interictal burden, which
indicates ongoing symptoms despite pain relief, emo-
tional aspects such as anxiety and worry about future
attacks, avoidance of triggers, the need to conceal one’s
condition, and the cumulative effect of these factors, all
significantly contribute to the overall burden of the dis-
ease (26). In surveys examining interictal burden, factors
such as fear of pain, self-concealment and difficulties in
personal life were found to diminish the quality of life of
individuals with CH (27). These burdens, experienced
between headache attacks, significantly affect the overall
well-being and highlight the challenges of living with this
condition. Therefore, CH exerts a profound and domi-
nant influence on individuals’ thoughts and lives, even
during pain-free periods.

Disability

CH, particularly when it becomes refractory to avail-
able treatment options, is associated with difficult
treatment outcomes and imposes a significant burden
of disability on patients. D’Amico et al. (22) reviewed
11 studies reporting cross-sectional and longitudinal
data on the adverse effects of mainly intractable CH
on daily activities in European countries. The average
scores on the Headache Impact Test-6 (HIT-6) suggest
that CH has a significant impact on patients’ lives, with
refractory patients having mean scores of >60. The
baseline scores in all studies were much higher than
21 on The Migraine Disability Assessment (MIDAS).
Longitudinal studies using HIT-6 and MIDAS scores
as disability measurements have demonstrated that
despite treatments such as sphenopalatine ganglion
stimulation, onabotulinum toxin A, ventral tegmental
area deep brain stimulation and occipital nerve stimula-
tion that can lead to moderate improvements, patients

still experience significant disability, as indicated by high
headache disability scores post-treatment (22,28-32).

Jirgens et al. (29) investigated disability caused by
CH using the Headache Disability Inventory (HDI)
measure. They found that patients with active chronic
CH (33) or episodic CH (34) had higher disability
scores (HDI total of 62.5 and 59.4, respectively) than
patients with episodic cluster headache (ECH) outside
active periods and those with migraines (HDI total of
45.3 and 42.0, respectively).

Recent research has demonstrated the burden of CH
in Asian countries. Sohn et al. (24) showed that about
85% of Korean patients with CH had severe headache-
related impact (HIT-6 score >60). They found that
anxiety, greater pain intensity and age are significant
predictors of severe impact (24). The Taiwanese group
also showed a high level of headache-related disability
as measured by the MIDAS and HIT-6 in patients with
CH (35).

Previous studies have used either generic measures
or migraine-related scales (22). However, they are pri-
marily validated for migraine and may not fully cap-
ture the unique features of CH, underestimating the
burden. For example, the HIT-6 third question assesses
motion sensitivity during a headache attack and the
3-month timeframe MIDAS score might not measure
the distinctive nature of CH. Factors such as restless-
ness, agitation and nocturnal attacks are inadequately
covered. Specialised CH scales such as Cluster
Headache Scales (CHS) (36) for psychosocial impact,
Cluster Headache Severity Scale (CHSS) (37) for
CH-specific aspects and the 8-item Cluster Headache
Impact Questionnaire (CHIQ) assesses disability
(38,39). These scales offer insights into CH, though
their research usage remains limited, warranting fur-
ther study. Integrating these tailored scales promises
deeper insights into CH.

Economic burden

A high economic burden of CH, particularly chronic
cluster headache (CCH), has been reported in Europe
and the USA. A clinical study conducted in Germany
found that the average direct and indirect costs for a
single CH patient over a six-month period were €5963
(40). The costs were significantly higher for individuals
with CCH than those with ECH (€10,985 vs. €2583).
A Danish study reported the average annual direct
costs for CH as €9,158 for CCH and €2,763 for ECH
(41). Additionally, the study identified a significant loss
of productivity due to missed work, resulting in indirect
costs of €11,809 per year per patient for the CCH pop-
ulation and €3,558 per year per patient for the ECH
population.
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According to a US study involving 6,562 CH
patients, those with CH had a higher number of hos-
pital visits and underwent more medical examinations
than controls (42). The total cost associated with CH
was found to be $16,530 440,068, which was signifi-
cantly higher than the costs for controls, which were
§7197+25,147. In another US study involving
9328 patients with CH, the total annual direct cost
was estimated at $3132 per patient (42). The study
also identified indirect costs associated with CH,
including $4928 per patient per year for absenteeism,
$80 for short-term disability and $3374 for both factors
combined.

Job-related burden

A US study involving 1134 patients with CH found
that nearly 20% of the patients had lost their jobs
due to CH, while an additional 8% were either out of
work or disabled due to their headache (43). In a
Swedish study, it was found that, among 3240 patients
with CH, 17% had taken sick leave for 14 days, which
was higher than the rate of 9% in the control group
(44). Female patients had higher sickness absence rates
(25%) than male patients (13%). A comprehensive
study conducted in Korea showed that patients with
CH were being less employed and tended to work as
freelancers or (self-)employers than those with migraine
or tension-type headache and headache-free controls.
These findings suggest that patients with CH have dif-
ficulties in their workplace where they cannot control
their work environment and thus change their employ-
ment patterns (45). Approximately 85% of patients
with CH reported difficulties at work and required
sick leave, which was significantly more frequent than
that in headache and headache-free controls.

Suicidality

While CH has been referred to as the “suicide head-
ache” (21), to date, the actual incidence rate of suicide
has not been reported in a large CH population.
Studies have investigated suicidal thoughts, plans and
attempts in patients with CH. An internet survey-based
US study reported a high prevalence (55%) of suicidal
thoughts among patients with CH (43). In a study by
Koo et al. (46), patients with CH had high rates of
lifetime active suicidal ideation (47%) and suicide risk
(38%). A Korean study comprehensively investigated
ictal, interictal and between-bouts suicidality (47).
Passive suicidal ideation, active suicidal ideation, sui-
cidal planning and suicide attempt were reported in
64%, 36%, 6% and 2% of patients during the attacks,
respectively, and these reports markedly dropped to
4%, 4%, 3% and 1% interictally, and further to 0%,

2%, 2% and 0% during between-bouts periods. This
study suggests that the suicidality of CH is mostly
attributed to headache burden and can be normalised
if CH bouts or attacks are properly treated.
Furthermore, depressive symptoms were associated
with both ictal and interictal suicidality. Therefore,
besides proper CH-targeted treatment, careful diagno-
sis and management of depressive symptoms should be
considered to reduce suicide risk.

Personality disorders (48,49), insomnia (50) and sub-
stance abuse/addiction (51,52) have showed associa-
tions with CH, all of which can potentially influence
suicidality. Despite the valuable insights provided by
these studies, further research is necessary to fully com-
prehend whether these factors contribute to the risk of
suicidality in CH patients.

Clinical spectrum of CH

Male predominance of CH: secular trends and
regional difference

Although CH is considered a male-predominant disor-
der, a time-related decline in the male-to-female (M:F)
ratio has been observed in several countries
(35,39,53-59). An Italian study reported a decline in
the M:F ratios from 6.2:1 to 2.1:1 according to onset
(before 1960 vs. the 1990s) (53,54). A large cohort
study in Taiwan also reported a decline in the M:F
ratio from 5.2:1 to 4.3:1 according to the time of enrol-
ment (1997-2020 vs. 2011-2021) (35). The M:F ratios
reported in studies in Germany decreased from 4.3:1 in
1988 to 2.1:1 in 2021 (39,57,58) and, in France,
decreased from 4.7:1 in 2002 to 1.7:1 in 2008 (56,59).
A US survey conducted in 2008 showed a female pro-
portion of 28% among 1134 patients with CH (55),
whereas a retrospective analysis using a database
from 2009 to 2014 in the US showed a female propor-
tion of 42.6%, which is in line with other studies show-
ing a decline in the M:F ratio over time (60). Changes
in lifestyle in women (e.g. alcohol consumption or
smoking) have been suggested as the cause of changes
in the M:F ratios, as a recent genome-wide association
study revealed smoking as a causal risk factor of CH
(33). However, a Taiwanese study showed that the M:F
ratio of current smokers increased from 14.9:1 to 21.6:1
in patients diagnosed before and after 2010, respective-
ly (35). Another explanation is that CH could have
been more frequently misdiagnosed in women in the
earlier days. Although previous studies did not report
a difference in the diagnostic delay of CH between
women and men (61-63), Rozen and Fishman (55)
claimed that women tended to have a prolonged
(>10 years) diagnostic delay compared to men (25%
vs. 21%), although statistical significance was not
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reached. This can be explained by the fact that women
with CH experience more vomiting than men (34), and
migraine symptoms, such as nausea and vomiting, were
found to be associated with diagnostic delay of CH
(64). Thus, the recent change in the M:F ratio may,
at least in part, may be due to improvements in
the identification and awareness of CH among physi-
cians (65).

A discrepancy exists between the M:F ratios in
Western and Asian countries. A cohort study con-
ducted in the US between 2009 and 2014 reported a
low M:F ratio of 1.3:1 (60). Recent studies in Europe
showed M:F ratios ranging from 1.35 to 2.8:1
(39,59,60,65-68). However, recent studies conducted
in Asian countries still show a higher M:F ratio, ranging
from 3.8 to 7:1 (24,25,35,69-72). It is unclear why geo-
graphical differences exist in the sex ratios. Potential
factors include differences in lifestyle, misdiagnosis or
diagnostic delay in women, and genetic influences
between Asian and Europe/North American countries.
These differences have not yet been proven, and long-
term secular trends in sex ratios should be collected and
evaluated in more countries.

Gender- or sex-related difference in CH phenotype

In most studies comparing sex or sex-related differen-
ces in CH phenotypes, the core clinical manifestations
of CH were similar in both women and men (73,74).
However, nausea, osmophobia, ptosis, miosis, eyelid
oedema, nasal congestion, and comorbid conditions
such as thyroid disecases and psychiatric disorders
have been reported more frequently in women than in
men (34,35,66,75), whereas men seem to experience lac-
rimation and facial sweating more often than women
(55,75). Women tend to present with longer attack
duration, greater severity and migraine symptoms
(35,66,76). According to Fourier et al. (68), diurnal
rhythmicity and family history of CH are reported
more often in women than in men. However, these
differences have not been universally reported in differ-
ent cohorts, and require further validation.

Age

The ages at inclusion, onset and diagnosis that have
been reported in several cohorts are summarised in
Table 2. Most studies included patients aged in their
30s and 40s (with the exception of patients aged in their
50s in Sweden and the Netherlands) (Table 2). Age of
onset has been reported as 6-75 years (68,69,77-79),
with a mean age of 23.6-33.92 years in several countries
(7,24,25,35,43,58,59,65,68,69,77-83). The mean age at
diagnosis ranged from 35.7 to 42.5 years (2,9,25,31),
suggesting a delay between onset and diagnosis.

Although the age of onset was reported most common-
ly as during the 20s in most studies (25,65,68), one
Japanese study showed unique patterns: CH onset
was most frequent in men in their 20s and 30s, and in
women in their 10s and 60s (69). Taken together,
patients with CH are not confined to “typical” young
adults, and a greater spectrum of patients, including
children, adolescents, middle-aged adults and older
adults, can develop CH.

Pre-attack symptoms

Premonitory symptoms of migraine have been well rec-
ognised and widely investigated (84-86). Similar to
migraine, symptoms preceding bouts or attacks have
been recently reported in patients with CH (Table 3).
Pre-attack symptoms are symptoms occurring a few
minutes before the onset of individual CH attack.
Blau et al. (87) conducted a study in 1998 involving
150 patients, where they identified pre-attack symp-
toms such as sensations in the head and neck, mood
and neurological symptoms, alimentary symptoms, and
minor sensations in the pain area in 61% of the partic-
ipants. Two decades later, Danish researchers docu-
mented a higher prevalence of 86% and categorised
the symptoms into three groups: local painful symp-
toms (shooting pain, dull sensation, ear fullness and
neck pain), local painless symptoms (including auto-
nomic symptoms) and general symptoms (difficulty
concentrating, restlessness, photophobia, phonopho-
bia, mood changes, frequent urination, etc.) (88). The
study findings indicated that local symptoms typically
occurred approximately 10 min before the cluster head-
ache attack, while general symptoms preceded the
attack by around 20 min (88).

Subsequent replication studies reported a high prev-
alence of 71% in the Korean study (89) and 82% in the
Chinese study (90), with similar time courses and spe-
cific symptoms compared to a prior study (88). These
consistent findings suggest that pre-attack symptoms
are widespread among patients with CH, regardless
of their geographic region or ethnicity.

Pre-cluster symptoms

Pre-cluster symptoms indicate symptoms preceding the
onset of active bouts by days to a week. Although the
prevalence of pre-attack symptoms was similar in sub-
sequent studies, pre-cluster symptoms were much less
reported and were not uniform across studies. Blau
et al. (87) investigated these symptoms in 150 patients
in 1998 and found 8% of patients had pre-cluster
symptoms. However, Pedersen et al. (91) reported
high prevalence with 86% of Danish patients with
ECH experienced pre-cluster symptoms at an average
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International
survey
Schor et al.
(2021) (7)
46.1 +13.0
12%
31-40 years 27%
273+ 125
16%
10%
3%
336+ 11.6

0.6%
35%

Y
years 5%
years

21-30 years 36%

(2012)* (55)
21-30 years

Fishman
41-50 years 34%

51-60 years 21%

>61

41-50 years
>51

3140 years

USA
Rozen and
<20
<20

(2021)
(72)
272+ 12.1
(range
5-65)
36.0+10.8

Taiwan
Ko et al.

Korea

Sohn et al.
(2020) (24)

37.0 (IQR
30.8-44.0)

28.5 (IQR
19.8-36.0)

Imai et al.
(2011) (69)

384+122
(range
17-73)

31.0+13.8
(range
10-70)

Japan

I. Lietal
(2022)* (90)
2. Dong et al.
(2013)** (25)
33.0 (IQR
28.0-39.0)*
26.7 +10.9%*

China

France

Monta et al.
(2021) (59)

3392+ 1471

42.54413.95

I. Negro et al.
(2020)* (79)

2. Genovese
etal.
(2019)** (77)

50.5+143 507+11.6 469+11.6 493 +13.8 445+ 11.0 43.4+12.0

(range
22-76)*
(range
3-75)**

Italy

(2012)
(58)

Germany
Gaul et al.

(2013)
@8l)

Norway
Ofte et al.

Denmark
Lund et al.
(2017)
(65)
31.6+13.7 3254134 31.6+120 303+ 14

Netherlands
Wilbrink
et al.
(2017)
(83)
372+ 11.7

Sweden
Fourier
et al.
(2023)
(68)
(range
17-83)
31.9+13.6 31.1+13.0
(range
6-70)

studies
inclusion
onset
diagnosis

Data are presented as the mean + SD or median (IQR) unless otherwise specified.

Table 2. Age at inclusion, age of onset and age at diagnosis.
IQR, interquartile range.

Included

Age at
Age of
Age at

of 6.8 days before the bout, while subsequent studies
reported much lower prevalence. Cho et al. (92)
reported a 35% prevalence of pre-cluster symptoms
in 184 Korean patients, which typically occurred
approximately 7 days before the bout. Another recent
study of 327 Chinese patients found 21% had pre-
cluster symptoms (90). It remains inconclusive whether
this variation could be attributed to ethnic distinctions
or other contributing factors.

Aura

Aura in CH has not been as well studied as pre-attack
symptoms, with the first mention dating back to 1972
in a study by Graham (93). The reported frequencies of
aura in CH range from 0% to 35%, with significant
variations across different studies and regions
(25,35,43,56,67,72,73,81,94-100). Studies conducted in
Asia, including China, Taiwan and India, reported a
low prevalence of 0-1% (25,35,72,95,98), while studies
in European/North American countries reported aura
in 3.5-35% of patients with CH (43,56,67,73,81,
94,96,97,99,100). However, even within the same coun-
try, the reported rates varied widely, as evidenced by
German reports, from 3.5% to 23% (96,100). Visual
symptoms are the most frequent, while sensory, lan-
guage/speech, motor and brainstem symptoms have
also been reported (35,43,56,67,72,73,81,93,95—
97,100). Similar to the migraine aura, the CH aura
can occur either before or during an attack (67). The
duration of CH aura is usually less than 25 min
(43,67,97,100). Considering these similarities with
migraine, along with a recent study claiming that CH
aura occurs predominantly in patients with migraine
with aura, a true CH-attributable aura may be extreme-
ly rare (100). A significant difference between Asian
and European study results regarding the prevalence
of aura in patients with CH may support this idea.

Postdrome

There are few reports on the postictal symptoms of CH.
Only one study reported that 98% of the patients expe-
rienced postictal symptoms in 76% of attacks (101). In
this study, local symptoms, such as mild pain and auto-
nomic symptoms, occurred initially after the attack, and
was later followed by the general symptoms (101). The
most common general symptoms were mood changes,
decreased energy levels, and fatigue. Interestingly, pro-
phylactic treatment does not seem to influence the
number of postictal symptoms experienced (101).

Attack characteristics: location, severity and duration

CH is defined in the International Classification of
Headache Disorders, 3rd edn (ICHD-3) (1) as a
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Cephalalgia

severe, unilateral pain that occurs in the orbit, supra-
orbital, temporal or a combination of these areas and
lasts for 15-180 min per episode (1). In the following
subsections, we discuss each phenotypic component of
a CH attack and describe the syndrome-defining fea-
tures of each component, as well as a wide range of
features reported to date.

Localisation. CH attacks typically involve the orbital,
supraorbital and temporal areas as defined in ICHD-
3 (1). Orbital pain, including retroorbital location of
pain, has been reported in the majority of descriptive
studies, with prevalence rates of 68-88% (Table 4).
A limited number of studies have examined the preva-
lence of supraorbital and temporal locations of pain,
reported as 50-60% and 52-86%, respectively
(Table 4) (25,35,56,67,69,80,102,118). Occasional
reports have noted atypical areas including the orofacial,
occiput, zygomatic, maxillary, mandibular, nuchal,
nose, vertex and shoulder (Table 4) (25,56,58,67,69,118).

Although CH is typically characterised by strictly
unilateral headache, side shifts have been reported
between bouts, within bouts and during attacks (bilat-
eral attacks or spreading patterns). This is discussed in
detail below in the section on Disease Course.

Severity. According to ICHD-3 (1), CH is characterised
by excruciating headache. Most patients rated the
intensity of their pain between 7.5 and 10 on a scale
of 0-10 in almost all cross-sectional studies
(25,35,58,65,67-69) regardless of subtype (ECH wvs.
CCH) (Table 4) (39,80). Based on our experience, a
reduction in pain severity is clinically noted when a
bout is about to remit. Great within-individual variabil-
ity in attack severity has been reported in a comprehen-
sive case report of a patient with CCH, with mild and
moderate severity in 14% and 66% of attacks, respec-
tively (103). Unexpectedly, a decrease in attack severity
was noted before remission in approximately 35% of
patients with long-term remission (104).

Duration. CH attacks typically last between 15 and 180
min, as defined in ICHD-3 (1). Because the duration
criterion should be met to diagnose CH, atypical dura-
tion is the most common cause of probable CH (80,104).
Other studies have reported that 4-13% of patients have
CH attacks lasting over 180min (25,68,69). Longer
attacks have been reported in patients with CCH and
women (35,66), although these findings have not been
replicated in other studies (34,65,68).

Associated symptoms. ICHD-3 defines CH attacks as
those associated with any ipsilateral conjunctival injec-
tion, lacrimation, nasal congestion, rhinorrhoea,

forehead and facial sweating, miosis, ptosis, eyelid
oedema, restlessness or agitation (1).

Numerous studies conducted in various countries,
such as Sweden (68), the Netherlands (67), Denmark
(65), Germany (58), Norway (81), France (59), Italy
(79), China (25), Korea (80), Taiwan (35), Japan (69)
and the USA (43) have reported that conjunctival injec-
tion or lacrimation is the most prevalent symptom of
CH, with a prevalence ranging from 53% to 92%
(Table 5). However, in Japan (69), the most common
symptom was a feeling of restlessness or agitation, with
a prevalence of 70% (Table 5). In one study from Italy
(79), the most frequently reported symptom was eyelid
oedema, with a prevalence of 75%, while its prevalence
was only 13-37% in other countries (Table 5). Other
syndrome-defining symptoms include conjunctival
injection (30-92%), nasal congestion and/or rhinor-
rhea (13-37%), forehead and facial sweating (18%—
59%), and miosis and/or ptosis (8-67%).

Restlessness and/or agitation are another syndrome-
defining symptom of CH. Interestingly, restlessness
and/or agitation were highly prevalent (70-83%),
which is similar to or even more common than conven-
tional autonomic symptoms in Netherland, Norway,
Italy, Germany and Japan, whereas it was far less
common (38-48%) in Sweden, France and Asian coun-
tries such as China, Korea and Taiwan (Table 5).

CH attacks may be accompanied by symptoms not
included in the ICHD-3 (Table 5) (1). A few studies
using or validating the ICHD-3 beta version (105)
reported forehead and facial flushing (14-47%) (81)
and ear fullness (9%) (80). Migraine-like symptoms
including allodynia, nausea, photophobia and phono-
phobia were reported up to 36% (67), 60% (25), 57%
(35) and 69% (81) of patients with CH, respectively.

Bout characteristics: attack frequency,
bout duration and bout frequency

Attack frequency

ICHD-3 defines CH attacks as those that occur with a
frequency of once every other day up to eight times a
day during more than half of the active bouts (1). The
frequencies reported in recent studies are summarised
in Table 6. In accordance with ICHD criteria (1), the
frequency of CH attacks usually ranged from 0.5 to
8 episodes per day during active bout periods. A fre-
quency lower than 0.5 can be seen during the early or
late period of the bout, and frequencies of more than
8 per day have been reported in 4% in a Norwegian
cohort (81) and up to 20 attacks per day were reported
in a German cohort (78) (Table 6).

Several studies have investigated the differences
in attack frequency between ECH and CCH.



Table 4. Pain location and severity.
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Korea

Japan

China Taiwan

Netherland

Germany

France

Greece

Moon et al.

Imai and Kitamura

Dong et al. Liaw et al.

Donnet et al. Gaul et al. (2012) Coo et al. (2018)

Vikelis and

Included studies

(2019) (80)

(2019) (118)

(2022) (35)

(2013) (25)

(67)

(58)

(2007) (56)

Rapoport (2016) (102)

Pain location

Orbital 74% Retroorbital 68% Orbital 77% Retroorbital 80% Orbital 69%

Periorbital most

Orbital 88%

Orbital 92%

Periorbital

Supraorbital 51%

Retroorbital 86%
Supraorbital 51%

81%

common

Supraorbital 57%

56%

52%

81%

75%

69%

76%

Temporal

Occipital 22%
Forehead 19%

Forehead 33%
Vertex 33%

Frontal 59%

Orofacial, Maxilla,

Maxillary 53%
Frontal 47%

Occiput 4%
Vertex 1%

Others

Jaw to temple 53%

Mandible, Neck,
Occipital

Upper teeth 16%

Vertex 9%
Nose 5%
Jaw 5%

Occipital 23%

Occipital 32%
Neck 31%

Upper teeth 2%

Cheek 3%

Nose 27%
Ear 25%

Parietal 24%
Jaw 20%

Cheek 4%
Neck 2%

Shoulder 2%
Ear 2%

Cheek 20%
Vertex 16%

Shoulder 7%

Severe

Mean 9.0

9.1+1.2

8.1+20

89+ 1.4

Severe

9.0+ 1.0

Maximal

Severity, on

(range: 8.0-10.0)

a scale 0-10

Data are presented as the mean £ SD unless otherwise specified.

An international survey (7) found that CCH (4.5 +2.0)
had a higher attack frequency than ECH (3.7 +2.0).
Similarly, in a Danish survey (106), the frequency of
CCH (4.1 £2.57) was reported to be higher than that
of ECH (3.3+2.1). However, other studies found no
significant differences between the two groups
(58,75,79,80).

As seen in Table 6, the average attack frequency was
generally lower in Asian cohorts (between 1 and 2
attacks per day) than in European or North American
cohorts (approximately 3 attacks per day). This was
reported in a review by Peng et al. (107), and the latest
studies showed a similar trend: more than half of
Swedish patients had more than 3 attacks (68) and a
mean 1.5 attack per day in a Taiwanese study (35).

Bout duration

Clustering of attacks during an active period (“cluster
period” or “bout”) is another characteristic of CH.
ICHD-3 classifies CH into ECH and CCH based on
the bout duration. In ECH, 2 bouts lasting from 7 days
to 1 year are separated by pain-free intervals of at least
3 months (1). If attacks occur without any pain-free
intervals or with remission lasting less than 3 months
for at least 1 year, a diagnosis of CCH can be made (1).
CH bouts usually last for several weeks or months,
with 4-8 weeks being the most commonly reported
range (Table 6). However, there is variability in the
duration of these bouts among individuals.

Bout duration was shorter in the Asian cohort than
in the European cohort (Table 6). In Asian countries,
CH studies typically report an average bout duration of
4-6 weeks, whereas studies conducted in Europe and
North America indicate a longer average bout duration
of 8 weeks (107). This may be attributed to true ethnic
difference or the proportion of CCH as CCH is much
less prevalent in Asian countries.

Bout frequency

The ICHD-3 does not provide specific criteria for bout
frequency, and reports on bout frequency have been
limited (1). Most cohorts reported a mean frequency
of 1-2 bouts per year (Table 6). However, there is con-
siderable variability, with 13% of patients experiencing
less than one bout every other year in a Norwegian
study (81), while a study from the USA (99) reported
that 14% of patients had >6 bouts per year.

Circadian and seasonal rhythmicity

Circadian rhythmicity is a characteristic of CH, indi-
cating that CH attacks tend to occur at specific times
of the day. Circadian rhythmicity was present in
53-86% of patients (25,35,43,65,68,80,81) (Table 7).
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Table 7. The presence of circadian and seasonal rhythmicity in cluster headache.

USA China Norway Denmark Korea Taiwan Sweden
Included studies  Rozen et al.  Dong et al. Ofte et al. Lund et al. Lee et al. Liaw et al. Fourier et al.
(2012) (43) (2013) (25) (2013) (81) (2017) (65) (2020) (110) (2022) (35) (2023) (68)
Circadian 82% 68% 58% 82% 49% (current  86% 67%
rhythmicity (%) bout)
71% (lifetime
prevalence)
Seasonal 71% 37% 56% 52% 73% 50%

rhythmicity (%)

Different reports have been published on the most
prevalent times of CH attacks. Several studies have
reported 2AM as the most common time of CH
attack (43,58,68,108), while other studies have demon-
strated midnight (43,95), early morning (1-6AM)
(43,58,68,109) and late night (9pm to 11pm) (109) as
the most common time of CH attack. Sex, subtype
(ECH vs. CCH) and disease course have been speculat-
ed to influence circadian rhythmicity (58,65,68,110). In
one study, female patients with CH showed a more
prominent circadian rhythmicity than male patients
(68), and another study revealed that women experi-
enced peak attacks one hour later than men (65). One
study demonstrated that the timing of attacks was
evenly distributed in the early stages of the disease
(i.e. fewer lifetime bouts) but emerged with a dichoto-
my between hypnic and midday attacks as the disease
progressed (110). Furthermore, while nocturnal attacks
are predominant in patients with early stage CH, the
proportion of daytime attacks increases with the
number of lifetime bouts (110).

Seasonal rhythmicity in CH refers to the tendency of
attacks to occur predominantly during specific seasons
of the year. Seasonal rhythmicity ranges from 37% to
73% (25,35,43,65,68,80,81). The highest frequency of
CH bouts was reported during both autumn and
spring in several studies (43,58,73,108), whereas
others reported autumn (65,68,111) and spring (25)
individually. By contrast, summer, particularly June,
was the season with the lowest number of CH bouts
(25,43,65,68,95,108). Environmental factors, such as
daylight duration, temperature and rainfall, have
been reported to be associated with CH (65,111,112).
In a study from Taiwan, mean temperature was found
to have the highest correlation with climate-related fac-
tors such as absolute temperature, temperature varia-
tion, relative humidity, atmospheric pressure, wind
speed, sunshine and rainfall. An increase in the fre-
quency of CH attacks has been observed during the
seasonal transitions from winter to spring and spring
to summer (111).

Disease course

Few long-term follow-up studies have investigated
the natural course of CH. In these studies, the
follow-up duration was 3-15 years and phone or
letter communication was used (104,113-115). The
definition of remission varies across studies as a
result of the absence of a consensus. Manzoni et al.
(114) reported remission rates of 18.5% (>3 years),
5% (>5 years) and 2% (>10 years). Interestingly, dis-
continuing alcohol consumption led to an immediate
remission of active bouts but not a long-term stable
remission.

In a study by Pearce et al. (115), 12% of patients
achieved remission (>4 years). Lee defined remission as
lasting longer than twice the longest between-bouts
period and >5 years and found that 33% of lost-
to-follow-up CH patients had remission. Predictive
factors for remission were not identified. Patients in
remission showed only some trends toward fewer life-
time bouts, shorter disease duration and reduced
seasonal/circadian rhythmicity (104). Thus, it can be
speculated that higher disease activity is associated
with more frequent bouts, longer disease duration
and pronounced seasonal/circadian rhythmicity.

The typical characteristics of CH attacks or bouts
appear to decrease over time. Strict unilaterality is con-
sidered a characteristic of CH; however, side shift
occurs in 2-17% of patients (114,115). Even bilaterality
can be found in approximately 3%-6% of patients
when followed up for a long period (104,114). In addi-
tion, there can be changes in the seasonal and circadian
rhythmicity. Lee et al. (104) reported that 40% of
patients showed changes in seasonal and circadian
rhythmicity (26% lost rhythmicity and 13% shifted
seasonal predilection) and 35% showed changes in cir-
cadian rhythmicity (22% lost rhythmicity and 13%
shifted circadian predilection) during the course of
the disease. Changes in bout duration were observed
in two studies: increased, unchanged and decreased
(48%, 44% and 6%, respectively) in patients with
active disease (114) and unchanged, decreased and
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increased (60%, 23% and 17%, respectively) in a more
recent study including both remitted and active patients
(104). Similarly, in one study, changes in bout frequen-
cy along the disease course were reported, with bout
intervals increasing over time: the first between-bouts
interval and the last interval was 1.4 and 1.9 years
respectively, during a 5-6 year follow-up of both remit-
ted and active patients (104).

The transition from episodic to chronic subtypes of
CH within an individual’s disease course holds substan-
tial significance. For example, the study conducted by
Manzoni et al. (114) in 1991 demonstrated that patients
experienced a progression towards a chronic form
(13%), or alternatively towards a combined form
(6%) which suggests dynamic or evolving nature of
CH progression. Clinic-based case series endeavored
to assess the risk associated with transitioning from
an episodic onset to a chronic manifestation, with esti-
mated probabilities spanning from 2% to 19% (116).
Moreover, factors comprising personal habits such as
smoking and alcohol consumption, head injuries,
higher frequency of clusters and shorter intervals of

remission periods are suggested as potential predictors
of the shift towards a chronic state (117).

Conclusions

A wide range of reported prevalence of CH has been
noted in previous and recent studies, even within the
same country, suggesting the need for a more rigorous
methodology for population-based surveys of CH. CH-
related burdens, including quality of life, disability,
economic and job-related burdens and suicidality, are
significant and consistent worldwide. CH constitutes
more than a “trigeminal autonomic headache” because
it involves complex central nervous system phenomena
as evidenced by pre-cluster and pre-attack symptoms,
side shifting, and circadian and seasonal rhythmicity.
Although the current diagnostic criteria apply well glob-
ally, the spectrum of attack and bout characteristics
reported from different countries and ethnicities is
wider than that previously recognised. Despite the lim-
ited literature on the disease course, CH appears to be a
dynamic disorder that evolves or regresses over time.

Clinical implications

and increased risk of suicidality.

viously recognised.

gained renewed attention.

e Recent population-based studies indicate a lower prevalence of CH globally than previously estimated.
e CH significantly impacts patients’ quality of life, leading to disability, economic burdens, job-related issues

e The male-to-female ratio in CH is decreasing, and CH characteristics, including attack patterns and
rhythmicity, vary among countries and ethnicities. The spectrum of attacks and bouts is wider than pre-

e Non-headache phases of CH and its involvement of complex central nervous system phenomena have
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