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Abstract

Background Cluster headache (CH) is the most painful headache disorder. Despite a large body of evidence on
obesity’s negative influence on migraine, its impact on cluster headache disease activity remains unexplored. We
aimed to determine whether body mass index (BMI) and obesity are associated with lifetime bout occurrence and
annual bout frequency in patients with episodic cluster headache (ECH).

Methods The Korean Cluster Headache Registry (KCHR) is a prospective, multicenter registry of consecutive patients
with CH over 4 years. This cross-sectional study included 316 eligible patients with ECH, with > 2 years of duration of
CH disease and > 2 times of lifetime bout occurrence. Obesity was determined using the Asia-Pacific classification
(obese: BMI > 25.0 kg/m?). Bout frequency was defined as an average annual number of bout occurrence: number of
lifetime bout occurrence divided by total duration of CH disease. The main outcomes included odds ratios (ORs) of
BMI and obesity for quartiles of lifetime bout occurrence and annual bout frequency by performing ordinal logistic
regression analysis.

Results The mean (SD) age of the patients was 37 (9.7); 50 (15.8%) were female. The mean (SD) BMI was 23.9 (3.2)
kg/mz; 105 (33.2%) were obese. The median (interquartile range) duration of CH disease was 10 (6-16) years; lifetime
bout occurrence was 7 (4-12); and annual bout frequency was 0.88 (0.5-1.10). In multivariable adjusted models, OR
of BMI (per 1 kg/mz) and the obese group for lifetime bout occurrence were 0.89; 95% Cl, 0.84-0.95 and 0.40; 95% Cl,
0.23-0.68. Age, BMI, and seasonal propensity were associated factors for annual bout frequency. After multivariable
adjustment, BMI and obesity were inversely associated with annual bout frequency (BMI per 1 kg/m? OR: 0.92; 95% Cl:
0.86-0.98 and obese OR: 0.52; 95% Cl: 0.32-0.86).

Conclusions BMIand obesity were inversely associated with lifetime bout occurrence and annual bout frequency in
ECH, suggesting that neurobiological aspects of obesity may suppress cluster bout periodicity.
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Inverse Association of Obesity With Bout Periodicity in Episodic Cluster Headache
: A Multicenter Cross-Sectional Study

QUESTION Is obesity associated with lifetime bout occurrence and annual bout frequency in patients with episodic cluster headache (ECH)?

CONCLUSION Body mass index (BMI) and obesity were inversely associated with lifetime bout occurrence and annual bout frequency in ECH,
suggesting that neurobiological aspects of obesity may suppress cluster bout periodicity.
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Introduction

Cluster headache (CH) is the most painful primary head-
ache disorder, characterized by short, unilateral, intense
headache attacks lasting 15 to 180 min, accompanied
by ipsilateral cranial autonomic symptoms and restless-
ness [1-3]. CH attacks can arise up to eight times per day
during cluster periods, which persist for several weeks
to months (bouts). Following the presence of attack-free
remissions between bouts, this disorder is classified as
episodic CH (ECH) or chronic CH, with ECH accounting
for 75 to 90% [1, 2, 4]. The typical disease history of ECH
comprises of recurrent bouts and remission periods over
the course of the disease [1, 2, 5, 6].

Obesity is a complex metabolic disease with a steadily
rising prevalence [7]. It is associated with an increased
risk of serious comorbidities, including type 2 diabetes
mellitus, cardiovascular disease, certain cancers, and psy-
chiatric disorders [8]. In headache disorders, previous lit-
erature indicates that obesity is associated with a higher
incidence of migraine and more severe characteristics
(greater severe intensity, higher frequency, and increased
risk of migraine chronification) [9]. A population study
has shown a dose-response relationship between body
mass index (BMI) and migraine headache days [10].
Unlike migraine, very little is known about the associa-
tion between obesity and CH.

The disease course and activity in patients with CH can
vary widely, with lifetime bout occurrence based on clus-
ter bout periodicity influenced by alternating bouts and

remission periods. Due to the devastating nature of CH,
more frequent bout occurrences can negatively impact
the quality of life [11, 12]. However, evidence on deter-
minants of cluster bout periodicity is limited. Therefore,
we tested the hypothesis that increasing BMI and obesity
may independently influence bout occurrence and annual
bout frequency in ECH.

Methods
Study design and patients
This cross-sectional study utilized the Korean Cluster
Headache Registry (KCHR) and followed the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines. The KCHR is a prospective,
multicenter registry that includes patients with con-
secutive CH aged >19 years across Korea. Patients were
enrolled over 4 years (September 2016—December 2020)
from 15 university hospitals (nine tertiary and six second-
ary referral centers) and two secondary referral general
hospitals. The KCHR protocol has been published pre-
viously [12—14]. This study was reviewed and approved
by the institutional review boards (IRBs) at each hospital
and complied with the Declaration of Helsinki and Good
Clinical Practice guidelines. All patients understood the
study objectives and provided written informed consent.
KCHR investigators experienced board-certified neu-
rologists specializing in headache disorders and carefully
evaluated all patients. CH diagnosis was based on patient
history and clinical presentation, using the third edition,



Kim et al. The Journal of Headache and Pain (2025) 26:144

beta version (ICHD-3p), and the third edition (ICHD-3)
of the International Classification of Headache Disorders
(ICHD) [13]. Of the enrolled patients, only patients meet-
ing ICHD-3 criteria for CH were included in this study.
CH subtype was classified according to ICHD-3. Patients
without remission within 1 year of their first CH episode
or those not followed for more than 1 year were classified
as “first CH” and not categorized as episodic CH (ECH)
or chronic CH (CCH).

Eligibility criteria for this study were as follows: (1)
ECH, (2) a duration of CH disease>2 years, and 3)>2
lifetime bout occurrences. Patients were excluded if their
diagnosis did not meet the ICHD-3 criteria for ECH (e.g.,
CCH, probable CH, or first CH) if the duration of CH
disease was <2 years, lifetime bout occurrence was <2, or
the patient had missing data.

Data collection and measurements

At baseline enrollment, data on headache diagnosis,
demographics, social habits, CH disease history, head-
ache characteristics, psychiatric status, suicidal ideation
and attempts, and headache impact were collected pro-
spectively through in-person interviews by KCHR inves-
tigators using structured questionnaires.

For BMI measurement, body height and weight were
measured at the first visit to the headache clinic or center
by an experienced nurse or staff, with participants wear-
ing thin clothing and no shoes. BMI was calculated as
weight in kilograms divided by height in square meters.
Patients were classified according to the Asian-Pacific
BMI classification: underweight (<18.5 kg/m?), normal
weight (18.5-23 kg/m?), overweight (23—-25 kg/m?), and
obese (=25 kg/m?) [15].

The 12-item Allodynia Symptom Checklist assessed
cutaneous allodynia during CH pain attacks [16]. Anxiety
and depression were evaluated using the Korean versions
of the Generalized Anxiety Disorder 7-item scale and
the Patient Health Questionnaire 9-item scale [17]. Sui-
cidal ideation and attempts were assessed with two lucid
questions: “Have you ever thought that it was better to
die?” and “Have you ever attempted suicide?” Headache
impact was measured using the 6-item Headache Impact
Test [18].

Bout frequency was defined as the average annual
number of bout occurrences, calculated by dividing life-
time bout occurrence by the total duration of CH disease
[6].

Statistical analysis

To test the study hypothesis, BMI, a key obesity vari-
able, was modeled as a continuous variable (per 1 kg/m?)
and in quartiles. To determine linear trends, we treated
the number of BMI quartiles as a continuous variable in
each model. Likewise, lifetime bout occurrence and bout
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frequency, being non-normally distributed, were classi-
fied into quartiles. Continuous variables are presented as
mean + standard deviation or median with interquartile
range, while categorical variables are presented as counts
(percentages). Statistical significance of intergroup dif-
ferences was assessed using the one-way ANOVA or
Kruskal-Wallis tests for continuous variables and Chi-
square or linear-by-linear association tests for categorical
variables.

Ordinal logistic regression analysis was performed
to estimate linear association between BMI (continu-
ous and the quartiles), obesity, and the quartiles of bout
occurrence and frequency. The results of the univari-
able analyses are given odds ratios (ORs) and 95% confi-
dence intervals (Cls), comparing the obesity category to
the normal weight category as the reference. All covari-
ates with P-values <0.05 in the univariable analyses were
considered potential variables and were entered into the
multivariable-adjusted models. In addition, binary logis-
tic regression analyses were performed to determine
whether BMI and obesity were associated with sensible
cut-off values of lifetime bout occurrence (>10 times)
and frequency (=1 bouts per year). The associations
between obesity, lifetime bout occurrence, and bout fre-
quency were tested in the context interaction between
prespecified subgroups (age: <40 years vs. 240 years,
sex: female vs. male, current smoking: yes vs. no, alcohol
drinking: yes vs. no, onset age of CH disease: <30 years
vs. 230 years, duration of CH disease: <10 years vs. 210
years, coexisting migraine: yes vs. no, diurnal rhythmic-
ity: yes vs. no, and seasonal propensity: yes vs. no).

All statistical analyses were performed using Statistical
Package for the Social Sciences (version 18.0, SPSS Inc.,
Chicago, IL. USA). All tested P-values were two-tailed,
with P<0.05 considered significant.

Results
Characteristics of study patients
Over 4 years, 459 consecutive patients with CH were
prospectively recruited (Additional Fig. 1). Of these, 161
patients were excluded based on the following criteria:
(1) CH classification (chronic CH, n=19; probable CH,
n=45; first CH, n=>58), (2) CH disease duration<2 years
(n=94), (3) lifetime bout occurrence<2 times (n=383),
and (4) missing data (n=14). Ultimately, 316 eligible
patients were included in the analysis. The mean (stan-
dard deviation [SD]) age was 37 (9.7) years; 50 (15.8%)
were female. The mean (SD) BMI was 23.9 (3.2) kg/m%
105 (33.2%) were obese. The median (interquartile range
[IQR]) duration of CH disease was 10 (6—16) years; life-
time bout occurrence was 7 (4—12); and annual bout fre-
quency was 0.88 (0.5-1.10).

Demographics, disease history, and clinical character-
istics were compared across the obesity groups (Table 1).
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Table 1 Demographics, disease history, and clinical characteristics stratified by obesity in patients with episodic cluster headache

All patients Obesity by BMI (kg/m?) category P
(N=316) Underweight ~ Normal weight  Overweight Obese
BMI, <18.5 BMI, 18.5-22.9 BMI, 23.0-24.9 BMI=25.0
(N=11) (N=109) (N=91) (N=105)

Demographics and social habits

Age, yr 37+9.7 344495 36.9+10.1 36.5+96 378+94 0.633

Female sex, no. (%) 50(15.8) 5(45.5) 31(284) 8(8.8) 6(5.7) <0.001

Current smoking, no. (%) 143 (45.3) 5 (45.5) 47 (43.1) 36 (39.6) 55(524) 0315

Alcohol drinking, no. (%) 182 (57.6) 3(27.3) 64 (58.7) 54 (59.3) 61 (58.1) 0.229
Disease history and status

Onset age of CH disease, yr 258+9.7 225+86 252+938 253+94 27+9.8 0324

Duration of CH disease, yr 10 (6-16) 12 (9-15) 10 (5-16.5) 10 (6-15) 9 (6-16) 0.875

Lifetime bout occurrence 7(4-12) 14 (4-20) 10 (5-12) 7(3-11) 6 (3-10) 0.006

Bout frequency (no. of bouts per year) 0.88 (0.5-1.1) 1(0.6-1.1) 1(0.6-1.2) 09(04-1) 0.6 (04-1) 0.007

Coexisting migraine, no. (%) 40(12.7) 4(36.4) 20(18.3) 100171) 6 (5.7) 0.004
Disease characteristics

Duration of bout, week 4 (4-8) 4(2-8) 4 (3-8) 4 (4-6) 6 (4-8) 0.193

Attack severity (0-10 NRS) 9 (8-10) 9(9-10) 9(8-10) 9 (8-10) 9(8-10) 0.993

Attack frequency per day 1.1(1-2) 1.50-3) 1(1-2) 1.1(1-2) 1.5(1-2.7) 0.738

Attack duration, mins 90 (60-120) 120 (60-180) 90 (60-120) 90 (60-120) 90 (60-120) 038

Diurnal rhythmicity, no. (%) 199 (63) 8(72.7) 66 (60.6) 59 (64.8) 66 (62.9) 0.835

Seasonal propensity, no. (%) 171 (54.1) 7 (63.6) 65 (59.6) 45 (49.5) 54 (51.4) 0417

ASC-12 score 0(0-2) 2 (0-4) 0(0-2) 0(0-0) 0(0-2) 0.049
Psychiatric status and headache impact

GAD-7 score 7(3-12) 9(1-16) 7(3-12) 6(3-11) 8(3-13) 0453

PHQ-9 score 6(3-11) 12 (5-16) 6(3-12) 5(2-10) 7(3-11) 0.023

Suicidal ideation, no. (%) 77 (24.4) 1(9.1) 30(27.5) 17 (18.7) 29 (27.6) 0.243

Suicidal attempt, no. (%) 3(0.9) 19.1) 1(0.9) 0(0) 1(1) 0.259

HIT-6 score 70 (65-76) 69 (66-74) 70 (65-76) 69 (63-76) 72 (66-78) 0.366

Data are presented with mean £ standard deviation, median with interquartile range, or number (percentage)

Abbreviations: CH Cluster headache; NRS, Numeric Rating Scale, ASC, the Allodynia Symptom Checklist; GAD-7, the Generalized Anxiety Disorder 7-item scale; PHQ-
9, the Patient Health Questionnaire 9-item scale; HIT-6, the 6-item Headache Impact Test

In the obese group, proportions of females, coexisting
migraine, total lifetime bout occurrence, and bout fre-
quency were significantly lower. Similar results were
observed across groups stratified by the BMI quartiles
(Additional Table 1).

Distribution of BMI and obesity across the quartiles of
lifetime bout occurrence and annual bout frequency

A shift toward lower BMI quartiles was observed in the
upper quartiles of lifetime bout occurrence and fre-
quency (P=0.022 and P=0.004, respectively) (Fig. 1A).
For obesity, a clear shift for normal weight with the upper
quartiles of lifetime bout occurrence and frequency was
observed (P=0.021 and P=0.002, respectively) (Fig. 1B).

Association of BMI with lifetime bout occurrence and
annual bout frequency

Higher BMI was inversely associated with lifetime bout
occurrence > 10, with an OR of 0.86 (95% CI: 0.80-0.93)
and with quartiles of lifetime bout occurrence, with an
OR of 0.90 (95% CI: 0.85—-0.96) per unit increase in BMI

(Table 2). After adjusting for potential covariates, these
associations remained significant, with multivariable-
adjusted ORs (aORs) of 0.83 (95% CI: 0.76-0.91) and 0.89
(95% CI: 0.84-0.95), respectively (Additional Tables 2
and 3). Compared to the 1st BMI quartile, the aORs for
the 4th quartile with lifetime bout occurrence>10 and
the quartiles of lifetime bout occurrence were 0.37 (95%
CI: 0.21-0.66) and 0.39 (95% CI: 0.21-0.72), respectively.
In addition, BMI quartiles showed a dose-response rela-
tionship with both lifetime bout occurrence>10 and
the quartiles of lifetime bout occurrence (P<0.001 and
P<0.002, respectively).

For bout frequency, the ORs per unit increase in BMI
for bout frequency>1 and bout frequency quartiles were
0.89 (95% CI: 0.82-0.96) and 0.90 (95% CI: 0.85-0.96),
respectively (Table 2). In multivariable-adjusted mod-
els, these inverse associations persisted with an aOR
of 0.90 (95% CI: 0.83-0.97) and an OR of 0.92 (95% CI:
0.83-0.97) (Additional Tables 4 and 5). The highest BMI
quartile had the strongest inverse association with bout
frequency =1 (aOR: 0.4; 95% CI: 0.83—0.97) and with bout
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Fig. 1 Proportion of patients in BMI quartiles and obesity category stratified by lifetime bout occurrence and annual bout frequency

Abbreviations: BMI, body mass index; Q, quartile

frequency quartiles (aOR: 0.53; 95% CI: 0.3-0.95) in a
dose-dependent manner (P=0.016 and P=0.014).

Association of obesity with lifetime bout occurrence and
annual bout frequency
Compared to the normal-weight group, the obese group
was inversely associated with lifetime bout occur-
rence >10 (OR: 0.32; 95% CI: 0.18-0.57) and with lifetime
bout occurrence quartiles (OR: 0.44; 95% CIL: 0.27-0.71)
(Table 3). After adjusting for potential covariates, these
associations remained significant, with an aOR of 0.25
(95% CI: 0.12-0.5) and an OR of 0.4 (95% CI: 0.23-0.68).
For bout frequency, the obese group was inversely
associated with bout frequency>1 (OR: 0.49; 95% CI:

0.28-0.85) and with bout frequency quartiles (OR: 0.49;
95% CI: 0.3-0.8) (Table 3). In multivariable-adjusted
models, these inverse associations remained significant
with an aOR of 0.51 (95% CI: 0.29-0.91) and an OR of
0.52 (95% CI: 0.32-0.86).

Subgroup analysis was conducted to determine
whether the associations of obesity with lifetime bout
occurrence and bout frequency were consistent across
prespecified subgroups (Fig. 2). In all subgroups, the
obese group was inversely associated with lifetime bout
occurrence > 10 and bout frequency>1 compared to the
normal weight group.
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Table 2 Binary and ordinal logistic regression analysis: multivariable-adjusted odds ratios of body mass index for lifetime bout

occurrence and annual bout frequency

Per 1 kg/m? Quartiles of BMI (kg/m?) Pfor trend
increase inBMI  1stquartile  2nd quartile 3rd quartile 4th quartile
(N=316) <21.83 21.85-23.77 23.78-25.91 >25.91
(N=78) (N=79) (N=79) (N=80)
Overall bout occurrence
Binary (=10 vs. <9)
Unadjusted OR 0.86 (0.80-0.93) reference 0.64 (0.34-1.21) 0.40 (0.21-0.76) 0.25 (0.13-0.50) <0.001
P <0.001 0.175 0.006 <0.001
Multivariable-adjusted OR* 0.83 (0.76-0.91) reference 0.63 (0.30-1.35) 0.38(0.17-0.81) 0.19 (0.08-0.43) <0.001
P <0.001 0.243 0.012 <0.001
Quartiles (<3,4-7,8-11,and = 12)
Unadjusted OR 0.90 (0.85-0.96) reference 0.57 (0.32-1.00) 047 (0.26-0.83) 0.37 (0.21-0.66) 0.001
P 0.002 0.052 0.01 0.001
Multivariable-adjusted OR' 0.89 (0.84-0.95) reference 0.73(0.39-1.37) 0.52 (0.28-0.97) 0.39(0.21-0.72) 0.002
P 0.002 0339 0.042 0.003
Bout frequency (number of bouts per year)
Binary (=1 vs. <1)
Unadjusted OR 0.89 (0.82-0.96) reference 0.68 (0.36-1.27) 0.75(040-141) 0.34 (0.18-0.67) 0.004
P 0.002 0.232 0379 0.002
Multivariable-adjusted OR? 0.90 (0.83-0.97) reference 0.80 (0.41-1.54) 0.88 (0.45-1.69) 040 (0.20-0.78) 0.016
P 0.006 0516 0.71 0.008
Quartiles (<0.48,0.5-0.88,0.89-1.1,and > 1.11)
Unadjusted OR 0.90 (0.85-0.96) reference 082(046-144)  0.56(032-1.00)  045(0.25-0.80)  0.003
P 0.003 0.496 0.05 0.007
Multivariable-adjusted OR? 0.92 (0.86-0.98) reference 091 (0.51-1.62) 0.59 (0.33-1.05) 0.53 (0.30-0.95) 0.014
P 0.013 0.769 0.076 0.035

Potential variables with P <0.05 in univariable analysis were entered in multivariable-adjusted models
Abbreviations: BMI, body mass index; OR, odds ratio; CH, cluster headache; ASC, the Allodynia Symptom Checklist

"Adjusted for current smoking, age of CH onset, duration of CH disease, attack severity, seasonal propensity, and ASC-12 score

fAdjusted for age of CH onset, duration of CH disease, attack severity, seasonal propensity, and ASC-12 score

*Adjusted for age and seasonal propensity

Discussion

In this study, higher BMI and obesity were inversely asso-
ciated with lifetime bout occurrence and annual bout
frequency in patients with ECH. These results suggest
that obese patients with ECH may experience fewer life-
time bout and infrequent annual bout occurrences than
those with normal weight or lower BMI. The association
remained consistent across various clinical subgroups.
These findings indicate that obesity may play a novel role
in influencing bout periodicity in ECH.

The well-established negative impact of obesity on
migraine makes these findings noteworthy, as they con-
tradict general expectations of obesity’s role [9]. To our
knowledge, this study is the first to suggest a possible par-
adoxical role of obesity on the disease course and activity
of ECH. Along with obesity, age and seasonal propensity
were also significant factors for annual bout frequency
(Additional Table 5 and Additional Fig. 2). For lifetime
bout occurrence, age was not an independent predic-
tor. In contrast, onset age and disease duration were
significant associated factors, suggesting that patients

with earlier onset age and longer disease duration have a
higher possibility of experiencing frequent cluster bouts.
Interestingly, age emerged as an independently associ-
ated factor for annual bout frequency. The inverse associ-
ation between age and annual bout frequency correlates
with a conventional idea that the occurrence of cluster
bouts can gradually diminish with age as bouts become
infrequent, whereas remission periods get longer [1, 6].
Next, despite the possible impact of smoking on ECH
[19], the association between smoking and lifetime bout
occurrence did not reach statistical significance (Addi-
tional Table 3). In terms of annual bout frequency, smok-
ing was not an associated factor (Additional Table 5).
Notably, seasonal propensity was also a consistent pre-
dictor for both lifetime bout occurrence and annual bout
frequency. Given that seasonal propensity is considered
a clinical hallmark of circadian features of CH, these
results suggest that the hypothalamus and suprachias-
matic nucleus (SCN), a center of the biological clock,
could play a crucial role in determining occurrence and
frequency of cluster bouts [1-3, 20-22]. As with seasonal



Kim et al. The Journal of Headache and Pain (2025) 26:144

Page 7 of 10

Table 3 Binary and ordinal logistic regression analysis: multivariable-adjusted odds ratios of obesity by the body mass index criteria for

lifetime bout occurrence and annual bout frequency

Obesity criteria by BMI (kg/m?) category

Underweight Normal weight Overweight Obese
BMI, <18.5 BMI, 18.5-22.9 BMI, 23.0-24.9 BMI=25.0
(N=11) (N=109) (N=91) (N=105)
Lifetime bout occurrence
Binary (=10 vs. <9)
Unadjusted OR 1.01 (0.29-3.53) reference 0.48 (0.27-0.85) 0.32(0.18-0.57)
P 0979 0.012 <0.001
Multivariable-adjusted OR" 0.79 (0.18-341) reference 0.43 (0.22-0.85) 0.25(0.12-0.50)
P 0.759 0.015 <0.001
Quartiles (<3,4-7,8-11,and = 12)
Unadjusted OR 1.69 (0.53-5.32) reference 0.60 (0.36-0.99) 0.44(0.27-0.71)
P 0.366 0.046 0.001
Multivariable-adjusted OR' 1.33(0.39-4.49) reference 0.59 (0.34-1.02) 0.40 (0.23-0.68)
P 0.644 0.063 0.001
Bout frequency (number of bouts per year)
Binary (=1 vs. <1)
Unadjusted OR 1.71(047-6.20) reference 0.91 (0.52-1.60) 0.49 (0.28-0.85)
P 0.409 0.767 0.012
Multivariable-adjusted OR* 1.56 (0.41-5.86) reference 0.97 (0.54-1.74) 0.51(0.29-0.91)
P 0409 0.93 0.025
Quartiles (<0.48,0.5-0.88,0.89-1.1,and > 1.11)
Unadjusted OR 1.39(0.45-4.28) reference 0.66 (0.40-1.09) 0.49 (0.30-0.80)
P 0.565 0.112 0.005
Multivariable-adjusted OR* 1.21(0.39-3.77) reference 0.62 (0.37-1.04) 0.52(0.32-0.86)
P 0.736 0.074 0011

Potential variables with P<0.05 in univariable analysis were entered in multivariable-adjusted models
Abbreviations: BMI, body mass index; OR, odds ratio; CH, cluster headache; ASC, the Allodynia Symptom Checklist

"Adjusted for current smoking, age of CH onset, duration of CH disease, attack severity, seasonal propensity, and ASC-12 score

fAdjusted for age of CH onset, duration of CH disease, attack severity, seasonal propensity, and ASC-12 score

*Adjusted for age and seasonal propensity

propensity, the impact of obesity on bout periodicity in
CH may be first linked to its effect on the hypothalamus.
A current understanding of the pathophysiological model
of CH attributes bout occurrence of CH to an inherited
misalignment between primary circadian pacemaker
SCN and extra-SCN clocks [1-3, 20, 21]. This internal
circadian disruption may be worsened by neurohumoral
and behavioral factors, lowering the threshold for bout
recurrence [20]. In this sense, we postulate that obesity
may raise this threshold by weakening disruptions in cir-
cadian regulation.

Over the past two decades, the connection between
obesity and the hypothalamus has gained special atten-
tion, positioning obesity as a metabolic inflammatory
disease. In this context, obesity-associated inflammatory
processes in the hypothalamus refer to hypothalamic
inflammation [23]. This condition is known for deregu-
lating energy homeostasis in the hypothalamus, result-
ing in insulin resistance, glucose intolerance, and obesity.
The exact impact of hypothalamic inflammation on the
circadian biology of CH remains unexplored [21, 23].

However, an assumption for our findings is that hypo-
thalamic inflammation might directly alter the circadian
biology of CH, leading to a regulation in the occurrence
and frequency of cluster bouts. The possible biologi-
cal link between obesity and the hypothalamus is sup-
ported by recent neuroimaging studies: a large-scale
study of 1,351 young adults reported a positive associa-
tion between hypothalamic volume and BMI [24], and
a resting-state functional magnetic resonance imaging
study revealed that BMI affects the hypothalamic micro-
structure and connectivity to the limbic region [25].
Since accumulating neuroimaging studies have consis-
tently indicated that the hypothalamus could play a role
in CH genesis [26], obesity-associated alterations in
hypothalamic structure and functional connectivity may
be a possible elucidation for regulating the influence of
obesity on cluster bout periodicity.

Next, the association between obesity and bout peri-
odicity can be accounted for by biomarkers. Obesity is a
chronic low-grade inflammatory state, and previous stud-
ies have explored the link between migraine and obesity
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A Subgroup

Overall
Age

<40 years
240 years

Sex
Female
Male

Current smoking
Yes
No

Alcohol drinking
Yes
No

Onset age of CH disease
<30 years
230 years

Duration of CH disease
<10 years
210 years

Coexisting migraine
Yes
No

Diurnal rhythmicity
Yes
No

Seasonal propensity
Yes
No

B Subgroup

Overall
Age

<40 years
240 years

Sex
Female
Male

Current smoking
Yes
No

Alcohol drinking
Yes
No

Onset age of CH disease
<30 years
230 years

Duration of CH disease
<10 years
210 years

Coexisting migraine
Yes
No

Diurnal rhythmicity
Yes
No

Seasonal propensity
Yes
No

(2025) 26:144

Normal
Obese weight 0dds Ratio (95% Cl)
no. of patients/total no. (%)
29/105(27.6)  59/109 (54.1) —a— 0.32 (0.18-0.57)
18/66 (27.3) 34/67 (50.7) —a 0.36 (0.17-0.75)
11/39 (28.2) 25/42 (59.5) —_—— 0.26 (0.10-0.67)
2/6(33.3) 15/31(484) ~————i—T—— 0.53 (0.08-3.35)
27/99 (27.3) 44/78 (56.4) - 0.29 (0.15-0.54)
17/55(30.9)  26/47(55.3) — 0.36 (0.16-0.81)
12/50 (24) 33/62(53.2) — 0.27 (0.12-0.62)
15/61 (24.6) 33/64 (51.6) —_— 0.30 (0.14-0.65)
14/44 (31.8) 26/45 (57.8) —_—l 0.34 (0.14-0.81)
24/70 (34.3) 48/78 (61.5) i 0.32 (0.16-0.63)
5/35 (14.3) 11/31(35.5) —_—l— 0.30 (0.09-1.00)
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6/53 (11.3) 13/53 (24.5) —— 0.17 (0.07-0.41)
0/6 (0) 10/20 (50) NA
29/99 (29.3) 49/89 (55.1) —a— 0.33 (0.18-0.61)
17/66 (25.8) 38/66 (57.6) e ] 0.25 (0.12-0.53)
12/39(30.8)  21/43(48.8) . 0.46 (0.18-1.15)
17/54 (31.5) 45/65 (61.5) —_—l;G 0.28 (0.13-0.61)
12/51(23.5) 19/44 (43.2) — 0.40 (0.16-0.97)
0.10 1.00
—_— —
Lifetime Bout Lifetime Bout
Occurrence <10 Occurrence 210
Normal
Obese weight 0Odds Ratio (95% Cl)
no. of patients/total no. (%) :
35/105(33.3)  55/109 (50.5) —a 0.49 (0.28-0.85)
1
1
25/66 (37.9) 39/67 (58.2) — i 0.43 (0.21-0.87)
10/39 (25.6) 16/42 (38.1) —_— 0.56 (0.21-1.45)
!
4/6 (66.7) 15/31 (48.4) —:—I— 2.13(0.34-13.40)
31/99 (31.3) 40/78 (51.3) —— 1 0.43 (0.23-0.80)
1
1
18/55 (32.7) 21/47 (44.7) —_— 0.60 (0.26-1.34)
1
17/50 (34) 34/62 (54.8) —l—: 0.42(0.19-0.91)
1
1
22/61(36.1) 28/64 (43.7) —— 0.72 (0.35-1.48)
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1
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24/70(34.3)  36/78(46.2) —— 0.60 (0.31-1.18)
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1
1
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1
1
1
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1
1
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14/51(27.5) 15/44 (34.1) ——— 0.73 (0.30-1.75)
0.10 1.00
— s
Bout Bout
<1 per year 21 per year

P Value for
interaction

0.935

0.844

0.317

0.431

0.63

0.686

P Value for
interaction

0.619

0.382

0.537

0.408

0.677

0.784

0.172

0.372

Fig. 2 Odds ratio of obesity for lifetime bout occurrence and annual bout frequency according to prespecified subgroups
Abbreviations: Cl, confidence interval; CH, cluster headache; NA, not applicable
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through proinflammatory biomarkers [27]. Similarly,
various potential biomarkers for CH have been studied
during the last decade; however, the results have been
inconsistent and mostly non-specific [28]. Among adipo-
kines, obesity was typically associated with low adiponec-
tin levels, whereas several studies have shown increased
adiponectin in patients with migraine, conflicting the
obesity-migraine association [27, 29, 30]. This suggests
that the paradoxical effect of obesity on the bout peri-
odicity of CH in this study might be due to low levels of
adiponectin in obesity. However, unlike migraine, adipo-
nectin’s role has remained largely unexamined in CH and
warrants further studies. Lastly, obesity and associated
lifestyle factors were linked to increased daily cortisol
production and an enhanced cortisol response to stress
[31, 32]. Given the strong and rapid preventive effect of
corticosteroids in CH [33, 34], increased cortisol levels
and associated responsiveness in obese patients may sup-
port the regulation of obesity on CH bout periodicity.

This study has certain limitations. First, due to its
cross-sectional design, our findings lack a causal relation-
ship and should be interpreted cautiously. Second, some
key variables (lifetime bout occurrence, onset of CH, and
total disease duration) were based on patient recall at
recruitment. This increased the risk of recall bias, lower-
ing the internal validity. Third, since all patients in this
study were Korean, our results may not directly apply to
populations of other ethnicities or cultures. Fourth, the
prevalence of obesity in our study was somewhat lower
at 33.2% compared to the 38.4% reported in a recent
nationwide population-based survey in Korea [35]. This
discrepancy may align with the protective influence of
obesity on ECH and should be validated in future popula-
tion-based studies. Fifth, in our previous study, the BMIs
between CCH and ECH were not significantly different
[36]. Since our study data only includes Korean patients,
the proportion of CCH was only 3.5%, which is consider-
ably low compared to Western patients. In this context,
the impact of obesity on CCH should be further inves-
tigated in studies that analyze datasets with a sufficient
number of patients diagnosed with CCH.

Conclusions

In the present study, higher BMI and obesity were
inversely associated with lifetime bout occurrence and
annual bout frequency in ECH. These results suggest that
neurobiological aspects of obesity may suppress clus-
ter bout periodicity. However, the exact mechanisms to
justify our findings largely remains unclear. Further pre-
clinical and clinical studies are needed to confirm our
findings.

Abbreviations
aOR Multivariable-adjusted odds ratio
BMI Body mass index

Page 9 of 10

CCH Chronic cluster headache

CH Cluster headache

cl Confidence interval

ECH Episodic cluster headache

IQR Interquartile range

GAD-7  The Generalized Anxiety Disorder 7-item scale

HIT-6 The 6-item Headache Impact Test

ICHD The International Classification of Headache Disorders

ICHD-3  The third edition of the International Classification of Headache
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KCHR Korean cluster headache registry
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PHQ-9 The Patient Health Questionnaire 9-item scale
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