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Abstract

Objective

Alcohol has been recognized as the main trigger for a cluster headache attack, but clinical
features to distinguish between cluster headache in drinkers and nondrinkers are unclear.
Thus, the present study aimed to investigate the differences in clinical features of cluster
headache between drinkers and nondrinkers.

Methods

This retrospective, observational study compared the clinical features of cluster headache
between drinkers and nondrinkers among patients who were diagnosed with cluster head-
ache between November 2004 and April 2018 at the Japanese Red Cross Shizuoka Hospi-
tal. Demographic and clinical data were collected from medical records and/or by patient
interview.

Results

Of 131 patients, 98 (75%) were drinkers, and 33 (25%) were nondrinkers. Compared with
nondrinkers, drinkers had significantly more frequent conjunctival injection (43% vs. 21%,
p=0.037) but significantly less frequent nasal congestion (31% vs. 52%, p = 0.0037), vomit-
ing (11% vs. 30%, p=0.014), and photophobia (29% vs. 45%, p=0.008).

Conclusion

Among individuals with cluster headache, the frequencies of conjunctival injection, nasal
congestion, vomiting, and photophobia were different between drinkers and nondrinkers.
These results suggested that drinking might influence the responses of the cranial auto-
nomic reflex with respect to conjunctival injection or nasal congestion.
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1. Introduction

Cluster headache (CH) is a primary headache syndrome that is characterized by recurrent
brief attacks of severe, exclusively unilateral pain that lasts for 15-180 min and has been associ-
ated with cranial autonomic symptoms and restlessness [1]. Alcohol is widely recognized as
the main trigger for CH [1]. However, most previous studies on alcohol-triggered CH were
confined to Caucasian populations [2-9], and only two reports were from Asia, specifically
Taiwan and China [10, 11]. These studies described the frequency at which an attack could be
elicited by drinking. However, only a few studies described the differences in clinical features
of CH between drinkers and nondrinkers.

Our previous study showed ethnic differences in the prevalence of chronic CH and in the
uncoupling of the sense of restlessness and restless behavior between Japanese and Taiwanese
patients and Caucasian patients [12]. Nevertheless, there is limited information regarding the
clinical features of CH according to alcohol drinking patterns. The present study aimed to clar-
ify the alcohol-related clinical features of CH patients in Japan and to investigate differences in
these clinical features between drinkers and nondrinkers.

2. Materials and methods
2.1 Patients

The study population comprised patients who were diagnosed with CH using the criteria of
the International Classification of Headache Disorders 3 beta version [1] during first consulta-
tion or follow-up between November 2004 and April 2018 at the Japanese Red Cross Shizuoka
Hospital. All patients underwent magnetic resonance imaging to rule out the presence of neu-
rologic lesions.

2.2 Methods

Data pertaining to the following variables were collected from the medical records and/or by
patient interview: age; age at onset; sex; body mass index; type of CH; laterality and sites of
headache; pain intensity; autonomic features; additional symptoms of nausea, vomiting, pho-
tophobia, phonophobia, and feeling of restlessness/restless behavior during attacks; frequency
of the attacks; duration of the attacks; time of onset of the attacks; history of alcohol intake; his-
tory of new attacks triggered by drinking; and abstinence from alcoholic drinks during the CH
period. Pain intensity was estimated using a visual analog scale. Patients were classified as
drinkers or nondrinkers according to the history of alcohol intake. Nondrinkers were defined
as those who had abstained from alcoholic beverages for more than 1 year, and all remaining
patients were defined as drinkers and were further classified as habitual drinkers or social
drinkers. Habitual drinkers were defined as those who drank approximately 180 mL of alcohol
per day at least 3 days per week, in accordance with the definition of the Japanese Ministry of
Health, Labour and Welfare [13], and all remaining drinkers were defined as social drinkers.

2.3 Standard protocol approval and patient consent

This study protocol was approved by the ethics committee of the Japanese Red Cross Shizuoka
Hospital (approval number 2018-08) and conformed to the ethical standards specified in the
Declaration of Helsinki. All patients received written and verbal information about the study
and provided written informed consent prior to inclusion.
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2.4 Statistical analysis

Data are presented as means * standard deviations. Student’s t-test was used to compare con-
tinuous variables, whereas the chi-squared test was used to compare categorical variables. Fish-
er’s exact test was used to compare variables with low frequency (i.e., <5 observations). All
tests were two-tailed, and we considered an alpha level of <0.05 to be statistically significant.
SPSS Statistics software (version 20.0, IBM Corp., Armonk, NY, USA) was used for all statisti-
cal analyses.

3. Results
3.1 Participants

A total of 157 patients with CH were enrolled. Twenty-six patients were excluded from the
study because of missing data regarding alcohol-related clinical features. Finally, 131 patients
with CH (mean age, 37.9 + 10.3 years; 76% men) were evaluated in this study. No significant
differences in age, sex, or CH subtype were observed between evaluated and excluded patients.

3.2 Comparison of demographic and clinical features between drinkers and
nondrinkers

Of the 131 patients, 98 (75%) were drinkers, and 33 (25%) were nondrinkers. Compared with
the nondrinkers, a significantly greater proportion of drinkers were men, and the drinkers had
a significantly higher mean body mass index (Table 1). Conjunctival injection was significantly
more common among drinkers than among nondrinkers, whereas nasal congestion, vomiting,
and photophobia were significantly less common among drinkers than among nondrinkers
(Table 2). No significant differences were observed between the drinkers and nondrinkers
with regard to the following factors: age at first consultation; age at onset; type of CH; current
smoking status; laterality of headache; visual analog scale score; duration, frequency, and time
of onset of the attacks; and bout frequency (Tables 1-4).

3.3 Alcohol-related clinical features during the cluster headache period

Of the 98 drinkers, 78 (60%) were habitual drinkers, and 20 (15%) were social drinkers. All
habitual drinkers reported drinking during the CH period, and no social drinker consumed
alcohol during the CH period. Alcohol intake triggered a new attack in 74 patients who were
habitual drinkers (95% of habitual drinkers), but not in four patients who were habitual drink-
ers (5% of habitual drinkers).

Compared with social drinkers, habitual drinkers were significantly older at first consulta-
tion (Table 5). No significant differences were observed between habitual drinkers and social
drinkers with regard to the following factors: age at onset; type of CH; current smoking status;
laterality of headache; visual analog scale score; autonomic features; additional features; dura-
tion, frequency, and time of onset of the attacks; and bout frequency (S1-S3 Tables).

Of the 78 habitual drinkers, 72 (92%) stopped drinking alcohol during the CH period.
Among the four patients in whom a new attack was not provoked by drinking, none stopped
drinking. Two patients continued drinking despite the occurrence of an attack during the CH
period.

4. Discussion

Our study showed that 75% of CH patients were drinkers. Moreover, compared with the non-
drinkers, a significantly greater proportion of men were drinkers, and these drinkers had
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Table 1. Demographic and clinical variables of patients with cluster headache.

Patient characteristics Drinkers (n = 98, 75%) Nondrinkers (n = 33, 25%) p

Age (years) (mean + SD) 37.9+9.7 37.7+£12.0 0.927
Age at onset (years) (mean * SD) 30.1+11.1 29.6 £13.9 0.826
Sex, male, n (%) 81 (83) 18 (55) 0.001
Body mass index (mean + SD) 229 +2. 21.3+33 0.011
Chronic type of cluster headache, n (%) 3(3) 1(3) 0.993
Current smoking, n (%) 47 (48) 13 (39) 0.391

SD, standard deviation

https://doi.org/10.1371/journal.pone.0224407.t001

significantly more frequent conjunctival injection and less frequent nasal congestion, vomit-
ing, and photophobia.

In this study, the proportion of Japanese patients with CH who were drinkers (75%) was
similar to the reported proportion of patients who consumed alcohol in Sweden (72%) [8],
higher than the proportions of patients reported in the United States (65%) and Denmark
(61%) [7, 9], and lower than the proportions of patients reported in the United Kingdom, Ger-
many, and Italy (83%-84%) [3, 4,14]. Our study also showed that conjunctival injection was
significantly more common among drinkers than among nondrinkers, whereas nasal conges-
tion, vomiting, and photophobia were significantly less common. Conjunctival injection and
nasal congestion are parasympathetic symptoms of CH that are presumed to be caused by
either a direct effect of the hypothalamus or a reflex activation of the parasympathetic outflow
from the superior salivatory nucleus, predominantly through the pterygopalatine ganglion
[15]. Although conjunctival injection and nasal congestion are thought to be caused by the
same mechanism, our study revealed different proportions of CH patients with conjunctival
injection and nasal congestion between drinkers and nondrinkers. We speculate that drinking

Table 2. Cranial autonomic and additional features in drinkers and nondrinkers.

Features Drinkers Nondrinkers P

Autonomic
Lacrimation 70 (71) 23 (70) 0.828
Conjunctival injection 42 (43) 7 (21) 0.037
Rhinorrhea 55 (56) 20 (61) 0.689
Nasal congestion 30 (31) 17 (52) 0.037
Eyelid edema 5(5) 4(12) 0.228
Facial sweating 22 (2%) 7 (21) 1.000
Ptosis 11 (11) 4(12) 1.000

Additional 1.000
Nausea 45 (46) 17 (52) 0.688
Vomiting 11(11) 10 (30) 0.014
Photophobia 28 (29) 15 (45) 0.008
Phonophobia 23 (23) 13 (39) 0.113
Visual aura 2(2) 1(3) 1.000
Sense of restlessness 55 (56) 17 (52) 0.689
Pacing 31 (32) 11 (33) 0.833
Aggravation by physical activities 18 (18) 8 (24) 0.459

Data are shown as n (%).

https://doi.org/10.1371/journal.pone.0224407 1002
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Table 3. Headache characteristics in drinkers and nondrinkers.

Headache characteristics
Location, n (%)
Retro-orbital
Temporal
Forehead
Occipital
Upper teeth
Vertex
Cheek
Nose
Jaw
Neck
Ear
Shoulder
Laterality, n (%)
Right-sided attacks only
Left-sided attacks only
Side changes during bouts
Side changes between bouts
Side changes during and between bouts

Visual analog scale score (mean + SD)
SD, standard deviation

https://doi.org/10.1371/journal.pone.0224407 1003

Drinkers Nondrinkers p
79 (81%) 27 (82%) 0.843
58 (59%) 20 (61%) 0.886
27 (28%) 11 (33%) 0.527
19 (19%) 7 (21%) 0.82
14 (14%) 5 (15%) 0.903
11 (11%) 5 (15%) 0.587
9 (9%) 7 (21%) 0.068
5 (5%) 2 (6%) 0.832
6 (6%) 0 (0%) 0.146
5 (5%) 1(3%) 0.622
4 (4%) 1 (3%) 0.785
2 (2%) 0 (0%) 0.408
0.373
45 (46%) 20 (61%)
41 (42%) 10 (30%)
2 (2%) 0 (0%)
6 (6%) 3 (9%)
4 (4%) 0 (0%)
93.4+11.0 91.3+153 0.392

alcoholic beverages may alter the differences in the responses of the cranial autonomic reflex
between conjunctival injection and nasal congestion. Nausea, vomiting, photophobia, and
phonophobia are frequently observed in patients with CH and have been described as
“migraine-like accompanying features” (MLF) [16]. Taga et al. reported that there were more
women among individuals who had CH with MLF compared with individuals who had CH
without MLF. Furthermore, individuals who had CH with MLF were younger at the time of
CH onset, had longer duration of CH, and had more frequent ptosis, sweating, miosis, and
osmophobia, but had similar daily alcohol intake [16]. The differences between the results of
our study and those of the previous study may have been a result of different study designs
and/or social and ethnic differences.

Alcohol intake triggered a new CH attack in 22% to 69% of patients in Western countries
[2-9], in 24% of patients in Taiwan [10], in 56% of patients in China [10], and in 57% of
patients in our study. Levi et al. reported that, among Swedish patients, alcohol elicited a head-
ache attack in 79%, but reduced a current episode of headache in 9% [2]. In a study conducted
by Rozen et al. in the United States, 65% of the surveyed patients consumed alcohol, and 52%
experienced a CH attack after drinking alcohol [7]. In 80% of the surveyed patients who con-
sumed alcohol, a headache attack had been triggered by drinking. In our study, 95% of patients
with a history of drinking during the CH period had experienced a headache attack after
drinking. The higher frequency of drinking-provoked headache attack among current drinkers
in Japan than in Western countries may reflect ethnic differences.

Our study showed that 92% of habitual drinkers stopped drinking alcohol during the CH
period. Among drinkers in the United States, the frequency of abstinence from alcohol during
a CH period was 85% [7], and Levi et al. reported that alcohol consumption decreased in 79%
of CH patients in Sweden [2]. In Denmark, Lund et al. revealed that 14.3% of patients
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Table 4. Attack characteristics.

Attack characteristics Drinkers Nondrinkers P
Frequency 0.781
Less than 1 time/day 19 (19%) 5(15%)
From 1 time to less than 2 times/day 62 (63%) 20 (61%)
From 2 times to less than 3 times/day 7 (7%) 4 (12%)
More than 3 times/day 10 (10%) 4 (12%)
Duration 0.435
Lessthan1h 22 (22%) 7 (21%)
From 1 h to less than 2 h 49 (50%) 14 (42%)
From 2 h to less than 3 h 17 (17%) 9 (27%)
More than 3 h 8 (8%) 1(3%)
Varies with each attack 2 (2%) 2 (6%)
Time of onset 0.638
Daytime only 7 (7%) 3 (9%)
Equally nocturnal and daytime 22 (22%) 3 (9%)
Mostly daytime 21 (22%) 7 (21%)
Mostly nocturnal 31 (32%) 14 (42%)
Nocturnal only 13 (13%) 5 (15%)
Varies among cluster periods 4 (4%) 1(3%)
Bout frequency, n (%)
Less than 1 time/year 39 (40%) 18 (55%)
1 time/year 28 (29%) 7 (21%)
From 1 to 2 times/year 14 (14%) 5(15%)
More than 2 times/year 4 (4%) 1(3%)
Single bout 10 (10%) 1(3%)
Chronic 3 (3%) 1 (3%)

Data are shown as n (%).

https://doi.org/10.1371/journal.pone.0224407.1004

continued drinking alcohol during attack periods [9], and in France, Donnet et al. demon-

strated that 42% of patients with chronic CH were regular alcohol consumers [5]. The rela-
tively high frequency of alcohol abstinence during CH periods in Japan may also reflect ethnic

differences.

4.1 Study limitations

This study had some limitations. First, the data were collected retrospectively. Second, the
study was performed at a single center with a small sample of patients; these were key

Table 5. Demographic and clinical variables in habitual drinkers and social drinkers.

Patient characteristics Habitual drinkers (n = 78) Social drinkers (n = 20) P
Age (years) (mean + SD) 39.1+9.7 33.3+8.2 0.016
Age at onset (years) (mean + SD) 30.3+11.3 29.3+£10.7 0.73
Sex, male, n (%) 66 (78) 15 (75) 0.33
Body mass index (mean + SD) 22.7+29 23.4+32 0.370
Chronic type of cluster headache, n (%) 1(1) 2 (10) 0.105
Current smoking, n (%) 41 (53) 10 (50) 1.000
Visual analog scale score (mean + SD) 94.1£9.8 90.7 £ 15.0 0.224

SD, standard deviation

https://doi.org/10.1371/journal.pone.0224407.t005
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limitations in this study. Third, our evaluation of the trigger factor for headache was based on
patient recall.

5. Conclusions

This study of patients with CH showed that conjunctival injection was significantly more com-
mon among drinkers than among nondrinkers, whereas nasal congestion, vomiting, and pho-
tophobia were significantly less common. Drinking may result in cranial autonomic reflex
responses that differentially affect conjunctival injection and nasal congestion.

Supporting information

S1 Table. Headache characteristics in habitual drinkers and social drinkers.
(DOCX)

S2 Table. Cranial autonomic and additional features in habitual drinkers and social drink-
ers.
(DOCX)

S3 Table. Attack characteristics in drinkers and social drinkers.
(DOCX)

Acknowledgments

The authors would like to thank Enago (www.enago.jp) for the English language reviews.

Author Contributions
Conceptualization: Noboru Imai.
Data curation: Noboru Imai.

Formal analysis: Noboru Imai.
Investigation: Noboru Imai.
Methodology: Noboru Imai.

Project administration: Noboru Imai.
Resources: Noboru Imai.

Software: Noboru Imai.

Validation: Noboru Imai.

Writing - original draft: Noboru Imai.

Writing - review & editing: Noboru Imai, Eiji Kitamura.

References

1. Headache Classification Committee of the International Headache Society. The International Classifica-
tion of Headache Disorders, 3rd edition (beta version). Cephalalgia. 2013; 33: 629-808.

2. LeviR, Edman GV, Ekbom K, Waldenlind E. Episodic cluster headache II: high tobacco and alcohol
consumption in males. Headache. 1992; 32: 184—187. https://doi.org/10.1111/].1526-4610.1992.
hed3204184.x PMID: 1582837

3. Bahra A, May A, Goadsby PJ. Cluster headache: a prospective clinical study with diagnostic implica-
tions. Neurology. 2002; 58: 354—361. https://doi.org/10.1212/wnl.58.3.354 PMID: 11839832

PLOS ONE | https://doi.org/10.1371/journal.pone.0224407 November 20, 2019 7/8


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224407.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224407.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224407.s003
http://www.enago.jp/
https://doi.org/10.1111/j.1526-4610.1992.hed3204184.x
https://doi.org/10.1111/j.1526-4610.1992.hed3204184.x
http://www.ncbi.nlm.nih.gov/pubmed/1582837
https://doi.org/10.1212/wnl.58.3.354
http://www.ncbi.nlm.nih.gov/pubmed/11839832
https://doi.org/10.1371/journal.pone.0224407

@ PLOS|ONE

Clinical features of cluster headache in drinkers and nondrinkers

10.

1.

12

13.

14.

15.

16.

Schiirks M, Kurth T, de Jesus J, Jonjic M, Rosskopf D, Diener HC. Cluster headache: clinical presenta-
tion, lifestyle features, and medical treatment. Headache. 2006; 46: 1246—1254. https://doi.org/10.
1111/j.1526-4610.2006.00534.x PMID: 16942468

Donnet A, Lanteri-Minet M, Guegan-Massardier E, Mick G, Fabre N, Geraud G, et al. Chronic cluster
headache: a French clinical descriptive study. J Neurol Neurosurg Psychiatry. 2007; 78: 1354—1358.
https://doi.org/10.1136/jnnp.2006.112037 PMID: 17442761

Rainero |, Rubino E, Gallone S, Fenoglio P, Negro E, De Martino P, et al. Cluster headache is associ-
ated with the alcohol dehydrogenase 4 (ADH4) gene. Headache. 2010; 50: 92—-98. https://doi.org/10.
1111/1.1526-4610.2009.01569.x PMID: 19925625

Rozen TD, Fishman RS. Cluster headache in the United States of America: demographics, clinical char-
acteristics, triggers, suicidality, and personal burden. Headache. 2012; 52: 99—113. https://doi.org/10.
1111/j.1526-4610.2011.02028.x PMID: 22077141

Steinberg A, Fourier C, Ran C, Waldenlind E, Sjostrand C, Belin AC. Cluster headache—clinical pattern
and a new severity scale in a Swedish cohort. Cephalalgia. 2018; 38: 1286—1295. https://doi.org/10.
1177/0333102417731773 PMID: 28906127

Lund N, Petersen A, Snoer A, Jensen RH, Barloese M. Cluster headache is associated with unhealthy
lifestyle and lifestyle-related comorbid diseases: Results from the Danish Cluster Headache Survey.
Cephalalgia. 2019; 39: 254-236. https://doi.org/10.1177/0333102418784751 PMID: 29933701

Lin KH, Wang PJ, Fuh JL, Lu SR, Chung CT, Tsou HK, et al. Cluster headache in the Taiwanese—a
clinic-based study. Cephalalgia. 2004; 24: 631-638. https://doi.org/10.1111/j.1468-2982.2003.00721.x
PMID: 15265051

Dong Z, Di H, Dai W, Pan M, Pan M, Li Z, Liang J, et al. Clinical profile of cluster headaches in China—a
clinic-based study. J Headache Pain. 2013; 14: 27. https://doi.org/10.1186/1129-2377-14-27 PMID:
23574884

Imai N, Yagi N, Kuroda R, Konishi T, Serizawa M, Kobari M. Clinical profile of cluster headaches in
Japan: low prevalence of chronic cluster headache, and uncoupling of sense and behavior of restless-
ness. Cephalalgia. 2011; 31: 628-633. https://doi.org/10.1177/0333102410391486 PMID: 21278239

Ministry of Health, Labour and Welfare, Japan. Basic Plan for Promotion of Measures against Alcohol-
related Harm. 2019; 6: 14. Available from: https://www.mhlw.go.jp/file/06-Seisakujouhou-12200000-
Shakaiengokyokushougaihokenfukushibu/keikaku_2.pdf

Manzoni GC. Cluster headache and lifestyle: remarks on a population of 374 male patients. Cephalal-
gia. 1999; 19: 88-94. https://doi.org/10.1046/j.1468-2982.1999.019002088.x PMID: 10214533

May A. Cluster headache: pathogenesis, diagnosis, and management. Lancet. 2005; 366: 843—855.
https://doi.org/10.1016/S0140-6736(05)67217-0 PMID: 16139660

Taga A, Russo M, Manzoni GC, Torelli P. Cluster headache with accompanying migraine-like features:
a possible clinical phenotype. Headache. 2017; 57: 290-297. hitps://doi.org/10.1111/head. 12971
PMID: 27861832

PLOS ONE | https://doi.org/10.1371/journal.pone.0224407 November 20, 2019 8/8


https://doi.org/10.1111/j.1526-4610.2006.00534.x
https://doi.org/10.1111/j.1526-4610.2006.00534.x
http://www.ncbi.nlm.nih.gov/pubmed/16942468
https://doi.org/10.1136/jnnp.2006.112037
http://www.ncbi.nlm.nih.gov/pubmed/17442761
https://doi.org/10.1111/j.1526-4610.2009.01569.x
https://doi.org/10.1111/j.1526-4610.2009.01569.x
http://www.ncbi.nlm.nih.gov/pubmed/19925625
https://doi.org/10.1111/j.1526-4610.2011.02028.x
https://doi.org/10.1111/j.1526-4610.2011.02028.x
http://www.ncbi.nlm.nih.gov/pubmed/22077141
https://doi.org/10.1177/0333102417731773
https://doi.org/10.1177/0333102417731773
http://www.ncbi.nlm.nih.gov/pubmed/28906127
https://doi.org/10.1177/0333102418784751
http://www.ncbi.nlm.nih.gov/pubmed/29933701
https://doi.org/10.1111/j.1468-2982.2003.00721.x
http://www.ncbi.nlm.nih.gov/pubmed/15265051
https://doi.org/10.1186/1129-2377-14-27
http://www.ncbi.nlm.nih.gov/pubmed/23574884
https://doi.org/10.1177/0333102410391486
http://www.ncbi.nlm.nih.gov/pubmed/21278239
https://www.mhlw.go.jp/file/06-Seisakujouhou-12200000-Shakaiengokyokushougaihokenfukushibu/keikaku_2.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-12200000-Shakaiengokyokushougaihokenfukushibu/keikaku_2.pdf
https://doi.org/10.1046/j.1468-2982.1999.019002088.x
http://www.ncbi.nlm.nih.gov/pubmed/10214533
https://doi.org/10.1016/S0140-6736(05)67217-0
http://www.ncbi.nlm.nih.gov/pubmed/16139660
https://doi.org/10.1111/head.12971
http://www.ncbi.nlm.nih.gov/pubmed/27861832
https://doi.org/10.1371/journal.pone.0224407

