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INTRODUCTION

Headache is one of the most frequent neurological prob-
lems that reported in nearly half of older adults.1,2) The 
characteristics of headache in older adults are different 
from those reported by younger patients.3) Older patients 
tend to experience more migraine characteristics, hypnic 
headaches, facial neuralgia, and secondary headaches, 

which may be related with aging (metabolic or hormonal 
changes, comorbidities, or prescribed medications).3) Ac-
cordingly, a prudential investigation into the character-
istics and prognosis of headache is mandatory for the 
appropriate management and treatment of older patients 
with headache. 
 Few studies have investigated the association between 
headache disorders and long-term prognosis. In the case 
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Background: Although the frequency and intensity of headaches decrease in older adults, 
headaches in this population are still an important neurological disorder. The purpose of 
this study was to investigate the associations of headache characteristics in older adults 
with the development of cardiovascular disease and cognitive dysfunction. Methods: We 
prospectively enrolled 125 older (≥ 65 years old) patients with headache who were mak-
ing their first visit to outpatient clinics and who had no prior history of cognitive dysfunc-
tion from 11 hospitals in Korea between August 2014 and February 2015. We investigated 
the occurrence of newly developed/or recurrent headache, cardiovascular disease, cog-
nitive dysfunction, and poor functional outcomes. Results: The mean age of all included 
patients was 72.6 years, 68.8% were women, and 43 (34.4%) had newly developed/or 
recurrent headache during follow-up. During a median follow-up of 31 months (interquartile 
range, 28–34 months), 21 participants (16.8%) experienced cardiovascular disease, and 
26 (20.8%) developed cognitive dysfunction. Upon multivariate analysis and after adjust-
ing for sex, age, and other factors, presence of newly developed/or recurrent headache 
was found to be associated with cardiovascular disease (hazard ratio [HR], 4.03; 95% 
confidence interval [CI], 1.28–12.61; p=0.017) and frequency of headache for the recent 
3 months was related with cognitive dysfunction (HR, 1.05; 95% CI, 1.00–1.09; p=0.017) 
and poor functional outcomes (HR, 1.06; 95% CI, 1.01–1.11; p=0.011). Conclusion: Our 
study demonstrated that there is an increased risk of cardiovascular disease, cognitive 
dysfunction, and poor functional outcomes in older patients with frequent, newly devel-
oped, or recurrent headache. (Ann Geriatr Med Res 2018;22:176-183)
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of migraine, a major primary headache disorder, there was 
an association with cardiovascular disease events, includ-
ing cardiovascular mortality, in young to middle-aged 
women.4) However, detailed information and the long-
term prognosis of headache in older patients, especially on 
new onset headache, have been rarely reported. Previous 
studies on the prevalence of headache have focused on 
this condition only in relatively younger patients, with a 
limited study sample size of older participants; the Inter-
national Classification of Headache Disorders, Third Edi-
tion (ICHD-3) and ICHD-3 beta version have also not been 
used.5-8) Moreover, one other study that carried out long-
term follow-up for headaches in older adults only included 
a small number of patients with chronic daily headache.9) 
 Therefore, the purpose of this study was (1) to investi-
gate the characteristics of headache of older patients; (2) 
to check whether the headache in older patients improved, 
recurred, worsened, or became chronic; and (3) to confirm 
the association of headache in older patients with the oc-
currence of poor functional outcomes, cardiovascular dis-
eases, and cognitive dysfunction during long-term follow-
up by using a multicenter headache registry data set.

MATERIALS AND METHODS

Participants

This study was performed as a sub-study of a prospective, 
multicenter headache registry called the “headache regis-
try using the ICHD-3 beta version for first-visit patients” 
(HEREIN).10,11) The data set of the HEREIN study was pro-
spectively acquired from patients visiting outpatient head-
ache clinics for the first time; patients visiting neurology 
departments of 11 hospitals (6 tertiary and 5 secondary 
referral hospitals) in Korea between August 2014 and Feb-
ruary 2015 were enrolled.12) We reviewed the overall head-
ache diagnosis at baseline and/or follow-up (if presented) 
and determined the type using the ICHD-3 beta version 
criteria. Participants who listed headache as the chief com-
plaint for the outpatient clinic visit were all Korean adults 
(from 19–100 years of age) without any difficulty in com-
munication or conversation that would prohibit accurate 
history taking. Patients with impaired cognitive function, 
aphasia/severe dysarthria, or any other serious medical 
or psychiatric condition, identified based on a physician’s 
evaluation, were excluded, as were those who visited the 
hospital for major symptoms other than headache.10) The 
Institutional Review Board of each hospital approved this 
study. All patients provided informed consent for partici-
pation in our study.

Baseline Headache Assessment and Diagnosis

All included patients completed a self-administered sur-
vey and were examined by a headache specialist. In cases 
where secondary headaches had to be excluded, blood, 
laboratory, and/or cerebrospinal fluid examinations were 
performed. Brain imaging (computed tomography [CT] 

and/or magnetic resonance imaging [MRI]) including the 
cerebral vasculature was also performed based on the 
headache specialist’s judgment at each center. The sur-
vey and questionnaire assessed the patients’ history and 
characteristics of their headaches, including presence of 
aura, severity of headache (visual analogue scale [VAS]), 
pain characteristics, location, headache attack duration, 
presence of aggravation with routine physical activity, 
any accompanying symptoms, and autonomic symptoms 
or features such as vertigo.12) The confirmative headache 
diagnosis was performed based on the ICHD-3β criteria af-
ter considering the questionnaire results, medical records, 
neurological examination, laboratory findings, neuroim-
aging studies, and treatment response. Controversial cases 
were reviewed by researchers through case analysis meet-
ings until a consensus was reached. The interrater agree-
ment among the researchers, calculated using Fleiss’ kappa 
coefficients, was 0.61.10,13)

Design of the Follow-up Study and Definitions of Clinical 
Outcomes

To perform our prospective observational study, we 
utilized the data set from a previous study, which in-
vestigated the characteristics of 152 older patients with 
headache.12) Out of these 152 patients, we excluded those 
who did not want to participate in our follow-up study 
and who were not contacted (n=27); the remaining 125 
patients agreed to provide clinical information for follow-
up. These 125 participants were followed up from April 
2015 to April 2018. A board-certified headache special-
ist obtained the participants’ clinical information at the 
out-patient clinic during face-to-face and/or telephone 
interviews. When patients did not revisit during scheduled 
follow-ups, their clinical information was acquired via a 
telephone interview with the patient and/or a close rela-
tive. The definition of “newly developed headache” was a 
newly developed headache as the chief complaint follow-
ing complete remission of the index headache. A recur-
rent headache was defined as the recurrence of the initial 
headache without definite remission.
 At the follow-up time, we acquired clinical information 
on frequency of headache for the most recent 3 months 
following the last follow-up regarding (1) headache recur-
rence, continuation, and/or changes in characteristics and 
(2) occurrence of cardiovascular disease, cognitive dys-
function, and change in functional status, including mor-
tality (modified Rankin scale [mRS]). The primary outcome 
was major adverse cardiovascular events (sum of the oc-
currence of all-cause mortality, unstable angina, myocar-
dial infarction, coronary revascularization, and stroke).14) 
Cognitive dysfunction was defined as diagnosis of mild 
cognitive impairment (MCI) or dementia based on previous 
studies.15) The development and type of cognitive dysfunc-
tion were confirmed at each hospital by a neurology spe-
cialist. The mRS is commonly used for assessing functional 
outcomes (0, no symptoms; 1, no significant disability; 2, 
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slight disability; able to look after own affairs without as-
sistance, but unable to carry out all previous activities; 3, 
moderate disability; requires some help, but able to walk 
unassisted; 4, moderately severe disability; unable to at-
tend to own bodily needs without assistance, and unable 
to walk unassisted; 5, severe disability; requires constant 
nursing care and attention, bedridden, incontinent; and 6, 
dead) for measuring the degree of disability or dependence 
in the daily activities of people. This follow-up study pro-
tocol was reviewed and approved by the ethics committee 
of each hospital. Based on the decision of the Institutional 
Review Board of each hospital, our data was acquired after 
receiving informed consent or oral agreements by tele-
phone interview from participants and/or their caregiver.

Statistical Analysis

Statistical analyses were performed using the IBM SPSS 
Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Continu-
ous variables are presented as means±standard devia-
tions. Categorical variables are shown as frequencies and 
percentages. Continuous or interval-scaled variables were 
compared using Student t-test or the Mann-Whitney U-
test, while all categorical variables were compared using 
the chi-square test or Fisher exact test. Due to the small 
sample size, patients were dichotomized based upon clini-
cal outcomes, poor functional status (mRS≥2 or <2), cog-
nitive dysfunction (occurrence of MCI and/or dementia vs. 
no occurrence), and whether newly developed headache 
and/or recurrent headache existed; the associations of 
the index headache characteristics with clinical outcomes 
were then analyzed using univariate analysis (Kaplan-
Meier product-limit method with a log-rank test) and 
multivariate Cox proportional hazards regression. In ad-
dition to age and sex, variables with p<0.1 upon univari-
ate analysis were entered into the multivariate analyses. 
A 2-tailed p<0.05 was considered statistically significant. 
There was no statistical interaction between frequency of 
headache for the most recent 3 months following the last 
follow-up and newly developed headache and/or recurrent 
headache with the occurrence of poor functional outcomes 
(p for interaction=0.999) or cardiovascular disease (p for 
interaction=0.724) or cognitive dysfunction (p for interac-
tion=0.819).

RESULTS

Demographic Data of the Study Population

The age of the 125 patients was 72.6±5.9 years (mean± 
standard deviation), and there were more women (86 
women [68.8%] vs. 39 men [31.2%]) in the study. Brain CT 
was performed in 33 participants (26.4%), and brain MRI 
was carried out in 53 (42.4%). The most common type of 
headache was primary headache (n=103 [82.4%]), followed 
by secondary headache (n=14 [11.2%]), painful cranial 
neuropathies, and other facial pains (n=8 [6.4%]). Among 
the primary headaches, tension-type headaches (n=57 

[45.6%]) and other primary headaches (n=35 [28.0%]), par-
ticularly primary stabbing headaches (n=22 [17.6%]), were 
most frequently noted. Considering secondary headache, 
infection (n=5 [4.0%]), facial pain attributed to disorder of 
the cranium (n=4 [3.2%]), and cranial vascular disorders 
(n=2 [1.6%]) were most frequently noted. Medication over-
use headache was noted in nine (7.2%) participants.
 Among the 125 patients, 43 (34.4%) had newly devel-
oped headache and/or recurrent headache; in addition, 
tension-type headache (n=23 [53.5%]), other primary 
headache (n=12 [27.9%]), migraine (n=5 [11.6%], trauma 
related (n=1 [2.3%]), cranial vascular disorder (n=1 [2.3%]), 
and facial pain attributed to disorder of the cranium cra-
nial (n=1 [2.3%]) were also commonly noted. In 12 other 
primary headache patients, primary stabbing headache 
was most frequent (n=8 [66.7%]). Considering newly de-
veloped headache and/or recurrent headache, the three 
patients with migraine reported another type of head-
ache (tension-type headache) as well, and 8 patients with 
tension-type headache also experienced another type of 
headache (migraine). Compared with the no newly devel-
oped headache and/or recurrent headache group, those 
who reported newly developed headache and/or recurrent 
headache had a higher frequency of headache for the most 
recent 3 months following the last follow-up (9.5±9.8 days 
vs. 1.5±1.0 day, p=0.001) and primary headache disorders 
(p=0.078) (Table 1).

Associations of Headache Characteristics With Clinical 
Outcomes

During the median 31 months (interquartile range: 28–34 
months) of follow-up, most patients reported an improve-
ment in their index headache (n=106 [84.8%]), in contrast, 
15 (12.0%) patients complained of no significant change 
of index headache and 4 (3.2%) patients described their 
headache as progressively worse following the last follow-
up. Two patients (1.2%) (1 had chronic migraine and 1 had 
probable tension-type headache) had chronic daily head-
ache (1 had chronic migraine and 1 had chronic tension-
type headache).
 Considering clinical outcomes, 23 patients (18.4%) had 
a poor functional outcome, 21 (16.8%) developed car-
diovascular disease, and 26 (20.8%) reported cognitive 
dysfunction. Kaplan-Meier curves demonstrated that poor 
functional outcomes (p=0.014), cardiovascular disease 
(p=0.009), and cognitive dysfunction (p=0.009) depended 
on the presence of newly developed headache and/or re-
current headache (Fig. 1). Upon multivariate analysis and 
after adjusting for sex, age, and other factors that were at 
least marginally significant in univariate analysis (p<0.1) 
(Table 2), high frequency of headache for the most recent 
3 months following the last follow-up was related with 
poor functional outcomes (hazard ratio [HR], 1.06; 95% 
confidence interval [CI], 1.01–1.11; p=0.011) and the oc-
currence of cognitive dysfunction (HR, 1.05; 95% CI, 
1.01–1.09; p=0.017), but not with the occurrence of car-
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Table 1. Demographics and characteristics of older patients with headache according to the presence of newly developed headache and/or 
recurrent headache

Variable Total (n=125)

No newly developed 
headache and/or 

recurrent headache 
(n=82)

Newly developed 
headache and/or 

recurrent headache 
(n=43)

p-value

Demographic data
Female sex 86 (68.8) 55 (67.1) 31 (72.1) 0.565
Age (yr) 72.6±5.9 72.4±5.8 72.8±6.3 0.726
Age of headache onset (yr) 71.5±5.9 71.5±5.7 71.6±6.3 0.943
Types of brain imaging performed 0.517
   Brain CT 33 (26.4) 22 (26.8) 11 (25.6)
   Brain MRI 53 (42.4) 32 (39.0) 21 (48.8)
Visual analogue scale 5.4±1.9 5.6±1.9 5.2±1.8 0.192
Duration of index headache (day) per month 6.8±20.5 6.1±21.3 8.2±19.2 0.589
Types of headache or cranial neuralgia 0.078
   Primary headache 103 (82.4) 63 (76.8) 40 (93.0)
   Secondary headache 14 (11.2) 12 (14.6) 2 (4.7)
Painful cranial neuropathies and other facial pains 8 (6.4) 7 (8.5) 1 (2.3)
Subtypes of headache
Primary headache 0.755
   Migraine 11 (8.8) 6 (7.3) 5 (11.6)
   Tension type headache 57 (45.6) 34 (41.5) 23 (53.5)
   Other primary headache 35 (28.0) 23 (28.0) 12 (27.9)
Secondary headache 0.163
   Trauma related 1 (0.8) 0 (0) 1 (2.3)
   Cranial vascular disorder 2 (1.6) 2 (2.4) 0 (0)
   Substance 1 (0.8) 1 (1.2) 0 (0)
   Infection 5 (4.0) 5 (6.1) 0 (0)
   Homeostasis 1 (0.8) 1 (1.2) 0 (0)
   Facial pain attributed to disorder of the cranium 4 (3.2) 3 (3.7) 1 (2.3)
Painful cranial neuropathies and other facial pains 0.375
   Neuralgia 3 (2.4) 2 (2.4) 1 (2.3)
   Other headache disorders 5 (4.0) 5 (6.1) 0 (0)
Medication overuse headache 9 (7.2) 4 (4.9) 5 (11.6) 0.273
Kinds of medications for medication overuse headache 0.538
   Triptans 3 (2.4) 1 (1.2) 2 (4.7)
   NSAID 4 (3.2) 2 (2.4) 2 (4.7)
   Combined pain killers 1 (0.8) 1 (1.2) 1 (2.3)
Frequency of headache for recent 3 months (day) 3.2±7.3 1.5±1.0 9.5±9.8 0.001

Values are presented as number (%) or mean±standard deviation.
CT, computed tomography; MRI, magnetic resonance image; NSAID, nonsteroidal anti-inflammatory drug.
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Fig. 1. Kaplan-Meier survival plots of long-term, poor functional outcomes (A), occurrence of cardiovascular disease (B), and incidence of 
cognitive dysfunction (C) in the presence of newly developed headache and/or recurrent headache in older adults. Duration of follow-up 
was noted as months. mRS, modified Rankin scale; MCI, mild cognitive impairment. 



180  Soo-Jin Cho, et al.

www.e-agmr.org

diovascular disease (HR, 0.99; 95% CI, 0.93–1.05; p=0.905) 
(Table 3). The presence of newly developed headache and/
or recurrent headache was significantly associated with 
the occurrence of cardiovascular disease (HR, 4.03; 95% 
CI, 1.28–12.61; p=0.017) but not with poor functional out-
comes (HR, 1.86; 95% CI, 0.55–6.32; p=0.315) and cogni-
tive dysfunction (HR, 1.53; 95% CI, 0.50–1.53; p=0.448) 
(Table 3). 

DISCUSSION

The key findings from our prospective, first-visit, outpa-
tient-based, multicenter study were as follows: (1) even 
though most headaches improved, 43 patients (34.4%) had 
newly developed/or recurrent headache during follow-up, 
and tension-type and other primary headaches (mainly 
primary stabbing headache) were the most commonly 
reported newly developed/recurrent headaches in older 
adults; (2) the occurrence of cardiovascular disease was 
related with newly developed headache and/or recurrent 
headache in older adults; and (3) a high frequency of 
headache for the most recent 3 months following the last 

follow-up also showed an association with the develop-
ment of cognitive dysfunction and poor functional out-
comes.
 In our study, tension-type headache was the most com-
mon headache reported by older patients. Previous studies 
have found the prevalence of older adults with tension 
headache to range from 16%–44%.16-19) Moreover, one 
clinic-based study demonstrated that the frequency of ten-
sion headache in older adults was approximately 30%.2) 
Our results are similar to those of these previous studies 
and provide additional information regarding older Ko-
rean patients with headache. In addition, in our dataset, 
the second most frequent primary headache disorder was 
other primary headache, especially primary stabbing head-
ache. These results are similar to the findings of a previ-
ous study20) but different from the results gathered using 
a relatively younger-onset headache population.12) These 
discrepancies may be explained by hormonal variations, 
underlying vascular risk factors, concomitant medications, 
and decreased physical activity in older adults.21) The 
precise reason why primary stabbing headache is com-
monly noted in older patients with headache is unknown; 

Table 2. Univariate analysis for association of characteristics of older patients with headache

Variable Cardiovascular disease Cognitive dysfunction Poor functional outcomes

Demographic data
Female sex 0.68 (0.25–1.88) 0.37 (0.12–1.08) 0.98 (0.38–2.51)
Age 0.99 (0.93–1.06) 1.02 (1.01–1.04)* 1.00 (0.95–1.06)
Age of headache onset 0.98 (0.91–1.05) 1.01 (0.99–1.02) 0.99 (0.93–1.05)
Types of brain imaging performed
   No brain imaging performed Reference Reference Reference
   Brain CT 1.09 (0.34–3.48) 2.47 (0.87–6.99) 1.84 (0.65–5.19)
   Brain MRI 0.86 (0.32–2.31) 1.19 (0.44–3.23) 0.62 (0.23–1.68)
Visual analog scale 1.15 (0.94–1.42)† 0.97 (0.79–1.18) 1.03 (0.82–1.27)
Duration of index headache (day) per month 0.99 (0.96–1.03) 1.00 (0.97–1.02) 0.99 (0.95–1.03)
Types of headache or cranial neuralgia 
   Primary headache 0.67 (0.24–1.85) 1.47 (0.44–4.94) 0.72 (0.22–3.28)
   Secondary headache 1.95 (0.65–5.87) 1.32 (0.45–2.42) 2.28 (0.75–7.70)
Painful cranial neuropathies and other facial pains 0.69 (0.09–5.25) 1.51 (0.35–6.59) 0.57 (0.45–14.29)
Medication overuse headache 2.26 (0.73–6.93) 1.12 (0.37–3.38) 1.29 (0.42–3.98)
Frequency of headache for recent 3 months (day) 1.02 (0.97–1.07)† 1.05 (1.01–1.09)* 1.06 (1.02–1.11)*
Newly developed headache and/or recurrent headache 2.67 (1.05–6.82)* 2.59 (1.04–6.43)* 3.08 (1.09–8.71)*

Values are presented as hazard ratio (95% confidence interval).
CT, computed tomography; MRI, magnetic resonance image.
*p<0.05. †p<0.1.

Table 3. Multivariate analysis for association of characteristics of older patients with headache

Variable Cardiovascular disease Cognitive dysfunction Poor functional outcomes

Female sex 0.85 (0.30–2.35) 0.37 (0.12–1.08)† 0.73 (0.29–1.87)
Age 0.99 (0.92–1.06) 0.98 (0.91–1.05) 1.02 (0.97–1.08)
Visual analog scale 1.25 (1.01–1.56)* - -
Frequency of headache for recent 3 months (day) 0.99 (0.93–1.05) 1.05 (1.01–1.09)* 1.06 (1.01–1.11)*
Newly developed headache and/or recurrent headache 4.03 (1.28–12.61)* 1.53 (0.50–1.53) 1.86 (0.55–6.32)

Values are presented as hazard ratio (95% confidence interval). 
*p<0.05. †p<0.1.
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however, some possible explanations exist. First, tortuos-
ity of the cerebral vasculature and increased frequency of 
cervicogenic headache and neuralgia are commonly noted 
in older adults; these factors may affect the occurrence of 
primary stabbing headache.22,23) Second, in our study, a di-
agnosis of headache was made based on the ICHD-3β (ini-
tial) and ICHD-3 (follow-up). The diagnostic yield for other 
primary headaches using the ICHD-3β and ICHD-3 is more 
favorable than that of the ICHD-2.8,11) Third, because the 
diagnostic criteria in the ICHD-3β and ICHD-3 for primary 
stabbing headache for the first division of trigeminal nerve 
distribution were removed, the possibility of a diagnosis of 
primary stabbing headache was increased.8,11)

 As expected, in our study, the frequency of headache 
for the most recent 3 months following the last follow-up 
was related with newly developed headache and/or recur-
rent headache. As the frequency of headache increases, 
peripheral and central sensitization occurs, and headache 
thresholds change, leading to headache chronification.24) 
In fact, previous studies have shown that the likelihood 
of subsequent chronification increases with the frequency 
of migraine and tension-type headache.25,26) Our study has 
significant implications for providing evidence of head-
ache chronification, particularly in older patients, who 
typically report relatively fewer headaches than younger 
people.
 In our study of older patients with headache, presence 
of newly developed headache and/or recurrent headache 
was associated with long-term cardiovascular disease oc-
currence. In previous studies, migraine was a risk factor 
for recurrent ischemic stroke and vascular events.27) In 
contrast, another population-based study reported that 
the association of migraine with ischemic stroke was sig-
nificantly related with a lower Framingham risk score.28) 
A Northern Manhattan study of 1,292 migraine patients 
found that the risk of stroke was increased in older (mean 
age, 68 years) migraineurs.29) The increased risk of car-
diovascular disease, including stroke, in migraine patients 
has been suggested to be due to concomitant vascular risk 
factors or genetic components.30) However, in our dataset, 
the frequency of tension-type headache and other primary 
headache was higher than that of migraine. In a general 
population-based study conducted in Taiwan, tension-type 
headache patients showed 2 fold higher risk of ischemic 
stroke compared to those who without tension-type head-
ache.31) Thus, although our study cannot provide detailed 
mechanisms, our data on older patients with headache re-
mains significant as it provided additional information re-
garding the association of newly developed headache and/
or recurrent headache in older patients with cardiovascular 
disease occurrence during long-term follow-up. 
 The risk of dementia was found to be increased in a 
nationwide cohort study, especially in individuals with 
tension-type headaches.32) Another previous study showed 
that tension-type headaches were associated with im-
paired cognitive function.33) It is interesting to note that 

migraineurs, particularly migraineurs with aura, tended 
to score higher on cognition tests than nonmigraineurs 
in the Rotterdam Study.34) In contrast, chronic headache 
or frequent headache in older patients was related with a 
higher incidence of seeking care for cognitive decline.35) 
Our findings, which included relatively more patients with 
tension-type headache, are in line with the results of pre-
vious studies and may reconfirm the increased risk of cog-
nitive decline in older patients who have a high frequency 
of headache or who have newly developed headache and/
or recurrent headache (even though this was significant in 
the univariate analysis). Although a clear mechanism has 
not been identified, there are hypotheses that can explain 
the link between headaches and cognitive dysfunction. 
First, the brain structures involved in pain processing re-
lated to headache, such as the cingulate gyrus, prefrontal 
cortex, and thalamus, are also closely related to dementia 
and cognitive dysfunction.36) That is, if the neural net-
work is damaged by persistent pain, cognition impairment 
is likely to occur.37) Second, patients with migrane have 
relatively high vascular risk factors, which may result in 
vascular dementia or vascular cognitive dysfunction.4) Fi-
nally, neuropsychological disorders that are uncommon in 
patients with headache might be important risk factors for 
cognitive decline.38) Further research on the mechanism of 
this association is warranted
 Although studies on headaches in older adults and its 
functional outcomes have rarely been conducted and 
are difficult to compare with previous studies, our study 
showed that a recent high frequency of headaches in this 
population was associated with long-term poor functional 
outcomes. The reason for this association is likely that fre-
quent headaches might be linked with increased disability 
due to the headaches per se or a greater risk of cardiovas-
cular disease, especially stroke. However, since we cannot 
examine the baseline mRS, and our sample size was small, 
further studies are needed to confirm these hypotheses.
 Our study had some limitations. First, only a small sam-
ple size of older patients was included in the study. There-
fore, subgroup analysis could not be performed. Second, 
this study does not represent the general population, since 
our study was a hospital-based long-term follow-up study. 
Third, our research could not explain the exact mecha-
nism of the association with cardiovascular disease and 
cognitive dysfunction. Fourth, our study did not acquire 
objective baseline information for cognitive function such 
as the mini-mental state examination, educational level, 
and neuropsychological disorders (anxiety or depression), 
which are important factors affecting future cognitive 
function. Finally, because our original dataset consisted of 
epidemiological information concerning headaches in old-
er adults, we could not acquire data concerning the pres-
ence of vascular risk factors, medical histories, medication 
history, and medication compliance either at baseline or 
during follow-up. Despite these limitations, our study has 
the following strengths. First, our study confirmed the 
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long-term prognosis of older patients with headache, and 
the findings demonstrate the different factors associated 
with prognosis; these factors are relatively uncommon in 
young or middle-aged patients.28,32) Second, our study was 
aimed at older Asian patients, unlike previous studies on 
Western patients.19,21) Third, the prognosis of older patients 
with headache was confirmed using the ICHD-3 version, 
which was recently updated.19) Finally, unlike previous 
studies which demonstrated the association of headaches 
in older people with one outcome parameter,31-34) our study 
comprehensively investigated important outcomes, such as 
cardiovascular disease, cognitive dysfunction, and func-
tional outcomes.
 In conclusion, our study demonstrated that there is a 
risk of cardiovascular disease, cognitive dysfunction, and 
poor functional outcomes in older patients with a recently 
high frequency of headache or presence of newly devel-
oped headache and/or recurrent headache.
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