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Abstract

Background

Headache, a highly prevalent neurological disorder, has consistently been linked with an ele-

vated risk of dementia. However, most studies are focused on the relationship with migraine in

limited age groups. Therefore, the objective of this research was to look at the link between var-

ious type of headaches and dementias based on longitudinal population-based data.

Methods and results

Participants diagnosed with headache from 2002 to 2005 were selected and major covari-

ates were collected. The diagnoses of Alzheimer’s disease, vascular dementia, and other

dementias were observed from 2006 until 2013. The adjusted hazard ratios (aHRs) and

95% confidence intervals (CIs) of dementias according to headache type were calculated by

Cox proportional hazards regression. A number of 470,652 participants were observed for a

mean of 7.6 years (standard deviation: 1.2), for approximately 3.6 million person-years.

Both tension type headache (TTH) and migraine elevated the risk of all-cause dementias

(TTH, aHR 1.18, 95% CI 1.13–2.24; migraine, aHR 1.18, 95% CI 1.13–2.24). Headaches

had a greater influence in females and non-smokers as a risk factor of dementias. Patients

with migraine who consumed alcohol had a higher risk of dementia, however this was not

true with TTH patients. Among participants without comorbidities, TTH patients were more

susceptible to dementia than migraine patients. Headache patients had a higher proportion

of females regardless of headache type and approximately 1.5 times more individuals had

three or more comorbidities compared to those without headache.

Conclusions

Headache could be an independent predictor for subsequent dementia risk. Future studies

should focus on clarifying pathogenic pathways and possible dementia-related preventive

measures in headache populations.
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Introduction

Headache and dementia are both prevalent neurological diseases and are well known causes of

daily dysfunction and lowered quality of life [1]. Dementia is the most common neurological

disorder of the elderly with a recent study showing a prevalence of 6.0% for dementia, 3.9% for

Alzheimer’s disease (AD), 1.6% for vascular dementia (VD), and 0.5% for other dementias [2].

Due to its progressive nature, dementia is best characterized as a syndrome accompanied by

memory loss, impaired executive function, and behavioral disinhibition [3]. Public health bur-

den is estimated to grow rapidly as the number of dementia patients is projected to double fold

every 20 years to reach 65.7 million in 2030 as the society ages [4]. Headache is an even more

common disorder affecting as much as 46% of the adult population ranking it as the fifth high-

est cause of disability [1]. Although the prevalence of headache shows a marked decrease in

adults >50 years it still remains a common complaint in the elderly [5, 6]. Tension-type head-

ache (TTH), the most common primary headache, generally presents as bilateral, non-throb-

bing mild to moderate pain. Life time prevalence is as high as 78% marking it as a significant

health cost in spite of its lower pain intensity compared to migraine [7]. Migraine is a complex

headache condition presenting as recurrent attacks of moderate to severe pulsating unilateral

head pain accompanied by nausea and/or photophobia and phonophobia [8]. Its prevalence is

approximately 16% for those aged 45–64 years and decreases with age [9]. Associated struc-

tural brain changes such as grey matter reduction, white matter hyperintensities on magnetic

resonance imaging, and brain parenchymal defects have been identified in migraine patients

[10].

Due to the limited efficacy of dementia treatment, research has focused on the identification

and prevention of its risk factors [11]. As a result of such efforts several epidemiologic studies

have established a close relationship between headache and dementia [12, 13]. Although the

exact pathophysiological mechanism that links headache and dementia is yet to be fully eluci-

dated, both disorders share common risk factors and comorbidities including vascular and

brain abnormalities, inflammation, cardiovascular disease, and depression [14–17]. Unfortu-

nately, the literature until now still provides contradictory results regarding the type of head-

ache and dementia that are specifically interrelated [13, 18, 19]. Also the majority of research is

focused on migraineous headache despite of the superior prevalence of TTH and its known

association with cognitive decline [20]. The fact that the majority of related studies are based

on small sample sizes of a restricted age range and lack explicit time-related separation of

headache and dementia is another limiting factor in defining a temporal relationship between

headache and dementia.

Therefore, this longitudinal population-based cohort study based on large datasets applying

advanced analytic strategies aimed to explore the possible causal relationship between different

types of headaches and dementias to define the role of headache treatment for the prevention

of incident dementia.

Methods

Population

The National Health Insurance Service-National Health Screening Cohort (NHIS-HEALS)

data were used in this retrospective cohort study. NHIS-HEALS followed 514,866 (approxi-

mately 10% of the population) Korean participants over 40 years of age who received compre-

hensive health screenings starting from 2002 and2003until December 2013 for 11 years. Since

1989, the NHIS has conducted health screening every two years for all citizens over the age of

40. As a result, approximately 98% of the Korean population is enrolled for NHIS, and the data
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obtained from the health screenings are provided to researchers through a random sampling

process [21]. NHIS-HEALS data consists of qualification data, health screening data, and

claims data. Qualification data contains demographic characteristics and causes and dates of

death. Health screening data includes questionnaires on lifestyle such as smoking status and

drinking frequency, as well as clinical laboratory results including blood pressure, fasting glu-

cose, and lipid panel. Claims data is based on diagnoses done by a clinician and is divided into

main and secondary diagnoses, which can be analyzed by combining it with the qualification

and health screening data. Various epidemiological studies have used this database to report

associations, and its validity has been described in detail in other research papers [22–24]. The

Institutional Review Board (IRB) of School of Dentistry, Seoul National University approved

this study (S-D20220003). Written consent of the participants was not received since NHIS

clinical data is thoroughly anonymized in accordance with the guidelines of the Personal

Information Protection Act.

Of the 509,900 participants who maintained insurance eligibility in 2005 (index date: Janu-

ary 1, 2006), 2,938 deaths occurred before the index date and 36,310 participants without

screening data were excluded. Then, cases of dementia diagnosed from 2002 to 2005 were also

excluded as shown in Fig 1.

Covariates

Demographic and social characteristics (age, sex, and household income), lifestyle factors

(smoking status, alcohol intake, and physical exercise), clinical information (blood pressure,

fasting serum glucose, total cholesterol, and body mass index), and comorbid conditions

(Charlson Comorbidity Index, CCI) [25] of the participants were obtained from health insur-

ance eligibility and national health screening of NHIS-HEALS, respectively. History of demen-

tia-related comorbidities such as depression (F32, F33), sleep disorder (G25.8, G47, and F51),

Parkinson’s disease (G20), and head injury (S02.0, S02.1 S02.3, S02.7, S02.8, S02.9, S07.1,

S09.1, S06, and S09.7) were collected for participants diagnosed with a headache. CCI was

computed by weighting and rating for comorbid conditions to reflect total morbidity. Age was

treated as a continuous variable while all other factors were treated as categorical variables.

Outcomes

Headache (TTH, migraine, and other primary headaches) as the main exposure and dementia

(AD, VD, and unspecified dementia) as the main outcome were identified based on the Inter-

national Classification of Diseases, 10th Edition (ICD-10) diagnoses [26]. The ICD-10 codes

according to the type of headache are as follows; TTH (G44.2), migraine (G43), other headache

syndromes (G44.0 cluster headache syndrome, G44.1 vascular headache, G44.3 chronic post-

traumatic headache, G44.8 other specified headache syndromes, R51 headache). Dementia

was defined as an existing outpatient visitation record from January 1, 2006 to December 31,

2013. ICD-10 codes, AD (F00 dementia in Alzheimer’s disease, G30 Alzheimer’s disease) or

VD (F01 vascular dementia) or unspecified dementia (F03 unspecified dementia, F02.8

dementia in other specified diseases classified elsewhere, G31.00 behavioral variant frontotem-

poral dementia, G31.82 dementia with Lewy bodies) were used. At the end of follow-up, the

survival length was calculated until one of the following results appeared: (1) diagnosis of

dementia; (2) death during follow-up period; (3) end of the year 2013.

Statistical analyses

To compare the characteristics of the groups according to headache type, categorical data were

provided as a percentage of the population using the Pearson chi-square test, and continuous
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data were provided as mean and standard deviation using the t-test. After adjusting potential

confounding factors, the hazard ratios (HR) and 95% confidence intervals (95% CI) were cal-

culated with the Cox proportional hazards regression model. Kaplan-Meier survival analysis

was done to plot the survival probability throughout an 8-year follow-up period and the mean

survival time for all-cause dementia according to the types of headaches, which includes the

log survival function and log-rank test. Also, Kruskal-Wallis test with Bonferroni correction

was used to compare the mean survival time for dementia according to headache type. Sub-

group analysis was performed using sex, smoking status, alcohol intake, and CCI categories to

identify relevant subgroups with potential relationships between headache and dementia.

Fig 1. Flowchart for study population selection.

https://doi.org/10.1371/journal.pone.0273220.g001
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Statistical significance was set at a p-value <0.05. SAS 9.4 was utilized for all data collecting

and statistical analysis (SAS Institute, Cary, NC, USA).

Results

Effect of headache on the incidence of dementia

Descriptive characteristics of the study population are shown in Table 1. A total of 470,652

(men: 53.2%, women 46.8%) participants were identified in the NHIS-HEAS cohort prior to

the index date.

The overall incidence rate for AD and VD were 41.5 and 15.4 per 104 person-years, respec-

tively. Patients diagnosed with TTH (AD p<0.001, VD p<0.001) and migraine (AD p<0.001,

VD p<0.001) had a higher incidence rate. Regardless of the type of headache, headache

patients had a higher proportion of women (p =<0.001) and higher total cholesterol

(p<0.001), and CCI (p<0.001) values. In particular, headache patients had approximately 1.5

times more participants with 3 or more comorbidities (CCI�3, p<0.001). Smoking (p<0.001)

and alcohol intake (p<0.001), which reflect unhealthy lifestyles, were less evident in headache

patients. Interestingly, conditions with known associations with dementia such as depression

(p<0.001) and sleep disorders (p<0.001) were 4 to 10 times more frequent in headache

patients.

For crude causal relationship of all cause dementias by type of headache, Kaplan–Meier sur-

vival curves with Log rank tests were performed (Fig 2). Survival time was significantly longer

for no headache group (mean survival time, 7.653; 95% CI, 7.649–7.657) compared to the

headache group (mean survival time, 7.547 years; 95% CI, 7.531–7.563) (P<0.001). This was

true for all types of headaches analyzed (TTH mean survival time, 7.549; 95% CI, 7.533–7.564;

migraine mean survival time, 7.539; 95% CI, 7.525–7.554, other headaches mean survival time,

7.553; 95% CI, 7.535–7.572). According to Kruskal-Wallis test and Bonferroni correction,

there was no significant difference in average survival rates among headache types.

Hazard ratios of dementias with headaches and subgroup analysis

We performed Cox proportional hazard regression analyzes to identify a multivariable associa-

tion between headache and dementia after adjusting for age, sex, household income, smoking

status, alcohol intake, physical activity, BMI, systolic blood pressure, fasting glucose, total cho-

lesterol, CCI, and other known dementia-related comorbidities. As shown in Table 2, all head-

ache types were associated with an elevated risk of all-cause dementia. TTH, migraine, and

other primary headaches had similar HRs regardless of the type of dementia.

Sensitivity analysis results showed that dementia risk did not show a meaningful change

from 1 to 5 years following the index date, except for participants diagnosed with dementia.

After an incubation period of 5 years for dementia, the risk of dementia increased by 3% in

TTH (aHR = 1.21, 95% CI = 1.14–1.28) and 1% in migraine patients (aHR = 1.19; 95%

CI = 1.12–1.27). The direction of the results did not alter considerably when taking the devel-

opment of dementia and the exclusion of relatively young participants during the incubation

period into account.

The results from stratified analyses on the association of headache and dementia according

to subgroups of sex, smoking status, alcohol consumption, and CCI are described in Table 3.

Female patients with TTH and migraine had a higher risk of dementia (TTH, aHR = 1.19; 95%

CI = 1.13–1.25; migraine, aHR = 1.19; 95% CI = 1.13–1.26) compared to male patients (TTH,

aHR = 1.17; 95% CI = 1.08–1.28; migraine, aHR = 1.15; 95% CI = 1.05–1.26). Headache diag-

nosis in non-smokers was more sensitive to dementia than in smokers (TTH, aHR = 1.18; 95%

CI = 1.13–1.24; migraine, aHR = 1.20; 95% CI = 1.14–1.26). The risk of dementias was higher
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Table 1. Demographic and clinical characteristics of the study population according to headache type.

Tension type headache No tension type headache P value Migraine No migraine P value Total

Number of subjects, n, (%) 34,124 (7.3) 436,528 (92.2) 29,999 (6.4) 440,653 (93.6) 470,652

Incidence rate for AD, (95% CI)a 67.6 (58.0–80.9) 39.5 (34.2–46.7) <0.001 68.4 (18.6–82.1) 39.7 (34.4–46.9) <0.001 41.5 (35.9–49.1)

Incidence rate for VD, (95% CI)a 23.6 (20.6–27.6) 14.8 (12.9–17.3) <0.001 23.7 (20.6–27.8) 14.2 (12.4–16.6) <0.001 15.4 (13.4–18.2)

Age, years, mean (SD) 57.2 (9.7) 55.3 (9.5) 57.1 (9.9) 55.3 (9.5) 55.5 (9.5)

Sex, %

Male 35.2 54.7 <0.001 31.7 54.7 <0.001 53.2

Female 64.8 45.3 68.3 45.3 46.8

BMI, kg/m2, %

< 25 64.4 65.4 <0.001 65.2 65.3 0.38 65.3

� 25 35.6 34.6 34.8 34.7 34.7

Household income, quartile, %

1st (highest) 30.7 34.2 <0.001 30.1 34.2 <0.001 33.9

2nd 29.6 28.9 29.6 28.2 28.9

3rd 23.5 21.7 24.0 21.7 21.9

4th (lowest) 16.2 15.2 16.6 15.2 15.3

Smoking status, %

Never 81.1 68.8 <0.001 82.5 68.8 <0.001 49.7

< 10 years 2.7 3.9 2.5 3.9 3.9

10–29 years 4.2 7.4 3.8 7.4 7.2

� 30 years 12.0 19.9 11.2 19.9 19.3

Alcohol consumption, per week, %

Never 70.8 58.0 <0.001 72.5 58.0 <0.001 58.9

< 3 times 22.1 30.9 20.8 30.9 30.2

� 3 times 7.1 11.1 6.6 11.1 10.8

Physical exercise, per week, %

Never 59.8 53.7 <0.001 60.8 53.7 <0.001 54.2

< 3 times 20.4 24.9 19.8 24.9 24.6

� 3 times 19.8 21.4 19.4 21.4 21.3

Blood pressure, mmHg, %

SBP < 140 and DBP < 90 69.6 70.0 0.08 69.9 69.9 0.45 69.9

SBP� 140 or DBP� 90 30.4 30.0 30.1 30.1 30.1

Fasting serum glucose, mg/dL, %

< 126 93.1 91.9 <0.001 93.4 91.9 <0.001 92.0

� 126 6.9 8.1 6.6 8.1 8.0

Total cholesterol, mg/dL, %

< 200 51.0 53.5 <0.001 51.3 53.5 <0.001 53.3

� 200 49.0 46.5 48.7 46.5 46.7

Depression, n, (%)

No 32,563 (95.4) 434,361 (99.5) <0.001 28,827 (96.1) 438,097 (99.4) <0.001 466,924 (99.2)

Yes 1,561 (4.6) 2,167 (0.5) 1,172 (3.9) 2,556 (0.6) 3,728 (0.8)

Sleep disorders, n, (%)

No 32,736 (95.9) 434,468 (99.5) <0.001 28,972 (96.6) 438,232 (99.5) <0.001 467,204 (99.3)

Yes 1,388 (4.1) 2,060 (0.5) 1,027 (3.4) 2,421 (0.5) 3,448 (0.7)

Parkinson’s disease, n, (%)

No 34,075 (99.9) 436,436 (100) <0.001 29,972 (99.9) 440,539 (100) <0.001 470,511 (100)

Yes 49 (0.1) 92 (0) 27 (0.1) 114 (0) 141 (0)

Head injury, n, (%)

(Continued)
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in migraine patients with alcohol consumption, however this trend was not true in TTH

patients. Among the participants without comorbidities (CCI = 0), migraine diagnosis did not

significantly affect dementia risk, while the difference for dementia was significant according

to TTH diagnosis (aHR = 1.22; 95% CI = 1.07–1.39).

Discussion

The results of this study showed that headache diagnosis was associated with a significantly ele-

vated risk of all types of dementias regardless of headache type even after adjusting for well-

known confounders of dementia. This suggests a possible role of headache in the pathophysi-

ology of dementia and need to consider active headache treatment to prevent dementia as an

unfavorable comorbidity.

The incidence rates of 41.5 for AD and 15.4 for VD per 104 person-years were similar to

those found in a recent study based on 7 large cohorts in Europe and the United States [27].

Table 1. (Continued)

Tension type headache No tension type headache P value Migraine No migraine P value Total

No 33,796 (99) 435,918 (99.9) <0.001 29,773 (99.2) 439,941 (99.8) <0.001 469,714 (99.8)

Yes 328 (1) 610 (0.1) 226 (0.8) 712 (0.2) 938 (0.2)

CCI, %

0 6.3 14.9 <0.001 6.3 14.9 <0.001 14.3

1–2 33.4 42.8 33.4 42.7 42.2

� 3 60.3 42.2 60.2 42.4 43.5

Continuous variables are expressed as mean (SD), and categorical variables as %.

T-test for continuous variables and Chi-square test for categorical variables.
aper 104 person-years.

Abbreviations: n, number of people; AD, alzheimer’s disease; VD, Vascular dementia; SD, standard deviation; CI, confidence intervals; SBP, systolic blood pressure;

DBP, diastolic blood pressure; BMI, body mass index; CCI, Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0273220.t001

Fig 2. Kaplan–Meier survival curve for log survival probability of all-cause dementias according to headache type

over 8 years follow up. Analysis of variance and Bonferroni’s post hoc analysis were performed to compare the

difference in mean survival time between the ano headache group and the bheadache group. X-axis = follow-up years,

Y-axis = log survival probability. TTH = tension type headache.

https://doi.org/10.1371/journal.pone.0273220.g002
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Most researches on the association between headache and dementia have focused on the

impact of migraine. The HR deduced in this study for migraine was 1.18 for all-cause demen-

tia, 1.18 for AD, and 1.21 for VD. Such values are lower than those described in a previous

study reporting HRs of 1.39 to 1.64 for all-cause dementia according to sex and educational

levels [28]. Another study reported a HR for all-cause dementia of 1.44 in those with migraine

[29]. A study that considered only AD as the outcome suggested a more consistent value with

our study as an adjusted odds ratio of 1.13 for those with migraine [30]. A recent meta-analysis

reported a relative risk of 1.34 for all-cause dementia and 2.49 for AD associated with migraine

[31]. Such variations in HR values could be explained by differences in the factors considered

for adjustment in analysis, patient definition, and age range of the study population, which

suggests the need of a standardized data collection and analysis approach including migraine

sub-diagnoses for deriving comparable results.

Unlike the results from the meta-analysis on migraine and dementia that did not find an

association between migraine and VD [31] the risk was similarly increased for both VD (HR

1.21) and AD (HR 1.18) in the migraine population of our study. Another study also described

that migraineurs had a significantly higher incidence of AD however, this was not true for VD

[29]. Vascular problems leading to increased oxidative stress and structural brain changes

identified in migraine are considered to contribute to the development of dementia [14–17].

In spite of the fact that it is reasonable to speculate an increased risk also for VD with migraine

considering its vascular components [32] such heterogeneous results may reflect the complex

interrelationship between cardiovascular disturbance and brain white matter abnormalities of

both migraine [33] and dementia [34], and comorbidities including vascular problems may act

as a mediating factor. This was reflected in our results showing migraine diagnosis not affect-

ing dementia risk in participants without comorbidities. Also, it is common for AD and VD to

Table 2. Hazard ratios for dementias according to headache type.

aHR (95% CI)

Alzheimer’s disease Vascular dementia Other dementia All-cause dementia

Migraine

Number of cases 1,539 548 867 2,164

cHR (95% CI) 1.71 (1.62–1.80) 1.67 (1.53–1.82) 1.67 (1.56–1.79) 1.68 (1.61–1.76)

aHR (95% CI) 1.18 (1.12–1.24) 1.21 (1.10–1.32) 1.16 (1.08–1.25) 1.18 (1.13–1.24)

Tension type headache

Number of cases 1,739 602 992 2,435

cHR (95% CI) 1.71 (1.62–1.79) 1.70 (1.48–1.76) 1.68 (1.58–1.80) 1.67 (1.60–1.74)

aHR (95% CI) 1.18 (1.13–1.25) 1.17 (1.07–1.27) 1.19 (1.11–1.27) 1.18 (1.13–1.24)

Other primary headaches

Number of cases 2,455 922 1,426 3,518

cHR (95% CI) 1.66 (1.59–1.74) 1.73 (1.61–1.86) 1.67 (1.58–1.77) 1.67 (1.61–1.73)

aHR (95% CI) 1.17 (1.07–1.17) 1.22 (1.14–1.32) 1.14 (1.08–1.21) 1.15 (1.11–1.19)

All-type Headache

Number of cases 4,461 1,631 2,556 6,346

cHR (95% CI) 1.71 (1.65–1.77) 1.73 (1.63–1.83) 1.70 (1.62–1.78) 1.70 (1.65–1.75)

aHR (95% CI) 1.15 (1.10–1.19) 1.23 (1.15–1.30) 1.16 (1.10–1.21) 1.16 (1.13–1.20)

Adjusted hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, BMI, household income, smoking status, alcohol

consumption, physical exercise, blood pressure, fasting serum glucose, total cholesterol, depression, sleep disorders, Parkinson’s disease, head injury, and Charlson

Comorbidity Index. Bold indicates P < .05.

Abbreviations: cHR, crude hazard ratio; aHR; adjusted hazard ratio; CI, confidence intervals.

https://doi.org/10.1371/journal.pone.0273220.t002
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coexist due to considerable overlap in the vascular pathology involved in AD [35]. So the

impact of migraine on the development of VD should not be easily denied based on results

that show otherwise.

Studies on the association between dementia and TTH as an independent entity are rela-

tively sparse compared to those on migraine. As with previous literature persistently

Table 3. Subgroup analysis of associations between headaches and the risk of all cause dementia.

Non-migraine Migraine Non-tension type headache Tension type headache

Sex Male

Number of cases 7,873 513 7,764 622

aHR (95% CI) 1.00 1.15 (1.05–1.26) 1.00 1.17 (1.08–1.28)

Female

Number of cases 11,403 1,651 11,241 1,813

aHR (95% CI) 1.00 1.19 (1.13–1.26) 1.00 1.19 (1.13–1.25)

Smoking status Non-smoker

Number of cases 14,939 1,867 14,732 2,074

aHR (95% CI) 1.00 1.20 (1.14–1.26) 1.00 1.18 (1.13–1.24)

Smoker (� 10 years)

Number of cases 414 33 409 38

aHR (95% CI) 1.00 1.00 (0.70–1.44) 1.00 0.99 (0.70–1.39)

Smoker (10� years, < 20 years)

Number of cases 514 30 497 47

aHR (95% CI) 1.00 1.10 (0.76–1.60) 1.00 1.23 (0.90–1.68)

Smoker (� 20 years)

Number of cases 3,409 234 3,367 276

aHR (95% CI) 1.00 1.11 (0.97–1.27) 1.00 1.18 (1.04–1.34)

Alcohol consumption Non-drinker

Number of cases 14,186 1,773 13,963 1,996

aHR (95% CI) 1.00 1.17 (1.12–1.23) 1.00 1.18 (1.13–1.24)

Per week, < 3 times

Number of cases 3,184 260 3,157 287

aHR (95% CI) 1.00 1.22 (1.07–1.39) 1.00 1.16 (1.03–1.31)

Per week,� 3 times

Number of cases 1,906 131 1,885 152

aHR (95% CI) 1.00 1.22 (1.02–1.45) 1.00 1.22 (1.02–1.44)

CCI CCI = 0

Number of cases 11,241 1,813 5,302 854

aHR (95% CI) 1.00 1.05 (0.91–1.22) 1.00 1.22 (1.07–1.39)

CCI = 1 or 2

Number of cases 10,213 1,120 10,103 1,230

aHR (95% CI) 1.00 1.16 (1.10–1.24) 1.00 1.14 (1.07–1.21)

CCI� 3

Number of cases 5,302 854 5,202 954

aHR (95% CI) 1.00 1.15 (1.07–1.24) 1.00 1.16 (1.08–1.25)

Adjusted hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, BMI, household income, smoking status, alcohol

consumption, physical exercise, blood pressure, fasting serum glucose, total cholesterol, depression, sleep disorders, Parkinson’s disease, head injury, and Charlson

Comorbidity Index. Bold indicates P < .05.

Abbreviations: aHR; adjusted hazard ratio; CI, confidence intervals; CCI, Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0273220.t003
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supporting an increased risk of dementia with migraine, TTH is also established as a risk factor

of dementia. The risk for all types of dementia were significantly increased in our study with

TTH and the HR for all-cause dementia was 1.18. A previous study based on a large cohort

reported a similar HR of 1.15 after adjusting multiple confounding factors [36]. Another popu-

lation based study reported a higher HR of 1.77 for all-cause dementia with TTH [34]. Unlike

the results of our study showing all-type headaches with a higher HR for VD, TTH was associ-

ated with a higher HR for AD. This is in line with both previous studies showing a significantly

increased risk only for nonvascular dementia with TTH [36, 37]. TTH is the most prevalent

type of headache in the general population and also in those with dementia [38]. As with

migraine, gray and white matter changes of the brain have been observed in TTH patients and

this may act as the underlying mechanism that links TTH and dementia [39, 40]. The psycho-

logical burden and stress due to headache disorders could be another contributing factor to

the increased risk of dementias as psychological stress induced immune response could facili-

tate the onset of neuro-inflammatory dementia [41, 42]. Stress is also associated with hypotha-

lamic-pituitary-adrenal axis activation leading to increased levels of stress hormones that may

cause neuronal atrophy [43]. As with dementias consisted of a wide spectrum of diseases that

show overlapping features, migraine and TTH are also progressive conditions that share many

clinical components and interactions in pathophysiology [44]. It is difficult to strictly separate

both entities due to such commonalties and this may have caused the inconsistencies in results

reporting on the relationship between dementia and headache as separate entities or as any

headache as another meta-analysis did not find a significant association with any headache

and AD while still showing an association with greater risk for all-cause dementia [13].

Subgroup analyses showed that female headache patients had a higher risk of dementia

compared to males, which is consistent with previous results showing a higher rate of demen-

tia in females with migraine [28–30], and TTH [36]. Unlike most relevant studies that lack

important data on lifestyle, the results of our study showed that non-smokers with headaches

were more sensitive to dementia than smokers. Unfavorable lifestyle itself is associated with

increased dementia risk and headache may have a stronger influence in those with healthy life-

styles [45].

Despite the heterogeneity in diagnosis other primary headaches also increased the risk of

dementia and this association was stronger with VD. Most previous studies did not report on

the independent effect of other primary headache disorders and the results of this study show-

ing an increased risk of all types of dementia with any type of headache underlines the need of

general screening for cognitive decline and dementia in the headache population for early

detection and timely management of both conditions. In interpreting the effect of headache on

dementia risk, chronic migraine and chronic daily headache diagnoses should be approached

with awareness. Since the diagnostic criteria of chronic migraine is under debate and clinical

characteristics of migraine and TTH become less distinct with aging, the differential diagnosis

headache subtypes may become questionable [46, 47].

There are several limitations of this study to consider in interpreting the results. First, the

results of this study do not directly support a causal relationship between headache and

dementia due to its retrospective nature. However, considering the long preclinical period of

dementia, the timing of headache and dementia was separated by sensitivity analyses by verify-

ing the initiation of follow-up by 1 year to 5 years after the index date to secure a temporal rela-

tionship and reduce the risk of underlying factors such as cerebrovascular mechanisms related

to dementia affecting the risk of headache. Second, due to nature of the study based on diag-

nostic codes all possible confounding factors of both headache and dementia may not have

been located and considered in analysis and this may have affected the results. Also, headache

diagnosis itself could have been compromised due to the overlooking of change in headache
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features with aging. However, the finding of this study still hold important clinical implications

since many well-known risk factors of dementia including age, sex, household income, lifestyle

factors, physical activity, BMI, and various systemic conditions were adjusted when calculating

HRs [48], and despite a higher prevalence of comorbidities with any headache, multivariate

Cox analyses showed that headache was still an independent predictor for subsequent demen-

tia risk. Also, the sub-analysis conducted in this study did not include headache intensity,

duration, and frequency which may have resulted in the loss of detailed information related to

the mechanism of headache and dementia, and further clinical studies are needed to verify

such influences. Also, future studies involved in the development of artificial intelligence mod-

els based on big data to predict the development of dementia in headache patients would be

able to overcome such limitations and provide a meaningful tool in enhancing awareness of

chronic headaches and its treatment needs [49–51].

Conclusions

The findings of this nationwide population-based study support the role of headache as a risk

factor for dementia. The similar rate of dementia in individuals with both TTH and migraine,

emphasizes the need for preventative measures regardless of headache type and more rigorous

interventions in females and relatively healthy patients. Since headache, a debilitating condi-

tion in itself, is closely related to increased dementia risk which is known to cause higher indi-

vidual and public costs the early diagnosis and timely treatment of headache is crucial. Future

research should focus on further establishing pathological mechanisms and potential preemp-

tive diagnostic measures related to dementias to be taken in headache populations.
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5. Westergaard ML, Glümer C, Hansen EH, Jensen RH. Prevalence of chronic headache with and without

medication overuse: associations with socioeconomic position and physical and mental health status.

Pain. 2014; 155(10):2005–2013. Epub 20140711. https://doi.org/10.1016/j.pain.2014.07.002 PMID:

25020001.

6. Park JW, Moon HS, Kim JM, Lee KS, Chu MK. Chronic daily headache in Korea: prevalence, clinical

characteristics, medical consultation and management. J Clin Neurol. 2014; 10(3):236–243. Epub

20140703. https://doi.org/10.3988/jcn.2014.10.3.236 PMID: 25045377.

7. Jensen RH. Tension-Type Headache—The Normal and Most Prevalent Headache. Headache. 2018;

58(2):339–345. Epub 2017/03/16. https://doi.org/10.1111/head.13067 PMID: 28295304.

8. Headache Classification Committee of the International Headache Society (IHS) The International Clas-

sification of Headache Disorders, 3rd edition. Cephalalgia. 2018; 38(1):1–211. Epub 2018/01/26.

https://doi.org/10.1177/0333102417738202 PMID: 29368949.

9. Burch R, Rizzoli P, Loder E. The Prevalence and Impact of Migraine and Severe Headache in the

United States: Figures and Trends From Government Health Studies. Headache. 2018; 58(4):496–505.

Epub 2018/03/13. https://doi.org/10.1111/head.13281 PMID: 29527677.

10. Hougaard A, Amin FM, Ashina M. Migraine and structural abnormalities in the brain. Curr Opin Neurol.

2014; 27(3):309–314. Epub 2014/04/23. https://doi.org/10.1097/WCO.0000000000000086 PMID:

24751961.

11. Broadstock M, Ballard C, Corbett A. Latest treatment options for Alzheimer’s disease, Parkinson’s dis-

ease dementia and dementia with Lewy bodies. Expert Opin Pharmacother. 2014; 15(13):1797–1810.

Epub 2014/07/06. https://doi.org/10.1517/14656566.2014.936848 PMID: 24992196.

12. Hagen K, Stordal E, Linde M, Steiner TJ, Zwart JA, Stovner LJ. Headache as a risk factor for dementia:

a prospective population-based study. Cephalalgia. 2014; 34(5):327–335. Epub 2013/11/23. https://doi.

org/10.1177/0333102413513181 PMID: 24265286.

13. Wang J, Xu W, Sun S, Yu S, Fan L. Headache disorder and the risk of dementia: a systematic review

and meta-analysis of cohort studies. J Headache Pain. 2018; 19(1):95. Epub 2018/10/12. https://doi.

org/10.1186/s10194-018-0925-4 PMID: 30306350.

14. Winsvold BS, Hagen K, Aamodt AH, Stovner LJ, Holmen J, Zwart JA. Headache, migraine and cardio-

vascular risk factors: the HUNT study. Eur J Neurol. 2011; 18(3):504–511. Epub 2010/09/10. https://

doi.org/10.1111/j.1468-1331.2010.03199.x PMID: 20825470.

15. Bashir A, Lipton RB, Ashina S, Ashina M. Migraine and structural changes in the brain: a systematic

review and meta-analysis. Neurology. 2013; 81(14):1260–1268. Epub 2013/08/30. https://doi.org/10.

1212/WNL.0b013e3182a6cb32 PMID: 23986301.

16. Gudmundsson LS, Scher AI, Sigurdsson S, Geerlings MI, Vidal JS, Eiriksdottir G, et al. Migraine,

depression, and brain volume: the AGES-Reykjavik Study. Neurology. 2013; 80(23):2138–2144. Epub

2013/05/24. https://doi.org/10.1212/WNL.0b013e318295d69e PMID: 23700334.

PLOS ONE Primary headaches and the risk of dementias

PLOS ONE | https://doi.org/10.1371/journal.pone.0273220 August 18, 2022 12 / 14

https://doi.org/10.1016/S0140-6736%2820%2930925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1016/S2468-2667%2820%2930185-7
https://doi.org/10.1016/S2468-2667%2820%2930185-7
http://www.ncbi.nlm.nih.gov/pubmed/33271079
https://doi.org/10.1016/j.amjmed.2018.01.022
http://www.ncbi.nlm.nih.gov/pubmed/29425707
https://doi.org/10.1186/alzrt143
http://www.ncbi.nlm.nih.gov/pubmed/22995353
https://doi.org/10.1016/j.pain.2014.07.002
http://www.ncbi.nlm.nih.gov/pubmed/25020001
https://doi.org/10.3988/jcn.2014.10.3.236
http://www.ncbi.nlm.nih.gov/pubmed/25045377
https://doi.org/10.1111/head.13067
http://www.ncbi.nlm.nih.gov/pubmed/28295304
https://doi.org/10.1177/0333102417738202
http://www.ncbi.nlm.nih.gov/pubmed/29368949
https://doi.org/10.1111/head.13281
http://www.ncbi.nlm.nih.gov/pubmed/29527677
https://doi.org/10.1097/WCO.0000000000000086
http://www.ncbi.nlm.nih.gov/pubmed/24751961
https://doi.org/10.1517/14656566.2014.936848
http://www.ncbi.nlm.nih.gov/pubmed/24992196
https://doi.org/10.1177/0333102413513181
https://doi.org/10.1177/0333102413513181
http://www.ncbi.nlm.nih.gov/pubmed/24265286
https://doi.org/10.1186/s10194-018-0925-4
https://doi.org/10.1186/s10194-018-0925-4
http://www.ncbi.nlm.nih.gov/pubmed/30306350
https://doi.org/10.1111/j.1468-1331.2010.03199.x
https://doi.org/10.1111/j.1468-1331.2010.03199.x
http://www.ncbi.nlm.nih.gov/pubmed/20825470
https://doi.org/10.1212/WNL.0b013e3182a6cb32
https://doi.org/10.1212/WNL.0b013e3182a6cb32
http://www.ncbi.nlm.nih.gov/pubmed/23986301
https://doi.org/10.1212/WNL.0b013e318295d69e
http://www.ncbi.nlm.nih.gov/pubmed/23700334
https://doi.org/10.1371/journal.pone.0273220


17. Irwin MR, Vitiello MV. Implications of sleep disturbance and inflammation for Alzheimer’s disease

dementia. Lancet Neurol. 2019; 18(3):296–306. Epub 2019/01/22. https://doi.org/10.1016/S1474-4422

(18)30450-2 PMID: 30661858.

18. Morton RE, St John PD, Tyas SL. Migraine and the risk of all-cause dementia, Alzheimer’s disease, and

vascular dementia: A prospective cohort study in community-dwelling older adults. Int J Geriatr Psychia-

try. 2019; 34(11):1667–1676. Epub 2019/09/06. https://doi.org/10.1002/gps.5180 PMID: 31486140.

19. George KM, Folsom AR, Sharrett AR, Mosley TH, Gottesman RF, Hamedani AG, et al. Migraine Head-

ache and Risk of Dementia in the Atherosclerosis Risk in Communities Neurocognitive Study. Head-

ache. 2020; 60(5):946–953. Epub 2020/03/23. https://doi.org/10.1111/head.13794 PMID: 32200562.

20. Qu P, Yu JX, Xia L, Chen GH. Cognitive Performance and the Alteration of Neuroendocrine Hormones

in Chronic Tension-Type Headache. Pain Pract. 2018; 18(1):8–17. Epub 2017/03/25. https://doi.org/10.

1111/papr.12574 PMID: 28339138.

21. Kwon S. Thirty years of national health insurance in South Korea: lessons for achieving universal health

care coverage. Health Policy Plan. 2009; 24(1):63–71. Epub 2008/11/14. https://doi.org/10.1093/

heapol/czn037 PMID: 19004861.

22. Choi S, Jahng WJ, Park SM, Jee D. Association of Age-Related Macular Degeneration on Alzheimer or

Parkinson Disease: A Retrospective Cohort Study. Am J Ophthalmol. 2020; 210:41–47. Epub 2019/11/

13. https://doi.org/10.1016/j.ajo.2019.11.001 PMID: 31712068.

23. Chung HS, Lee JS, Kim JA, Roh E, Lee YB, Hong SH, et al. Variability in Total Cholesterol Concentra-

tion Is Associated With the Risk of Dementia: A Nationwide Population-Based Cohort Study. Front Neu-

rol. 2019; 10:441. Epub 2019/05/28. https://doi.org/10.3389/fneur.2019.00441 PMID: 31133961.

24. Seong SC, Kim YY, Park SK, Khang YH, Kim HC, Park JH, et al. Cohort profile: the National Health

Insurance Service-National Health Screening Cohort (NHIS-HEALS) in Korea. BMJ Open. 2017; 7(9):

e016640. Epub 2017/09/28. https://doi.org/10.1136/bmjopen-2017-016640 PMID: 28947447.

25. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–383. Epub 1987/01/

01. https://doi.org/10.1016/0021-9681(87)90171-8 PMID: 3558716.

26. Organization Wh. The International Classification of Diseases. Geveva, Switzerland: 2004.

27. Wolters FJ, Chibnik LB, Waziry R, Anderson R, Berr C, Beiser A, et al. Twenty-seven-year time trends

in dementia incidence in Europe and the United States: The Alzheimer Cohorts Consortium. Neurology.

2020; 95(5):e519–e531. Epub 2020/07/03. https://doi.org/10.1212/WNL.0000000000010022 PMID:

32611641.

28. Islamoska S, Hansen ÅM, Wang HX, Garde AH, Andersen PK, Garde E, et al. Mid- to late-life migraine

diagnoses and risk of dementia: a national register-based follow-up study. J Headache Pain. 2020; 21

(1):98. Epub 2020/08/09. https://doi.org/10.1186/s10194-020-01166-7 PMID: 32762715.

29. Lee HJ, Yu H, Gil Myeong S, Park K, Kim DK. Mid- and Late-Life Migraine Is Associated with an

Increased Risk of All-Cause Dementia and Alzheimer’s Disease, but Not Vascular Dementia: A Nation-

wide Retrospective Cohort Study. J Pers Med. 2021; 11(10). Epub 2021/10/24. https://doi.org/10.3390/

jpm11100990 PMID: 34683131.

30. Lee SY, Lim JS, Oh DJ, Kong IG, Choi HG. Increased risk of neurodegenerative dementia in women

with migraines: A nested case-control study using a national sample cohort. Medicine (Baltimore).

2019; 98(7):e14467. Epub 2019/02/15. https://doi.org/10.1097/MD.0000000000014467 PMID:

30762763.

31. Wang L, Wu JC, Wang FY, Chen X, Wang Y. Meta-analysis of association between migraine and risk of

dementia. Acta Neurol Scand. 2022; 145(1):87–93. Epub 2021/09/16. https://doi.org/10.1111/ane.

13528 PMID: 34523724.

32. Hoffmann J, Baca SM, Akerman S. Neurovascular mechanisms of migraine and cluster headache. J

Cereb Blood Flow Metab. 2019; 39(4):573–594. Epub 2017/09/28. https://doi.org/10.1177/

0271678X17733655 PMID: 28948863.

33. Agostoni E, Rigamonti A. Migraine and cerebrovascular disease. Neurol Sci. 2007; 28 Suppl 2:S156–

160. Epub 2007/05/18. https://doi.org/10.1007/s10072-007-0770-8 PMID: 17508164.

34. Hainsworth AH, Minett T, Andoh J, Forster G, Bhide I, Barrick TR, et al. Neuropathology of White Matter

Lesions, Blood-Brain Barrier Dysfunction, and Dementia. Stroke. 2017; 48(10):2799–2804. Epub 2017/

09/01. https://doi.org/10.1161/STROKEAHA.117.018101 PMID: 28855392.

35. Román G. Diagnosis of vascular dementia and Alzheimer’s disease. Int J Clin Pract Suppl. 2001;

(120):9–13. Epub 2001/06/16. PMID: 11406927.

36. Yang FC, Lin TY, Chen HJ, Lee JT, Lin CC, Kao CH. Increased Risk of Dementia in Patients with Ten-

sion-Type Headache: A Nationwide Retrospective Population-Based Cohort Study. PLoS One. 2016;

11(6):e0156097. Epub 2016/06/09. https://doi.org/10.1371/journal.pone.0156097 PMID: 27272332.

PLOS ONE Primary headaches and the risk of dementias

PLOS ONE | https://doi.org/10.1371/journal.pone.0273220 August 18, 2022 13 / 14

https://doi.org/10.1016/S1474-4422%2818%2930450-2
https://doi.org/10.1016/S1474-4422%2818%2930450-2
http://www.ncbi.nlm.nih.gov/pubmed/30661858
https://doi.org/10.1002/gps.5180
http://www.ncbi.nlm.nih.gov/pubmed/31486140
https://doi.org/10.1111/head.13794
http://www.ncbi.nlm.nih.gov/pubmed/32200562
https://doi.org/10.1111/papr.12574
https://doi.org/10.1111/papr.12574
http://www.ncbi.nlm.nih.gov/pubmed/28339138
https://doi.org/10.1093/heapol/czn037
https://doi.org/10.1093/heapol/czn037
http://www.ncbi.nlm.nih.gov/pubmed/19004861
https://doi.org/10.1016/j.ajo.2019.11.001
http://www.ncbi.nlm.nih.gov/pubmed/31712068
https://doi.org/10.3389/fneur.2019.00441
http://www.ncbi.nlm.nih.gov/pubmed/31133961
https://doi.org/10.1136/bmjopen-2017-016640
http://www.ncbi.nlm.nih.gov/pubmed/28947447
https://doi.org/10.1016/0021-9681%2887%2990171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1212/WNL.0000000000010022
http://www.ncbi.nlm.nih.gov/pubmed/32611641
https://doi.org/10.1186/s10194-020-01166-7
http://www.ncbi.nlm.nih.gov/pubmed/32762715
https://doi.org/10.3390/jpm11100990
https://doi.org/10.3390/jpm11100990
http://www.ncbi.nlm.nih.gov/pubmed/34683131
https://doi.org/10.1097/MD.0000000000014467
http://www.ncbi.nlm.nih.gov/pubmed/30762763
https://doi.org/10.1111/ane.13528
https://doi.org/10.1111/ane.13528
http://www.ncbi.nlm.nih.gov/pubmed/34523724
https://doi.org/10.1177/0271678X17733655
https://doi.org/10.1177/0271678X17733655
http://www.ncbi.nlm.nih.gov/pubmed/28948863
https://doi.org/10.1007/s10072-007-0770-8
http://www.ncbi.nlm.nih.gov/pubmed/17508164
https://doi.org/10.1161/STROKEAHA.117.018101
http://www.ncbi.nlm.nih.gov/pubmed/28855392
http://www.ncbi.nlm.nih.gov/pubmed/11406927
https://doi.org/10.1371/journal.pone.0156097
http://www.ncbi.nlm.nih.gov/pubmed/27272332
https://doi.org/10.1371/journal.pone.0273220


37. Tzeng NS, Chung CH, Lin FH, Yeh CB, Huang SY, Lu RB, et al. Headaches and Risk of Dementia. Am

J Med Sci. 2017; 353(3):197–206. Epub 2017/03/07. https://doi.org/10.1016/j.amjms.2016.12.014

PMID: 28262204.

38. Takeshima T, Taniguchi R, Kitagawa T, Takahashi K. Headaches in dementia. Headache. 1990; 30

(11):735–738. Epub 1990/11/01. https://doi.org/10.1111/j.1526-4610.1990.hed3011735.x PMID:

2074168.
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