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Background and objective: Migraine is a common chronic neurological disease characterized by pulsating headaches, photophobia, phonophobia, nausea, and vomiting. The prevalence of dementia in individuals aged over 65 years in Korea is more than 10%, and Alzheimer’s disease (AD) dementia accounts for most cases. Although these two neurological diseases account for a large portion of the medical burden in Korea, few studies have examined the relationship between the two diseases. Therefore, this study investigated the incidence and risk of AD in patients with migraines.

Methods: We retrospectively collected nationwide data from a national health insurance claims database governed by Korea’s National Health Insurance Service. Among Koreans in the 2009 record, patients with migraine were identified according to the International Classification of Diseases, 10th revision (ICD-10) code G43. First, we screened the database for participants aged over 40 years. Individuals diagnosed with migraine at least twice over more than 3 months in a year were considered to have chronic migraine in this study. Further, all participants with an AD diagnosis (ICD-10 code: Alzheimer’s disease F00, G30) were investigated for AD dementia development. The primary endpoint was AD development.

Results: The overall incidence of AD dementia was higher in individuals with a history of migraine than in those with no migraine history (8.0 per 1,000 person-years vs. 4.1 per 1,000 person-years). The risk of AD dementia was higher in individuals diagnosed with migraine (hazard ratio = 1.37 [95% confidence interval, 1.35–1.39]) than in the control group after adjustments for age and sex. Individuals with chronic migraine had a higher incidence of AD dementia than those with episodic migraine. Younger age (<65 years old) was associated with an increased risk of AD dementia compared to older age (≥65  years old). Higher body mass index (BMI) (≥25 kg/m2) was also associated with an increased risk of AD dementia compared to lower BMI (<25 kg/m2) (p < 0.001).

Conclusion: Our results suggest that individuals with a migraine history are more susceptible to AD than those without a migraine history. Additionally, these associations were more significant in younger and obese individuals with migraine than in individuals without migraine.
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1. Introduction

Migraine is a neurological disorder that causes symptoms such as headache, abdominal discomfort, vomiting, and visual impairment, affecting more than 10 billion people worldwide (Amiri et al., 2021). Alzheimer’s disease (AD) is the most common cause of dementia, with more than 30 million people affected worldwide (Gustavsson et al., 2023). Female sex, old age, hypertension, diabetes, obesity, dyslipidemia, stress, and hormonal imbalance were considered risk factors for migraine (Giannini et al., 2012; Amiri et al., 2021). Old age, female sex, hypertension, diabetes, dyslipidemia, and obesity are well-known risk factors for AD (Leibson et al., 1997; Qiu et al., 2003; Reitz, 2013; Lloret et al., 2019; Ding et al., 2020). Although these two neurological diseases account for a large portion of the medical burden worldwide, few studies have examined their relationship.

Previous studies showed inconsistent results regarding the association between migraine and AD (Morton et al., 2019; George et al., 2020; Islamoska et al., 2020). However, more recent large-scale studies have reported that patients with migraine have a higher incidence of AD than those without migraine (Kostev et al., 2019; Lee et al., 2021). Regarding the association between dementia and migraine, several studies have suggested the existence of a relationship between white matter damage, depression, chronic pain, and stress (Jensen, 2003; Wang et al., 2018); however, there are few studies on the association according to common risk factors for migraine and dementia, especially AD.

Extensive research into the association between migraine and dementia could improve the diagnosis and treatment of these disorders that significantly affect patients’ quality of life. In the present study, we aimed to investigate the association between migraine and the incidence of AD dementia according to various risk factors.



2. Methods


2.1. Participants

We retrospectively collected nationwide data from a national health insurance claims database governed by Korea’s National Health Insurance Service (NHIS). Among 10,628,070 Koreans who participated in the national health screening program in 2009, individuals aged ≥40 years were eligible for inclusion in this study. We investigated the medical records of the eligible participants as obtained from the NHIS database during the period spanning from 2002 to 2019. The date of participation in the 2009 national health screening program was defined as the start date of the follow-up. The patients with migraine were identified according to the International Classification of Diseases, 10th revision (ICD-10) code G43. Patients diagnosed with migraine at least twice over more than 3 months in a year were considered to have chronic migraine in this study.



2.2. Outcome

All participants were investigated for AD development based on a positive AD diagnosis (ICD-10 code Alzheimer’s disease F00, G30) and their prescription records for anti-dementia medication. The primary endpoint was AD development. Participants with a previous AD diagnosis were excluded from the study. Participants were also excluded if they developed AD or died within 12 months of enrollment. The wash-out period of 12 months was used to minimize the possibility of reverse-causality. The study flowchart is presented in Supplementary Figure S1.



2.3. Statistical analyses

To investigate whether migraine affects the risk of AD, we calculated the hazard ratios (HR) and the associated 95% confidence intervals (CI) using the Cox proportional hazards model. We used three progressively adjusted models. Model 1 involved a crude analysis without any adjustment. Model 2 was adjusted for age and sex. In model 3, we adjusted age, sex, comorbidities, lifestyle factors (smoking, drinking, and physical exercise), eGFR, and BMI. Multivariate Cox regression analysis was used in subgroup analyses to assess the impact of underlying comorbidities or demographic characteristics on AD risk in individuals with migraine. All analyses were performed using the SAS statistical software (version 9.2; SAS Institute, Cary, NC, United States).




3. Results


3.1. Demographics of participants

The demographic characteristics of the study participants are shown in Table 1. Female patients had a higher predominance of migraine than male patients (72.3% vs. 46.6%, p < 0.001). Hypertension, diabetes, dyslipidemia, myocardial infarction, stroke, and congestive heart failure were significantly more predominant in patients with migraine than the participants without migraine (p < 0.001). Patients with migraine comprised a higher percentage of never smokers and non-drinkers than the participants without migraine (p < 0.001).



TABLE 1 Demographic characteristics.
[image: Table1]



3.2. Impact of migraine on the incidence of AD

The overall incidence of AD in participants with no migraine history was 3.7% (214,414/5,863,348), whereas that in those with a migraine history was 7.1% (15,111/2,12,836) (Table 2), suggesting that migraine was related to the incidence of AD.



TABLE 2 Cox proportional hazard regression analysis of the risk of Alzheimer’s disease in participants with different types of migraine.
[image: Table2]

Cox proportional hazard regression analysis showed that patients with migraine developed AD with a 1.32 HR (95% CI, 1.30–1.35) compared to the participants with no migraine history after adjustments for age, sex, comorbidities, and lifestyle (Table 2). In the subgroup analysis, we observed that patients with chronic migraine had a higher HR of AD development than those with episodic migraine (HR = 1.48 [95% CI, 1.44–1.52] vs. HR = 1.26 [95% CI, 1.27–1.29]).

Figure 1 shows the Kaplan–Meier curves of the incidence of AD. The cumulative incidence of AD was significantly higher in participants with versus without a migraine history (Figure 1A). In the subgroup analysis, the migraine without aura group showed a higher incidence of AD than the migraine with aura group (Figure 1B). Furthermore, patients with chronic migraine had a higher cumulative incidence of AD than those with episodic migraine (Figure 1C).

[image: Figure 1]

FIGURE 1
 Kaplan–Meier curves of the cumulative incidence of Alzheimer’s disease in individuals with migraine Migraine versus no migraine history (A), chronic migraine versus episodic migraine versus no migraine history (B), migraine with aura versus migraine without aura versus no migraine history (C).




3.3. Effects of risk factors of AD in individuals with migraine

We evaluated whether AD risk factors had differential effects between participants with migraine and controls. In the younger age group (age < 65 years), participants with migraine had a higher incidence of AD (HR = 1.58 [95% CI, 1.52–1.64]) than those without migraine. This was higher than that in the older age group (aged ≥65 years) compared to those without migraine (HR = 1.27 [95% CI, 1.24–1.30]; P for interaction <0.001) after adjustments for covariates (Table 3).



TABLE 3 Multivariate Cox proportional hazards regression analysis of the risk of Alzheimer’s disease in participants with migraine.
[image: Table3]

Additionally, in the obese group (BMI ≥25 kg/m2), participants with migraine showed a higher incidence of AD than those without migraine (HR = 1.39 [95% CI, 1.35–1.43]). The incidence of AD was also higher in the non-obese group (BMI < 25 kg/m2) than in the controls (HR = 1.29 [95% CI, 1.26–1.32]; P for interaction <0.001) (Table 3).

In the subgroup analysis, the interaction of age and obesity with AD incidence was consistent in both men and women (Figure 2, p < 0.05). There were no significant differences in the effects of sex, diabetes, hypertension, dyslipidemia, and current smoking status for any interaction of migraine with the incidence of AD.

[image: Figure 2]

FIGURE 2
 Impacts of risk factors for Alzheimer’s disease in men and women with migraine. Age (A), BMI (B), hazard ratio. BMI, body mass index.





4. Discussion

The present study evaluated the association between migraine and AD in a large-scale Korean nationwide population-based cohort. We found a higher incidence of AD in individuals with migraine than in those without migraine. We also found a higher AD incidence in individuals with chronic migraine than in those with episodic migraines. Lastly, we showed that younger age and higher BMI increased the risk of AD in patients with migraine.

Our first major finding was that the overall incidence of AD among individuals with migraine was higher than that in individuals with no migraine history. This result is consistent with those of previous studies that suggest that migraine is associated with an increased risk of dementia (Wang et al., 2018; Lee et al., 2021; Gu et al., 2022). We analyzed specific personal, medical, and behavioral data, including BMI, smoking history, and alcohol consumption. The prevalence rate of migraine and AD may vary depending on race-related differences (Stewart et al., 1996; Niu et al., 2017; Park et al., 2019; Kim et al., 2022), while the association between these two conditions could be influenced by disparities in lifestyle habits and socioeconomic status. Recently, Gu et al. (2022) revealed that migraine was associated with an increased risk of dementia, suggesting a significant association with cognitive decline in several country-based cohorts. Although several studies have recently reported an association between migraine and dementia, the pathomechanisms underlying the occurrence of cognitive decline in patients with migraine remain unclear. Migraine is a painful condition. Many common structures exist in the pain pathway and memory processing circuits, such as the thalamus, insula, anterior cingulate, hippocampus, and temporal cortex (Apkarian et al., 2005; Svoboda et al., 2006; Liu et al., 2018). Chronic repetitive pain can cause vulnerability of these brain structures and weaken brain function, resulting in memory deterioration.

Our second major finding was that individuals with chronic migraine showed a higher rate of AD development than individuals with episodic migraine. Due to the limited evaluation of the dataset, we set the criterion for a chronic headache diagnosis as at least two migraine diagnoses over more than 3 months in a year, contrary to the diagnostic criteria for chronic migraine. Chronic stress activates the hypothalamic–pituitary–adrenocortical (HPA) axis, resulting in glucocorticoid release and HPA axis dysregulation (Herman et al., 2016). Recent studies have shown that growing evidence supports the association between HPA axis dysregulation and amyloidosis and synaptic plasticity disruption related to AD progression (Chi et al., 2014; Saeedi and Rashidy-Pour, 2021). We conjectured that individuals with chronic migraine are exposed to repetitive and extensive chronic stress, and this can accumulate, resulting in a higher incidence of AD development.

Additionally, in the multivariable analysis, we found that younger and obese individuals with migraine had a higher AD incidence than controls. There were no significant differences in the effect of other AD risk factors such as sex, diabetes, hypertension, dyslipidemia, and current smoking status for any interaction with migraine on the rate of AD development. It is known that vascular risk factors such as diabetes, hypertension, dyslipidemia, and current smoking are associated with AD (Leibson et al., 1997; Reitz, 2013; Chi et al., 2014; Durazzo et al., 2014; Ding et al., 2020). Gomez et al. demonstrated that vascular risk factors could activate brain amyloid-ß accumulation by reducing amyloid-ß clearance and increasing oxidative, inflammatory stress response (Gomez et al., 2018). A previous study showed that obesity could contribute to cognitive dysfunction by activating systemic inflammatory processes (Nguyen et al., 2014). The results of this study indicate that obese individuals with migraine may be more susceptible to AD than those without a migraine history. Based on our results, we assume that the greater the AD development in younger patients with migraine, the greater the long-term or earlier impact of these stresses on brain structure and function related to memory processes.


4.1. Strengths and limitations

Our study has a few limitations. First, we collected retrospective data from a large health insurance claims databases, which can have incomplete or inaccurate coding, and the lack of detailed clinical information on the participants. Second, we used the ICD-10 diagnostic code to diagnose migraine and AD, did not use specific medical records for migraine, and AD was not confirmed by amyloid or tau biomarkers. Third, we did not evaluate the effect of migraine-specific medications on cognitive function and dementia risk such as triptans. Fourth, our study does not establish a causal relationship between the migraine and AD Further studies are needed to clarify the underlying mechanisms and potential confounding factors. Finally, it is necessary to investigate the relationship between various risk factors and diseases through follow-up studies. Despite these limitations, using a large nationwide population-based dataset with longitudinal observation seems valuable, providing a homogenous sample.




5. Conclusion

Our results suggest that individuals with a migraine history are more susceptible to AD than individuals without a migraine history. Additionally, these associations were more significant in individuals with chronic migraine and obese and younger individuals with migraine than in individuals without migraine. Our findings will encourage clinicians to consider individuals with migraine should be followed-up and corrected for the risk factors for AD dementia. Further studies are warranted to evaluate whether these risk factors influence AD exacerbation.
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