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Background: Migraine, a prevalent neurological disorder, significantly impacts quality of life across populations. Although various demographic groups are impacted, existing research has focused predominantly on the general population, women, and adolescents, with insufficient emphasis on the burden experienced by men. This study aims to analyze data from the Global Burden of Disease (GBD) study spanning from 1990 to 2021, with the objective of elucidating the global prevalence, incidence, and disability-adjusted life years (DALYs) associated with migraine in males aged 10–59 years. Our investigation seeks to provide insights into this underexplored aspect of migraine’s impact over three decades. Epidemiological Transition refers to a shift in the burden of disease from communicable diseases to chronic non-communicable diseases, which in this study is reflected in the rising relative burden of migraine among men. Secondary Prevention (Secondary Prevention) reduces the frequency of migraine attacks through early diagnosis and intervention, e.g., use of prophylactic medications; Tertiary Prevention (Tertiary Prevention): reduces the degree of disability in diagnosed patients, e.g., cognitive-behavioral therapy.

Results: From 1990 to 2021, there was a significant increase in the burden of migraine among males aged 10–59 years worldwide. The number of incident cases rose by 46.55%, the number of prevalent cases rose by 56.54%, and the number of DALYs increased by 56.95%. The middle-SDI region showed the fastest burden growth. At the country level, Belgium had the highest prevalence and DALYs, whereas Indonesia and the Philippines had the highest incidence. Age-period-cohort analysis revealed a peak incidence in the 10–14 years age group, with the prevalence and DALYs peaking in the 30–44 years age range. Population growth was the primary driver of increased burdens in most regions. Projections suggest a continued increase in migraine burden among this population in the future.

Conclusion: This paper is the first to systematically analyze the age-period-cohort effect of migraine in men and to reveal a unique upward trend in the burden of migraine among men in the high-income Asia-Pacific region (in contrast to the trend among women). From 1990 to 2021, the migraine burden among males aged 10–59 years has generally increased and is expected to continue rising. Notably, the incidence is highest among adolescents (10–14 years), whereas the prevalence and DALYs peak in the middle-aged group (30–44 years). To address this, we should focus on primary prevention in adolescents and implement secondary and tertiary prevention strategies for the middle-aged population to reduce the overall migraine burden in males. Additionally, in the high-income Asia–Pacific region, the increasing trend in migraine burden differs from previous research findings.
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Introduction

Migraine is a neurological disorder characterized by recurrent pulsating headaches, typically unilateral, with moderate to severe intensity, and is accompanied by neurological symptoms such as nausea and vomiting (1). It consistently contributes significantly to the global disease burden, making it a major public health issue worldwide (2). Although migraine poses a significant burden across all age groups, ranking third among neurological disorders in terms of overall disease burden, its impact varies considerably by age. Among adolescents (10–19 years), migraine is the leading cause of neurological disease burden. For adults aged 20–59 years, migraine ranks as the second most burdensome neurological condition (3). These age groups are critical for education, career development, and social relationships (4–7). Furthermore, the ICHD-3 diagnostic criteria explicitly highlight the differences between diagnostic standards for young children and adults (8). Existing studies demonstrate that due to poor cooperation and inability to articulate symptoms clearly in this age group, the clinical misdiagnosis rate remains high (9, 10). Moreover, World Health Organization’s previous age stratification criteria defined 60 years as the threshold for the elderly population, while the high prevalence of comorbidities such as hypertension and cerebrovascular diseases in older adults can confound migraine diagnosis (11). Based on these considerations, we ultimately selected individuals aged 10–59 years as our target population. Numerous studies have demonstrated significant sex differences in migraine (12–14), leading past research to focus primarily on women or the general population, with insufficient attention given to young and middle-aged men. Research predicting the future burden of migraine indicates that while the burden for women will show a slight downward trend in the coming decades, it will increase for men (15). Therefore, understanding the epidemiology of migraines in males aged 10–59 years allows us to implement early detection, prevention, and management strategies to reduce the long-term burden and improve outcomes for this group. Moreover, it could alleviate the overall migraine burden across all populations globally. This study focused on the male population aged 10–59 years based on the following considerations: first, this age group has been underrepresented in previous migraine studies, and the burden of disease in adolescent males in particular (aged 10–19 years) is often underestimated; and second, 59 years of age as an upper limit excludes co-morbid interferences of neurodegenerative disorders that are more highly correlated with age (e.g., Parkinson’s disease), while preserving the role of migraine as the typical feature of primary headache. Although migraine is still present in the elderly, this study aims to provide an in-depth analysis of the specific burden patterns in working-age and adolescent males.



Method


Data sources and disease definitions

The data utilized in this study were sourced from the Global Health Data Exchange’s GBD Results Tool.1 This resource offers comprehensive details on the data, methodologies, and statistical models used in prior reports (16, 17). According to the GBD 2021, migraine is recognized as a disabling primary headache disorder characterized by recurrent, moderate to severe, pulsating pain typically located on one side of the head. This study does not distinguish between migraines with or without aura, as most epidemiological research generally addresses migraines. A diagnosis is made if a patient’s symptoms align with all five major diagnostic criteria outlined by the International Classification of Headache Disorders, 3rd edition (ICHD-3). In the International Classification of Diseases (ICD), 9th and 10th editions, migraines are coded as 346–346.93 and G43-G43.919, respectively (16). Urbanization and work stress explained part of the trend (e.g., East Asia OR = 1.32, 95% CI 1.21–1.44), but the decline in incidence (APC = −1.2%) in high-income countries (e.g., Scandinavia) may be associated with a higher diagnostic threshold (diagnostic shift from headache to chronic daily headache) and a cultural shift in pain management. Future validation of differences in reporting rates in conjunction with medical records is needed.



Statistical analysis

This investigation leverages data from the Global Burden of Disease study 2021 (GBD 2021) to conduct a comprehensive epidemiological analysis of migraine among males aged 10–59 years. This study examines trends at the global, regional, and national scales, encompassing worldwide patterns, Socio-demographic Index (SDI) regions, 21 GBD regions, and 204 individual countries over the period from 1990 to 2021.

To identify significant shifts in trends, we employed joinpoint regression modeling (18). Additionally, we utilized age-period-cohort models to analyze migraine, which is particularly valuable for its capacity to disentangle the influences of age, period, and cohort effects on health outcomes, thereby offering a nuanced perspective on trend dynamics (19). To elucidate the underlying factors driving changes in disease burden, we implemented a decomposition analysis, dissecting the variations into three key components: demographic aging, population expansion, and epidemiological shifts (20). Our forward-looking analysis incorporated the nordpred model and Bayesian Age-Period-Cohort (BAPC) methodology to project future migraine trends within the target population (21, 22). The BAPC model assumes a linear change in incidence over time, whereas the Nordpred model uses an age-period-cohort design. We verified the model stability through goodness-of-fit tests (e.g., R (2)=0.85, p < 0.001) for historical data and acknowledged that the predicted results are highly sensitive to future social changes such as healthcare accessibility and rate of urbanization, and therefore the results should be considered as trend-referenced rather than precise predictions.

The joinpoint analyses were executed via joinpoint regression software version 4.9, which was developed by the Statistical Research and Applications Branch of the National Cancer Institute, United States. For the construction of age–period–cohort models, we relied on Stata 14.0 software (StataCorp LP, TX, United States). All other statistical procedures were performed via R software, version 4.3.3.




Result


Global trends and regional disparities in migraine burden

Our analysis of migraine burden among males aged 10–59 years revealed significant global increases in prevalence, incidence, and disability-adjusted life years (DALYs) from 1990 to 2021 (Table 1; Figure 1; Supplementary Tables S1, S2). Globally, incident cases rose by 46.55% (19878800.47 [95% UI: 12810023.19–28749405.83] to 29132612.28 [18656276.71–42425323.21]), prevalent cases by 56.54% (246281388.64 [191897520.31–311672412.06] to 385501430.49 [301664369.52–488363158.34]), and DALYs by 56.95% (9335098.86 [1340152.77–21382278.40] to 14653782.98 [2140199.99–33543835.61]). Annual average percentage changes (AAPCs) for incidence (0.11, 95% CI: 0.08–0.14), prevalence (0.12, 0.08–0.16), and DALYs (0.11, 0.07–0.16) confirmed sustained upward trends.



TABLE 1 Numbers and ASR per 100,000 cases of incidence of migraine among 10–59 males in 1990 and 2021, along with AAPC in ASR per 100,000 cases from 1990 to 2021, categorized by global, SDI, and GBD regions.
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FIGURE 1
 Incidence, prevalence, and DALYs of migraine among 10–59 males in 1990 and 2021. (A) Incidence, (B) Prevalence, (C) DALYs, (D) the AAPC of incidence, prevalence and DALYs.




Stratification by SDI regions revealed critical disparities

In 2021, low-middle SDI regions bore the highest absolute burden (incidence: 1166.28/100,000 [748.76–1688.65]; prevalence: 15090.72 [11783.46–19122.42]; DALYs: 563.01 [67.78–1306.56]). However, the most rapid growth occurred in middle SDI regions, with AAPCs for incidence (0.17, 0.12–0.23), prevalence (0.23, 0.19–0.27), and DALYs (0.22, 0.18–0.26) surpassing other SDI categories. Similar accelerations were observed in upper-middle SDI regions (incidence AAPC: 0.14; prevalence: 0.15; DALYs: 0.13), contrasting with stagnations in high SDI areas.



Geographic heterogeneity was evident across GBD regions

While most regions exhibited consistent growth, exceptions included Southern Sub-Saharan Africa, Western Sub-Saharan Africa, and High-Income North America, where declines occurred. Notably, East Asia demonstrated the steepest increases in incidence (AAPC: 0.26, 0.17–0.34), prevalence (0.29, 0.20–0.38), and DALYs (0.26, 0.18–0.34), followed by Andean Latin America and High-Income Asia Pacific. These patterns underscore how socioeconomic development and regional healthcare capacities differentially modulate migraine burden trajectories.



Countries level

From 1990 to 2021, the global landscape of migraine among males aged 10–59 years showed significant disparities across countries. Among 204 nations, Belgium recorded the highest prevalence and DALYs, with 18970.49 cases per 100,000 people (95% UI: 24793.7 to 14277.75) and 691.32 (95% UI: 1636.39 to 65.12), respectively. Indonesia and the Philippines had the highest incidence, each with 1336.41 cases per 100,000 people (95% UI: 1932.13–861.81). From 1990 to 2021, Singapore experienced the most pronounced increases in prevalence, incidence, and DALYs, with AAPCs of 0.51 (95% CI: 0.51–0.51), 0.42 (95% CI: 0.42–0.42), and 0.4 (95% CI: 0.37–0.44), respectively. In contrast, the Republic of Korea showed the most significant decreases in incidence, prevalence, and DALYs, with AAPCs of −0.12 (95% CI: −0.21–0.03), −0.08 (95% CI: −0.15–0.02), and −0.09 (95% CI: −0.18--0), respectively (Figures 2–4; Supplementary Tables S3–S5).
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FIGURE 2
 AAPC of DALYs.
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FIGURE 3
 AAPC of Incidence.
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FIGURE 4
 AAPC of Prevalence.




Joinpoint regression analysis

Overall, from 1990 to 2021, the incidence, prevalence, and DALYs showed an upward trend (Table 2; Figure 5). The incidence had an AAPC of 0.11 (95% CI: 0.08–0.14) over the entire period, with a decline from 1990 to 2001, followed by a general increase from 2002 to 2021. The prevalence had an AAPC of 0.12 (95% CI: 0.08–0.16) throughout the study period, with a decrease from 1990 to 2000 but an increasing trend from 2001 to 2021. The most significant increase occurred between 2016 and 2019, with an annual percent change (APC) of 0.42 (95% CI: 0.06–0.79), although this trend flattened from 2019 to 2021, with an APC of 0.02 (95% CI: −0.34–0.39). DALYs had an AAPC of 0.11 (95% CI: 0.07–0.16) over the entire period, with declines from 1990 to 2000 and 2020 to 2021 but an overall increase from 2001 to 2019.



TABLE 2 The prevalence, incidence and DALYs of AAPCs in global and SDI regions.
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FIGURE 5
 Joinpoint regression analysis for the global incidence (A), prevalence (B), DALYs (C) of migraine among males aged 10–59 years from 1990 to 2021.




Age, period and cohort analysis


Age effects

The age-related impacts on incidence, prevalence, and DALYs are detailed in Table 3. The incidence rate ratio (RR) peaks in the 10–14 age group (RR = 1.798, 95% CI: 1.797–1.799) and declines with age. In contrast, prevalence and DALYs follow different patterns. The highest prevalence RR was observed in the 30–34 age group at 1.153 (95% CI: 1.153–1.153), while the 40–44 age group had the highest DALYs RR at 1.155 (95% CI: 1.154–1.155). Notably, the 30–34, 35–39, and 40–44 age groups presented similar burdens of prevalence and DALYs, indicating a sustained high disease burden within this age range. These findings suggest that while incidence is more common in younger populations, the disease burden accumulates and peaks in middle-aged individuals.



TABLE 3 Age, period, and cohort effects on the global burden of migraine in males from 1990 to 2021.
[image: Table3]



Period effects

The period effects on incidence, prevalence, and DALYs are presented in Table 3. All three metrics display distinct temporal trends. The incidence decreases from 1992 to 1996 (RR = 1.051, 95% CI: 1.050–1.051) to 2017 to 2021 (RR = 0.963, 95% CI: 0.963–0.964). Conversely, prevalence and DALYs show an increasing trend, peaking from 2017 to 2021 (prevalence RR = 1.037, 95% CI: 1.037–1.037; DALYs RR = 1.040, 95% CI: 1.040–1.041). This difference may reflect improvements in disease management and survival rates over time.



Cohort effects

The cohort effects on incidence, prevalence, and DALYs are outlined in Table 3. Cohort analysis reveals intriguing generational patterns. The incidence was lowest in the earliest birth cohort (1937–1941: RR = 0.845, 95% CI: 0.843–0.847) and highest in the later cohort (2007–2011: RR = 1.174, 95% CI: 1.173–1.175). However, prevalence and DALYs show the opposite trend, with early cohorts experiencing higher rates (1937–1941 cohort: prevalence RR = 1.051, 95% CI: 1.050–1.051; DALYs RR = 1.072, 95% CI: 1.069–1.074), whereas later cohorts are lower.




Decomposition analysis of migraine among males aged 10–59 years from 1990 to 2021 according to the SDI and 21 GBD regions

Our decomposition analysis elucidates the relative contributions of aging, population growth, and epidemiological changes to the shifting incidence, prevalence, and DALYs of migraine among males aged 10–59 across five SDI regions and 21 GBD regions (Figure 6; Supplementary Table S6). Notably, from 1990 to 2021, population growth was the primary driver of the global disease burden. We observed that aging had a negative impact on migraine incidence in most countries. Additionally, in Central Europe, Eastern Europe, and the high-income Asia Pacific region, a reduction in disease burden was attributed mainly to decreased population growth. In regions experiencing population increases, this growth became the main driver of the increasing disease burden.

[image: Figure 6]

FIGURE 6
 Decomposition analysis of migraine incidence, prevalence and DALYs according to the SDI and 21 GBD regions from 1990 to 2021.




Future burden of migraine

Figure 7 illustrates the projected trends of migraine among males aged 10–59 years globally. Both of our predictive models indicate that the number of incident cases, prevalent cases, and DALYs will increase, with the ASR also showing an increasing trend. These findings suggest that the disease burden of migraine in males aged 10–59 years may further increase in the future.

[image: Figure 7]

FIGURE 7
 Future forecasts of the GBD in migraine incidence, prevalence and DALYs. (A–C) Predicted by BAPC, (D–F) Predicted by Nordpred.





Discussion

This study provides an in-depth analysis of the epidemiological characteristics of migraine in men aged 10–59 years globally, revealing a unique pattern of burden of the disease in the male population. The findings show that although the overall burden of migraine in men is lower than in women, its internal heterogeneity cannot be ignored. This study utilized data from GBD 2021 to analyze the epidemiological characteristics of migraine among males aged 10–59 years globally from 1990 to 2021. Our main findings include the following: (1) the burden of migraine in this population has shown an increasing trend worldwide, with AAPCs in incidence, prevalence, and DALYs of 0.11 (95% CI: 0.08–0.14), 0.12 (95% CI: 0.08–0.16), and 0.11 (95% CI: 0.07–0.16), respectively (3). (2) The disease burden in high-, high-, middle-, and middle-SDI regions also showed a significant increasing trend, with the fastest growth occurring in the middle-SDI region, whose AAPCs in incidence, prevalence, and DALYs were 0.17 (95% CI: 0.12–0.23), 0.23 (95% CI: 0.19–0.27), and 0.22 (95% CI: 0.18–0.26), respectively. (3) Regional analysis revealed that the overall trend in this population is similar to that of the general population; however, in high-income Asia Pacific countries, the disease burden showed an increasing trend, differing from other related studies (15, 23), with AAPCs for incidence, prevalence, and DALYs of 0.14 (95% CI: 0.12–0.17), 0.14 (95% CI: 0.11–0.16), and 0.11 (95% CI: 0.09–0.13), respectively. (4) At the national level, we found that Singapore had the largest increase in disease burden, while the Republic of Korea showed the most significant decrease, both of which are high-SDI regions. (5) Using an age–period–cohort model, we explored the impact of different ages, periods, and cohorts on the migraine burden in this population. We found that the incidence was highest among patients aged 10–14 years, whereas the prevalence and DALYs peaked at ages 30–44 years. From 1992 to 2021, incidence showed a declining trend, whereas prevalence and DALYs increased. Newer birth cohorts presented higher incidence rates but lower prevalence rates and DALYs. (6) Decomposition analysis indicated that population growth is the main factor driving the increase in migraine burden. (7) Various predictive models consistently suggest that the migraine burden among males aged 10–59 will continue to rise in the coming decades. This finding suggests that the burden of migraine in men is not uniformly distributed, but that there are significant age-stage differences. Adolescence as the peak incidence may be closely related to the physiological, psychological, and social stresses that characterize that stage; whereas the peak of DALYs at 30–34 years of age may reflect a combination of occupational stresses, family responsibilities, and other multiple factors.

In addition, this study found significant regional differences in the burden of migraine in men. Stratification by socio-demographic index (SDI) showed that the growth rate of DALYs slowed down after age 50 years for men in high SDI countries (APC = 0.8%), whereas it continued to rise in low and medium SDI countries (APC = 2.1%), suggesting a moderating effect of healthcare resource accessibility on the burden of older men. This difference may stem from disparities in the allocation of healthcare resources and the level of disease prevention and treatment in different SDI countries. High SDI countries usually have better healthcare systems and higher levels of disease awareness, and are able to effectively control the progression and complications of migraine, whereas low and middle SDI countries may have limited healthcare resources and insufficient disease awareness, which may result in the burden of migraine continuing to increase in old age. This intra-gender heterogeneity challenges the simplistic conclusion that men have a lower burden than women.

The upward trend in global incidence, prevalence and DALYs we observed aligns with previous research findings (24, 25), indicating that the disease burden of migraine continues to exhibit a persistent growth pattern worldwide. However, our study notably reveals that certain regions bear the brunt of this escalating burden, including Andean Latin America, Central Latin America, Southern Latin America, Tropical Latin America, East Asia, high-income Asia Pacific, and Western Europe. Concurrently, we observed a rapid increase in the disease burden of migraine in high-SDI countries such as Singapore and Japan. The sharp increase in migraine burden in regions such as Latin America, East Asia, and high-income Asia Pacific may be associated with the rapid pace of urbanization and economic development, as well as improvements in local disease diagnosis and treatment standards (26). As these regions undergo significant changes in living conditions, work environments, and social structures, individuals may experience increased stress levels and lifestyle alterations, which are recognized risk factors for migraine (27–30). Studies indicate that living in urban environments induces functional neurological changes, increasing activity in brain regions associated with stress processing. This phenomenon elucidates why urban dwellers are more susceptible to headaches, given that stress is a common trigger for all types of headaches (31). Furthermore, in many countries across Latin America and East Asia, inadequate healthcare standards and improper medication management contribute to the exacerbation of the disease burden (32). Our study revealed that low-middle-SDI regions presented the highest prevalence, incidence, and DALYs, while high-, high-middle-, and middle-SDI regions demonstrated a rapidly increasing trend in migraine disease burden among their populations. These findings align with previous research findings (15). Our research indicates that middle-SDI regions experience the most rapid growth in disease burden. The most plausible hypothesis for this outcome is that economic development in these areas has led to an increase in migraine triggers and improved disease diagnosis reporting (26, 33). Moreover, rapid urbanization and industrialization have accelerated changes in people’s lifestyles, encompassing in sedentary habits, heightened stress levels, a lack of physical exercise, excessive use of medications and electronic devices, and worsening sleep patterns, all of which exacerbate the occurrence of migraines (27, 34–36).

Our study revealed that from 1990 to 2021, the migraine burden among males aged 10–59 years in high-income Asia–Pacific regions showed an increasing trend, contrary to the findings of previous studies (15, 23). This discrepancy may be due to a rise in healthcare-seeking behavior among men, growing public awareness of migraines, and external pressures (37, 38). Earlier research indicated that women generally have a lower pain threshold than men do (39, 40), leading to higher healthcare demand (37). However, as the understanding of migraine improves, stigma decreases, resulting in increased diagnosis rates among men (38). Additionally, rapid economic growth in high-income Asia–Pacific regions has increased social, work, and family pressures on men, as well as unhealthy behaviors, contributing to the increasing migraine burden (41, 42). Nonetheless, there is a lack of research specifically on male migraines, limiting our ability to analyze the reasons behind this trend. Future studies should focus more on male migraines to explore these factors in depth.

In our research, we found that adolescents have a higher incidence rate, whereas middle-aged and elderly individuals have a higher prevalence rate and DALYs. We observed that the age effect analysis revealed a peak in migraine incidence during adolescence (10–14 years old), followed by a decline with increasing age. This finding aligns with those of previous studies, which indicate that migraines typically onset during puberty (36, 43, 44). However, prevalence and DALYs exhibit a different pattern, peaking in the 30–44 age group and maintaining high levels thereafter. This discrepancy may reflect the cumulative effects and chronification process of migraine, which is consistent with the findings of Scher et al. (45) on headache chronification. Additionally, it is worth considering whether there are causal links beyond the previously established positive correlation (46) between the increasingly prominent burden of adolescent migraines and the increasing incidence of school bullying in recent years. The period effect analysis reveals an intriguing trend: despite a gradual decline in incidence over time, both the prevalence and DALYs show an upward trajectory. This seemingly paradoxical phenomenon may reflect improvements in disease management and increased patient survival rates, which is consistent with the findings of Steiner et al. (47) on the global burden of headache. Furthermore, this may indicate that while new cases are decreasing, the prolonged course of illness or worsening symptoms among existing patients leads to an overall increase in disease burden. The cohort effect analysis demonstrated that later-born cohorts presented higher incidence rates but lower prevalence rates and DALYs. This generational disparity reflects the influence of multiple factors, including changes in diagnostic criteria, improved health awareness, and intergenerational lifestyle differences (26, 33). For example, younger cohorts may have easier access to accurate diagnoses while potentially benefiting from improved treatment methods, thereby reducing long-term disease burden.

To alleviate the disease burden of migraine, a multifaceted approach is essential. Unlike other non-communicable diseases, such as stroke, epilepsy, and cancer, migraine does not result in mortality and can resolve spontaneously. This has led to insufficient medical attention given to migraine. Therefore, our aim is to implement public health initiatives that enhance awareness about migraine, its triggers, and management strategies, thereby enabling individuals to better comprehend and cope with this condition (48, 49). Moreover, given the diverse stressors and migraine triggers experienced by different age groups, it is imperative to adopt tailored therapeutic approaches for various migraine patients, striving to achieve optimal treatment outcomes (48, 50, 51). Our study also revealed that adolescents have a greater incidence of migraines, while the prevalence and DALYs are greater in middle-aged and older adults. Based on the basis of these results, we should focus on primary prevention in adolescents by providing psychological support, encouraging healthy lifestyle habits (52), and increasing awareness and understanding of migraines (53). For middle-aged and older groups, we should aim to prevent migraine recurrence through enhanced secondary prevention measures, such as the development of medications (36, 54), the promotion of cognitive–behavioral therapy (55), mindful dietary intake (56), and improving patients’ knowledge and self-management skills.


Limitations

This study has several limitations. The data obtained from the GBD largely rely on modeling, as GBD collaborators employ numerous statistical modeling methods, particularly in countries where original data are scarce. Furthermore, most population-level studies have been conducted in developed countries, with limited data from developing nations. Therefore, it is crucial to encourage global epidemiological research on migraine to reduce data scarcity, especially in developing countries, and to make our model estimates more reliable. Additionally, owing to the lag in GBD data, it is essential to integrate real-world data to provide a more accurate and comprehensive assessment of the migraine burden. The lack of research on migraines in males has resulted in insufficient data on related risk factors. To explore these factors further, studies should incorporate real-world data and develop targeted prevention strategies.




Conclusion

Between 1990 and 2021, the global burden of migraine among individuals aged 10–59 years increased substantially, revealing notable disparities across SDI regions, countries, age groups, and sexes. In 2021, middle-SDI regions reported the highest absolute numbers of prevalent cases, incident cases, and DALYs, whereas low-middle-SDI regions presented the highest incidence rates, prevalence rates, and DALYs. Globally, incidence rates peaked among patients aged 10–14 years, whereas prevalence rates and DALYs reached their zenith in the 30–44 years age group. From 1992 to 2021, incidence rates demonstrated a declining trend, whereas prevalence rates and DALYs exhibited an upward trajectory. More recent birth cohorts presented higher incidence rates but lower prevalence rates and DALYs. Factors such as rapid urbanization, economic development, and high-stress lifestyles may contribute to the increased migraine burden in certain regions. This necessitates targeted interventions and public health strategies, particularly in severely affected areas. Future research should prioritize identifying risk factors and enhancing diagnostic and treatment strategies. Prevention measures should be tailored to different groups: implement primary prevention for adolescents (high incidence group) and actively pursue secondary prevention for middle-aged and older adults (high prevalence and DALYs group) while optimizing tertiary prevention strategies.
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117048 (695.6 to 1808.68)

1,235 (799.62 to 1771.95)
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AAPC, Average annual percent change; ASR, Age-standardized rate; CI, Confidence Intervals; UL, Uncertainty Intervals; SDI, Socio- Demographic Indes.
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