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Abstract
Background
Migraine, a widespread neurological condition, substantially affects the quality of life, particularly for adolescents and young adults. While its impact is significant, there remains a paucity of comprehensive global research on the burden of migraine in younger demographics. Our study sought to elucidate the global prevalence, incidence, and disability-adjusted life-years (DALYs) associated with migraine in the 15–39 age group from 1990 to 2021, utilizing data from the Global Burden of Disease (GBD) 2021 study.

Methods
Our comprehensive study analyzed migraine data from the GBD 2021 report, examining the prevalence, incidence, and DALYs across 204 countries and territories over a 32-year span. We stratified the information by age, sex, year, geographical region, and Socio-demographic Index (SDI). To evaluate temporal trends in these metrics, we employed the estimated annual percentage change (EAPC) calculation.

Results
Between 1990 and 2021, the worldwide prevalence of migraine among 15–39 year-olds increased substantially. By 2021, an estimated 593.8 million cases were reported, representing a 39.52% rise from 425.6 million cases in 1990. Global trends showed increases in age-standardized prevalence rate, incidence rate, and DALY rate for migraine during this period. The EAPC were positive for all three metrics: 0.09 for ASPR, 0.03 for ASIR, and 0.09 for DALY rate. Regions with medium SDI reported the highest absolute numbers of prevalent cases, incident cases, and DALYs in 2021. However, high SDI regions demonstrated the most elevated rates overall. Across the globe, migraine prevalence peaked in the 35–39 age group. Notably, female rates consistently exceeded male rates across all age categories.

Conclusion
The global impact of migraine on youths and young adults has grown considerably from 1990 to 2021, revealing notable variations across SDI regions, countries, age groups, and sexes. This escalating burden necessitates targeted interventions and public health initiatives, especially in areas and populations disproportionately affected by migraine.
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Introduction
Migraine, a pervasive neurological disorder, exacts a considerable toll on both individuals and society [1]. Although it affects people across all age groups, its prevalence notably surges among adolescents and young adults, significantly compromising their quality of life [2, 3]. The 15-39 age group is particularly vulnerable to the onset and impact of migraine, as this is a critical period for educational attainment, career development, and social relationships [2, 3]. The long-term consequences of migraine, such as increased risk of comorbidities and reduced quality of life, further highlight the importance of focusing on this demographic. By understanding the epidemiology of migraine in youths and young adults, we can implement early detection, prevention, and management strategies to mitigate the long-term burden of the condition and improve outcomes for this vulnerable demographic.
In 2019, migraine emerged as a primary contributor to global disability-adjusted life years (DALYs), with a particularly pronounced impact on females aged 15-39 years [4]. This debilitating condition is characterized by recurrent episodes of moderate to severe headaches, frequently accompanied by a range of neurological and systemic symptoms. These may include heightened sensitivity to light and sound, as well as gastrointestinal disturbances [5, 6]. Various factors can precipitate migraine attacks, with stress, exhaustion, and specific dietary elements being common triggers [7]. Despite its widespread occurrence, migraine often goes undiagnosed and inadequately treated. This issue is especially prevalent in low- and middle-income nations, where there is a scarcity of research, education, and clinical resources dedicated to this neurological disorder [8].
While existing research has explored migraine's global impact, there's a notable gap in studies focusing on the 15-39 age group [2, 7]. Two recent studies have addressed this age group using data from the GBD 2019 study [2, 3]. However, our study aims to provide the most up-to-date and comprehensive analysis of migraine epidemiology in youths and young adults by utilizing the latest GBD 2021 dataset and employing advanced statistical methods, such as EAPC, decomposition analysis, and Bayesian age-period-cohort (BAPC) projections. These methods allow us to evaluate temporal trends, disentangle the relative contributions of population factors, and offer a forward-looking perspective on migraine burden in this age group. Moreover, our study has the unique advantage of capturing the potential impact of the COVID-19 pandemic on migraine burden among youths and young adults, which was not possible in previous studies using pre-2020 data. By incorporating the most recent data from 2021, we can provide valuable insights into how the global health crisis may have influenced migraine prevalence, incidence, and DALYs in this age group.

Method
Data acquisition and download
The migraine data for youths and young adults used in this study were obtained from the GBD 2021, which provides the most up-to-date estimates for 369 diseases, injuries, and impairments, as well as 88 risk factors, across 204 countries and territories grouped into 21 region [9]. For the purpose of this study, we utilized the GBD 2021 classification, which divides the world into 21 geographic regions based on epidemiological similarities and geographic proximity [4, 10]. This categorization allows for a more nuanced understanding of the variations in disease burden across different parts of the world, enabling the development of targeted public health policies and interventions. The 21 regions are as follows: Andean Latin America, Australasia, Caribbean, Central Asia, Central Europe, Central Latin America, Central Sub-Saharan Africa, East Asia, Eastern Europe, Eastern Sub-Saharan Africa, High-income Asia Pacific, High-income North America, North Africa and Middle East, Oceania, South Asia, Southeast Asia, Southern Latin America, Southern Sub-Saharan Africa, Tropical Latin America, Western Europe, and Western Sub-Saharan Africa. This regional classification system has been consistently used in previous iterations of the GBD study and has proven to be an effective way of analyzing and comparing health metrics across geographically and epidemiologically distinct areas [4, 10]. For this investigation, we extracted data specific to migraine in youths and young adults, including prevalence, incidence, and DALYs. These metrics were accompanied by their respective 95% uncertainty intervals (UI), providing a measure of statistical confidence. The calculation of DALYs incorporated both years lived with disability and years of life lost, offering a holistic view of the disease burden (refer to Supplementary Methods for detailed methodology).
To contextualize our findings, we utilized the socio-demographic index (SDI), a composite measure that evaluates regional development based on income, education, and fertility indicators [11]. The GBD 2021 categorized countries and territories into five SDI strata, ranging from low to high development levels. All data used in this study is publicly accessible through the Global Health Data Exchange platform (https://​ghdx.​healthdata.​org/​gbd-2021/​sources). The University of Washington's Institutional Review Board granted a waiver of informed consent for GBD studies. Our research adheres to the STROCSS criteria for reporting [12].

Disease definition
In the GBD 2021 classification system, headache disorders are categorized at the third level, falling under the broader categories of neurological disorders (level 2) and non-communicable diseases (level 1). Migraine, specifically, is identified as a distinct entity at level 4 within the headache disorders group. Migraine is classified as a primary headache disorder, typically manifesting as recurring, moderate to severe headaches. These headaches are often characterized by their unilateral nature and pulsating quality. For diagnostic and coding purposes, the International Classification of Diseases (ICD) provides specific identifiers for migraine. In the ICD-9, migraine is coded under the range 346–346.93, while in the ICD-10, it falls under G43–G43.919 [13].

Statistical analysis
To analyze trends in age-standardized rates (ASR) of migraine incidence, mortality, DALYs, and prevalence, we employed the EAPC method. This approach involves a regression model expressed as [14]:[image: $$In(ASR)=\alpha+\beta\mathrm X+\mathrm e$$]




The natural logarithm of the age-standardized rate is represented by ln(ASR) in this equation. X stands for the calendar year under consideration. The y-intercept is denoted by α, while β indicates the slope, which represents the trend over time. Any error in the model is accounted for by e. The EAPC is expressed as 100 × [exp(β)–1], indicating yearly percentage change. We analyzed trends using the EAPC and its 95% CI. An increasing trend was identified when both EAPC and lower CI limit were positive. A decreasing trend was noted when both EAPC and upper CI limit were negative. Trends were considered stable if neither condition was met. Gaussian process regression and Pearson correlation coefficient were used to examine relationships between EAPCs, age-standardized rates, and SDI. We applied decomposition methodology to break down migraine incidence, prevalence, and DALYs by population age structure, growth, and epidemiologic changes [15–18].
We employed the BAPC method to estimate marginal posterior distributions. This approach utilizes integrated nested Laplace approximations (INLA). BAPC sidesteps common challenges associated with Markov chain Monte Carlo methods in Bayesian analysis. The BAPC method has gained widespread use in analyzing trends of chronic diseases and forecasting future disease burden [19–22]. We conducted our analysis using the 'INLA' and 'BAPC' R packages, following established protocols [19–22]. We conducted our analyses and created visualizations using two primary tools. The World Health Organization's Health Equity Assessment Toolkit was employed for equity-focused analyses. Additionally, we utilized R statistical software, specifically version 4.2.1, for data processing and statistical computations.


Results
Global level
A significant rise in migraine prevalence, incidence, and DALYs was observed among youths and young adults globally (Table 1, Tables S1-S2). The global burden of migraine among individuals aged 15-39 witnessed a significant increase from 1990 to 2021. By 2021, the estimated prevalence reached 593,843,983.4 cases (95% UI: 491,852,422.4-710,571,345.4), representing a 39.52% rise from 425,603,893.1 cases (95% UI: 351,207,584.1-509,636,137.2) in 1990. The global ASPR of migraine climbed from 19,418 per 100,000 population in 1990 to 19,962.3 per 100,000 population in 2021. Concurrently, incident cases surged by 36.82%, escalating from 31,939,565.5 in 1990 to 43,699,829.6 in 2021. DALYs exhibited a parallel trend, increasing by 39.46% from 15,755,634.7 in 1990 to 21,973,190.4 in 2021.
Table 1Prevalence of migraine between 1990 and 2021 in 15 to 39 years at the Global and Regional Level


	Location
	1990
	2021
	EAPC_95%CI

	Number(95%UI)
	ASR(95%UI)
	Number(95%UI)
	ASR(95%UI)

	Global
	425,603,893.1 (351,207,584.1–509,636,137.2)
	19,418 (16,023.7–23,252)
	593,843,983.4 (491,852,422.4–710,571,345.4)
	19,962.3 (16,533.8–23,886.1)
	0.09 (0.07–0.1)

	High SDI
	77,421,395 (64,527,377.2–92,178,060.3)
	22,313.9 (18,597.7–26,567)
	79,711,684.7 (66,387,520.3–95,452,433.9)
	22,565.8 (18,793.8–27,021.9)
	0.02 (-0.03–0.06)

	High-middle SDI
	81,784,166.3 (67,356,251.9–97,913,634.4)
	18,072.4 (14,884.1–21,636.6)
	83,196,755 (69,027,834.8–99,398,101.3)
	18,896.9 (15,678.6–22,576.8)
	0.16 (0.14–0.17)

	Middle SDI
	140,698,028.1 (116,186,174.4–167,753,825.2)
	18,694.1 (15,437.3–22,289)
	187,106,845.4 (154,961,311.5–223,692,294)
	20,173.5 (16,707.6–24,118)
	0.24 (0.23–0.25)

	Low-middle SDI
	93,003,156.7 (76,502,935.2–111,979,925.4)
	20,512.4 (16,873.2–24,697.8)
	164,907,677.5 (135,796,096.5–197,476,732)
	20,549.4 (16,921.8–24,607.9)
	-0.01 (-0.02–0)

	Low SDI
	32,302,327.8 (26,391,086.4–38,997,797.2)
	17,526.2 (14,319–21,159)
	78,462,379.5 (64,148,339.5–94,490,940.9)
	17,472.5 (14,285–21,041.9)
	-0.01 (-0.02–0)

	Andean Latin America
	2,104,424.9 (1,763,951–2,527,918.8)
	13,608.8 (11,407.1–16,347.5)
	3,930,498.2 (3,207,613.2–4,787,942.3)
	14,514.6 (11,845.2–17,681)
	0.25 (0.19–0.3)

	Australasia
	1,586,829.6 (1,279,886.5–1,924,703.5)
	19,461 (15,696.7–23,604.8)
	2,052,856 (1,668,935.3–2,496,704.3)
	19,605.3 (15,938.8–23,844.2)
	0.01 (0–0.02)

	Caribbean
	2,970,983.3 (2,379,307.8–3,636,616.3)
	19,986.9 (16,006.5–24,464.9)
	3,614,002.3 (2,917,967.8–4,404,488.6)
	19,854.2 (16,030.4–24,196.9)
	-0.02 (-0.02–0.02)

	Central Asia
	5,303,538.8 (4,255,977.7–6,546,812)
	18,639.2 (14,957.5–23,008.6)
	7,030,964.2 (5,687,549.3–8,667,574.8)
	18,806 (15,212.7–23,183.5)
	0.01 (0–0.03)

	Central Europe
	8,852,207.9 (7,278,289.4–10,686,840.8)
	18,895.4 (15,535.8–22,811.5)
	6,686,605 (5,520,562.3–8,066,130.4)
	19,093.8 (15,764.1–23,033.1)
	0.06 (0.05–0.08)

	Central Latin America
	13,244,198.8 (11,017,799.7–15,863,381.4)
	19,400.5 (16,139.2–23,237.2)
	19,892,752 (16,358,682.1–24,052,302.4)
	19,664.1 (16,170.7–23,775.9)
	0.05 (0.04–0.06)

	Central Sub-Saharan Africa
	3,530,714.8 (2,829,201.3–4,376,135.9)
	17,005.5 (13,626.7–21,077.4)
	9,197,259.2 (7,376,247.2–11,385,771.2)
	17,001.7 (13,635.4–21,047.3)
	0 (0–0)

	East Asia
	84,582,556 (69,133,231.5–100,747,871.8)
	14,951.7 (12,220.7–17,809.2)
	78,973,477.8 (65,089,594.1–93,838,388.6)
	16,485.5 (13,587.3–19,588.5)
	0.31 (0.27–0.34)

	Eastern Europe
	16,422,489.4 (13,688,703.2–19,617,944.6)
	19,147.5 (15,960.1–22,873.1)
	12,836,712.4 (10,765,891.7–15,284,030.8)
	19,398.6 (16,269.2–23,097)
	0.08 (0.06–0.1)

	Eastern Sub-Saharan Africa
	8,610,438.3 (7,020,409.3–10,336,669.7)
	12,146.2 (9903.3–14,581.3)
	21,417,814.6 (17,440,224.4–25,763,396)
	12,225.8 (9955.3–14,706.4)
	0.05 (0.04–0.07)

	High-income Asia Pacific
	10,927,854.5 (8,953,649.2–13,087,458.2)
	16,190.6 (13,265.6–19,390.2)
	8,245,025.7 (6,838,946.8–9,847,197.4)
	16,314.1 (13,531.9–19,484.2)
	-0.02 (-0.03–0)

	High-income North America
	28,590,762.4 (23,804,003.9–33,634,974.1)
	25,231.1 (21,006.8–29,682.6)
	30,518,152.5 (25,384,649.3–36,080,785.4)
	24,774.4 (20,607.1–29,290.1)
	-0.02 (-0.11–0.07)

	North Africa and Middle East
	28,375,170.1 (23,201,519.4–34,514,542.5)
	21,202.5 (17,336.6–25,789.9)
	54,840,333.5 (45,580,153.1–66,520,799.5)
	21,568.1 (17,926.2–26,161.9)
	0.07 (0.05–0.08)

	Oceania
	514,985.3 (415,338.5–640,330.9)
	19,386.7 (15,635.5–24,105.4)
	1,101,346.4 (888,266.6–1,364,189.4)
	19,546.8 (15,765–24,211.7)
	0.02 (0.02–0.02)

	South Asia
	88,417,118.3 (72,862,856.6–106,014,603.6)
	20,485.1 (16,881.4–24,562.2)
	163,235,078.8 (134,735,029.6–194,046,192.3)
	20,638.4 (17,035–24534)
	-0.01 (-0.04–0.02)

	Southeast Asia
	45,321,111.2 (37,227,303.3–54,903,115.9)
	23,005.1 (18,896.7–27,868.9)
	63,182,389 (52,093,831–76595588.9)
	22,782.7 (18,784.3–27,619.3)
	-0.04 (-0.05–0.03)

	Southern Latin America
	3,102,912.5 (2,532,496.5–3,812,065.7)
	16,263.3 (13,273.6–19,980.2)
	4,353,041.3 (3,557,241.7–5,302,131.4)
	16,875.1 (13,790.1–20,554.3)
	0.17 (0.14–0.19)

	Southern Sub-Saharan Africa
	3,811,721.3 (3,125,730.9–4,588,833.5)
	17,634.4 (14,460.7–21,229.6)
	6,067,359.5 (4,973,956.3–7,242,314.9)
	17,826.3 (14,613.8–21,278.4)
	0.03 (0.02–0.04)

	Tropical Latin America
	16,537,426.4 (13,770,071.7–19,705,613)
	25,713.9 (21,411–30,640.1)
	22,819,085.3 (19,005,801.4–27,206,963.2)
	25,839.9 (21,521.8–30,808.6)
	0.07 (0.02–0.12)

	Western Europe
	38,052,601 (31,439,307.5–45,938,651.1)
	26,403.4 (21,814.7–31,875.3)
	34,604,089.3 (28,717,872–41,667,102.1)
	26,665.2 (22,129.4–32,107.8)
	0.03 (0–0.07)

	Western Sub-Saharan Africa
	14,743,848.2 (12,005,790.9–18,085,222.7)
	20,599.4 (16,773.9–25,267.9)
	39,245,140.3 (31,779,582.5–47,599,003.9)
	20,524.8 (16,620.4–24,893.8)
	-0.01 (-0.02–0.01)




The period from 1990 to 2021 saw consistent upward trajectories in global ASPR, ASIR, and age-standardized DALY rate of migraine among youths and young adults (Fig. 1). The EAPCs were calculated at 0.09 (95% CI: 0.07-0.1) for ASPR, 0.03 (95% CI: 0.01-0.04) for ASIR, and 0.09 (95% CI: 0.08-0.11) for age-standardized DALY rate (Fig. 1, Table 1, Tables S1-S2). Although females consistently demonstrated higher ASPR, ASIR, and age-standardized DALY rates, males experienced notable increases in these metrics from 1990 to 2021 (FigS1, FigS2, FigS3). This comprehensive analysis underscores the escalating impact of migraine on younger populations, with far-reaching implications for both sex across diverse global regions.[image: ]
Fig. 1Trends in migraine prevalence, incidence and disability-adjusted life-years from 1990 to 2021



SDI regional level
The Middle SDI region emerged as the epicenter of migraine burden among youths and young adults in 2021, recording the highest absolute cases. Prevalence reached 187,106,845.4 (95%UI:154,961,311.5-223,692,294), incidence stood at 13,643,395.8 (95%UI: 11,251,240.6-16,821,849.5), and DALYs totaled 6,953,719.5 (95% UI: 728,469.3-15,548,979.6). Despite this, high SDI regions exhibited the most elevated rates of prevalence, incidence, and DALYs in the same year (Fig. 1). From 1990 to 2021, the middle SDI region experienced a rapid surge in ASPR, ASIR, and age-standardized DALY rate. The corresponding EAPCs were 0.24 (95% CI: 0.23-0.25), 0.13 (95% CI: 0.11-0.15), and 0.25 (95% CI: 0.24-0.26), respectively.
Across all SDI regions, females consistently outpaced males in ASPR, ASIR, and DALY rates. In non-High SDI regions, the male-to-female ASPR ratio remained below 1, decreasing progressively with age. Contrastingly, the High SDI region witnessed an initial decrease followed by a gradual increase after the 20-24 age group (Fig. S1). Similar trends were observed in male-to-female ratios of ASIR and age-standardized DALY rates (Fig. S2-S3). These patterns suggest that sex disparities in migraine burden narrow with age in High SDI regions, while widening elsewhere. Across all SDI areas, ASPR and DALY rates climbed steadily with age, peaking at 35-39 years, whereas ASIR reached its apex at 15-19 years (Fig. S4-S6).

GBD regional level
South Asia emerged as the epicenter of migraine prevalence, recording an estimated 5,886,568.9 cases (95% UI, 549,405.8 to 13,362,984.9), while Oceania reported the lowest at 40,614.6 cases (95% UI, 3,858.2 to 93,888.1). Among the 21 regions analyzed, 16 exhibited increases in absolute numbers of prevalence, incidence, and DALYs due to migraine in youths and young adults over time. However, certain high or middle SDI regions, including High-income Asia Pacific, Western Europe, and Eastern Europe, showed decreases (Table 1, Tables S1-S2).
Over the past three decades, East Asia experienced the most dramatic surge in migraine prevalence and DALYs, with EAPCs of 0.31 (95% CI, 0.27 to 0.34) and 0.32 (95% CI, 0.28 to 0.35), respectively. In contrast, Southeast Asia witnessed the steepest decline in prevalence (EAPC: -0.04; 95% CI, -0.05 to -0.03). Andean Latin America saw the largest increase in migraine incidence (EAPC: 0.23; 95% CI, 0.17 to 0.28), while Tropical Latin America experienced the most significant decrease (EAPC: -0.14; 95% CI, -0.22 to -0.07). Western Europe reported the highest ASPR at 26,665.2 per 100,000 population (95% UI, 22,129.4 to 32,107.8) and the highest age-standardized DALYs rate at 975.4 per 100,000 population (95% UI, 101.5 to 2,203.5). Eastern Sub-Saharan Africa had the lowest rates for both metrics. High-income North America exhibited the highest ASIR at 1,827.8 per 100,000 population (95% UI, 1,527.8 to 2,211.1), while Andean Latin America reported the lowest (Table 1, Tables S1-S2).
Figure 2 demonstrates positive correlations between ASPR, ASIR, and DALYs rate of migraine and the SDI. Seven regions, including Western Europe, Tropical Latin America, and High-income North America, surpassed the global mean prevalence and incidence, while eight regions exceeded the global mean DALYs rate.[image: ]
Fig. 2The associations between the sociodemographic index and migraine across 21 GBD regions. A Association between age-standardized migraine prevalence rate and sociodemographic index. B Association between age-standardized migraine incidence rate and sociodemographic index. C Association between age-standardized migraine DALYs rate and sociodemographic index



Countries level
The global landscape of migraine prevalence among 15 to 39-year-olds from 1990 to 2021 revealed striking disparities across nations. In 2021, among 204 countries analyzed, Belgium emerged as the epicenter with the highest ASPR of migraine, recording 31,509.1 cases per 100,000 population (95% UI, 26,104.1 to 38,527.4). In stark contrast, Ethiopia reported the lowest at 11,255.9 cases per 100,000 population (95% UI, 9,210.7 to 13,432.6) (Fig. 3A). In terms of absolute case numbers, Qatar witnessed an extraordinary surge of 595%, followed by Equatorial Guinea at 343%. Conversely, Georgia experienced a notable decline of 46% (Fig. 3B, Table S3). Singapore exhibited the most pronounced increase in migraine prevalence rate (EAPC, 0.6; 95% CI, 0.44 to 0.76), while the Republic of Korea showed the steepest decline (EAPC, -0.29; 95% CI, -0.35 to -0.23) between 1990 and 2021 (Fig. 3C, Table S4).[image: ]
Fig. 3A The global disease burden of migraine prevalence rate for both sexes in 204 countries and territories. B Change prevalence cases of migraine for both sexes in 204 countries and territories. C EAPC for migraine prevalence


Italy topped the charts for migraine incidence in 2021, with 1,942.6 cases per 100,000 population (Table S5, FigS7). Peru demonstrated the most significant increase in migraine incidence rate (EAPC, 0.35; 95% CI, 0.26 to 0.45), whereas the Maldives experienced the most substantial decrease (EAPC, -0.35; 95% CI, -0.42 to -0.29) (Table S5, Fig. S8, Fig. 3B). Regarding DALYs, Belgium reported the highest age-standardized rate at 1,147.4 per 100,000 population in 2021 (Table S6, Fig. S10). Singapore stood out with the most marked increase in age-standardized DALY rates (EAPC, 0.55; 95% CI, 0.41 to 0.7) (Table S6, Fig. S11).

Age and sex patterns
The global landscape of migraine in 2021 revealed distinct age and sex-related patterns. Prevalence rates reached their zenith in the 35-39 age bracket, showing an overall upward trajectory with age (Fig. S13). Across the 15-39 age spectrum, females consistently exhibited higher prevalence rates than their male counterparts (Fig. 4). Notably, migraine prevalence generally increased with age, peaking in the 30-34 age group (Fig. S13). In terms of incidence, while the ASIR remained relatively stable across age groups, the absolute number of cases was highest among 15-19 year-olds, subsequently declining with age (Fig. S14). The sex disparity persisted in ASIR from 1990 to 2021, with women consistently reporting higher rates than men (Fig. S15). The distribution of DALYs paralleled the prevalence pattern. Women shouldered a markedly heavier burden compared to men, with this disparity intensifying with age (Fig. S16-S17).[image: ]
Fig. 4Comparison of the global disease burden of migraine prevalence in males and females across 204 countries and territories between 1990 and 2021



Decomposition analysis of migraine from 1990 to 2021 according to SDI and 21 GBD regions
Our comprehensive decomposition analysis illuminated the relative contributions of aging, population growth, and demographically adjusted epidemiological changes to the evolving landscape of migraine incidence, prevalence, and DALYs across five SDI regions and 21 GBD regions. Notably, five regions—Central Europe, East Asia, Eastern Europe, High-income Asia Pacific, and Western Europe—exhibited a decline in overall migraine burden between 1990 and 2021. This reduction was primarily attributed to decreasing demographically adjusted epidemiological changes, offering valuable insights into the dynamics of migraine burden in these areas (Fig. 5, Fig.S18-S19). Population growth emerged as the main driver of increasing disease burden in regions experiencing growth, while epidemiological changes played a crucial role in the Middle SDI area. Despite declining population change in High-middle SDI regions and reduced aging in Low SDI regions, all five SDI regions saw an increase in total migraine prevalence from 1990 to 2021, largely attributed to population growth. The aforementioned five regions also witnessed a reduction in total migraine incidence and DALYs during this period, primarily driven by population changes (Fig S18, FigS19). This observed decrease may be partially explained by demographic shifts, particularly population aging. As these regions experience an aging population, the proportion of individuals within our study's age range (15-39) has likely diminished, potentially contributing to the apparent reduction in migraine incidence and DALYs within our target age group.[image: ]
Fig. 5Decomposition analysis of migraine change in prevalence by SDI and 21 GBD region, 1990 to 2021



Future burden of migraine
Figure 6 and FigS20 illustrates the projected trends in global migraine prevalence. The graph indicates a steady rise in the number of individuals affected by migraine worldwide (FigS20). ASPR for migraine expected to top 20,000 per 100,000 population globally by 2035 (20072 per 100,000; 95%UI:15252-24891) (Fig. 6), with the ASPR for women still higher than for men, but showing a slight downward trend, with a projected global ASPR of 24847 per 100,000 (95%UI:19241-30453) for women and 15250 per 100,000 (95%UI:11788-18712) for men by 2035.Similar projections are found in the incidence of migraine, which is projected to reach 1501 per 100,000 (95%UI:1131-1871) globally by 2035, 1143 (95%UI:877-1408) in men, and 1856 (95%UI:1425-2286) in women (FigS21). Migraine DALYs are projected to reach731 per 100,000 (95%UI:554-908) globally by 2035, 565 per 100,000 (95%UI:434-695) in men, and 896 (95%UI:693-1099) in women (FigS22).[image: ]
Fig. 6Future forecasts of GBD in migraine prevalence




Discussion
Our study builds upon the existing literature by utilizing the most recent GBD 2021 data, providing the latest epidemiological insights into migraine burden among youths and young adults [2, 3]. We employed advanced statistical methods, such as EAPC and decomposition analysis, to evaluate temporal trends and the relative contributions of population aging, growth, and epidemiological changes. Furthermore, our study incorporates future projections using the BAPC method, offering a forward-looking perspective to inform public health planning and resource allocation. Focusing on the 15-39 age group in our study has revealed critical insights into the burden of migraine among youths and young adults globally. This demographic represents a key transitional period in life, marked by significant milestones in education, career, and personal relationships. The high prevalence, incidence, and DALYs of migraine in this age group underscore the substantial impact of this condition on individuals during their most productive years. By shedding light on the unique challenges faced by 15-39 year-olds with migraine, our findings emphasize the urgent need for age-specific interventions and support systems to mitigate the long-term consequences of this debilitating condition and improve the quality of life for this vulnerable population. Our findings highlight the growing burden of migraine in this age group globally, emphasizing the need for targeted interventions and public health strategies to mitigate the long-term complications of this debilitating condition. The variations in migraine prevalence, incidence, and DALYs across different SDI regions and GBD regions suggest that tailored approaches are needed to address the unique challenges and needs of each population subgroup. Moreover, our study provides a foundation for future research and policy-making efforts to better understand and manage migraine in this vulnerable demographic, taking into account the potential impact of global health crises such as the COVID-19 pandemic.
From 1990 to 2021, the global prevalence of migraine experienced a remarkable surge, with an estimated 593,843,983.4 cases (95% UI: 491,852,422.4-710,571,345.4) in 2021, marking a substantial 39.52% increase from the 425,603,893.1 cases (95% UI: 351,207,584.1-509,636,137.2) recorded in 1990. This alarming trend was further reflected in the incidence of migraine among the young adult population aged 15 to 39 years, which witnessed a staggering 36.82% rise, reaching 43,699,829.6 cases (95% UI: 35,822,349.9-54,100,215.9) in 2021 compared to the figures reported in 1990. Notably, certain regions bore the brunt of this escalating burden, with Andean Latin America and East Asia experiencing the most rapid increases in migraine prevalence and incidence during this period. And we also found that there are huge differences between countries. Singapore, Italy and other high-income countries showed a sharp upward trend.
In regions such as Andean Latin America and East Asia, the sharp rise in migraine burden could be linked to the rapid pace of urbanization and economic development. As these regions undergo significant changes in living conditions, work environments, and social structures, individuals may experience increased stress levels and altered lifestyles, which are known risk factors for migraine. Urbanization has been associated with higher levels of air pollution, noise pollution, and light pollution, all of which have been linked to an increased risk of migraine [23]. In high-income countries like Singapore and Italy, the higher prevalence and incidence of migraine can be attributed to several factors. First, these countries have better healthcare systems and greater awareness of migraine, leading to improved diagnosis and reporting of the condition [24]. Second, the high-stress lifestyles and work environments in these countries, coupled with the increasing use of digital devices and screens, may contribute to the rising burden of migraine [25, 26]. Additionally, dietary changes, such as increased consumption of processed foods and caffeine, have been associated with a higher risk of migraine [27].
The relationship between migraine burden and SDI is a complex one, as evidenced by the findings from this analysis of GBD data. The heterogeneity in migraine burden across SDI regions and countries underscores the importance of tailored interventions and public health strategies. The data suggests that there is a positive correlation between SDI and migraine burden, with higher SDI regions and countries generally experiencing higher prevalence, incidence, and DALYs associated with migraine. This association can be attributed to several factors related to socioeconomic development. As countries progress along the SDI spectrum, they undergo rapid urbanization, industrialization, and lifestyle changes. These changes can lead to increased stress levels, sedentary behavior, and exposure to environmental pollutants, all of which have been identified as risk factors for migraine. Additionally, higher SDI countries often have better healthcare systems and greater awareness of migraine, leading to improved diagnosis and reporting of the condition.
Our study, utilizing the most recent GBD 2021 data, not only builds upon the findings of two previously published studies on migraine burden among youths and young adults but also offers unique insights when compared to studies focusing on other age groups [2, 3]. While our results largely align with earlier youth-focused studies, we observed several key differences and updates. Our study found a global prevalence of 593,843,983.4 cases of migraine among 15-39 year-olds in 2021, which is higher than the 566,510,278 cases reported by Li et al. for 2019, indicating a continuing upward trend in migraine prevalence [2]. We observed slightly different ASPR, with our global ASPR for 2021 at 19,962.3 per 100,000 population, compared to 19,838.6 per 100,000 reported by Yang et al. for 2019 [3]. Our more detailed analysis of migraine burden across SDI quintiles revealed that the Middle SDI region had the highest absolute number of prevalent cases in 2021, a finding not explicitly reported in previous youth-focused studies. When comparing our results to studies on other age groups, such as those focusing on older adults or children, we found notable differences in prevalence patterns and burden distribution [28]. While studies on older adults typically report a decline in migraine prevalence after middle age, our focus on the 15-39 age group captured the peak prevalence years, providing a more comprehensive picture of the disease burden during this critical life stage. Furthermore, We revealed a steeper increase in prevalence from adolescence to young adulthood compared to studies on childhood migraine, highlighting the unique challenges faced by this age group. Our country-specific analysis identified trends not previously emphasized, such as Qatar experiencing a 595% increase in prevalence from 1990 to 2021. Unlike some studies on older populations that show stabilizing or decreasing trends in certain regions, our research consistently demonstrated increasing burden across most areas for the youth and young adult demographic [28]. The incorporation of BAPC analysis and decomposition methodology provided novel insights into the temporal trends and contributing factors of migraine burden, approaches not commonly used in studies of other age groups. These methodological differences allowed us to disentangle the effects of population growth, aging, and epidemiological changes more effectively than previous research across various age categories.
This analysis of GBD data highlights the disproportionate impact of migraine on females compared to males across all age groups and regions. This finding is consistent with previous research, which suggests that hormonal factors, particularly fluctuations in estrogen levels, may play a significant role in the higher prevalence of migraine among women [29, 30]. Estrogen has been shown to influence the neurotransmitter systems involved in migraine pathophysiology, such as serotonin and glutamate. Additionally, sex disparities in healthcare access and treatment-seeking behavior may contribute to the observed differences in migraine burden between males and females. Women are more likely to seek medical attention for migraine compared to men, which may lead to higher rates of diagnosis and reporting.
Our decomposition analysis revealed an intriguing trend in several regions, including Central Europe, East Asia, Eastern Europe, and High-income Asia Pacific, where the overall migraine burden among the 15-39 age group decreased between 1990 and 2021. This reduction was primarily attributed to declining demographically adjusted epidemiological changes. This finding warrants further exploration, as it contrasts with the global trend of increasing migraine burden. Several factors may contribute to this regional decrease, including significant demographic shifts in these regions over the past three decades, such as declining birth rates and aging populations [31]. The decrease in the proportion of people aged 15-39 years could directly contribute to a reduced migraine burden in this age group. Additionally, many of these regions have undergone rapid economic growth and improvements in healthcare systems, potentially leading to better access to healthcare, increased awareness, and improved diagnostic capabilities, which may have resulted in more effective management of migraine [32]. Urbanization and changes in lifestyle factors such as diet, stress levels, and sleep patterns in these regions could also potentially influence migraine prevalence and severity [33]. Improved awareness and reporting of migraine in earlier years might have led to an initial increase in reported cases, followed by a stabilization or decrease as management strategies improved [34]. Furthermore, changes in environmental triggers specific to these regions, such as air quality improvements in some East Asian countries, could potentially impact migraine prevalence [35]. It's important to note that while these regions show a decreasing trend, they still maintain relatively high rates of migraine burden compared to global averages, suggesting that despite improvements, migraine remains a significant health concern in these areas. Further research is needed to fully understand the mechanisms behind these regional decreases and to determine if the strategies employed in these regions could be applied elsewhere to reduce the global burden of migraine among young adults. Additionally, continued monitoring of these trends is crucial to ensure that this decrease is sustained and to identify any potential reversals in the future [4].
To address the growing burden of migraine among youths and young adults, a multifaceted approach is necessary. Public health campaigns aimed at raising awareness about migraine, its triggers, and management strategies can help individuals better understand and cope with the condition [36]. These campaigns should target not only the general public but also healthcare providers, educators, and policymakers to ensure a comprehensive and coordinated response. Schools and universities can play a crucial role in promoting migraine awareness and supporting students who suffer from the condition [37]. Implementing stress management programs, encouraging regular exercise, and promoting healthy sleep habits can help reduce the risk of migraine and improve overall well-being [38]. Healthcare systems should prioritize the training of healthcare professionals to accurately diagnose and effectively treat migraine, particularly in regions where the condition is underdiagnosed [39]. Increasing access to specialized headache clinics and telemedicine services can help bridge the gap in migraine care, especially in underserved areas. Furthermore, research efforts should focus on identifying novel therapeutic targets and developing more effective and accessible treatments for migraine. Advances in personalized medicine and the use of biomarkers may help optimize treatment strategies and improve patient outcomes.
Limitations
This study has several important limitations that warrant consideration. Firstly, our analysis is confined to migraine in youths and young adults as a level four disease, rather than encompassing the broader category of level three "headache disorders." This focused approach, while allowing for a detailed examination of migraine, may not capture the full spectrum of headache-related burden.
Secondly, the quality and availability of healthcare data vary significantly across regions. In less developed countries with limited healthcare infrastructure, issues of misdiagnosis and underdiagnosis are likely to occur, potentially leading to an underestimation of the true migraine burden.
Furthermore, this study, like all analyses based on GBD data, is subject to limitations in case ascertainment. The identification of migraine cases in the GBD study relies on various data sources and coding systems, which may not always align perfectly with clinical diagnostic criteria. This discrepancy could potentially lead to under- or over-estimation of migraine prevalence and burden in certain regions or populations.


Conclusions
The global burden of migraine among individuals aged 15-39 has escalated significantly from 1990 to 2021, revealing stark disparities across SDI regions, countries, age groups, and sexes. The Middle SDI region reported the highest absolute numbers of prevalent, incident, and DALY cases in 2021, while the High SDI region exhibited the highest rates. Globally, migraine prevalence peaked in the 35-39 age group, consistently higher in females across all age brackets. Factors such as rapid urbanization, economic development, and high-stress lifestyles may contribute to the increasing migraine burden in certain regions. This necessitates targeted interventions and public health strategies, particularly in disproportionately affected areas. Future research should prioritize identifying risk factors, enhancing diagnostic and treatment options, and developing effective prevention strategies to mitigate the global migraine burden among youths and young adults.

Acknowledgements
Not applicable.

Authors’ contributions
All authors made substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; took part in drafting the article or revising it critically for important intellectual content; agreed to submit to the current journal; gave final approval of the version to be published; and agree to be accountable for all aspects of the work.

Funding
Early warning systems and rehabilitation research for cognitive impairment after stroke. Hubei Provincial Key Research and Development Plan Project.2022.8-2024.6,provincial projects, Project approval number 2022BCE062.

Availability of data and materials
GBD study 2021 data resources were available online from the Global Health Data Exchange (GHDx) query tool ( http://​ghdx.​healthdata.​org/​gbd-results-tool).

Declarations
Ethics approval and consent to participate
An ethics approval and the consent to participate was not necessary.

Consent for publication
All participants in this study consented to publication.

Competing interests
The authors declare no competing interests.


References
	1.
Ashina M (2020) Migraine. New England J Med 383(19):1866–1876. https://​doi.​org/​10.​1056/​NEJMra1915327Crossref


	2.
Li X, Yang C, Lv J, Liu H, Zhang L, Yin M, Guo Z, Zhang R (2023) Global, regional, and national epidemiology of migraine and tension-type headache in youths and young adults aged 15–39 years from 1990 to 2019: findings from the global burden of disease study 2019. J Headache Pain 24(1):126. https://​doi.​org/​10.​1186/​s10194-023-01659-1CrossrefPubMedPubMedCentral


	3.
Yang Y, Cao Y (2023) Rising trends in the burden of migraine and tension-type headache among adolescents and young adults globally, 1990 to 2019. J Headache Pain 24(1):94. https://​doi.​org/​10.​1186/​s10194-023-01634-wCrossrefPubMedPubMedCentral


	4.
 (2020) Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet (London, England) 396(10258):1204–1222. https://​doi.​org/​10.​1016/​S0140-6736(20)30925-9


	5.
Charles A (2018) The pathophysiology of migraine: implications for clinical management. Lancet Neurol 17(2):174–182. https://​doi.​org/​10.​1016/​S1474-4422(17)30435-0CrossrefPubMed


	6.
Goadsby PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin C, Akerman S (2017) Pathophysiology of migraine: a disorder of sensory processing. Physiol Rev 97(2):553–622. https://​doi.​org/​10.​1152/​physrev.​00034.​2015CrossrefPubMedPubMedCentral


	7.
Pellegrino ABW, Davis-Martin RE, Houle TT, Turner DP, Smitherman TA (2018) Perceived triggers of primary headache disorders: a meta-analysis. Cephalalgia : Int J Headache 38(6):1188–1198. https://​doi.​org/​10.​1177/​0333102417727535​Crossref


	8.
Steiner TJ, Stovner LJ, Vos T, Jensen R, Katsarava Z (2018) Migraine is first cause of disability in under 50s: will health politicians now take notice?. J Headache Pain 19(1):17. https://​doi.​org/​10.​1186/​s10194-018-0846-2CrossrefPubMedPubMedCentral


	9.
Tuo Y, Li Y, Li Y, Ma J, Yang X, Wu S, Jin J, He Z (2024) Global, regional, and national burden of thalassemia, 1990–2021: a systematic analysis for the global burden of disease study 2021. EClinicalMedicine 72:102619. https://​doi.​org/​10.​1016/​j.​eclinm.​2024.​102619CrossrefPubMedPubMedCentral


	10.
(2020) Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet (London, England) 396(10258):1223–1249. https://​doi.​org/​10.​1016/​S0140-6736(20)30752-2


	11.
(2023) Global, regional, and national burden of low back pain 1990–2020 its attributable risk factors, and projections to 2050: a systematic analysis of the global burden of disease study 2021. Lancet Rheumatol 5(6):e316-e329. https://​doi.​org/​10.​1016/​S2665-9913(23)00098-X


	12.
Mathew G, Agha R, Albrecht J, Goel P, Mukherjee I, Pai P, D’Cruz AK, Nixon IJ, Roberto K, Enam SA, Basu S, Muensterer OJ, Giordano S, Pagano D, Machado-Aranda D, Bradley PJ, Bashashati M, Thoma A, Afifi RY, Johnston M, Challacombe B, Ngu JC, Chalkoo M, Raveendran K, Hoffman JR, Kirshtein B, Lau WY, Thorat MA, Miguel D, Beamish AJ, Roy G, Healy D, Ather HM, Raja SG, Mei Z, Manning TG, Kasivisvanathan V, Rivas JG, Coppola R, Ekser B, Karanth VL, Kadioglu H, Valmasoni M, Noureldin A (2021) Strocss 2021: strengthening the reporting of cohort, cross-sectional and case-control studies in surgery. Int J Surg (London, England) 96:106165. https://​doi.​org/​10.​1016/​j.​ijsu.​2021.​106165Crossref


	13.
 (2024) Global incidence, prevalence, years lived with disability (ylds), disability-adjusted life-years (dalys), and healthy life expectancy (hale) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet (London, England) 403(10440):2133–2161. https://​doi.​org/​10.​1016/​S0140-6736(24)00757-8


	14.
 (2023) Global, regional, and national prevalence and mortality burden of sickle cell disease, 2000–2021: a systematic analysis from the global burden of disease study 2021. Lancet Haematol 10(8):e585-e599. https://​doi.​org/​10.​1016/​S2352-3026(23)00118-7


	15.
Rosenberg PS, Check DP, Anderson WF (2014) A web tool for age-period-cohort analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev: Publ Am Association Cancer Res Cosponsored Am Soc Prev Oncol 23(11):2296–2302. https://​doi.​org/​10.​1158/​1055-9965.​EPI-14-0300Crossref


	16.
Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, Maddukuri G, Tsai C, Floyd T, Al-Aly Z (2018) Analysis of the global burden of disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int 94(3):567–581. https://​doi.​org/​10.​1016/​j.​kint.​2018.​04.​011CrossrefPubMed


	17.
 (2017) Healthcare access and quality index based on mortality from causes amenable to personal health care in 195 countries and territories, 1990–2015: a novel analysis from the global burden of disease study 2015. Lancet (London, England) 390(10091):231–266. https://​doi.​org/​10.​1016/​S0140-6736(17)30818-8


	18.
Wang S, Dong Z, Wan X (2024) Global, regional, and national burden of inflammatory bowel disease and its associated anemia, 1990 to 2019 and predictions to 2050: an analysis of the global burden of disease study 2019. Autoimmun Rev 23(3):103498. https://​doi.​org/​10.​1016/​j.​autrev.​2023.​103498CrossrefPubMed


	19.
Knoll M, Furkel J, Debus J, Abdollahi A, Karch A, Stock C (2020) An r package for an integrated evaluation of statistical approaches to cancer incidence projection. BMC Med Res Methodol 20(1):257. https://​doi.​org/​10.​1186/​s12874-020-01133-5CrossrefPubMedPubMedCentral


	20.
Li S, Chen H, Man J, Zhang T, Yin X, He Q, Yang X, Lu M (2021) Changing trends in the disease burden of esophageal cancer in china from 1990 to 2017 and its predicted level in 25 years. Cancer Med 10(5):1889–1899. https://​doi.​org/​10.​1002/​cam4.​3775CrossrefPubMedPubMedCentral


	21.
Liu N, Yang D, Wu Y, Xue W, Li D, Zhang J, He Y, Jia W (2022) Burden, trends, and risk factors for breast cancer in china from 1990 to 2019 and its predictions until 2034: an up-to-date overview and comparison with those in japan and south korea. BMC Cancer 22(1):826. https://​doi.​org/​10.​1186/​s12885-022-09923-4CrossrefPubMedPubMedCentral


	22.
Wu B, Li Y, Shi B, Zhang X, Lai Y, Cui F, Bai X, Xiang W, Geng G, Liu B, Jiao M, Wu Q, Yang H, Zhang C, Liu X, Tian Y, Li H (2023) Temporal trends of breast cancer burden in the western pacific region from 1990 to 2044: implications from the global burden of disease study 2019. J Adv Res https://​doi.​org/​10.​1016/​j.​jare.​2023.​07.​003


	23.
Zhao Y, Richardson A, Poyser C, Butterworth P, Strazdins L, Leach LS (2019) Shift work and mental health: a systematic review and meta-analysis. Int Arch Occup Environ Health 92(6):763–793. https://​doi.​org/​10.​1007/​s00420-019-01434-3CrossrefPubMed


	24.
Woldeamanuel YW, Cowan RP (2017) Migraine affects 1 in 10 people worldwide featuring recent rise: a systematic review and meta-analysis of community-based studies involving 6 million participants. J Neurol Sci 372:307–315. https://​doi.​org/​10.​1016/​j.​jns.​2016.​11.​071CrossrefPubMed


	25.
Montagni I, Guichard E, Carpenet C, Tzourio C, Kurth T (2016) Screen time exposure and reporting of headaches in young adults: a cross-sectional study. Cephalalgia: Int J headache 36(11):1020–1027. https://​doi.​org/​10.​1177/​0333102415620286​Crossref


	26.
Minen MT, Seng EK, Holroyd KA (2014) Influence of family psychiatric and headache history on migraine-related health care utilization. Headache 54(3):485–492. https://​doi.​org/​10.​1111/​head.​12300CrossrefPubMed


	27.
Zaeem Z, Zhou L, Dilli E (2016) Headaches: a review of the role of dietary factors. Curr Neurol Neurosci Rep 16(11):101CrossrefPubMed


	28.
Piccininni M, Brinks R, Rohmann JL, Kurth T (2023) Estimation of migraine prevalence considering active and inactive states across different age groups. J Headache Pain 24(1):83. https://​doi.​org/​10.​1186/​s10194-023-01624-yCrossrefPubMedPubMedCentral


	29.
Delaruelle Z, Ivanova TA, Khan S, Negro A, Ornello R, Raffaelli B, Terrin A, Mitsikostas DD, Reuter U, Ehf-Sas EHFS (2018) Male and female sex hormones in primary headaches. J Headache Pain 19(1):117. https://​doi.​org/​10.​1186/​s10194-018-0922-7CrossrefPubMedPubMedCentral


	30.
Serva WAD, Serva VMSB, de Fátima Costa Caminha M, Figueiroa JN, Albuquerque EC, Serva GBD, Belo MPM, Filho MB, Valença MM (2011) Course of migraine during pregnancy among migraine sufferers before pregnancy. Arq Neuropsiquiatr 69(4):613–619CrossrefPubMed


	31.
Christensen K, Doblhammer G, Rau R, Vaupel JW (2009) Ageing populations: the challenges ahead. Lancet (London, England) 374(9696):1196–1208. https://​doi.​org/​10.​1016/​S0140-6736(09)61460-4CrossrefPubMed


	32.
Steiner TJ, Stovner LJ, Jensen R, Uluduz D, Katsarava Z (2020) Migraine remains second among the world’s causes of disability, and first among young women: findings from gbd2019. J Headache Pain 21(1):137. https://​doi.​org/​10.​1186/​s10194-020-01208-0CrossrefPubMedPubMedCentral


	33.
Burch RC, Buse DC, Lipton RB (2019) Migraine: epidemiology, burden, and comorbidity. Neurol Clin 37(4):631–649. https://​doi.​org/​10.​1016/​j.​ncl.​2019.​06.​001CrossrefPubMed


	34.
Stovner LJ, Hagen K, Linde M, Steiner TJ (2022) The global prevalence of headache: an update, with analysis of the influences of methodological factors on prevalence estimates. J Headache Pain 23(1):34. https://​doi.​org/​10.​1186/​s10194-022-01402-2CrossrefPubMedPubMedCentral


	35.
Szyszkowicz M, Stieb DM, Rowe BH (2009) Air pollution and daily ed visits for migraine and headache in Edmonton, Canada. Am J Emerg Med 27(4):391–396. https://​doi.​org/​10.​1016/​j.​ajem.​2008.​03.​013CrossrefPubMed


	36.
Park DS, Han J, Torabi M, Forget EL (2020) Managing mental health: why we need to redress the balance between healthcare spending and social spending. BMC Public Health 20(1):393. https://​doi.​org/​10.​1186/​s12889-020-08491-1CrossrefPubMedPubMedCentral


	37.
He K, Zhan M, Li X, Wu L, Liang K, Ma R (2022) A bibliometric of trends on acupuncture research about migraine: quantitative and qualitative analyses. J Pain Res 15:1257–1269. https://​doi.​org/​10.​2147/​JPR.​S361652CrossrefPubMedPubMedCentral


	38.
Heyland DK, Pope JP, Jiang X, Day AG (2021) Determining the psychometric properties of a novel questionnaire to measure “preparedness for the future” (prep fq). Health Qual Life Outcomes 19(1):122. https://​doi.​org/​10.​1186/​s12955-021-01759-zCrossrefPubMedPubMedCentral


	39.
Lipton RB, Serrano D, Buse DC, Pavlovic JM, Blumenfeld AM, Dodick DW, Aurora SK, Becker WJ, Diener H, Wang S, Vincent MB, Hindiyeh NA, Starling AJ, Gillard PJ, Varon SF, Reed ML (2016) Improving the detection of chronic migraine: development and validation of identify chronic migraine (id-cm). Cephalalgia: Int J Headache 36(3):203–215. https://​doi.​org/​10.​1177/​0333102415583982​Crossref




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Global, regional, and national burden and trends of migraine among youths and young adults aged 15–39 years from 1990 to 2021: findings from the global burden of disease study 2021


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/10194_2024_1832_Fig4_HTML.png
2021

1990

Both

Male

40,000

B
(00000} 42d) HdSY

30,000

20,000

10,000

Female






OEBPS/images/10194_2024_1832_Fig1_HTML.png
1600

1500

1400

2200

2000

1800

1600

1200

1000

—*= Global -+

High=

iddie SDI —+= High SDI —+- Low-middie SDI ~ Low SDI -+- Middie SDI

Both-ASIR per 100,000

Both-ASPR per 100,000

Both-DALYs per 100,000

I SCUUUUSU TSNP e et

e oW N I conel

W

22
000 800
21000
W W 750 w
20000
W 19000 M 700 M“////‘v
18000
650
IRRaSERas S DUUUN UUUUS SR o o IBeasaas T SESTTSSSSS S ST So e o o I SUNDS SUUSESURRSERSS S oo S S il
Female-ASIR per 100,000 Female-ASPR per 100,000 Female-DALYs per 100,000
[ SCCUURSSPURES 5SS VSRURRRS S . ol
30000 1100
27500 1000
% : : oo 25000 W 900 M
22500
800
0000000000 0000000000000 00 ——0—0-0-0 W
Male—-ASIR per 100,000 Male-ASPR per 100,000 Male-DALYs per 100,000
600
""W 16000 T o~ W
570
15000
540
14000
510
MM 13000
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020






OEBPS/images/10194_2024_1832_Fig5_HTML.png
g
g
g
g

Global -

Central Asia-
Eastern Europe-
Australasia-

Middle SDI -

East Asia-

Tropical Latin America-
Central Latin America-

South Asia-

High-income Asia Pacific-
High-income North America-
Central Europe -

variable

| 28

B Popuiation

" Epidemiological change

Eastern Sub-Saharan Africa-

Caribbean-

location

Western Sub-Saharan Africa -
Oceania -

Southeast Asia-

North Africa and Middle East-
Southern Latin America -
Western Europe -

Central Sub-Saharan Africa-
Southern Sub-Saharan Africa~
Andean Latin America -
High-middle SDI -

Low-middle SDI-

High SDI-

Low SDI-

5.00+07 1.00+08 156+08 5.00407 1.06+08 156+08





OEBPS/images/10194_2024_1832_Fig2_HTML.png
3

vz

val

val

24000

20000~

16000~

12000~

1750+

1500

1250~

1000~

1000~

800~

600~

R=0.16, P <0.001

osBenna,, secemmnosenooee

m-l%-::nuﬂﬂﬂ:aun

R=0.15, P<0.001

R=0.19, P<0.001

location
o Gobel & GentalLatn America
& Gonvelnsia & Tropial LatinAmerica
+ Gontal Europe & Norih Afica and Middlo East
X Eastom Europe - Seunnsis
o Austalasia « Eannsa
o packio [N ocsania
& Highincome North Amerca + Southeast Asia
¥ Souer Lat p—"
o Westom Europe - Eastem sub-Saharan Afica
o AndosntainAmerica  © Southem Sub-Saharan Atica
1 Caribbean ' Western Sub-Saharan Africa

O

o8
location
o Global 8 GentalLatin America
5 Convalsia = Tropial Latin America
+ Contal Europe o Norih Afica and Middl East
X Eastom Europe - Seunnsia
o Austalesia « Easnsa
O Hghincome AsaPaciic 4 Ocesnia
& Highincome North Amerca + Southeast Asa
 SouhemtatnAmerca  + Central Sub-Saharan Afica
o Wostem Europe - Eastem Sub-Saharan Afica
o AndeanLainAmerica  © Southem Sub-Saharan Aica
5 Carbboan " Wostem Sub-Saharan Afica
o8

P,
location
o Gobal & ContalLatin America
5 Gonvolnsia = Tropial Latin America
+ Gontal Europe o Norih Afica and Micdio East
x Eastor Europe - Sounnsie
o Austaisi « Eosthsia
O Highincome AsaPaciic 4 Ocesnia
& Highincome North Amerca +  Southeast Asia
* SounemlatnAmerca o Gentral Sub-Ssharan Afica
© Westem Europe + Eostem Sub-Saharan Afica
o AndosnlatnAmerica  ©  Southem Sub-Saharan Aica
& Garbbean " Westem Sub-Saharan Afica





OEBPS/images/10194_2024_1832_Fig6_HTML.png
Female

H
8

H
g

§
[

H
]

(suoneindod 000001 Jed) e1e pezipepuBIS—eby

15000~

2010

1690

2

2010

2000





OEBPS/css/envelope.png





OEBPS/images/10194_2024_1832_Article_TeX_Equa.png
In(ASR) =a+ X +e





OEBPS/css/sidebar.gif





OEBPS/images/10194_2024_1832_Fig3_HTML.png
<17225.44
17225.44't0 <19048.48
19048.48 to <19785.32
19785.32 to <20203.75
20203.75 to <22412.15
22412.15 to <31509.06

Eastern

Caribbean and Central America Persian Guif Balkan Peninsula Southeast Asia WestAfiica  poSEh  ean

Change in cases
30% to 60% decrease
<30% decrease
<50% increase
50% to 100% increase
100% to 200% increase
200% to 300% Increase
>300% increase

EAPC
08

04
02
00
0.2





