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Purpose: Migraine is the most disabling neurological disorder in children and adolescents. This study aimed to comprehensively
assess the global burden of migraine in children and adolescents.

Methods: Utilizing the latest data from the Global Burden of Disease (GBD) 2021, trends and disparities in incidence, prevalence,
and disability-adjusted life years (DALYs) for migraine among children and adolescents were quantified by sex, age, socio-
demographic index (SDI), region, and country. Decomposition analysis and frontier analyses were applied to investigate the underlying
factors for changes in burden and the potential for future improvements, respectively.

Results: In 2021, there were 36,794,858 new cases, 205,729,235 prevalent cases, and 7,515,775 DALYs caused by migraine in
children and adolescents. From 1990 to 2021, age-standardised incidence rates (ASIR), age-standardised prevalence rates (ASPR),
and age-standardised rates of DALYs (ASDR) for migraine in children and adolescents have risen, particularly among males,
adolescents aged 15-19 years, regions with middle and higher SDI, East Asia, and Norway. Overall, the burden was higher in
females than in males. In 2021, adolescents aged 10—-14 exhibited the highest ASIR, whereas adolescents aged 15-19 had the
highest ASPR and ASDR. The highest ASPR and ASDR were in low-middle SDI regions, while the highest ASIR was in high SDI
regions. Tropical Latin America and Brazil had the highest ASRs regionally and nationally, respectively. Population growth and
epidemiological changes drove the increase in DALYs. Regions with middle and higher SDIs hold the greatest improvement
potential.

Conclusion: The global burden of migraine in children and adolescents has increased substantially, disproportionately affecting
females, adolescents aged 15—19 years, and low-middle SDI regions, while the greatest potential for improvement lies in middle and
higher SDI regions, especially Brazil. These findings underscore the need for targeted public health policies and interventions tailored
to pediatric migraine across diverse settings.
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Introduction

Migraine is the most prevalent primary headache in children and adolescents. Unlike adult migraine, children and
adolescents often present with atypical symptoms and cyclical syndromes, complicating diagnosis and treatment.' This
results in higher rates of underdiagnosis and inadequate care, particularly in low- and middle-income countries (LMICs).>
The Global Burden of Disease (GBD) study 2021 highlighted that migraine is the most disabling neurological disorder
among children and adolescents, significantly affecting physical and mental health, school performance, and social
activities, thus reducing quality of life.* Furthermore, migraine in children and adolescents usually persists into
adulthood, frequently accompanied by psychiatric comorbidities such as anxiety and depression, which impose sub-
stantial economic burdens on individuals, families, and society.”® These factors highlight the need for special attention to
migraine in children and adolescents.

Migraine affects 1.16 billion individuals globally, ranking first among children and adolescents (< 20 years).* The
study’ showed a remarkable increase in the global burden of children and adolescents migraine from 1990 to 2021, with
the fastest growth in prevalence and disability-adjusted life years (DALYSs). The global average prevalence of migraine in
this population is 11%, increasing with age and varying widely by region, socioeconomic, and gender.® Regarding
regional differences, a meta-analysis® showed that prevalence rates were higher in Europe and the Middle East (8.35%
and 8.69%, respectively) compared to Asia and the United States (6.70% and 6.58%, respectively). Nevertheless, these
estimates may not reflect the true burden, as studies from Africa, South America, and Oceania were significantly
underrepresented, particularly lacking data from LMICs. As the Global Campaign against Headache (GCH) and
Global School Programme progress, growing evidence has uncovered greater disparities. For instance, Zambia,'® a low-
income country in Africa, and Lithuania,'" a high-income country in Europe, surveyed people aged 7—17 about head-
aches, finding that the prevalence of migraine was 53.2% and 21.4%, respectively, which is much higher than the global
average. This not only reflected that the burden in LMICs may have been seriously underestimated, but also highlighted
the differences in prevalence rates between countries with different socioeconomic levels. Furthermore, lower socio-
economic status is associated with an increased prevalence of migraine, influenced by factors such as poverty, limited
access to healthcare services, and rural living environments. Several studies'> have indicated that females exhibit a higher
incidence and prevalence of migraine, particularly after adolescence. These significant differences highlight the urgency
of conducting a more comprehensive and representative global epidemiological assessment of migraine in children and
adolescents. Although a study'’ outlined the general epidemiology of migraine in children and adolescents using GBD
2021, specific trends and regional, socio-demographic index (SDI), and gender differences remain unclear. Moreover,
a lack of analyses of the drivers and frontiers of migraine burden in children and adolescents impedes the development of
effective interventions.

To address these gaps, this study aims to summarize and analyze the incidence, prevalence, and DALY's of migraine
in children and adolescents from 1990 to 2021, stratified by gender, age groups, and SDI at the global, regional, and
national levels. Additionally, Decomposition analysis was employed to identify factors contributing to changes in the
burden of migraine in this population. Finally, we assessed potential improvements in migraine burden among children
and adolescents to pinpoint countries or regions requiring additional efforts, informing migraine in children and
adolescents prevention and management policy development.

Methods

Study Population and Data Collection

Migraine data for children and adolescents in this study were sourced from GBD 2021, which offers a comprehensive
and up-to-date analysis of 371 diseases across 204 countries and territories, using recent epidemiological data and
improved standardised methods.'* All countries and territories were classified into 21 regions and grouped into five
categories based on the SDI. The 21 regions are composed of countries and territories that are geographically close,
epidemiologically similar, and share similar distributions of causes of death. For SDI, it is a composite indicator of
background social and economic conditions that influence health outcomes in each location. It is the geometric mean of 0
to 1 indices of total fertility rate for those younger than 25 years old, mean education for those 15 years old and older, and
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lagdistributed income per capita. In the GBD 2021, SDI values range from 0, representing lowest income and years of
schooling, and highest fertility, to 1, indicating highest income and years of schooling, and lowest fertility.'* Countries
and territories are classified into five groups based on their SDI scores: high SDI (> 0.81), high-middle SDI (0.72-0.81),
middle SDI (0.63-0.71), low-middle SDI (0.47—0.62) and low SDI (< 0.47). Besides, according to the World Health
Organization (WHO) definition, the 0—19 year age group is categorized as children and adolescents. Due to the absence
of migraine data for children under 5 years old, the dataset was divided into three age groups: younger children (5-9
years), younger adolescents (10~14 years), and older adolescents (15-19 years)."”

We extracted data specific to the annual incidence, prevalence, DALYs, and age-standardised rates (ASRs) for
migraine in individuals aged 5-19 years globally from the Global Health Data Exchange (https://vizhub.healthdata.

org/gbd-results/). For GBD studies, a waiver of informed consent was reviewed and approved by the Institutional Review
Board at the University of Washington. Additionally, according to Article 32, Items 1 and 2 of the Measures for Ethical
Review of Life Science and Medical Research Involving Human Subjects promulgated by the National Health
Commission of the People’s Republic of China on 18 February 2023, in which “research using legally obtained public
data or anonymised information data” is exempt from ethical review. This study relied on anonymised public data from
the GBD database, which qualified for exemption from ethical review without ethical approval from an institutional
review board.

Statistical Analysis

The methodologies used by Health Metrics and Evaluation for the GBD 2021 Study, along with key improvements over
previous cycles, are detailed in earlier studies.'*'® In this study, a 95% uncertainty interval (UI) for each variable was
determined using the 2.5th and 97.5th percentiles of the posterior distribution from 1000 draw values. For ease of
comparison, all rates are presented per 100,000 population. All tests were two-sided, with P < 0.05 considered
statistically significant. Incidence and prevalence were modeled using the Bayesian Disease Modelling Meta-
Regression tool (version 2.1). DALYs, a comprehensive measure of disease burden, were calculated as the sum of
years of life lost and years lived with disability. We also analyzed age-adjusted rates of disease incidence, prevalence, and
DALYs globally, regionally, and nationally, disaggregated by age, sex, and SDI.

Joinpoint regression analysis was performed to assess trends in migraine burden among children and adolescents
using Joint Command Line Version. This tool tracks temporal trends in data and fits the simplest model by connecting
multiple line segments on a logarithmic scale. Average annual percentage changes (AAPCs) were calculated to evaluate
trends. AAPC represents a geometrically weighted average of annual percentage changes from the joinpoint analysis,
with weights proportional to the length of each period within the specified time interval.'” The 95% confidence interval
(CI) was derived from the linear regression model. An AAPC value and 95% CI greater than zero indicate an increasing
trend in ASR, and vice versa.

We applied the decomposition methods developed by Das Gupta to illustrate the contributions of three factors-aging,

population, and epidemiology-to changes in DALY's between 1990 and 2021.'°

Moreover, nonparametric data envelopment
analysis was employed, drawing on previous studies to construct a nonlinear frontier.'® This frontier represents the lowest
achievable burden based on development status. Detailed methodologies for decomposition and frontier analysis are

provided in the Supplementary methods. All statistical analyses and visualizations were conducted using R version 4.3.2.

Results

Global Trends

Globally, there were 30,159,793 (95% UI, 20,388,195 to 41,772,246) new cases of migraine among children and
adolescents in 1990 compared to 36,794,858 (95% UI, 24,894,467 to 50,875,831) new cases in 2021, reflecting a 22%
increase. During the same period, the number of prevalent cases increased from 165,687,028 (95% UI, 122,901,784 to
215,760,524) to 205,729,235 (95% UI, 152,945,712 to 268,680,883), a 24.17% increase. Moreover, DALY's associated
with migraine in children and adolescents increased from 6,042,776 (95% UI, 395,006 to 15,051,635) to 7,515,775 (95%
Ul, 484,365 to 18,769,692), a 24.38% rise (Table 1).
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Table | The Global Incidence, Prevalence, and Disability-Adjusted Life-years of Migraine in Children and Adolescents for Both Sexes and All SDI, with AAPC From 1990 and 2021

Variables

Location

1990

2021

Cases (95% Ul)

ASR (per 100, 000) (95% UI)

Cases (95% Ul)

ASR (per 100, 000) (95% UI)

AAPC % (95% Cl) 1990-2021

P value

Incidence

Global

30,159,792.8 (20,388,195.2 to 41,772,246.04)

1845.92 (1249.97 to 2553.58)

36,794,857.75 (24,894,466.96 to 50,875,831.48)

1858.23 (1257.53 to 2569.01)

0.02 (0.01 to 0.04)

0.007

Female

18,553,002.62 (12,513,712.42 to 25,696,818.29)

2324.2 (1570.78 to 3214.81)

22,153,360.57 (14,956,229.88 to 30,700,208.9)

2307.78 (1558.63 to 3197.24)

~0.02 (-0.04 to ~0.01)

0.004

Male

11,606,790.18 (7,824,667.15 to 16,224,415.83)

1389.15 (937.78 to 1939.74)

14,641,497.17 (9,908,506.67 to 20,380,319.23)

1435.12 (971.37 to 1997.74)

0.11 (0.09 to 0.14)

< 0.001

High SDI

3,817,496.33 (25,26,126.75 to 5,379,769.8)

2006.6 (1332.26 to 2819.7)

3,742,835.92 (2,479,098.88 to 5,280,870.09)

2075.7 (1376.65 to 2925.56)

0.1 (0.07 to 0.13)

< 0.001

High-middle SDI

4,519,369.6 (3,014,993.86 to 6,326,292.67)

1628.62 (1090.82 to 2271.87)

3,929,414.88 (2,625,896.45 to 5,478,636.24)

1681.57 (1123.67 to 2344.71)

0.1 (0.09 to 0.12)

< 0.001

Middle SDI

10,300,212.51 (7,046,210.81 to 14,177,842.48)

1835.9 (1259.92 to 2521.25)

10,832,364.58 (7,384,331.94 to 14,883,378.81)

1890.3 (1289.24 to 2596.33)

0.09 (0.06 to 0.12)

< 0.001

Low-middle SDI

8,382,771.31 (5,700,884.44 to 11,554,306.41)

2003.52 (1359.6 to 2764.74)

11,368,438.93 (7,751,647.9 to 15,673,846.2)

1985.74 (1355.16 to 2736.35)

~0.02 (-0.04 to 0)

0.036

Low SDI

3,112,432.76 (2,069,445.27 to 4,336,656.22)

1649.27 (1093.45 to 2302.44)

6,893,720.79 (4,594,843.48 to 9,644,385.96)

1644.21 (1094.19 to 2302.67)

0 (-0.02 to 0.01)

0.592

59

9,375,143.98 (6,194,247.06 to 13,204,226.11)

1606.62 (1061.51 to 2262.82)

11,080,972.2 (7,322,452.25 to 15,592,669.65)

1612.83 (1065.78 to 2269.5)

0.02 (-0.04 to 0.07)

0.579

10-14

12,579,737.43 (9,292,347.8 to 16,268,002.64)

2348.36 (1734.67 to 3036.87)

15,792,114.03 (11,721,389.92 to 20,366,947.71)

2368.93 (1758.29 to 3055.18)

0.03 (0.01 to 0.05)

0.002

15-19

8,204,911.4 (4,901,600.35 to 12,300,017.29)

1579.62 (943.66 to 2368.01)

9,921,771.52 (5,850,624.79 to 14,916,214.13)

1590.08 (937.63 to 2390.5)

0.03 (0.01 to 0.05)

0.013

Prevalence

Global

165,687,027.67 (122,901,783.75 to 215,760,523.99)

10,042.66 (7447.84 to 13,085.15)

205,729,235.05 (152,945,711.93 to 268,680,883.25)

10,255.74 (7620.86 to 13,399.98)

0.07 (0.06 to 0.09)

<0.001

Female

102,481,588.13 (76,171,916.89 to 132,832,469.42)

12,678.52 (9420.59 to 16,444.11)

124,450,759.27 (92,766,116.45 to 162,153,866.44)

12,777.96 (9519.41 to 16,657.93)

0.03 (0.01 to 0.05)

<0.001

Male

63,205,439.54 (46,580,138.73 to 82,773,586.68)

7511.24 (5535.28 to 9841.08)

81,278,475.78 (59,719,954.92 to 106,289,330.17)

7875.49 (5784.64 to 10,302.96)

0.16 (0.14 t0 0.18)

< 0.001

High SDI

20,989,284.48 (15,379,158.02 to 27,306,405.03)

10,550.51 (7725.02 to 13,763.44)

20,333,340.38 (14,980,993.54 to 26,631,114.18)

10,868.58 (7999.3 to 14,259.27)

0.09 (0.06 to 0.12)

< 0.001

High-middle SDI

25,442,258.98 (18,824,058.34 to 33,205,630.83)

8731.52 (6451.44 to 11,423.78)

21,424,548.47 (15,756,493.27 to 28,033,166.14)

9122.65 (6707.77 to 11,938.76)

0.13 (0.09 to 0.16)

< 0.001

Middle SDI

57,766,062.61 (42,996,541.88 to 74,989,571.41)

9987.65 (7428.99 to 12,979.45)

61,363,187.54 (45,686,747.76 to 79,772,520.57)

10,520.21 (7828.39 to 13,683.67)

0.18 (0.15 t0 0.21)

< 0.001

Low-middle SDI

45,182,842.93 (33,317,415.54 to 59,258,548.91)

11,200.65 (8267.89 to 14,669.07)

65,004,285.02 (48,392,547.78 to 84,971,164.85)

11,085.09 (8246.48 to 14,501.39)

~0.03 (~0.05 to 0)

0.028

Low SDI

16,150,739.1 (11,739,089.35 to 21,465,258.21)

9097.9 (6628.6 to 12,059.65)

37,444,401.85 (27,312,720.78 to 49,847,283.5)

9066.89 (6616.38 to 12,061.4)

~0.01 (~0.03 to 0.01)

0.377

59

14,767,041.23 (9,823,783.66 to 20,585,697.12)

2530.64 (1683.51 to 3527.78)

17,455,195.54 (11,640,912.01 to 24,478,806.8)

2540.59 (1694.32 to 3,562.87)

0.02 (-0.04 to 0.07)

0.571

10-14

63,492,597.52 (47,413,936.62 to 84,121,631.43)

11,852.65 (8,851.12 to 15,703.63)

79,974,614.55 (59,777,743.44 to 106,050,718.12)

11,996.74 (8,967.07 to 15,908.34)

0.04 (0.01 to 0.06)

0.010

15-19

87,427,388.92 (65,664,063.48 to |11,053,195.43)

16,831.62 (12,641.72 to 21,380.09)

108,299,424.96 (81,527,056.48 to 138,151,358.33)

17,356.24 (13,065.65 to 22,140.35)

0.11 (0.09 to 0.13)

< 0.001
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Disability-adjusted life-years

Global

6,042,775.97 (395,006.19 to 15,051,635.05)

366.11 (23.73 to 912.43)

7,515,775.31 (484,365.23 to 18,769,692.03)

3745 (24.02 to 935.71)

0.08 (0.06 t0 0.11)

< 0.001

Female

3,730,180.65 (228,114.17 to 9,355,305.4)

461.26 (27.92 to 1157.49)

4,535,468.2 (279,486.75 to 11,350,078.29)

465.46 (28.51 to 1165.44)

0.02 (-0.01 to 0.04)

0.130

Male

2,312,595.32 (165,891.3 to 5,710,487.72)

274.71 (19.58 to 678.71)

2,980,307.11 (203,055.12 to 7,380,618.78)

288.65 (19.59 to 715.2)

0.17 (0.14 t0 0.2)

<0.001

High SDI

757,485.09 (52,659.84 to 1,855,355.3)

380.16 (25.75 to 934.35)

732,009.88 (49,039.73 to 1,788,214.39)

390.82 (25.73 to 957.63)

0.08 (0.04 t0 0.12)

<0.001

High-middle SDI

940,958.87 (78,279.76 to 2,276,674.59)

322.21 (26.07 to 782.56)

792,547.94 (61,452.38 to 1,946,891.06)

337.41 (26.12 to 829.05)

0.14 (0.1 to 0.18)

<0.001

Middle SDI

2,126,579.39 (132,719 to 5,330,829.83)

367.26 (22.47 to 921.62)

2,260,066.96 (137,304.2 to 5,687,767.1)

387.25 (23.36 to 975)

0.18 (0.15 t0 0.22)

<0.001

Low-middle SDI

1,632,620.9 (89,542.63 to 4,099,643)

405.27 (22.65 to 1015.99)

2,367,329.51 (136,646.2 to 5,901,590.28)

403.37 (23.05 to 1006.33)

~0.01 (~0.04 t0 0.02)

0.620

Low SDI

579,429.77 (41,130.04 to 1,431,541.74)

327.33 (23.94 to 805.01)

1,357,954.94 (99,197.12 to 3,358,735.73)

329.07 (2427 to 813.13)

0.03 (0 to 0.06)

0.071

59

492,448.45 (10,460.27 to 1,374,370.9)

84.39 (1.79 to 235.53)

584,845.33 (13,180.58 to 1,607,282.64)

85.12 (1.92 to 233.94)

0.04 (0 to 0.07)

0.049

10-14

2,297,212.25 (100,959.27 to 5,782,523.33)

428.84 (18.85 to 1079.47)

2,897,557.37 (125,710.61 to 7,274,035.55)

434.65 (18.86 to 1091.16)

0.04 (0.02 to 0.06)

< 0.001

15-19

3,253,115.27 (283,586.66 to 7,894,740.82)

626.29 (54.6 to 1519.9)

4,033,372.61 (345,474.04 to 9,888,373.84)

646.39 (55.37 to 1,584.73)

0.11 (0.09 to 0.14)

< 0.001

Abbreviations: AAPC, Average annual percentage change; ASR, Age-standardised rate; Cl, Confidence interval; Ul, Uncertainty interval; SDI, Socio-demographic index.
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Regarding ASR, the age-standardised incidence rate (ASIR), age-standardised prevalence rate (ASPR), and age-
standardised DALY rate (ASDR) of migraine in children and adolescents were 1,858.23, 10,255.74, and 374.5 per
100,000 population in 2021, respectively, with an increasing trend over the past 32 years. Specifically, as shown in
Figure 1, the ASIR significantly increased between 1999 and 2008 (APC = 0.24% [95% CI, 0.21 to 0.28], P < 0.05),
while it decreased slightly in 1990-1999 (APC = —0.1% [95% CI, —0.13 to —0.07], P < 0.05) and 2008-2021 (APC =
—0.05% [95% CI, —0.07 to —0.03], P < 0.05), respectively. The ASPR and ASDR exhibited significant increases in
1990-1994 and 2002-2010 (ASPR: APC = 0.3% [95% CI, 0.27 to 0.34], P < 0.05; ASDR: APC = 0.31% [95% CI, 0.26
to 0.36], P < 0.05), with decreases observed in 1994-2002 and 2010-2021 (ASPR: APC = —0.05% [95% CI, —0.06 to
—0.03], P < 0.05; ASDR: APC = —-0.04% [95% CI, —0.07 to —0.02], P < 0.05).

Global Trends by Sex and Age Group

In 2021, the number and ASR of migraine incidence, prevalence, and DALYs were higher in female children and
adolescents than in males (Table 1). This sex difference persisted across all regions, SDIs, and age groups
(Supplementary Tables S1-S5). However, from 1990 to 2021, the ASIR, ASPR, and ASDR of migraine in male children
and adolescents increased faster than in females (Table 1).

By age groups, the highest incidence of cases and ASR occurred in the 10-14 age group in 2021, while the prevalence
and DALY were highest in the 15-19 age group. Moreover, the burden increased in all age groups from 1990 to 2021,
with the fastest growth among adolescents aged 15-19 (Table 1).

Global Trends by SDI

From 1990 to 2021, the burden of migraine among children and adolescents varied significantly across different SDI
regions (Table 1 and Figure 2). In 2021, low-middle SDI countries reported the highest number of incidence (11,368,439;
95% UL, 7,751,648 to 15,673,846), prevalence (65,004,285; 95% UI, 392,548 to 84,971,165), and DALYs (2,367,330;
95% UI, 136,646 to 5,901,590). These regions also had the highest ASPR (11085.09; 95% UI, 8246.48 to 14501.39/
100,000) and ASDR (403.37; 95% UI, 23.05 to 1006.33/100,000), while high SDI regions had the highest ASIR (2075.7;
95% UI, 1376.65 to 2925.56/100,000).

Over the past 32 years, all ASRs in the middle and higher SDI regions show an upward trend, while the low-middle
and low SDI regions have remained stable or slightly declined (Table 1 and Figure 2).

Regional Trends
For details on regional burden trends are presented in Supplementary Tables S3—S5. In 2021, South Asia reported the

highest number of migraine cases in children and adolescents, with 10,311,023 new cases (95% UI, 6,982,859 to
14,226,753), 59,338,336 prevalent cases (95% UL, 44,447,336 to 77,409,866), and 2,128,744 DALY (95% UlI, 116,421
to 5,268,538). In contrast, Tropical Latin America had the highest ASIR (3262.2; 95% UI, 2404.36 to 4298.24/100,000),
ASPR (20,190.52; 95% UI, 15,753.44 to 25,680.25/100,000), and ASDR (740.98; 95% UI, 22.78 to 1853.05/100,000).

Since 1990, Eastern Asia has experienced the greatest growth in all ASRs across 21 regions, with AAPCs of 0.21 for
ASIR (95% CI, 0.15 to 0.28), ASPR (95% CI, 0.16 to 0.27), and ASDR (95% CI, 0.16 to 0.27), while high-income North
America suffered the fastest decrease, with AAPCs of —0.06 for ASIR (95% CI, —0.12 to 0), —0.13 for ASPR (95% CI,
—0.2 to —0.05), and —0.16 for ASDR (95% CI, —0.26 to —0.07).

National Trends
In 2021, India had the most cases of incidence (7,647,830; 95% UlI, 5,197,424 to 10,531,552), prevalence (44,452,954; 95%
UL, 33,453,806 to 58,055,511), and DALY (596,331; 95% UI, 91,949 to 3,936,816) globally (Supplementary Table S6). In
terms of ASR, Brazil had the highest ASIR (3267.32; 95% UI, 2405.3 to 4299.35/100,000), ASPR (20,220.58; 95% UI,
15,794.05 to 25,697.68/100,000), and ASDR (741.92; 95% UI, 22.79 to 1856.69/100,000), while Ethiopia had the lowest
ASRs (Figures 3, 4 and Supplementary Table S6).

Over the past 32 years, Norway saw the largest increase in all ASRs for migraine in children and adolescents among
204 nations (ASIR: AAPC = 0.51 [95% CI, 0.38 to 0.65]; ASPR: AAPC = 0.6 [95% CI, 0.42 to 0.78]; ASDR: AAPC =
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Figure | Global trends for age-standardised rates (per 100,000 population) of migraine in children and adolescents from 1990 to 2021, calculated by Joinpoint regression.
(A) Age-standardised incidence rate; (B) age-standardised prevalence rate; (C) age-standardised DALYs rate.

Notes: The Joinpoint is the turning point where a trend undergoes a significant change, dividing the overall trend into distinct time periods (represented in the figure by broken lines
of different colours). AAPC represents the average annual percentage change from 1990 to 2021, reflecting the overall average trend, while APC refers to the annual percentage
change across different time periods, indicating trend variations within each interval. AAPC and APC values above zero indicate an upward trend, and vice versa, *P < 0.05.
Abbreviations: AAPC, Average annual percentage change; APC, Annual percentage change; DALYs, Disability-adjusted life-years.
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Figure 2 Association between ASRs (per 100,000 population) of migraine in children and adolescents and SDI among 21 regions from 1990 to 2021. (A) Age-standardised

incidence rate; (B) age-standardised prevalence rate; (C) age-standardised DALY rate.

Notes: The symbols of varying colours and shapes in the figure represent 2| regions. For each region, the dots from left to right depict the estimated values for each year from 1990 to
2021. The black line represents the expectation ASR based on SDI. The Pearson correlation coefficient R represents the strength of association between the SDI and the ASRs of
migraine burden among children and adolescents. An R value greater than 0 indicates a positive correlation between the two variables, and vice versa. The p-value is adjusted following

Bonferroni correction, with statistical significance defined as p < 0.05.
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Figure 3 World maps depicting the ASRs (per 100,000 population) of migraine in children and adolescents in 2021. (A) Age-standardised incidence rate; (B) age-standardised
prevalence rate; (C) age-standardised DALY rate.

Notes: We employed a quantile method (six-category classification) to divide the ASRs for 204 countries and regions in 2021 into six numerical intervals. The blue, yellow,
grey, red, light blue and dark blue colours in the figure represent six numerical intervals in ascending order, for example: blue indicates a lower numerical range, whilst dark
blue indicates a higher numerical range. As can be seen from Figure 3A, Ethiopia and Somalia in sub-Saharan Africa, as well as South Korea and China in East Asia, are
coloured blue, indicating lower age-standardised incidence rates (<1580.7). Conversely, Brazil in Latin America and the United States in North America are coloured dark
blue, signifying higher age-standardised incidence rates (within the range of 2197.52 to <3267.32). The original data were obtained from the GBD studies. Although there
may be problems in regional division, this was not the key point for this study.

Abbreviations: ASRs, Age-standardised rates; DALYs, Disability-adjusted life-years.
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Figure 4 The ASRs (per 100,000 population) of migraine in children and adolescents among 204 countries and territories by SDI in 2021. (A) Age-standardised prevalence
rate; (B) age-standardised incidence rate; (C) age-standardised DALY rate.

Notes: The dots of different colours in the figure represent 204 countries and territories respectively. The R value represents the Pearson correlation analysis between SDI
and ASR. An R value greater than zero indicates a positive correlation between the two variables, and vice versa. P-values were adjusted using the Bonferroni correction,
with statistical significance defined as P < 0.05.

Abbreviations: ASRs, Age-standardised rates; SDI, Socio-demographic index; DALYs, Disability-adjusted life-years.
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0.58 [95% CI, 0.4 to 0.77]), while Thailand experienced the largest decrease (ASIR: AAPC = —0.24 [95% CI, —0.25 to
—0.23]; ASPR: AAPC = -0.29 [95% CI, —0.31 to —0.27]; ASDR: AAPC = -0.29 [95% CI, —0.34 to —0.24],
Supplementary Table S6).

Decomposition Analysis

Globally, population growth, epidemiologic changes, and population aging accounted for 86.17%, 10.49%, and 3.34% of
the increase in DALY (Supplementary Table S7). Figure 5 presents population growth as the primary driver for the burden
of DALY in the low- (93.19%), low-middle- (84.99%), and middle- (24.74%) SDI, while acting as a negative factor in
high- (—170.34%) and high-middle- (—100.58%) SDI. Epidemiologic changes played a significant role in the total DALY's
change in middle- (88.36%) and high- (82.08%) SDI, whereas they had a weaker impact in high-middle (27.12%) and
a negative effect in low-middle SDI (—1.27%). Furthermore, population aging contributed positively to DALY changes in
low- (6.17%) and low-middle SDI regions (16.28%), but negatively in the other three SDI quintiles, with the most
pronounced effect in high-middle-SDI regions (—26.54%). Decomposition analysis at regional and national levels revealed

substantial disparities in the contributions of these determinants to DALY changes (Supplementary Table S7).

Frontier Analysis
Using data from 1990 to 2021, frontier analysis based on ASDR and SDI was performed to highlight unrealized health
benefits across countries or territories at different development levels (Figure 6A). Figure 6B and Supplementary Table S8

DALYs (Disability-Adjusted Life Years)
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c
x] . Aging
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§ . Population
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Figure 5 Changes in DALYs of migraine in children and adolescents according to population-level determinants of population growth, aging, and epidemiological change
from 1990 to 2021 at the global level and by SDI quintile.

Notes: The red, blue, and orange colours in the figure correspond respectively to the three factors driving changes in DALYs: ageing, population and epidemiological change.
For each component, the length of the bar indicates the strength of its contribution. The magnitude of a positive value indicates a corresponding increase in migraine in
children and adolescents attributed to the component, while the magnitude of a negative value indicates a corresponding decrease.

Abbreviations: DALYs, Disability-adjusted life years; SDI, Socio-demographic index.
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Figure 6 Frontier analysis based on SDI and age-standardised DALY rate of migraine among children and adolescents from 1990 to 2021.

Notes: The frontier line was delineated in black. Countries and territories were represented as dots. The color scale ranges from dark blue for 1990 to light blue for 2021.
(A). The green dots indicate an increase in the age-standardised DALYs rate for migraine among children and adolescents from 1990 to 2021, while the red dots show
a decrease. (B). The top |5 countries with the largest effective difference are highlighted in black. As examples, frontier countries with a lower SDI (< 0.5) and a smaller
effective difference are marked in blue, while countries and territories with a higher SDI (> 0.85) and a relatively larger effective difference are marked in red.
Abbreviations: DALYs, Disability-adjusted life years; SDI, Socio-demographic index.

show the effective differences in 2021 among countries with varying SDI levels, revealing an inverted triangular relation-
ship. Countries with low-middle, middle, and high-middle SDI generally exhibited higher effective differences, whereas
those with very low or very high SDI showed lower differences. Specifically, Brazil (557.04) and Paraguay (534.11), with
middle SDI quintiles, were the top two countries with the greatest chance to narrow the gap. However, leading perfor-
mances were not limited to high SDI countries; some low SDI countries, such as Ethiopia (2.3) and Somalia (2.43), were
also approaching the frontier. Similarly, several high-SDI countries, including Belgium (379.13), Italy (325.05), and
Germany (313.29), had disappointingly high effective differences.

Discussion

To our knowledge, this study represents the most thorough analysis of the migraine burden in children and adolescents
currently available using GBD 2021 data, revealing the fluctuating upward trend from 1990 to 2021, with significant
differences across SDI, region, gender, and age group levels. Our findings indicate that the heaviest burden are observed
in low-middle SDI regions, whereas regions with middle and higher SDI are growing faster and have the greatest
improvement potential. Notably, adolescents and women bear a higher migraine burden, while the growth rate is more
significant in men. These disparities reflect the severe inequalities in the distribution of medical resources and access to
care across the globe, possibly driven by geography, politics, and ethnicity factors, emphasizing the need for targeted
public health policies and interventions to address this debilitating disease.

. . . . 1
Consistent with previous studies,”"*

our research indicates an overall upward trend of migraine in children and
adolescents globally. However, joinpoint regression analysis also reveals a recent decline in all ASRs since 2010. This
complex pattern may reflect the interplay between societal development, environmental change, and public health
response capacity. For one thing, the rising burden may be attributed to changes in lifestyle and environment brought
about by socioeconomic development. Climate change, such as increased humidity, and exposure to traffic pollutants
accompanying urbanisation have been linked to migraine attacks.'® Concurrently, lifestyle factors including sleep deficit,
insufficient exercise, unhealthy diet, and excessive screen time are becoming increasingly prevalent among youth and
potentially contribute to the epidemic of migraine.”® Besides, children and adolescents, being in a critical phase of
psychological and physiological development, are more susceptible to multiple stressors and comorbidities, such as

anxiety and depression, which can interact to increase the frequency of migraine attacks.”’ The social isolation and
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psychological stress resulting from the coronavirus disease 2019 pandemic may have further exacerbated this trend.** For
another, the recent downward trend may indicate the positive impact of global public health initiatives. Since 2000, the
WHO has prioritised headaches as a public health concern, collaborating with the Lifting The Burden initiative to launch
the GCH.>* The publication of the Atlas of Headache Disorders in 2011 raised awareness globally and advanced
methodological standards in epidemiological research.”* Additionally, organizations such as the International Headache
Society and the European Headache Federation, along with countries including China, have integrated headache
management education into primary healthcare priorities. These efforts may have improved healthcare access and
facilitated the implementation of preventive strategies, thereby attenuating the growth in disease burden to some extent.
Future global efforts should focus on establishing consensus guidelines for epidemiological study to better address the
public health burden of migraine in children and adolescents.

The burden of migraine in children and adolescents varies significantly across SDI levels, regions, and countries.
These disparities are associated not only with geographic and demographic factors, including ethnicity, but are also likely
influenced by healthcare resources, epidemiological surveillance capabilities, and the intensity of policy interventions.
Low-middle SDI regions have the greatest burden and show a slight downward trend, with Tropical Latin America and
South Asia being particularly prominent in terms of all ASRs and case numbers, respectively. Decomposition analysis
indicates that population growth is the primary driver of high burdens in this region. Low- and middle-income regions
with rapidly growing child and adolescent populations including South Asia, are projected to host the largest concentra-
tion of children globally by 2050, posing severe challenges to their healthcare and social service systems.?**° Moreover,
healthcare resources in these regions have historically been focused on infectious diseases, with comparatively limited
attention paid to non-communicable diseases (NCDs) such as migraine.”” Geographic isolation, political instability, and
inadequate diagnostic and treatment capacities further constrain access to pediatric migraine services. In contrast, high
SDI regions exhibit the highest ASIR, while middle and higher SDI regions experience accelerated growth in disease
burden, particularly in East Asia. This trend aligns with the results of the decomposition analysis, indicating that this
increase is driven more by epidemiological changes. These regions have generally established earlier and more
systematic research on migraine in children and adolescents. Their continuously refined epidemiological methodologies,
stronger healthcare systems, and heightened public health awareness contribute to higher rates of reporting and
diagnosis.?® Whereas in low-SDI regions, despite a greater actual disease burden, diagnostic limitations and insufficient
surveillance capacity likely result in substantial underreporting. It is noteworthy that even in high SDI countries such as
the United States and Russia, underdiagnosis and inadequate treatment remain widespread. These issues may be linked to
inequalities in healthcare accessibility across racial, ethnic, and socioeconomic groups, further illustrating that healthcare
equity involves more than national economic wealth.

At the national level, Brazil ranked first across all ASRs in 2021, which may be attributable to factors such as the
widespread use of electronic devices, limited healthcare resources, stressful lifestyles, and poor governmental attention.?’
By contrast, Norway, a high SDI country, demonstrated the most substantial increase in all ASRs over time. This trend
can be explained, on the one hand, by its role as the academic base for the GCH, which has strongly emphasized
headache epidemiological research.>® On the other hand, it is also linked to the cumbersome referral system and
insufficient headache training.>' Meanwhile, Thailand experienced the most rapid decline in migraine burden, achieved
through the implementation of the universal health coverage policy and the community pharmacy management
model.**** This practice underscores the critical role of healthcare policies in alleviating disease burdens. Frontier
analysis further indicated that countries with middle and higher SDI, particularly Brazil, possess the greatest potential for
improvement, suggesting current healthcare resources for migraine prevention and treatment are underutilized. However,
low SDI countries, such as Somalia and Ethiopia, show limited potential for improvement, possibly due to severely
constrained healthcare resources rather than already achieving better performance.*® Therefore, it is essential to develop
differentiated public health strategies tailored to different SDI levels: low and low-middle SDI countries should prioritise
enhancing disease recognition and expanding primary healthcare coverage. This can be achieved through training
grassroots healthcare personnel and promoting low-cost non-pharmaceutical interventions. Middle and higher SDI
countries, meanwhile, should focus on enhancing service efficiency by establishing clinical guidelines, developing tiered

healthcare systems, and implementing multidisciplinary collaborative models for headache management.>>~*
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Studies®’~® have suggested a higher prevalence of migraine among adolescent and adult females, whereas others®**

reported minimal sex differences in prevalence during the preadolescent period. Our findings indicate that the incidence,
prevalence and DALYs of migraine among female children and adolescents are higher than those among males,
a disparity attributable to multiple interacting factors. From a biological perspective, evidence suggests that women
may be more susceptible to genetic variants associated with migraine.*! Fluctuations in oestrogen levels during
adolescence may trigger migraine by affecting hypothalamic function and neuronal excitability, while testosterone may
confer a protective effect in males.*” From psychosocial aspects, females may exhibit greater vulnerability to stressors
and sleep disturbances, which can interact with biological mechanisms to promote migraine onset. Additionally, women
generally demonstrate higher pain sensitivity, while men’s heightened tolerance and negative attitudes towards pain may
amplify this disparity.** It is noteworthy that our study revealed a more rapid burden growth occurring in men, suggesting
that the male migraine burden should not be overlooked. One possible explanation is that the historically greater focus on
female migraine may have led to underdiagnosis and undertreatment among males.*? In recent years, awareness and
reporting willingness among men may have increased with the spread of health education, contributing to the rise in
reported rates. Behavioral factors may also play a role; for instance, increased screen time and consumption habits of
caffeinated beverages among adolescent males are known risk factors for migraine.**** Therefore, future public health
strategies should continue to prioritise the high burden among women while strengthening the focus on male populations,
particularly in prevention and early intervention.

Previous research has found that migraine often manifests before the age 18, rather than in adulthood as previously
thought.*® Our age-stratified analyses further reveal that the highest incidence of migraine in 2021 occurred among
individuals aged 10—14 years, underscoring the high risk of young adolescents. Besides, both the prevalence and DALY's
of migraine increased with age, peaking at 15—19 years, with the fastest increase in all ASRs. The ages of 10-14 years for
females and 15-19 years for males represent critical stages of adolescent development, characterized by significant
neurological, hormonal, psychological, behavioral, and academic changes. During this period, adolescents encounter
various challenges, including escalating use of electronic devices, sedentary lifestyles, and psychological stress, all of
which may contribute to the growing migraine burden.** Consequently, there is a particular urgency to implement
management strategies tailored to this age group, emphasizing lifestyle interventions, headache education, non-
pharmacological treatments, and early identification.*’

Our findings underscore the urgency of prioritizing awareness raising, ongoing monitoring, and effective interven-
tions for migraine in children and adolescents in future research. The limited progress in reducing the global burden of
migraine may largely stem from insufficient education.*®

It is essential to enhance educational initiatives targeting the general public, healthcare professionals, and policy-
makers, and to integrate children and adolescent migraine into global and national NCD surveillance agendas. Also,
consensus-standardised methods should be employed to fill gaps in epidemiological data for children under five years of
age and low-income countries. The structured program of headache services promoted by the GCH, which is based on
primary health care, has been demonstrated to be a viable solution.* Future research should focus on developing more
accessible and effective pharmacological and non-pharmacological treatment strategies, as well as defining optimal
clinical practices and care strategies within structured program. Moreover, healthy lifestyle interventions are important
for the prevention and long-term management. For instance, the the American “Whole School, Whole Community,
Whole Child” model facilitates the coordination of dietary, physical activity, mental health, and other health policies.*’
Finally, global cooperation should be strengthened to enhance assistance for LMICs, facilitate resource sharing and
technological exchange among nations, and actively advance telemedicine and digital health tools to bridge service gaps
in resource-deprived regions.

This study has several limitations. First, these results are derived from the GBD 2021 database, which has inherent
limitations. For example, variations in data quality and missing raw data, especially in conflict-affected and resource-poor
low-income countries, may lead to possible underestimates and inaccuracies in the findings. To mitigate these concerns,
we adopted a multi-level analysis to ensure the robustness and reliability of the results. Second, the International
Classification of Headache Disorders criteria have been revised multiple times over the past 32 years, together with
iterations of GBD modelling techniques, which may introduce uncertainty in the estimates. Nevertheless, this uncertainty
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is expected to decrease as both diagnostic criteria and modeling methods continue to evolve. Lastly, the GBD database
currently does not classify migraine subtypes and lacks data for children under 5 years old and for some low-income
countries. It is anticipated that GBD 2023 will provide more comprehensive data on migraine in children and adolescents
with the expanded implementation of GCH in low-income regions.

Conclusion

Over the past 32 years, the burden of migraine in children and adolescents has trended upward, more significantly
among adolescents aged 15-19 years, males, regions with middle and higher SDI, East Asia, and Norway. Currently,
the burden is heaviest among adolescents aged 15-19, females, and low—middle SDI regions. However, the greatest
potential for improvement lies in middle and higher SDI regions, especially Brazil. These results highlight that
migraine in children and adolescents has become an escalating global public health problem with inequities in public
health services. Addressing this will require coordinated efforts from society, including individuals, schools, health-
care providers, and policymakers, through strengthening public education and developing new treatments to raise
awareness and promote effective management. Besides, for resource-poor countries, ongoing international collabora-
tion and the development of customised management strategies tailored to their needs and actual resources are
essential.

Abbreviations

AAPCs, Average annual percentage changes; ASRs, Age-standardised rates; ASIR, Age-standardised incidence rate;
ASPR, Age-standardised prevalence rate; ASDR, Age-standardised DALYs rate; CI, Confidence interval; DALYs,
Disability-adjusted life-years; GBD, Global Burden of Disease; GCH, Global Campaign against Headache; LMICs,
low- and middle-income countries; NCD, Non-communicable disease; SDI, Socio-demographic index; Ul, Uncertainty
interval; WHO, World Health Organization.

Acknowledgments
We highly appreciated the work of the Global Burden of Disease Study 2021 collaborators for providing the most
comprehensive analysis of different diseases on a global scale.

Funding

This work was supported by Special Research Funds for National Traditional Chinese Medicine Inheritance and
Innovation Center in 2023 (No. 09005656004), Major Innovation Technology Construction Project of Synergistic
Chinese Medicine and Western Medicine of Guangzhou (No. 2023-2318), the Undergraduate Higher Education
Teaching Quality and Teaching Reform Engineering Project of Guangdong Province (2022, No. 489), the Education
Science Planning Project of Guangdong Province in 2023 (Higher Education Special Project, No. 2023GXJK260), and
the Educational Research Project of the 14th Five-Year Plan for National Higher Education of Traditional Chinese
Medicine in 2023 (YB-23-13).

Disclosure
All authors confirm that there are no known conflicts of interest related to this publication and that there is no significant
financial support that could affect its outcome.

References

1. Faedda N, Cerutti R, Verdecchia P, Migliorini D, Arruda M, Guidetti V. Behavioral management of headache in children and adolescents.
J Headache Pain. 2016;17(1):80. doi:10.1186/s10194-016-0671-4

2. Ashina M, Katsarava Z, Do TP, et al. Migraine: epidemiology and systems of care. Lancet. 2021;397(10283):1485-1495. doi:10.1016/s0140-
6736(20)32160-7

3. Ferracini GN, Dach F, Speciali JG. Quality of life and health-related disability in children with migraine. Headache. 2014;54(2):325-334.
doi:10.1111/head.12251

Journal of Pain Research 2025:18 hetps: 5279


https://doi.org/10.1186/s10194-016-0671-4
https://doi.org/10.1016/s0140-6736(20)32160-7
https://doi.org/10.1016/s0140-6736(20)32160-7
https://doi.org/10.1111/head.12251

Sun et al

4.

5.

o0

20.

21.

22.

23.

24.
25.

26.

217.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Peres MFP, Sacco S, Pozo-Rosich P, et al. Migraine is the most disabling neurological disease among children and adolescents, and second after
stroke among adults: a call to action. Cephalalgia. 2024;44(8):3331024241267309. doi:10.1177/03331024241267309

Falla K, Kuziek J, Mahnaz SR, Noel M, Ronksley PE, Orr SL. Anxiety and depressive symptoms and disorders in children and adolescents with
migraine: a systematic review and meta-analysis. JAMA Pediatr. 2022;176(12):1176—1187. doi:10.1001/jamapediatrics.2022.3940

. Collaborators GNSD. Global, regional, and national burden of disorders affecting the nervous system, 1990-2021: a systematic analysis for the

Global Burden of Disease Study 2021. Lancet Neurol. 2024;23(4):344-381. doi:10.1016/s1474-4422(24)00038-3

. Dong L, Dong W, Jin Y, Jiang Y, Li Z, Yu D. The global burden of migraine: a 30-year trend review and future projections by age, sex, country, and

region. Pain Ther. 2025;14(1):297-315. doi:10.1007/s40122-024-00690-7

. Onofri A, Pensato U, Rosignoli C, et al. Primary headache epidemiology in children and adolescents: a systematic review and meta-analysis.

J Headache Pain. 2023;24(1):8. doi:10.1186/s10194-023-01541-0

. Abu-Arafeh I, Razak S, Sivaraman B, Graham C. Prevalence of headache and migraine in children and adolescents: a systematic review of

population-based studies. Dev Med Child Neurol. 2010;52(12):1088-1097. doi:10.1111/7.1469-8749.2010.03793.x

. Kawatu N, Wa Somwe S, Ciccone O, et al. The prevalence of primary headache disorders in children and adolescents in Zambia: a schools-based

study. J Headache Pain. 2022;23(1):118. doi:10.1186/s10194-022-01477-x

. Genc D, Vai¢iené-Magistris N, Zaborskis A, et al. The prevalence of headache disorders in children and adolescents in Lithuania: a schools-based

study. J Headache Pain. 2020;21(1):73. doi:10.1186/s10194-020-01146-x

. Bolay H, Ozge A, Saginc P, et al. Gender influences headache characteristics with increasing age in migraine patients. Cephalalgia. 2015;35

(9):792-800. doi:10.1177/0333102414559735

.Lu G, Xiao S, Wang Y, et al. Global epidemiology and burden of headache disorders in children and adolescents from 1990 to 2021. Headache.

2025. doi:10.1111/head.14937

. Collaborators GDal. 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. 2024;403(10440):2133-2161. doi:10.1016/s0140-6736(24)00757-8

. Zhang C, Liu Y, Zhao H, Wang G. Global, regional, and national burdens of cirrhosis in children and adolescents aged under 19 years from 1990 to

2019. Hepatol Int. 2024;18(1):238-253. doi:10.1007/s12072-023-10531-y

. Sun Q, Wei Y, Xie H, et al. The global, regional, and national late-life depression burden and trends from 1990 to 2021: a systematic analysis for

the Global Burden of Disease Study 2021. Arch Gerontol Geriatr. 2025;131:105758. doi:10.1016/j.archger.2025.105758

.Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to cancer rates. Stat Med. 2000;19

(3):335-351. doi:10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z

. Xie Y, Bowe B, Xian H, Balasubramanian S, Al-Aly Z. Rate of kidney function decline and risk of hospitalizations in stage 3A CKD. Clin J Am

Soc Nephrol. 2015;10(11):1946-1955. doi:10.2215/cjn.04480415

. Li W, Bertisch SM, Mostofsky E, Buettner C, Mittleman MA. Weather, ambient air pollution, and risk of migraine headache onset among patients

with migraine. Environ Int. 2019;132:105100. doi:10.1016/j.envint.2019.105100

Dasari VR, Clark AJ, Boorigie ME, Gerson T, Connelly MA, Bickel JL. The influence of lifestyle factors on the burden of pediatric migraine.
J Pediatr Nurs. 2021;57:79-83. doi:10.1016/j.pedn.2020.12.003

Milde-Busch A, Blaschek A, Heinen F, et al. Associations between stress and migraine and tension-type headache: results from a school-based
study in adolescents from grammar schools in Germany. Cephalalgia. 2011;31(7):774-785. doi:10.1177/0333102410390397

Katsuki M, Matsumori Y, Kawahara J, et al. School-based online survey on chronic headache, migraine, and medication-overuse headache
prevalence among children and adolescents in Japanese one city - Itoigawa Benizuwaigani study. Clin Neurol Neurosurg. 2023;226:107610.
doi:10.1016/j.clineuro.2023.107610

Steiner TJ, Birbeck GL, Jensen R, Katsarava Z, Martelletti P, Stovner LJ. The global campaign, World Health Organization and lifting the burden:
collaboration in action. J Headache Pain. 2011;12(3):273-274. doi:10.1007/s10194-011-0342-4

World Health Organization. Atlas of headache disorders and resources in the world 2011. 2010:69.

Gu D, Andreev K, Dupre ME. Major trends in population growth around the world. China CDC Wkiy. 2021;3(28):604—613. doi:10.46234/
ccdew2021.160

Fund UNCs. The state of the World’s Children 2024: the future of childhood in a changing world. 2024. Available from: https://www.unicef.org/
press-releases/challenging-future-projected-children-2050-world-transformed-extreme-climate-0. Accessed September 30, 2025.

Woldeamanuel YW. Headache in Resource-Limited Settings. Curr Pain Headache Rep. 2017;21(12):51. doi:10.1007/s11916-017-0651-7
Wober-Bingdl C, Wober C, Uluduz D, et al. The global burden of headache in children and adolescents - developing a questionnaire and
methodology for a global study. J Headache Pain. 2014;15(1):86. doi:10.1186/1129-2377-15-86

Oliveira A, Bensenor I, Goulart A, Mercante J, Peres M. Socioeconomic and geographic inequalities in headache disability in Brazil: the 2019
National Health Survey. Headache. 2023;63(1):114-126. doi:10.1111/head.14462

Steiner TJ, Birbeck GL, Jensen RH, et al. The Global Campaign turns 18: a brief review of its activities and achievements. J Headache Pain.
2022;23(1):49. doi:10.1186/s10194-022-01420-0

Kristoffersen ES, Faiz KW, Winsvold BS. Neurology residents’ knowledge of the management of headache. Cephalalgia. 2019;39(11):1396-1406.
doi:10.1177/0333102419847973

Tangcharoensathien V, Wibulpholprasert S, Nitayaramphong S. Knowledge-based changes to health systems: the Thai experience in policy
development. Bull World Health Organ. 2004;82(10):750-756.

Saengcharoen W, Lerkiatbundit S. Migraine management in community pharmacies: practice patterns and knowledge of pharmacy personnel in
Thailand. Headache. 2013;53(9):1451-1463. doi:10.1111/head.12163

Zewde YZ, Zebenigus M, Demissie H, et al. The prevalence of headache disorders in children and adolescents in Ethiopia: a schools-based study.
J Headache Pain. 2020;21(1):108. doi:10.1186/s10194-020-01179-2

Raucci U, Boni A, Evangelisti M, et al. Lifestyle modifications to help prevent headache at a developmental age. Front Neurol. 2020;11:618375.
doi:10.3389/fneur.2020.618375

Mortel D, Kawatu N, Steiner TJ, Saylor D. Barriers to headache care in low- and middle-income countries. eNeurologicalSci. 2022;29:100427.
doi:10.1016/j.ensci.2022.100427

5280 e Journal of Pain Research 2025:18


https://doi.org/10.1177/03331024241267309
https://doi.org/10.1001/jamapediatrics.2022.3940
https://doi.org/10.1016/s1474-4422(24)00038-3
https://doi.org/10.1007/s40122-024-00690-7
https://doi.org/10.1186/s10194-023-01541-0
https://doi.org/10.1111/j.1469-8749.2010.03793.x
https://doi.org/10.1186/s10194-022-01477-x
https://doi.org/10.1186/s10194-020-01146-x
https://doi.org/10.1177/0333102414559735
https://doi.org/10.1111/head.14937
https://doi.org/10.1016/s0140-6736(24)00757-8
https://doi.org/10.1007/s12072-023-10531-y
https://doi.org/10.1016/j.archger.2025.105758
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3%3C335::aid-sim336%3E3.0.co;2-z
https://doi.org/10.2215/cjn.04480415
https://doi.org/10.1016/j.envint.2019.105100
https://doi.org/10.1016/j.pedn.2020.12.003
https://doi.org/10.1177/0333102410390397
https://doi.org/10.1016/j.clineuro.2023.107610
https://doi.org/10.1007/s10194-011-0342-4
https://doi.org/10.46234/ccdcw2021.160
https://doi.org/10.46234/ccdcw2021.160
https://www.unicef.org/press-releases/challenging-future-projected-children-2050-world-transformed-extreme-climate-0
https://www.unicef.org/press-releases/challenging-future-projected-children-2050-world-transformed-extreme-climate-0
https://doi.org/10.1007/s11916-017-0651-7
https://doi.org/10.1186/1129-2377-15-86
https://doi.org/10.1111/head.14462
https://doi.org/10.1186/s10194-022-01420-0
https://doi.org/10.1177/0333102419847973
https://doi.org/10.1111/head.12163
https://doi.org/10.1186/s10194-020-01179-2
https://doi.org/10.3389/fneur.2020.618375
https://doi.org/10.1016/j.ensci.2022.100427

Sun et al

37. Yang Y, Cao Y. Rising trends in the burden of migraine and tension-type headache among adolescents and young adults globally, 1990 to 2019.
J Headache Pain. 2023;24(1):94. doi:10.1186/s10194-023-01634-w

38. Chen ZF, Kong XM, Yang CH, Li XY, Guo H, Wang ZW. 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. J Headache Pain. 2024;25(1):131. doi:10.1186/
510194-024-01832-0

39. Wilcox SL, Ludwick AM, Lebel A, Borsook D. Age- and sex-related differences in the presentation of paediatric migraine: a retrospective cohort
study. Cephalalgia. 2018;38(6):1107-1118. doi:10.1177/0333102417722570

40. Borsook D, Erpelding N, Lebel A, et al. Sex and the migraine brain. Neurobiol Dis. 2014;68:200-214. doi:10.1016/j.nbd.2014.03.008

41. Oterino A, Toriello M, Cayon A, et al. Multilocus analyses reveal involvement of the ESR1, ESR2, and FSHR genes in migraine. Headache.
2008;48(10):1438-1450. doi:10.1111/j.1526-4610.2008.01294.x

42. Robinson ME, Riley JL, Myers CD, et al. Gender role expectations of pain: relationship to sex differences in pain. J Pain. 2001;2(5):251-257.
doi:10.1054/jpai.2001.24551

43. Vetvik KG, MacGregor EA. Sex differences in the epidemiology, clinical features, and pathophysiology of migraine. Lancet Neurol. 2017;16
(1):76-87. doi:10.1016/s1474-4422(16)30293-9

44, Xavier MK, Pitangui AC, Silva GR, Oliveira VM, Beltrdo NB, Aratjo RC. Prevalence of headache in adolescents and association with use of
computer and videogames. Cien Saude Colet. 2015;20(11):3477-3486. doi:10.1590/1413-812320152011.19272014

45. Taheri S. Effect of exclusion of frequently consumed dietary triggers in a cohort of children with chronic primary headache. Nu#r Health. 2017;23
(1):47-50. doi:10.1177/0260106016688699

46. Waliszewska-Prosot M, Straburzynski M, Czapinska-Ciepiela EK, Nowaczewska M, Gryglas-Dworak A, Budrewicz S. Migraine symptoms,
healthcare resources utilization and disease burden in a large Polish migraine cohort: results from ‘Migraine in Poland’-a nationwide cross-sectional
survey. J Headache Pain. 2023;24(1):40. doi:10.1186/s10194-023-01575-4

47. Patel VA, Liaw J, Saadi RA, Isildak H, Kalmar CL, Polster SP. Headache diagnosis in children and adolescents. Otolaryngol Clin North Am.
2022;55(3):633-647. doi:10.1016/j.0tc.2022.02.007

48. Steiner TJ, Jensen R, Katsarava Z, et al. Structured headache services as the solution to the ill-health burden of headache: 1. Rationale and
description. J Headache Pain. 2021;22(1):78. doi:10.1186/s10194-021-01265-z

49. Schwartz MB, Chafouleas SM, Koslouski JB. Expanding school wellness policies to encompass the whole school, whole community, whole child
model. Front Public Health. 2023;11:1143474. doi:10.3389/fpubh.2023.1143474

Journal of Pain Research Dovepress
Taylor & Francis Group

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

Journal of Pain Research 2025:18 [ £] X in a 5281


https://doi.org/10.1186/s10194-023-01634-w
https://doi.org/10.1186/s10194-024-01832-0
https://doi.org/10.1186/s10194-024-01832-0
https://doi.org/10.1177/0333102417722570
https://doi.org/10.1016/j.nbd.2014.03.008
https://doi.org/10.1111/j.1526-4610.2008.01294.x
https://doi.org/10.1054/jpai.2001.24551
https://doi.org/10.1016/s1474-4422(16)30293-9
https://doi.org/10.1590/1413-812320152011.19272014
https://doi.org/10.1177/0260106016688699
https://doi.org/10.1186/s10194-023-01575-4
https://doi.org/10.1016/j.otc.2022.02.007
https://doi.org/10.1186/s10194-021-01265-z
https://doi.org/10.3389/fpubh.2023.1143474
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Population and Data Collection
	Statistical Analysis

	Results
	Global Trends
	Global Trends by Sex and Age Group
	Global Trends by SDI
	Regional Trends
	National Trends
	Decomposition Analysis
	Frontier Analysis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Disclosure

