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Abstract

Background: As highlighted in the Global Burden of Disease (GBD) study, headache disorders represent a major cause of non-fatal disease bur-
den worldwide, given their widespread prevalence and impact on daily functioning. In recent years, the prevalence of headache disorders has 
risen substantially among children and adolescents, with significant repercussions for their daily functioning and overall well-being. However, de-
spite their growing impact, there remains a critical shortage of comprehensive investigations into the burden and long-term implications of these 
conditions in younger populations. This study systematically assesses the global and regional burden of headache disorders in individuals aged 
5 to 19 years over the period 1990 to 2021, aiming to generate high-resolution epidemiological insights to inform public health strategies and 
guide data-driven policy decisions.
Methods: The 2021 iteration of the GBD study quantified the impact of 371 diseases and injuries through estimates of disability-adjusted life 
years (DALYs), incidence, and prevalence, integrating data from over 100,000 heterogeneous sources spanning registries, surveys, and health 
records. Data inputs included vital registration systems, verbal autopsies, national censuses, household surveys, disease-specific registries, 
healthcare utilization databases, and other relevant sources. DALYs were computed as the sum of years lived with disability (YLDs) and years of 
life lost (YLLs). YLDs were estimated by multiplying the prevalence of each health sequela—stratified by cause, age, sex, location, and year—by its 
assigned disability weight. In parallel, YLLs were computed by applying the standard life expectancy, derived from the reference life table, to the 
number of deaths within each demographic subgroup.
Results: From 1990 to 2021, headache disorders consistently imposed a significant global burden on individuals aged 5 to 19. By 2021, the 
age-standardized incidence rate (ASIR) was 7,874 per 100,000, and the age-standardized prevalence rate (ASPR) reached 19,866 per 100,000, 
with a DALY rate of 294 per 100,000. Females consistently had higher rates than males across all indicators. Middle-SDI regions contributed the 
highest total number of cases and DALYs, while high-SDI regions had the highest age-standardized rates. Temporal trend analysis showed the 
steepest increase in DALY rates in middle- and high-middle-SDI regions, particularly among adolescents aged 15-19. Among headache subtypes, 
migraine, despite its lower prevalence, contributed more to DALYs due to its higher disability weight. Improved healthcare access and disease rec-
ognition in regions with advanced diagnostic infrastructure may lead to more accurate migraine diagnoses, while stigma and limited awareness 
can delay recognition, further exacerbating its disability burden.
Conclusion: Headache disorders remain a significant and persistent health burden among children and adolescents worldwide, with migraine 
contributing most to disability. Targeted interventions and integration of headache care into primary health systems are urgently needed to ad-
dress this growing challenge.
Keywords: headache disorders, migraine, tension-type headache, incidence, prevalence,  Global Burden of Disease (GBD), disability-adjusted life 
years (DALYs), epidemiology, adolescents, children
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Introduction

Headache disorders have been recognized by the Global Bur-
den of Disease (GBD) study as a substantial global health 
issue, exerting considerable impact across diverse geographic 
and socio-economic settings [1]. Contrary to traditional as-
sumptions that headache disorders primarily emerge in adult-
hood, accumulating evidence suggests that these conditions 
often originate in childhood or adolescence, as reported by 
Waliszewska-Prosol and Echiverri et al [2, 3]. 

To better understand the scope and significance of this issue, 
it is essential to consider both the clinical course and the long-
term burden of headache in children and adolescents. Increas-
ing evidence suggests that headache disorders in early life can 
have lasting consequences on overall well-being. Nearly 20% 
of children and adolescents report significant headache symp-
toms, with 7.81% and 14.97% meeting the diagnostic criteria 
for migraine and tension-type headache (TTH) [4]. If probable 
migraine is included, the prevalence is even higher. These con-
ditions can have a profound impact on academic performance, 
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school attendance, and quality of life [5]. Importantly, migraine 
symptoms often persist into adulthood for many individuals, 
underscoring the need for early intervention and effective long-
term management [6]. 
Despite these challenges, over two-thirds of pediatric patients 
respond well to available therapies, and those who benefit 
from early preventive treatment tend to maintain improved 
headache control later in life [6]. However, disparities in the 
distribution of health resources across regions and coun-
tries contribute to significant inequities in healthcare access, 
treatment opportunities, and the availability of medications, 
thereby hindering timely and effective management for certain 
populations [7]. This disparity not only limits patients’ access 
to timely and appropriate care, but also contributes to disease 
progression and heightened societal and economic burden. 
Accordingly, elevating awareness of this overlooked public 
health challenge is critical for driving policy change and im-
proving outcomes [8]. 
The 2021 iteration of the GBD initiative delivers novel insights 
into contemporary epidemiological patterns, facilitating a rig-
orous evaluation of worldwide health dynamics. Prior research 
has largely concentrated on quantifying headache-related mor-
bidity within the under-50 demographic [9]; although recent 
studies have begun to address the impact of these disorders 
in children and adolescents, there remains a notable gap in 
systematically evaluating their clinical and societal repercus-
sions [10, 11]. 
Utilizing the most recent GBD 2021 repository, this investi-
gation employs a stratified analytical approach to assess 
temporal variations in headache disorder epidemiology—en-
compassing incidence, prevalence, and disability-adjusted life 
years (DALYs)—spanning global, regional, and country-specific 
contexts between 1990 and 2021. The overarching objective 
of this research is to elevate recognition of headache disor-
ders as a pressing public health priority, furnish empirically 
grounded recommendations for reducing their healthcare ram-
ifications, and contribute to the establishment of sustainable 
public health approaches to manage their increasing welfare 
and economic impacts.

Method

Date sources
This study draws on data from the GBD 2021, the most recent 
and comprehensive assessment of global morbidity and mor-
tality across 204 countries and territories. The GBD framework 
encompasses 369 diseases and injuries and 88 risk factors, 
integrating over 100,000 data sources—including national 
censuses, household surveys, vital registration systems, and 
peer-reviewed literature. For this analysis, age-specific esti-
mates related to headache disorders in children and adoles-
cents were extracted and analyzed [12, 13].
Data utilized in this study were retrieved from the Global 
Health Data Exchange (GHDx), the official repository of the 
GBD project(http://ghdx.healthdata.org/gbd-results-tool). The 
GHDx platform enables users to query disease burden metrics 
by age, sex, location, year, and other dimensions, allowing for 
detailed and reproducible data extraction.

Case Definitions and Disease Metrics
Within the GBD framework, headache disorders, including 
migraine and tension-type headache, are categorized based 
on diagnostic criteria consistent with the International Classi-
fication of Headache Disorders (ICHD). Their burden was as-
sessed using standardized indicators such as incidence, prev-
alence, and DALYs. These estimates were generated through 
the application of Bayesian meta-regression, which integrates 
data from multiple sources and accounts for uncertainty. The 
use of Bayesian methods allows for the incorporation of prior 
knowledge and the estimation of uncertainty intervals, im-
proving the robustness of burden estimates across different 
regions and time periods.

Population Scope and Age Group Selection
The analysis was specifically centered on individuals aged 5 
to 19 years, corresponding to the pediatric and adolescent age 
range. Data for individuals under 5 years of age were excluded, 
primarily due to the unavailability and insufficient reliability 
of estimates for this subgroup in the GBD 2021 database. Al-
though other recent studies have included this age group [11], 
the exclusion was necessary for the integrity and comparabili-
ty of the results within the context of this study's methodology 
and available data quality.

Geographic and Socio-demographic index (SDI)
To enable consistent cross-regional comparisons, GBD 2021 
classifies all countries and territories into 21 geographic re-
gions, grouped according to shared epidemiological charac-
teristics and geographic proximity. This classification system, 
employed in successive GBD iterations, facilitates standard-
ized analysis and enhances the interpretation of global health 
disparities [14].
The Socio-demographic Index (SDI), formulated by the Insti-
tute for Health Metrics and Evaluation (IHME), functions as an 
integrative indicator reflecting a nation’s overall developmental 
status. It is derived from three key dimensions: fertility rates in 
women younger than 25, mean educational attainment in indi-
viduals aged 15 and older, and lag-adjusted income per capita 
[15, 16]. In the GBD 2021 framework, SDI values were normal-
ized on a scale from 0 to 100, where higher scores correspond 
to greater income and educational attainment, and lower fer-
tility rates. According to their SDI scores, all 204 countries and 
territories were categorized into five development strata: low, 
low-middle, middle, high-middle, and high [17].

Data Analysis
All relevant data were obtained from the GHDx repository and 
underwent additional processing prior to analysis using R 4.1.0 
with the statsmodels and survival packages for regression 
analysis. This study systematically investigated the burden of 
headache disorders among children and adolescents aged 5 
to 19 years, spanning 204 countries and territories, over the 
three-decade period from 1990 to 2021. The core indicators 
assessed in this study included age-standardized incidence 
rate (ASIR), prevalence rate (ASPR), death rate (ASDR), and 
disability-adjusted life year rate (ASR-DALYs). Each metric was 
accompanied by a corresponding 95% uncertainty interval (UI) 
to reflect estimation precision. A 95% confidence interval (CI) 
that includes zero suggests that the observed average annual 
percentage change (AAPC) is not statistically significant, indi-
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cating no clear increasing or decreasing trend over time [18]. 
To calculate the AAPC for each burden metric, we employed 
log-linear regression models in R with the lm() function, treat-
ing year as the independent variable and the burden measure 
(incidence, prevalence, or DALYs) as the dependent variable. 
The AAPC was calculated by deriving the annual percentage 
change over the selected periods based on the regression 
slopes. The use of log-linear regression models was preferred 
due to their ability to model exponential growth or decay in 
data over time, which is consistent with the trends observed in 
the GBD 2021 data. Model selection was performed using the 
Akaike Information Criterion (AIC), which helped identify the 
model that best balanced goodness-of-fit and model complexi-
ty [19]. This approach ensures the robustness of the estimates 
while minimizing overfitting, providing more reliable estimates 
for temporal trends in the burden of headache disorders.
To quantify the uncertainty of AAPC estimates, we calculated 
the 95% uncertainty intervals (UIs) for each burden metric. 
These UIs account for variability due to differences in data 
sources, model assumptions, and the inherent uncertainty in 
regions with limited reporting. The wide UIs indicate significant 
uncertainty in the estimates, reflecting data limitations and 
regional variations. These intervals were derived using Bayes-
ian hierarchical models in R (brms package), which handle 
uncertainty from missing or incomplete data by incorporating 
information from regions with more reliable reporting. This 
approach provides more accurate estimates for regions with 
sparse data.
The observed trends should be interpreted with consideration 
of the data limitations and regional disparities in healthcare 
infrastructure, disease recognition, and reporting practices. 
The UIs were used to assess the robustness of the observed 
trends and the significance of burden changes over time. The 
presence of substantial uncertainty highlights the need for 
more region-specific data and improved reporting systems in 
future GBD iterations.
For the correlation analyses in the figures, Pearson’s correla-
tion coefficient (r) was used, and statistical significance was 
tested using two-tailed p-values with a threshold of 0.05. 
Sample sizes were based on the available data points for each 
metric across regions and time periods. The 95% confidence 
intervals (CIs) for the correlation coefficients were included to 
provide insight into the precision of the correlations.
Data were organized and analyzed using standard statistical 
methods. Descriptive and trend analyses were performed to 
evaluate temporal and spatial variations in disease burden. 
Visualizations, including bar charts, heatmaps, and geographic 
distribution maps, were created to illustrate patterns across 
time, regions, age groups, and SDI strata. All figures were re-
fined for clarity and consistency in publication.
This approach ensures that the GBD 2021 estimates are as 
robust as possible, despite challenges related to missing or in-
complete data, and supports region-specific trends and global 
health burden assessments.

Results

Global level
Globally, headache disorders among individuals aged 5-19 
years have remained a substantial public health concern, with 

a modest but discernible upward trend observed over the past 
three decades. In 2021, the ASIR reached 7,873.97 per 100,000 
population (95%UI: 5533-10618.87), the ASPR was 19,865.95 
per 100,000 (95%UI: 15639.9-24627.82), and the DALY rate 
stood at 294.12 per 100,000(95%UI: 25.91-707.49) (Table 1). 
Across all three indicators, females persistently exhibited high-
er rates compared to their male counterparts (Table 1).
From 1990 to 2021, both ASIR and ASPR remained largely sta-
ble, whereas DALY rates increased modestly but significantly 
(Table 1). The most notable acceleration occurred during the 
period from 2000 to 2009, followed by a plateau or slight de-
cline in subsequent years (Table 2 and Figure 1). Age-specific 
trend analysis revealed that adolescents aged 15-19 years 
experienced the sharpest rise in DALY rates, with an AAPC 
reaching 0.11, while children aged 5-9 years showed minimal 
or even negative change (Table 3).
Among the two primary headache subtypes, migraine emerged 
as the predominant contributor to global DALYs, despite its 
lower incidence compared to tension-type headache. In 2021, 
the DALY rate attributable to migraine was 272.81 per 100,000 
(95%UI: 17.5-681.64), markedly higher than that of tension-type 
headache, which was only 21.31 per 100,000 (95%UI: 17.5-
681.64) (Table 1).

Figure 1. DALYs Trends of Headache Disorders Among Different SDI 
Regions.

Regional level
Marked disparities in the burden of headache disorders were 
observed across SDI regions among children and adoles-
cents aged 5–19 years. Throughout the study period, high-
SDI regions consistently recorded the highest ASIR, ASPR, and 
DALY rates. In 2021, the DALY rate in high-SDI regions reached 
310.47 per 100,000 population (95%UI: 26.97-742), whereas 
in low-SDI regions it was 259.30 per 100,000 (95%UI: 26.7-
618.61) (Table 1).
Temporal trend analysis revealed that the most marked in-
creases in DALY burden occurred in middle- and high-middle 
SDI regions. Notably, middle-SDI countries exhibited the steep-
est growth, with an AAPC of 0.17 (95% CI: 0.14-0.20), indicat-
ing a shifting concentration of disease burden in these tran-
sitioning socio-economic settings. High-middle SDI countries 
followed closely with an AAPC of 0.14 (95% CI: 0.12-0.16), sug-
gesting that middle-income regions are experiencing a notable 
increase in headache-related morbidity (Table 4). Conversely, 
DALY rates in low- and low-middle SDI regions remained large-
ly stable or exhibited slight declines, which may reflect limited 
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ASR (95%UI)

Locations cause sex
1990 Inci-

dence (95% 
UI)

2021 Inci-
dence (95% 

UI)

1990 Prev-
alence (95% 

UI)

2021 Prev-
alence (95% 

UI)

1990 DALYs 
(95% UI)

2021 DALYs 
(95% UI) 

Global Headache 
disorders Both

7831.7 
(5530.8, 
10532.6)

7874.0 
(5533.0, 
10618.9)

19673.3 
(15507.6, 
24366.9)

19866.0 
(15639.9, 
24627.8)

287.7 (25.8, 
687.1)

294.1 (25.9, 
707.5)

Global Headache 
disorders Male

7281.0 
(5032.6, 
9895.3)

7364.9 
(5081.1, 
10022.0)

17879.3 
(13773.7, 
22440.0)

18182.8 
(14025.4, 
22897.1)

219.3 (21.4, 
516.9)

229.6 (21.3, 
544.6)

Global Headache 
disorders Female

8407.8 
(5976.9, 
11217.8)

8414.6 
(5974.4, 
11272.1)

21542.6 
(17291.1, 
26407.2)

21650.3 
(17384.8, 
26591.7)

359.0 (30.2, 
869.0)

362.4 (30.9, 
879.0)

Global Migraine Both
1344.7 
(910.6, 
1860.2)

1353.7 
(916.1, 
1871.5)

7315.8 
(5425.6, 
9532.2)

7471.0 
(5551.6, 
9761.5)

266.7 (17.3, 
664.7)

272.8 (17.5, 
681.6)

Global Migraine Male
1012.0 
(683.2, 
1413.1)

1045.5 
(707.6, 
1455.3)

5471.7 
(4032.3, 
7169.0)

5737.1 
(4214.0, 
7505.4)

200.1 (14.3, 
494.4)

210.3 (14.3, 
521.0)

Global Migraine Female
1693.1 

(1144.3, 
2341.9)

1681.2 
(1135.4, 
2329.1)

9236.0 
(6862.7, 
11979.1)

9308.4 
(6934.6, 
12134.9)

336.0 (20.3, 
843.2)

339.1 (20.8, 
849.0)

Global Tension-type 
headache Both

6487.0 
(4221.9, 
9211.3)

6520.3 
(4227.9, 
9288.8)

14280.3 
(9651.6, 
19285.7)

14364.9 
(9703.8, 
19514.6)

21.0 (3.3, 
106.9)

21.3 (3.2, 
107.3)

Global Tension-type 
headache Male

6269.0 
(4081.8, 
8877.4)

6319.5 
(4082.5, 
8978.6)

13781.4 
(9287.6, 
18656.3)

13893.8 
(9345.8, 
18866.7)

19.1 (2.7, 
106.1)

19.4 (2.7, 
104.6)

Global Tension-type 
headache Female

6714.6 
(4364.6, 
9527.6)

6733.5 
(4370.5, 
9595.7)

14800.1 
(10013.2, 
19998.9)

14864.2 
(10056.0, 
20152.2)

23.0 (3.8, 
108.6)

23.4 (3.9, 
108.2)

High SDI Headache 
disorders Both

9386.1 
(6480.1, 
12875.0)

9485.1 
(6541.1, 
12950.7)

22641.2 
(17736.1, 
27911.3)

22852.3 
(18021.4, 
28147.6)

302.4 (27.8, 
723.3)

310.5 (27.0, 
742.0)

High SDI Headache 
disorders Male

8555.6 
(5792.1, 
11832.2)

8664.0 
(5867.5, 
11968.7)

20371.7 
(15399.8, 
25707.5)

20596.9 
(15550.0, 
25966.6)

215.4 (22.7, 
518.0)

222.2 (21.8, 
536.9)

High SDI Headache 
disorders Female

10261.4 
(7181.5, 
13923.0)

10356.0 
(7247.4, 
14032.6)

25034.3 
(20024.6, 
30342.9)

25249.4 
(20381.0, 
30533.6)

394.2 (33.0, 
952.2)

404.3 (32.6, 
975.1)

High SDI Migraine Both
1461.8 
(970.5, 
2054.1)

1512.1 
(1002.9, 
2131.2)

7685.8 
(5627.5, 
10026.3)

7917.5 
(5827.3, 
10387.5)

276.9 (18.8, 
680.7)

284.7 (18.7, 
697.6)

Table 1. Age-standardized incidence, prevalence and DALY rates of headache disorders in the children and adolescents aged 5 to 19 at the global 
and SDI regional levels in 1990 and 2021

A
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High SDI Migraine Male 983.4 (655.6, 
1383.0)

1020.8 
(685.3, 
1440.1)

5315.0 
(3877.3, 
7031.5)

5495.3 
(4023.0, 
7294.7)

192.3 (15.3, 
476.6)

198.9 (15.1, 
487.7)

High SDI Migraine Female
1965.8 

(1308.6, 
2766.2)

2033.0 
(1350.4, 
2863.7)

10186.1 
(7463.2, 
13217.7)

10493.2 
(7699.9, 
13742.4)

366.2 (21.9, 
898.1)

375.9 (22.6, 
924.2)

High SDI Tension-type 
headache Both

7924.4 
(5070.1, 
11296.0)

7973.0 
(5088.7, 
11417.8)

17449.0 
(11922.6, 
23328.7)

17517.3 
(11947.5, 
23396.5)

25.5 (3.6, 
124.9)

25.8 (3.5, 
127.6)

High SDI Tension-type 
headache Male

7572.2 
(4831.8, 
10808.2)

7643.1 
(4872.4, 
10921.4)

16662.9 
(11260.3, 
22489.0)

16768.4 
(11319.5, 
22521.8)

23.1 (2.9, 
119.4)

23.3 (2.9, 
119.9)

High SDI Tension-type 
headache Female

8295.6 
(5296.9, 
11843.4)

8323.0 
(5280.0, 
11945.4)

18278.0 
(12455.0, 
24327.5)

18313.6 
(12566.4, 
24276.8)

28.0 (4.2, 
134.2)

28.4 (4.2, 
135.7)

High-middle 
SDI

Headache 
disorders Both

7409.6 
(5198.2, 
10025.3)

7603.0 
(5315.2, 
10313.2)

18424.6 
(14433.5, 
22903.2)

19002.2 
(14818.7, 
23593.0)

256.3 (27.7, 
607.7)

268.0 (28.2, 
632.6)

High-middle 
SDI

Headache 
disorders Male

6871.9 
(4735.5, 
9397.7)

7074.5 
(4875.1, 
9686.1)

16715.8 
(12727.9, 
21065.9)

17334.6 
(13230.4, 
21859.4)

191.6 (22.6, 
447.9)

204.2 (23.0, 
478.9)

High-middle 
SDI

Headache 
disorders Female

7973.7 
(5638.0, 
10731.2)

8184.8 
(5774.6, 
11030.5)

20211.4 
(16079.0, 
24874.5)

20839.1 
(16651.8, 
25520.4)

323.9 (33.1, 
773.9)

338.3 (33.5, 
805.5)

High-middle 
SDI Migraine Both

1186.4 
(794.6, 
1655.0)

1225.0 
(818.6, 
1708.1)

6360.7 
(4699.7, 
8321.9)

6645.6 
(4886.4, 
8697.1)

234.7 (19.0, 
570.1)

245.8 (19.0, 
603.9)

High-middle 
SDI Migraine Male 863.6 (579.2, 

1216.5)
908.7 (608.0, 

1277.2)

4649.0 
(3410.8, 
6122.0)

4965.2 
(3632.7, 
6547.1)

172.1 (15.6, 
421.7)

184.1 (15.6, 
445.7)

High-middle 
SDI Migraine Female

1525.4 
(1013.5, 
2125.5)

1572.9 
(1042.2, 
2193.7)

8149.6 
(6011.1, 
10624.2)

8496.8 
(6219.1, 
11133.7)

300.2 (22.3, 
734.9)

313.7 (22.8, 
776.8)

High-middle 
SDI

Tension-type 
headache Both

6223.2 
(4032.1, 
8828.0)

6378.1 
(4126.2, 
9079.2)

13691.1 
(9295.3, 
18466.9)

14095.6 
(9543.4, 
19046.6)

21.6 (3.7, 
99.9)

22.2 (3.6, 
102.7)

High-middle 
SDI

Tension-type 
headache Male

6008.3 
(3905.5, 
8504.6)

6165.8 
(3965.0, 
8790.4)

13201.3 
(8895.2, 
17922.8)

13608.8 
(9160.5, 
18450.5)

19.5 (3.0, 
97.2)

20.1 (2.9, 
99.8)

High-middle 
SDI

Tension-type 
headache Female

6448.3 
(4169.8, 
9173.7)

6611.8 
(4272.1, 
9460.4)

14202.8 
(9684.2, 
19111.8)

14631.8 
(9889.2, 
19796.4)

23.7 (4.3, 
103.9)

24.6 (4.4, 
108.7)

Middle SDI Headache 
disorders Both

7417.9 
(5289.0, 
9938.6)

7758.3 
(5480.6, 
10429.0)

18896.8 
(15054.3, 
23327.0)

19791.8 
(15766.1, 
24388.6)

287.2 (24.3, 
694.3)

302.8 (25.0, 
732.3)

Middle SDI Headache 
disorders Male

6860.2 
(4797.5, 
9274.8)

7227.5 
(5031.6, 
9775.0)

17043.6 
(13229.8, 
21321.2)

18013.4 
(13981.9, 
22593.3)

217.8 (21.0, 
518.2)

234.5 (21.1, 
560.4)
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Middle SDI Headache 
disorders Female

8001.3 
(5746.4, 
10643.9)

8332.3 
(5952.8, 
11123.3)

20826.4 
(16800.9, 
25395.2)

21712.9 
(17543.8, 
26448.6)

359.4 (28.1, 
875.9)

376.6 (29.0, 
915.7)

Middle SDI Migraine Both
1337.4 
(917.8, 
1836.7)

1377.0 
(939.2, 
1891.4)

7275.7 
(5411.8, 
9455.2)

7663.7 
(5702.8, 
9968.2)

267.5 (16.4, 
671.4)

282.1 (17.0, 
710.3)

Middle SDI Migraine Male
1007.5 
(687.1, 
1393.8)

1058.5 
(723.2, 
1462.9)

5414.7 
(4009.8, 
7102.7)

5837.1 
(4335.2, 
7614.2)

199.8 (13.9, 
495.6)

215.5 (14.2, 
541.6)

Middle SDI Migraine Female
1683.0 

(1150.7, 
2305.3)

1721.7 
(1174.7, 
2360.2)

9212.4 
(6884.4, 
11923.2)

9636.4 
(7172.0, 
12535.4)

338.0 (18.6, 
849.9)

354.0 (19.8, 
880.0)

Middle SDI Tension-type 
headache Both

6080.5 
(3968.0, 
8561.4)

6381.2 
(4156.3, 
9018.8)

13423.9 
(9129.8, 
18063.6)

14113.0 
(9679.6, 
19004.4)

19.6 (3.1, 
103.1)

20.7 (3.2, 
105.9)

Middle SDI Tension-type 
headache Male

5852.6 
(3806.8, 
8250.1)

6169.0 
(3997.2, 
8707.1)

12915.3 
(8738.8, 
17456.1)

13630.3 
(9292.2, 
18450.6)

18.0 (2.6, 
104.2)

18.9 (2.7, 
105.1)

Middle SDI Tension-type 
headache Female

6318.3 
(4150.0, 
8915.8)

6610.6 
(4325.3, 
9384.4)

13953.4 
(9526.0, 
18823.5)

14634.4 
(10077.2, 
19770.4)

21.4 (3.5, 
105.6)

22.6 (3.7, 
107.3)

Low-middle 
SDI

Headache 
disorders Both

8280.8 
(5831.3, 
11128.8)

8207.0 
(5774.7, 
11060.6)

20968.3 
(16589.7, 
26008.5)

20804.0 
(16435.2, 
25802.9)

316.4 (25.2, 
764.4)

315.2 (25.3, 
758.2)

Low-middle 
SDI

Headache 
disorders Male

7805.7 
(5378.7, 
10582.4)

7750.0 
(5350.0, 
10536.4)

19269.9 
(14918.6, 
24193.7)

19182.4 
(14852.6, 
24091.0)

248.0 (20.5, 
597.5)

250.8 (20.3, 
600.3)

Low-middle 
SDI

Headache 
disorders Female

8778.9 
(6266.9, 
11738.1)

8689.4 
(6201.4, 
11603.3)

22735.2 
(18210.7, 
27854.9)

22509.1 
(18058.3, 
27610.5)

387.4 (30.1, 
942.6)

382.9 (30.4, 
926.4)

Low-middle 
SDI Migraine Both

1459.5 
(990.4, 
2014.0)

1446.6 
(987.2, 
1993.4)

8159.4 
(6022.9, 
10686.0)

8075.2 
(6007.4, 
10563.9)

295.2 (16.5, 
740.1)

293.8 (16.8, 
733.1)

Low-middle 
SDI Migraine Male

1146.4 
(774.3, 
1600.6)

1152.8 
(782.5, 
1600.4)

6305.0 
(4632.2, 
8295.3)

6340.4 
(4679.9, 
8338.9)

228.7 (13.0, 
572.3)

231.3 (13.4, 
573.3)

Low-middle 
SDI Migraine Female

1788.1 
(1216.0, 
2457.4)

1756.8 
(1193.9, 
2423.6)

10085.8 
(7452.5, 
13188.8)

9897.8 
(7376.2, 
12879.4)

364.3 (19.9, 
913.1)

359.5 (20.4, 
894.9)

Low-middle 
SDI

Tension-type 
headache Both

6821.3 
(4397.7, 
9676.8)

6760.5 
(4370.3, 
9579.6)

14981.4 
(10044.2, 
20253.0)

14868.3 
(9997.0, 
20117.0)

21.2 (3.1, 
114.6)

21.4 (3.1, 
111.2)

Low-middle 
SDI

Tension-type 
headache Male

6659.3 
(4308.8, 
9491.5)

6597.2 
(4263.8, 
9416.6)

14596.2 
(9846.4, 
19866.2)

14472.5 
(9772.4, 
19697.7)

19.2 (2.5, 
118.1)

19.5 (2.5, 
113.9)

Low-middle 
SDI

Tension-type 
headache Female

6990.8 
(4523.0, 
9918.5)

6932.5 
(4480.3, 
9841.3)

15382.6 
(10294.6, 
20894.7)

15284.6 
(10249.2, 
20758.8)

23.1 (3.7, 
115.4)

23.4 (3.7, 
111.6)
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Low SDI Headache 
disorders Both

7111.7 
(4945.7, 
9703.5)

7026.0 
(4898.8, 
9596.8)

17957.7 
(13829.6, 
22720.6)

17801.7 
(13709.5, 
22507.6)

257.9 (26.6, 
612.2)

259.3 (26.7, 
618.6)

Low SDI Headache 
disorders Male

6711.5 
(4582.9, 
9216.3)

6618.2 
(4511.2, 
9095.5)

16563.8 
(12518.9, 
21138.7)

16401.3 
(12404.7, 
20972.7)

208.4 (21.7, 
493.0)

210.6 (22.0, 
502.3)

Low SDI Headache 
disorders Female

7526.0 
(5290.1, 
10234.6)

7445.4 
(5240.8, 
10121.4)

19394.1 
(15188.4, 
24327.8)

19233.6 
(15073.8, 
24054.8)

308.9 (31.5, 
735.7)

309.0 (31.6, 
736.7)

Low SDI Migraine Both
1201.5 
(796.6, 
1677.3)

1197.8 
(797.1, 
1677.4)

6627.6 
(4828.8, 
8785.1)

6605.0 
(4819.9, 
8786.4)

238.4 (17.4, 
586.4)

239.7 (17.7, 
592.3)

Low SDI Migraine Male 965.6 (638.0, 
1364.5)

968.0 (640.6, 
1363.2)

5280.3 
(3842.3, 
7011.5)

5289.2 
(3838.3, 
7067.7)

190.8 (14.1, 
468.1)

193.0 (14.2, 
472.8)

Low SDI Migraine Female
1445.5 
(959.5, 
2016.5)

1434.0 
(950.4, 
2004.0)

8014.2 
(5845.8, 
10623.0)

7948.3 
(5789.7, 
10550.3)

287.5 (20.5, 
708.3)

287.4 (21.1, 
711.4)

Low SDI Tension-type 
headache Both

5910.3 
(3773.5, 
8524.3)

5828.2 
(3721.3, 
8409.9)

12908.0 
(8434.8, 
17846.7)

12750.4 
(8313.5, 
17580.7)

19.5 (3.4, 
101.9)

19.6 (3.3, 
98.9)

Low SDI Tension-type 
headache Male

5746.0 
(3648.9, 
8293.1)

5650.2 
(3594.0, 
8171.4)

12495.2 
(8121.6, 
17354.5)

12306.9 
(8026.9, 
17060.8)

17.6 (2.7, 
104.9)

17.6 (2.7, 
101.1)

Low SDI Tension-type 
headache Female

6080.4 
(3880.6, 
8790.3)

6011.4 
(3844.5, 
8653.9)

13334.2 
(8734.1, 
18488.2)

13204.7 
(8635.1, 
18268.6)

21.4 (4.0, 
102.3)

21.6 (4.0, 
100.7)

Abbreviations: incidence, prevalence, DALYs, SDI, headache disorders, migraine, tension-type headache

Location Period

AAPC (95% CI)

Incidence Prevalence DALYs

95%CI Pval 95%CI Pval 95%CI Pval

Headache dis-
orders

Global

1990-1999 -0.03 (-0.05, 0) 0.038 0.01 (0, 0.02) 0.027 0.06 (0.05, 
0.07) < 0.001

2000-2009 0.12 (0.1, 0.14) < 0.001 0.12 (0.12, 
0.13) < 0.001 0.22 (0.21, 

0.23) < 0.001

2010-2021 -0.01 (-0.05, 
0.02) 0.426 -0.02 (-0.04, 

-0.01) 0.006 -0.07 (-0.09, 
-0.04) < 0.001

Table 2. Changing trends of age-standardized incidence, prevalence and DALY rates of headache disorders in the children and adolescents aged 
5 to 19 at the global and SDI regional levels in different period

A
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High SDI

1990-1999 -0.04 (-0.04, 
-0.04) < 0.001 -0.11 (-0.12, 

-0.11) < 0.001 -0.28 (-0.32, 
-0.24) < 0.001

2000-2009 0.02 (0, 0.03) 0.015 0.02 (0.01, 
0.03) < 0.001 0.16 (0.13, 

0.18) < 0.001

2010-2021 0.11 (0.1, 0.12) < 0.001 0.15 (0.12, 
0.18) < 0.001 0.31 (0.29, 

0.33) < 0.001

High-middle 
SDI

1990-1999 -0.13 (-0.14, 
-0.12) < 0.001 -0.08 (-0.09, 

-0.07) < 0.001 -0.07 (-0.1, 
-0.05) < 0.001

2000-2009 0.32 (0.31, 
0.34) < 0.001 0.27 (0.25, 

0.29) < 0.001 0.4 (0.35, 0.46) < 0.001

2010-2021 0.08 (0.06, 
0.09) < 0.001 0.12 (0.11, 

0.13) < 0.001 0.1 (0.07, 0.12) < 0.001

Middle SDI

1990-1999 0.11 (0.05, 
0.17) < 0.001 0.14 (0.09, 

0.19) < 0.001 0.25 (0.21, 
0.29) < 0.001

2000-2009 0.36 (0.27, 
0.45) < 0.001 0.34 (0.32, 

0.37) < 0.001 0.38 (0.35, 
0.41) < 0.001

2010-2021 0.04 (0.02, 
0.06) < 0.001 0.02 (0, 0.04) 0.033 -0.1 (-0.15, 

-0.05) < 0.001

Low-middle 
SDI

1990-1999 -0.05 (-0.07, 
-0.03) < 0.001 -0.02 (-0.02, 

-0.02) < 0.001 0.02 (0.01, 
0.04) < 0.001

2000-2009 -0.03 (-0.04, 
-0.02) < 0.001 -0.01 (-0.02, 0) 0.013 0.04 (0.03, 

0.06) < 0.001

2010-2021 -0.01 (-0.03, 
0.01) 0.374 -0.04 (-0.05, 

-0.04) < 0.001 -0.1 (-0.13, 
-0.08) < 0.001

Low SDI

1990-1999 -0.09 (-0.12, 
-0.07) < 0.001 -0.06 (-0.07, 

-0.05) < 0.001 -0.02 (-0.05, 
0.02) 0.338 

2000-2009 -0.06 (-0.07, 
-0.05) < 0.001 -0.04 (-0.06, 

-0.03) < 0.001 0.04 (0, 0.07) 0.031 

2010-2021 0.03 (0.01, 
0.05) 0.002 0.02 (-0.01, 

0.05) 0.152 0.02 (-0.02, 
0.06) 0.365 

Migraine

Global

1990-1999 -0.1 (-0.11, 
-0.09) < 0.001 0.05 (0.03, 

0.06) < 0.001 0.06 (0.05, 
0.08) < 0.001

2000-2009 0.22 (0.19, 
0.24) < 0.001 0.23 (0.22, 

0.24) < 0.001 0.24 (0.23, 
0.24) < 0.001

2010-2021 -0.07 (-0.11, 
-0.03) < 0.001 -0.06 (-0.1, 

-0.03) 0.001 -0.07 (-0.1, 
-0.05) < 0.001

High SDI

1990-1999 -0.19 (-0.21, 
-0.17) < 0.001 -0.29 (-0.32, 

-0.26) < 0.001 -0.3 (-0.34, 
-0.26) < 0.001

2000-2009 0.13 (0.12, 
0.14) < 0.001 0.15 (0.14, 

0.17) < 0.001 0.17 (0.15, 
0.19) < 0.001

2010-2021 0.33 (0.32, 
0.34) < 0.001 0.36 (0.34, 

0.37) < 0.001 0.33 (0.31, 
0.35) < 0.001
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High-middle 
SDI

1990-1999 -0.18 (-0.2, 
-0.17) < 0.001 -0.11 (-0.13, 

-0.09) < 0.001 -0.08 (-0.11, 
-0.06) < 0.001

2000-2009 0.53 (0.51, 
0.55) < 0.001 0.42 (0.37, 

0.46) < 0.001 0.43 (0.38, 
0.49) < 0.001

2010-2021 -0.02 (-0.05, 
0.01) 0.283 0.1 (0.09, 0.12) < 0.001 0.09 (0.07, 

0.12) < 0.001

Middle SDI

1990-1999 -0.06 (-0.08, 
-0.03) < 0.001 0.23 (0.19, 

0.27) < 0.001 0.25 (0.22, 
0.29) < 0.001

2000-2009 0.43 (0.39, 
0.48) < 0.001 0.39 (0.36, 

0.42) < 0.001 0.4 (0.37, 0.43) < 0.001

2010-2021 -0.13 (-0.2, 
-0.05) 0.001 -0.11 (-0.16, 

-0.05) < 0.001 -0.12 (-0.17, 
-0.07) < 0.001

Low-middle 
SDI

1990-1999 -0.08 (-0.09, 
-0.07) < 0.001 0 (-0.01, 0.01) 0.623 0.03 (0.01, 

0.04) < 0.001

2000-2009 0.02 (0.01, 
0.04) 0.005 0.03 (0.01, 

0.04) < 0.001 0.05 (0.03, 
0.06) < 0.001

2010-2021 -0.03 (-0.06, 0) 0.033 -0.13 (-0.15, 
-0.1) < 0.001 -0.12 (-0.15, 

-0.09) < 0.001

Low SDI

1990-1999 -0.05 (-0.05, 
-0.04) < 0.001 -0.04 (-0.06, 

-0.01) 0.002 -0.02 (-0.05, 
0.02) 0.422 

2000-2009 0 (-0.02, 0.02) 0.986 -0.01 (-0.03, 
0.01) 0.367 0.03 (0.02, 

0.05) < 0.001

2010-2021 0.02 (-0.02, 
0.06) 0.363 0.01 (-0.02, 

0.03) 0.582 0.02 (-0.03, 
0.07) 0.396 

Tension-type 
headache

Global

1990-1999 -0.02 (-0.04, 
0.01) 0.166 -0.02 (-0.05, 

0.01) 0.253 0.03 (0, 0.05) 0.046 

2000-2009 0.09 (0.08, 
0.11) < 0.001 0.09 (0.07, 

0.12) < 0.001 0.05 (0.04, 
0.05) < 0.001

2010-2021 0 (-0.04, 0.04) 0.915 0.01 (0, 0.02) 0.007 0.07 (0.06, 
0.07) < 0.001

High SDI

1990-1999 -0.01 (-0.02, 
-0.01) < 0.001 -0.08 (-0.09, 

-0.08) < 0.001 -0.02 (-0.03, 
-0.01) < 0.001

2000-2009 -0.01 (-0.02, 0) 0.017 -0.02 (-0.04, 0) 0.124 0.01 (-0.01, 
0.04) 0.265 

2010-2021 0.07 (0.06, 
0.07) < 0.001 0.11 (0.11, 

0.12) < 0.001 0.11 (0.1, 0.12) < 0.001

High-middle 
SDI

1990-1999 -0.12 (-0.13, 
-0.1) < 0.001 -0.07 (-0.08, 

-0.06) < 0.001 0.04 (0, 0.08) 0.073 

2000-2009 0.28 (0.27, 0.3) < 0.001 0.22 (0.2, 0.25) < 0.001 0.07 (0.04, 
0.09) < 0.001

2010-2021 0.1 (0.09, 0.11) < 0.001 0.14 (0.13, 
0.15) < 0.001 0.18 (0.14, 

0.21) < 0.001
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Middle SDI

1990-1999 0.13 (0.07, 
0.18) < 0.001 0.13 (0.06, 

0.21) 0.001 0.16 (0.1, 0.23) < 0.001

2000-2009 0.34 (0.27, 0.4) < 0.001 0.34 (0.29, 
0.38) < 0.001 0.27 (0.23, 0.3) < 0.001

2010-2021 0.07 (0.05, 
0.09) < 0.001 0.100 (0.07, 

0.12) < 0.001 0.12 (0.1, 0.14) < 0.001

Low-middle 
SDI

1990-1999 -0.04 (-0.05, 
-0.04) < 0.001 -0.03 (-0.04, 

-0.02) < 0.001 0.01 (0, 0.02) 0.170 

2000-2009 -0.04 (-0.04, 
-0.03) < 0.001 -0.03 (-0.04, 

-0.02) < 0.001 0 (-0.01, 0.02) 0.611 

2010-2021 0 (-0.01, 0) 0.289 -0.01 (-0.01, 0) 0.192 0.09 (0.07, 0.1) < 0.001

Low SDI

1990-1999 -0.1 (-0.12, 
-0.09) < 0.001 -0.1 (-0.12, 

-0.07) < 0.001 -0.03 (-0.04, 
-0.01) 0.011 

2000-2009 -0.07 (-0.08, 
-0.06) < 0.001 -0.06 (-0.07, 

-0.05) < 0.001 -0.01 (-0.05, 
0.04) 0.780 

2010-2021 0.03 (0.02, 
0.04) < 0.001 0.03 (0.02, 

0.05) < 0.001 0.09 (0.06, 
0.13) < 0.001

Abbreviations: AAPC, incidence, prevalence, DALYs, period, SDI, headache disorders, migraine, tension-type headache

Table 3. Changing trends of age-specific incidence, prevalence and DALY rates of headache disorders in the children and adolescents aged 5 to 
19 at the global and SDI regional levels in 1990 to 2021

Location Age

AAPC (95% CI)

Incidence Prevalence DALYs

95%CI Pval 95%CI Pval 95%CI Pval

Headache 
disorders

Global

5 to 9 -0.03 (-0.05, 0) 0.033 -0.02 (-0.05, 
0.01) 0.111 0.03 (0, 0.07) 0.053 

10 to 14 0 (-0.02, 0.01) 0.650 0 (-0.01, 0.01) 0.957 0.04 (0.02, 
0.07) 0.002 

15 to 19 0.09 (0.07, 0.1) < 0.001 0.08 (0.06, 0.1) < 0.001 0.11 (0.09, 
0.14) < 0.001

High SDI

5 to 9 -0.01 (-0.02, 
0.01) 0.383 -0.01 (-0.02, 0) 0.064 0.03 (-0.02, 

0.07) 0.248 

10 to 14 0.04 (0.02, 
0.05) < 0.001 0.02 (0.01, 

0.03) 0.002 0.06 (0.03, 0.1) < 0.001

15 to 19 0.06 (0.06, 
0.07) < 0.001 0.05 (0.04, 

0.06) < 0.001 0.1 (0.06, 0.13) < 0.001

High-middle 
SDI

5 to 9 0.01 (0, 0.02) 0.124 0.02 (0.01, 
0.04) 0.001 0.12 (0.09, 

0.15) < 0.001

10 to 14 0.05 (0.01, 
0.08) 0.016 0.04 (0.02, 

0.07) 0.001 0.11 (0.08, 
0.14) < 0.001

15 to 19 0.17 (0.13, 0.2) < 0.001 0.16 (0.14, 
0.19) < 0.001 0.16 (0.14, 

0.18) < 0.001

A
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Middle SDI

5 to 9 0.05 (0.01, 
0.08) 0.005 0.05 (0.02, 

0.09) 0.004 0.08 (0.02, 
0.14) 0.006 

10 to 14 0.1 (0.07, 0.14) < 0.001 0.08 (0.06, 
0.11) < 0.001 0.1 (0.07, 0.13) < 0.001

15 to 19 0.28 (0.25, 0.3) < 0.001 0.25 (0.22, 
0.27) < 0.001 0.26 (0.22, 0.3) < 0.001

Low-middle 
SDI

5 to 9 -0.03 (-0.05, 
-0.01) 0.008 -0.02 (-0.04, 

-0.01) 0.001 0.03 (-0.01, 
0.07) 0.100 

10 to 14 -0.04 (-0.05, 
-0.02) < 0.001 -0.03 (-0.04, 

-0.02) < 0.001 -0.01 (-0.04, 
0.02) 0.518 

15 to 19 -0.02 (-0.04, 0) 0.052 -0.02 (-0.04, 0) 0.024 -0.02 (-0.04, 0) 0.108 

Low SDI

5 to 9 -0.06 (-0.07, 
-0.05) < 0.001 -0.06 (-0.07, 

-0.04) < 0.001 0 (-0.03, 0.03) 0.970 

10 to 14 -0.02 (-0.03, 0) 0.010 -0.02 (-0.03, 0) 0.007 0.01 (-0.02, 
0.05) 0.406 

15 to 19 -0.04 (-0.06, 
-0.02) < 0.001 -0.02 (-0.04, 

-0.01) 0.001 0.03 (-0.01, 
0.06) 0.123 

Migraine

Global

5 to 9 0.02 (-0.04, 
0.07) 0.579 0.02 (-0.04, 

0.07) 0.571 0.04 (0, 0.07) 0.049 

10 to 14 0.03 (0.01, 
0.05) 0.002 0.04 (0.01, 

0.06) 0.010 0.04 (0.02, 
0.06) < 0.001

15 to 19 0.03 (0.01, 
0.05) 0.013 0.11 (0.09, 

0.13) < 0.001 0.11 (0.09, 
0.14) < 0.001

High SDI

5 to 9 0.02 (-0.03, 
0.06) 0.427 0.02 (-0.03, 

0.06) 0.448 0.03 (-0.02, 
0.08) 0.281 

10 to 14 0.1 (0.07, 0.13) < 0.001 0.07 (0.04, 0.1) < 0.001 0.06 (0.03, 0.1) 0.001 

15 to 19 0.18 (0.15, 0.2) < 0.001 0.12 (0.08, 
0.15) < 0.001 0.1 (0.06, 0.14) < 0.001

High-middle 
SDI

5 to 9 0.12 (0.1, 0.14) < 0.001 0.12 (0.09, 
0.14) < 0.001 0.13 (0.1, 0.17) < 0.001

10 to 14 0.1 (0.07, 0.14) < 0.001 0.11 (0.08, 
0.14) < 0.001 0.12 (0.09, 

0.15) < 0.001

15 to 19 0.11 (0.05, 
0.16) < 0.001 0.16 (0.13, 

0.19) < 0.001 0.16 (0.13, 
0.19) < 0.001

Middle SDI

5 to 9 0.06 (0, 0.13) 0.038 0.06 (0, 0.12) 0.039 0.07 (-0.02, 
0.17) 0.124 

10 to 14 0.09 (0.06, 
0.12) < 0.001 0.1 (0.06, 0.13) < 0.001 0.1 (0.07, 0.14) < 0.001

15 to 19 0.15 (0.13, 
0.18) < 0.001 0.26 (0.22, 0.3) < 0.001 0.26 (0.22, 0.3) < 0.001
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Low-middle 
SDI

5 to 9 0 (-0.04, 0.04) 0.903 0 (-0.04, 0.04) 0.955 0.03 (-0.01, 
0.08) 0.126 

10 to 14 -0.03 (-0.05, 
-0.02) < 0.001 -0.03 (-0.06, 0) 0.051 -0.01 (-0.05, 

0.02) 0.434 

15 to 19 -0.03 (-0.05, 0) 0.034 -0.04 (-0.06, 
-0.01) 0.012 -0.02 (-0.04, 0) 0.076 

Low SDI

5 to 9 -0.04 (-0.07, 
-0.01) 0.019 -0.04 (-0.07, 

-0.01) 0.023 0 (-0.03, 0.03) 0.983 

10 to 14 0.01 (-0.02, 
0.04) 0.732 0 (-0.03, 0.03) 0.963 0.02 (0.01, 

0.04) 0.001 

15 to 19 0.02 (-0.01, 
0.04) 0.158 0 (-0.02, 0.01) 0.589 0.03 (-0.01, 

0.06) 0.146 

Tension-type 
headache

Global

5 to 9 -0.04 (-0.07, 
-0.01) 0.004 -0.05 (-0.06, 

-0.03) < 0.001 -0.01 (-0.03, 0) 0.155 

10 to 14 -0.01 (-0.03, 
0.01) 0.233 -0.02 (-0.03, 0) 0.013 0.01 (0, 0.03) 0.039 

15 to 19 0.1 (0.08, 0.11) < 0.001 0.08 (0.06, 
0.09) < 0.001 0.07 (0.06, 

0.09) < 0.001

High SDI

5 to 9 -0.01 (-0.04, 
0.02) 0.484 -0.02 (-0.05, 

0.01) 0.324 0.01 (-0.02, 
0.05) 0.371 

10 to 14 0.02 (0.02, 
0.03) < 0.001 0.01 (-0.01, 

0.02) 0.527 0.04 (0.03, 
0.05) < 0.001

15 to 19 0.04 (0.04, 
0.05) < 0.001 0.04 (0.02, 

0.05) < 0.001 0.05 (0.04, 
0.06) < 0.001

High-middle 
SDI

5 to 9 -0.01 (-0.02, 0) 0.084 -0.01 (-0.02, 0) 0.222 0.01 (-0.01, 
0.04) 0.267 

10 to 14 0.03 (0, 0.07) 0.081 0.02 (0, 0.05) 0.101 0.04 (0, 0.07) 0.027 

15 to 19 0.18 (0.14, 
0.21) < 0.001 0.18 (0.14, 

0.22) < 0.001 0.14 (0.12, 
0.16) < 0.001

Middle SDI

5 to 9 0.05 (0.02, 
0.08) 0.001 0.04 (0, 0.08) 0.079 0.08 (0.04, 

0.11) < 0.001

10 to 14 0.11 (0.07, 
0.14) < 0.001 0.08 (0.05, 

0.12) < 0.001 0.11 (0.09, 
0.14) < 0.001

15 to 19 0.3 (0.28, 0.33) < 0.001 0.29 (0.25, 
0.32) < 0.001 0.23 (0.21, 

0.25) < 0.001

Low-middle 
SDI

5 to 9 -0.03 (-0.05, 
-0.01) 0.001 -0.03 (-0.04, 

-0.02) < 0.001 0.03 (0.01, 
0.05) 0.002 

10 to 14 -0.03 (-0.05, 
-0.02) < 0.001 -0.03 (-0.03, 

-0.02) < 0.001 0.03 (0.02, 
0.05) < 0.001

15 to 19 -0.02 (-0.04, 0) 0.053 -0.02 (-0.03, 
-0.01) < 0.001 0.03 (0.02, 

0.05) < 0.001
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Low SDI

5 to 9 -0.07 (-0.07, 
-0.06) < 0.001 -0.07 (-0.07, 

-0.06) < 0.001 -0.01 (-0.01, 0) 0.175 

10 to 14 -0.03 (-0.04, 
-0.01) 0.001 -0.03 (-0.04, 

-0.02) < 0.001 0.03 (0.01, 
0.05) 0.001 

15 to 19 -0.04 (-0.05, 
-0.02) < 0.001 -0.04 (-0.06, 

-0.02) < 0.001 0.03 (0.02, 
0.05) < 0.001

Abbreviations: AAPC, incidence, prevalence, DALYs, age, SDI, headache disorders, migraine, tension-type headache

Table 4. Changing trends of age-standardized incidence, prevalence and DALY rates of headache disorders in the children and adolescents aged 
5 to 19 at the global and SDI regional levels in 1990 to 2021

Location Sex

AAPC (95% CI)

Incidence Prevalence DALYs

95%CI Pval 95%CI Pval 95%CI Pval

Headache disor-
ders

Global

Both 0.02 (0, 0.03) 0.038 0.03 (0.02, 0.04) < 0.001 0.07 (0.06, 0.08) < 0.001

Male 0.01 (-0.01, 0.02) 0.430 0.05 (0.04, 0.06) < 0.001 0.15 (0.13, 0.17) < 0.001

Female 0.04 (0.02, 0.05) < 0.001 0.02 (0.01, 0.02) < 0.001 0.03 (0.01, 0.04) < 0.001

High SDI

Both 0.04 (0.03, 0.04) < 0.001 0.03 (0.02, 0.04) < 0.001 0.09 (0.07, 0.1) < 0.001

Male 0.03 (0.02, 0.04) < 0.001 0.04 (0.03, 0.04) < 0.001 0.1 (0.09, 0.11) < 0.001

Female 0.04 (0.04, 0.05) < 0.001 0.03 (0.02, 0.04) < 0.001 0.08 (0.06, 0.1) < 0.001

High-middle SDI

Both 0.08 (0.07, 0.09) < 0.001 0.1 (0.09, 0.11) < 0.001 0.14 (0.12, 0.17) < 0.001

Male 0.08 (0.08, 0.09) < 0.001 0.12 (0.1, 0.13) < 0.001 0.21 (0.19, 0.22) < 0.001

Female 0.09 (0.08, 0.11) < 0.001 0.1 (0.09, 0.11) < 0.001 0.14 (0.12, 0.17) < 0.001

Middle SDI

Both 0.15 (0.12, 0.18) < 0.001 0.15 (0.13, 0.17) < 0.001 0.17 (0.14, 0.19) < 0.001

Male 0.14 (0.11, 0.16) < 0.001 0.18 (0.16, 0.21) < 0.001 0.23 (0.2, 0.27) < 0.001

Female 0.18 (0.14, 0.22) < 0.001 0.14 (0.12, 0.15) < 0.001 0.15 (0.11, 0.18) < 0.001

Low-middle SDI

Both -0.03 (-0.04, 
-0.02) < 0.001 -0.03 (-0.03, 

-0.02) < 0.001 -0.02 (-0.03, 0) 0.007

Male -0.03 (-0.03, 
-0.03) < 0.001 -0.01 (-0.02, 0) 0.004 0.03 (0.02, 0.05) < 0.001

Female -0.02 (-0.03, 
-0.02) < 0.001 -0.03 (-0.04, 

-0.03) < 0.001 -0.04 (-0.06, 
-0.02) < 0.001

A
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Low SDI

Both -0.04 (-0.05, 
-0.03) < 0.001 -0.03 (-0.04, 

-0.01) < 0.001 0.02 (-0.01, 0.04) 0.144

Male -0.03 (-0.04, 
-0.03) < 0.001 -0.03 (-0.05, 

-0.02) < 0.001 0.04 (0.01, 0.06) 0.001

Female -0.04 (-0.05, 
-0.03) < 0.001 -0.02 (-0.04, 

-0.01) < 0.001 0 (-0.02, 0.03) 0.736

Migraine

Global

Both 0.02 (0, 0.04) 0.019 0.07 (0.05, 0.08) < 0.001 0.07 (0.06, 0.08) < 0.001

Male 0.1 (0.09, 0.12) < 0.001 0.15 (0.13, 0.17) < 0.001 0.16 (0.14, 0.18) < 0.001

Female -0.02 (-0.04, 
-0.01) < 0.001 0.02 (0.01, 0.04) < 0.001 0.03 (0.01, 0.04) 0.001

High SDI

Both 0.11 (0.1, 0.12) < 0.001 0.09 (0.08, 0.11) < 0.001 0.09 (0.07, 0.11) < 0.001

Male 0.12 (0.11, 0.13) < 0.001 0.11 (0.1, 0.12) < 0.001 0.11 (0.09, 0.12) < 0.001

Female 0.11 (0.1, 0.12) < 0.001 0.1 (0.08, 0.11) < 0.001 0.09 (0.07, 0.11) < 0.001

High-middle SDI

Both 0.1 (0.08, 0.12) < 0.001 0.14 (0.13, 0.16) < 0.001 0.15 (0.13, 0.17) < 0.001

Male 0.16 (0.13, 0.2) < 0.001 0.21 (0.2, 0.23) < 0.001 0.22 (0.2, 0.23) < 0.001

Female 0.1 (0.08, 0.11) < 0.001 0.14 (0.12, 0.16) < 0.001 0.15 (0.12, 0.17) < 0.001

Middle SDI

Both 0.09 (0.06, 0.12) < 0.001 0.16 (0.14, 0.19) < 0.001 0.17 (0.14, 0.19) < 0.001

Male 0.16 (0.11, 0.2) < 0.001 0.24 (0.2, 0.27) < 0.001 0.24 (0.2, 0.28) < 0.001

Female 0.07 (0.04, 0.1) < 0.001 0.14 (0.11, 0.17) < 0.001 0.14 (0.11, 0.18) < 0.001

Low-middle SDI

Both -0.03 (-0.04, 
-0.01) < 0.001 -0.03 (-0.05, 

-0.02) < 0.001 -0.02 (-0.03, 
-0.01) 0.002

Male 0.02 (0.01, 0.03) < 0.001 0.02 (0.01, 0.03) 0.008 0.03 (0.02, 0.05) < 0.001

Female -0.06 (-0.07, 
-0.04) < 0.001 -0.06 (-0.07, 

-0.05) < 0.001 -0.05 (-0.06, 
-0.03) < 0.001

Low SDI

Both -0.01 (-0.02, 0.01) 0.412 -0.01 (-0.02, 0) 0.184 0.02 (-0.01, 0.04) 0.157

Male 0.01 (-0.01, 0.03) 0.316 0.01 (-0.01, 0.02) 0.366 0.04 (0.01, 0.06) 0.002

Female -0.02 (-0.04, 
-0.01) < 0.001 -0.02 (-0.03, 

-0.01) < 0.001 0 (-0.02, 0.03) 0.851
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Tension-type 
headache

Global

Both 0.02 (0, 0.03) 0.059 0.02 (0.01, 0.03) 0.002 0.04 (0.03, 0.05) < 0.001

Male 0.03 (0.01, 0.04) 0.008 0.03 (0.01, 0.05) 0.001 0.04 (0.02, 0.06) < 0.001

Female 0.01 (0, 0.02) 0.008 0.02 (0.01, 0.03) 0.002 0.06 (0.04, 0.07) < 0.001

High SDI

Both 0.02 (0.02, 0.02) < 0.001 0.01 (0.01, 0.02) < 0.001 0.04 (0.03, 0.05) < 0.001

Male 0.03 (0.03, 0.04) < 0.001 0.02 (0.01, 0.03) 0.001 0.04 (0.03, 0.05) < 0.001

Female 0.01 (0.01, 0.02) < 0.001 0.01 (0, 0.02) 0.059 0.04 (0.04, 0.05) < 0.001

High-middle SDI

Both 0.08 (0.07, 0.09) < 0.001 0.09 (0.08, 0.1) < 0.001 0.09 (0.07, 0.11) < 0.001

Male 0.08 (0.07, 0.09) < 0.001 0.1 (0.09, 0.11) < 0.001 0.09 (0.07, 0.11) < 0.001

Female 0.08 (0.07, 0.09) < 0.001 0.09 (0.08, 0.11) < 0.001 0.11 (0.09, 0.13) < 0.001

Middle SDI

Both 0.16 (0.13, 0.19) < 0.001 0.17 (0.14, 0.2) < 0.001 0.17 (0.14, 0.2) < 0.001

Male 0.17 (0.15, 0.2) < 0.001 0.18 (0.15, 0.21) < 0.001 0.16 (0.13, 0.19) < 0.001

Female 0.15 (0.13, 0.18) < 0.001 0.16 (0.13, 0.19) < 0.001 0.19 (0.17, 0.21) < 0.001

Low-middle SDI

Both -0.03 (-0.03, 
-0.03) < 0.001 -0.02 (-0.03, 

-0.02) < 0.001 0.03 (0.03, 0.04) < 0.001

Male -0.03 (-0.04, 
-0.03) < 0.001 -0.03 (-0.03, 

-0.02) < 0.001 0.03 (0.02, 0.05) < 0.001

Female -0.03 (-0.03, 
-0.03) < 0.001 -0.02 (-0.02, 

-0.02) < 0.001 0.03 (0.02, 0.05) < 0.001

Low SDI

Both -0.04 (-0.05, 
-0.04) < 0.001 -0.04 (-0.05, 

-0.03) < 0.001 0.02 (0, 0.04) 0.033

Male -0.05 (-0.06, 
-0.05) < 0.001 -0.05 (-0.06, 

-0.04) < 0.001 0.01 (-0.01, 0.04) 0.287

Female -0.04 (-0.04, 
-0.03) < 0.001 -0.03 (-0.04, 

-0.02) < 0.001 0.02 (0, 0.04) 0.016

Abbreviations: AAPC, incidence, prevalence, DALYs, sex, SDI, headache disorders, migraine, tension-type headache
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Figure 2. (a) Spatial distribution of ASIR for headache disorders among children and adolescents aged 5-19 in 2021. (b) Changes in regional rank-
ings of age-standardized incidence rates (ASIR) for headache disorders between 1990 and 2021. (c) Correlation analysis between headache dis-
order incidence and SDI in children and adolescents aged 5-19 (p=0.32, P<0.001). (d) Regression analysis of headache disorder incidence across 
regional levels in children and adolescents aged 5-19 (R=0.63, P<0.001). Abbreviations: ASIR, age-standardized incidence rate.
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healthcare resources and challenges in reporting (Table 4).
Across SDI regions, there were differing trends in DALY rates 
for headache disorders. Middle-SDI regions saw the most pro-
nounced increases in age-standardized DALY rates, with con-
sistent upward trends across all age groups. High-SDI regions 
showed moderate but steady increases in DALY rates and 
AAPC values, indicating ongoing public health challenges de-
spite better healthcare systems (Table 4). In contrast, low-SDI 
regions demonstrated stable or slightly decreasing DALY rates, 
reflecting underreporting and limited diagnostic capacity.
When examining the ASIR of headache disorders, high-SDI 
regions recorded the highest rates, reaching 9,485.06 per 
100,000 population (95% UI: 6,541.11-12,950.74) (Table 1). 
Notably, Western Europe reported the highest ASIR, followed 
by Central Europe (Figure 2b). Temporal changes in ASIR from 
1990 to 2021 were diverse across global regions. High-SDI 
regions saw a modest but persistent upward trend (AAPC: 
0.04 per 100,000 population; 95% UI: 0.03-0.04), with increas-
es observed in both high-middle SDI regions (AAPC: 0.08 per 
100,000 population; 95% UI: 0.07-0.09). In contrast, low-SDI 
regions experienced a slight decline in ASIR (AAPC: -0.04 per 

Figure 3. (a) Spatial distribution of ASPR for headache disorders among children and adolescents aged 5-19 in 2021. (b) Correlation analysis be-
tween headache disorder prevalence and SDI in children and adolescents aged 5-19 (p=0.32, P<0.001). (c) Regression analysis of the headache 
disorder prevalence across national levels in children and adolescents aged 5-19 (R=0.63, P<0.001). Abbreviations: ASPR, age-standardized prev-
alence rate.

100,000 population; 95% UI: -0.05 to -0.03), potentially due to 
limited access to healthcare services and diagnostic capa-
bilities. Interestingly, middle-SDI regions showed a more pro-
nounced increase in ASIR (AAPC: 0.15 per 100,000 population; 
95% UI: 0.12-0.18) (Table 4).
Regarding the ASPR of headache disorders, high-SDI regions 
again recorded the highest rates, with an ASPR of 22,852.32 
per 100,000 population (95% UI: 18,021.37-28,147.56). In 
contrast, low-SDI regions had the lowest ASPR at 17,801.73 
per 100,000 (95% UI: 13,709.5-22,507.56) (Table 1). The most 
notable increase in ASPR was observed in middle-SDI regions, 
with an increase of 0.15 per 100,000 population (95% UI: 0.12-
0.18), indicating a rising burden of headache disorders in these 
regions (Table 4).
In addition, examining the relative dominance of headache 
subtypes across regions, migraine showed a higher prevalence 
in high-SDI regions, particularly in Western and Central Europe, 
whereas TTH remained more common in low-SDI regions, 
reflecting differences in healthcare access and diagnostic 
practices. This regional disparity suggests that public health 
systems in higher-income countries may be better equipped to 
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identify and report migraines, whereas in lower-income coun-
tries, the underreporting of migraines and the predominance 
of TTH could be more prevalent due to limited healthcare infra-
structure.
Overall, the increasing trends of both migraine and TTH in mid-
dle and high SDI regions suggest the need for improved diag-
nostic practices and awareness, particularly in low-middle and 
low-SDI regions where data reliability and healthcare access 
remain key challenges.

National level
The ASPR of headache disorders varied considerably across 
different regions, with a global estimate of approximately 
19,866 per 100,000 population in 2021 (Table 1). When ana-
lyzed by region, countries with the highest ASPRs were primar-
ily concentrated in high-income areas, with Brazil (30,549.82 
per 100,000; 95% UI: 25,453.51-36,237.40), Norway (28,972.32; 
95% UI: 23,329.77-34,608.62), and Paraguay (27,031.98; 95% 
UI: 21,872.07-32,900.84) reporting the highest rates (Figure 3 
and Table S1). In contrast, countries with lower rates tended to 
be concentrated in low-income regions, with Ethiopia (12,233; 
95% UI: 8,918.03-15,824.41), the United Republic of Tanza-
nia (14,037.18; 95% UI: 10,245.75-18,343.71), and Rwanda 
(14,474.25; 95% UI: 10,575.94-18,953.23) showing the lowest 
ASPRs (Figure 3 and Table S1).
From 1990 to 2021, considerable regional variations in ASPR 
trends were observed. The most substantial relative increases 
occurred in countries within high-SDI regions, particularly in 
Norway (AAPC: 0.26; 95% CI: 0.20-0.32), Brazil (AAPC: 0.19; 
95% CI: 0.17-0.21), and China (AAPC: 0.19; 95% CI: 0.16-0.22) 
(Table S2). These increases reflect significant changes in 
healthcare access, disease recognition, and possibly changes 
in lifestyle factors in these regions. Conversely, countries with-
in low-SDI regions, such as Peru (AAPC: -0.19; 95% CI: -0.21 
to -0.17) and Ethiopia (AAPC: -0.09; 95% CI: -0.09 to -0.09), 
reported the steepest declines in age-standardized incidence 
rates (ASIR) (Table S2). This divergence in trends may suggest 
differences in public health infrastructure and diagnostic ca-
pacity across regions.
These regional clusters provide a more meaningful interpreta-
tion of the data, highlighting the contrasting trends in high-in-
come and low-income countries. Figure S1 and Table S2 offer 
further details on the country-specific distribution of ASIR 
across various regions.
Age and sex patterns
Across all age groups, females consistently exhibited higher 
age-standardized DALY rates for headache disorders com-
pared to their male counterparts. In 2021, the global DALY rate 
reached 362.44 per 100,000 among females (95% UI: 30.91-
878.96) and 229.63 per 100,000 among males (95% UI: 21.27-
544.58) (Table 1). This difference was present across the chil-
dren and adolescent age spectrum and appeared to intensify 
with increasing age.
Age-specific analysis further revealed that adolescents aged 
15-19 years bore the heaviest burden and exhibited the fastest 
growth in DALY rates over the three-decade study period. From 
1990 to 2021, the DALY rate in this group increased with an 
AAPC of 0.11 (95% CI: 0.09-0.14, p < 0.001). In contrast, the 
10-14 age group showed a modest but statistically significant 
upward trend [AAPC: 0.04 (95% CI: 0.02-0.07), p = 0.002], while 
the 5-9 age group remained essentially unchanged [AAPC: 0.03 

(95% CI: 0.00-0.07), p = 0.053] (Table 3).
Patterns of incidence and prevalence followed a similar direc-
tion. In 2021, females exhibited higher ASIR and ASPR rates of 
headache disorders than males across all age groups (Table 
1). Notably, the gap in ASPR between sexes widened with age, 
mirroring trends observed in DALY rates. This persistent diver-
gence in age-specific and sex-specific rates suggests an ac-
cumulation of disease burden during adolescence, particularly 
among girls.

Headache subtypes level
Headache disorders in children and adolescents primarily 
comprise two subtypes: migraine and tension-type headache 
(TTH). Although TTH consistently showed higher incidence 
and prevalence rates, migraine remained the dominant con-
tributor to overall disease burden due to its greater disability 
impact.
In 2021, the global age-standardized DALY rate for migraine 
was 272.81 per 100,000 population (95% UI: 17.5-681.64), 
significantly surpassing that of TTH, which was 21.31 per 
100,000 (95% UI: 3.23-107.28) (Table 1). The same pattern 
was observed in 1990, indicating a persistent imbalance in 
disability burden between the two subtypes. While the ASIR for 
TTH exceeded 6,520 per 100,000 persons in 2021, compared 
to 1,353.67 per 100,000 persons (95% UI: 916.08-1871.46) for 
migraine (Table 1), the corresponding DALY burden for TTH 
remained minimal in comparison.
Over the past three decades, migraine-related DALY rates 
exhibited a consistent upward trend in the youth population. 
As shown in Table S2, the AAPC in DALY rates for migraine 
reached 0.07 (95% CI: 0.06-0.08, p < 0.001), reflecting a statis-
tically significant increase. In comparison, the DALY rates for 
TTH increased modestly, with an AAPC of 0.04 (95% CI: 0.03-
0.05) (Table 4). These results indicate that, while both sub-
types have contributed to the overall rise in burden, migraine 
has played a more prominent role in shaping the temporal 
trends of headache-related disability among children and ado-
lescents.

Discussion

This study utilized the most recent estimates from the GBD 
2021 to analyze the incidence, prevalence, and DALYs of head-
ache disorders among children and adolescents aged 5-19 
years between 1990 and 2021. The overall burden of headache 
disorders in this age group remained substantial and demon-
strated a gradual upward trend. Migraine emerged as the lead-
ing contributor to disability, underscoring the growing need for 
strengthened, age-tailored prevention and intervention strate-
gies. This upward trend may reflect evolving lifestyle patterns 
in younger populations, including increased screen exposure, 
irregular sleep habits, and mounting psychological stress 
[20-22]. These changes, coupled with rapid shifts in societal 
behavior, may be contributing to the escalating prevalence of 
primary headache disorders in youth and warrant greater at-
tention in both clinical practice and public health planning [23].
Across all age groups and time periods, females consistent-
ly experienced a higher burden of headache disorders than 
males, highlighting persistent sex-based disparities. Neuro-
imaging studies, both structural and functional, have further 
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substantiated this disparity [24]. Biological and psychosocial 
factors likely contribute to the higher prevalence of headaches 
in females. These factors may include hormonal fluctuations, 
genetic predisposition, increased exposure to environmental 
stressors, and sex-specific differences in pain sensitivity and 
stress responses. The onset of puberty and menarche is asso-
ciated with a marked increase in headache prevalence among 
females, suggesting that estrogen and other sex hormones 
play a crucial role in headache pathophysiology. However, the 
role of sex hormones in other primary headache types, par-
ticularly in males, remains poorly understood, indicating that 
alternative mechanisms may be at play [25]. These findings 
underscore the need for sex-sensitive approaches in headache 
prevention and management, with particular attention to the 
impact of hormonal transitions at different life stages in fe-
males.
In addition to global trends, our analysis revealed significant 
disparities in the burden of headache disorders across SDI 
regions and countries. High-SDI regions exhibited the highest 
standardized incidence and prevalence rates of headache 
disorders, which may reflect superior diagnostic capabilities 
and more advanced healthcare systems. However, increased 
psychosocial stress and environmental factors, such as pol-
lution associated with industrialization, may also contribute 
to the elevated burden in these regions [26, 27]. Middle-SDI 
regions experienced the fastest increase in DALY rates for 
headache disorders over the past three decades, highlighting 
a growing unmet need in healthcare delivery and disease rec-
ognition. While economic development may have improved 
access to diagnosis, it has also introduced new challenges. 
Rapid urbanization and lifestyle changes—such as increased 
stress, reduced physical activity, poor sleep hygiene, and ex-
cessive screen exposure—are associated with the rising bur-
den of headache disorders in middle-SDI regions. Additionally, 
sociocultural factors, including limited public awareness and 
persistent stigma surrounding headache disorders, may im-
pede effective disease management, despite improvements in 
healthcare infrastructure [28, 29]. 
These differences in the burden of headache disorders across 
SDI regions are likely a result of diagnostic detection bias. 
High-SDI regions have better healthcare systems and diag-
nostic capacity, which leads to more cases being identified 
and reported. However, in low-SDI regions, where diagnostic 
and healthcare capabilities are relatively weaker, cases may 
go underreported or undiagnosed, resulting in a potentially 
underestimated disease burden. The true burden of headache 
disorders in low-SDI regions may be higher than reported, due 
to inadequate diagnostic infrastructure and limited access to 
healthcare services.To better understand the global burden of 
headache disorders, future studies should account for these 
potential biases by improving data collection in low-SDI re-
gions and considering the impact of healthcare infrastructure 
on disease reporting. Additionally, strategies to reduce diag-
nostic disparities across regions could enhance the accuracy 
of global estimates and help inform public health interventions 
more effectively.
At the national level, China and Brazil showed significant in-
creases in the burden of headache disorders over the past 
three decades. In China, both the ASPR and ASIR for migraine 
and TTH have steadily risen, reflecting the potential influence 
of socioeconomic development, urbanization, and evolving 

lifestyle patterns [29, 30]. Furthermore, China's expanding 
healthcare infrastructure and greater awareness of non-com-
municable diseases may have improved diagnosis and re-
porting, resulting in higher recorded incidence rates. In Brazil, 
which has one of the highest migraine-related ASPRs among 
BRICS countries, there has been a recent stabilization in both 
prevalence and incidence trends. This stabilization may be 
linked to improved healthcare access, public health interven-
tions, and increasing awareness of chronic diseases. However, 
despite this trend, the absolute number of headache cases 
continues to rise, which may still place considerable pressure 
on the healthcare system. This ongoing challenge emphasiz-
es the need for targeted prevention strategies and healthcare 
management programs that address the growing burden of 
headaches, particularly in light of Brazil's increasing urbaniza-
tion and social inequalities [29, 31].
In contrast, countries such as Ethiopia and Peru demonstrated 
slight declines in standardized DALY rates. These divergent 
trends emphasize the importance of tailoring national health 
strategies to country-specific epidemiological contexts and 
healthcare capacities, ensuring that prevention and interven-
tion programs are responsive to local needs.
Taken together, the burden of headache disorders is on the 
rise. Our findings highlight the urgency of prioritizing head-
ache disorders, particularly in children and adolescents, in 
international and national health agendas, given the significant 
differences in the burden of headache disorders across differ-
ent ages, genders, regions, and countries [11]. Given the high 
prevalence, chronic nature, and disabling effects of migraines 
and TTH, these conditions are not merely isolated neurological 
disorders but constitute major public health challenges. 
To effectively address the growing burden of headache disor-
ders, health policies should prioritize the integration of head-
ache management into primary healthcare systems, enhance 
provider training, raise public awareness, and ensure equitable 
access to diagnosis and treatment. In this context, several ev-
idence-based prevention strategies can be considered. These 
include public education campaigns to raise awareness about 
headache triggers, promotion of sleep hygiene and stress 
management, and early screening in primary care settings. 
Particularly for school-aged populations, targeted educational 
programs and school-based health interventions may play a 
critical role [32, 33]. Non-pharmacological approaches such as 
cognitive behavioral therapy (CBT) and lifestyle interventions 
have also been shown to be effective in reducing headache 
frequency and severity, especially among adolescents [34, 35]. 
Implementing these strategies in a systematic and accessible 
way may significantly mitigate the long-term burden of head-
ache disorders.
Our findings have important implications for refining clinical 
practice guidelines. By incorporating updated epidemiological 
evidence, guidelines can better identify high-risk populations 
and promote tailored, region-specific care models. In partic-
ular, aligning headache management strategies with regional 
burden profiles, especially for youth, can improve both access 
to care and health outcomes. Additionally, non-pharmacologi-
cal, community-based preventive strategies have shown favor-
able cost-effectiveness in recent studies, underscoring their 
potential value in clinical practice [36, 37].
Building on these insights, the International Headache Society 
(IHS) has advocated for the global recognition of migraine as 
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a treatable yet serious disorder, emphasizing its inclusion in 
public health policies. The IHS calls for structured treatment 
protocols, similar to those used for chronic diseases like hy-
pertension, to address gaps in diagnosis and care. A unified 
approach to dispelling stigma, advancing research, and align-
ing national strategies with the WHO's Intersectoral Global 
Action Plan on Neurological Disorders (2022-2031) will ensure 
that headache disorders are prioritized and managed effective-
ly on a global scale [38].
To further strengthen this approach, our study’s stratified 
burden patterns provide critical evidence to guide data-driven 
health policy decisions. Regions with rising DALY trends, par-
ticularly middle- and low-SDI countries, should be prioritized 
for awareness campaigns, enhanced diagnostic infrastructure, 
and the integration of headache management into primary 
care systems. These investments align with international ini-
tiatives, such as the Global Campaign against Headache and 
the WHO's action plan, reinforcing the need for scalable, evi-
dence-based public health responses [39, 40]. 

Limitations
This study has several limitations that should be acknowl-
edged. First, the analysis was based on secondary data from 
the GBD 2021 study, which, while comprehensive, does not in-
clude primary data collection. The accuracy of these estimates 
is inherently dependent on the availability and quality of under-
lying data, which can vary widely across countries and regions. 
In particular, low-SDI settings often lack comprehensive health 
surveillance systems, increasing the risk of underreporting or 
misclassification of headache disorders and likely resulting in 
an underestimation of the actual disease burden.
Second, although we focused on migraine and TTH, other 
headache disorders were not included, such as medica-
tion-overuse headache or rarer subtypes. This restriction may 
result in a partial representation of the total headache burden 
among children and adolescents. 
Third, the diagnostic criteria used across different data sourc-
es and regions may vary, and GBD relies on diverse coding 
systems and survey instruments. These inconsistencies may 
introduce bias, especially in culturally diverse or resource-limit-
ed settings where diagnostic capacity is limited.
Fourth, while we analyzed time trends and age-sex differences, 
the observed increases in prevalence and DALYs might par-
tially reflect improvements in diagnostic practices, increased 
awareness, or reporting bias over time. However, due to the 
ecological nature of the GBD data, it was not possible to disen-
tangle the relative contributions of these factors.
Fifth, the absence of health system or policy variables in the 
analysis is another notable limitation. Without these variables, 
it is challenging to contextualize burden trends in terms of the 
effectiveness of healthcare interventions or the responsive-
ness of health systems to headache disorders. This omission 
limits the ability to assess how well healthcare systems are 
addressing the increasing burden of these disorders and the 
potential role of public health policies in mitigating this impact.
Lastly, the absence of individual-level clinical data limited our 
ability to explore associations with comorbidities, treatment 
patterns, and socioeconomic determinants, which are known 
to influence headache burden. Despite these limitations, the 
large-scale, standardized nature of GBD data, along with our 
age- and sex-specific trend analyses, provides valuable in-

sights into the evolving burden of headache disorders in chil-
dren and adolescents across global contexts.

Conclusion

This study evaluates the global and regional burden of head-
ache disorders in individuals aged 5-19 years, based on the 
Global Burden of Disease 2021 data. The burden has remained 
high over the past three decades, with limited improvements, 
indicating that current interventions have had limited success. 
Migraine remains the leading cause of disability, while ten-
sion-type headache contributes less to DALYs.
Notably, females and older adolescents show higher rates. 
Middle-SDI regions saw the largest increases in DALYs, likely 
due to healthcare disparities. The variation across countries 
highlights the need for tailored responses.
To address this burden, public health strategies should inte-
grate headache care into primary healthcare, promote edu-
cation, and implement region-specific, evidence-based inter-
ventions. Key steps include expanding surveillance, including 
pediatric headaches in NCD strategies, funding school-based 
interventions, and exploring combined treatments like medica-
tion and non-invasive brain stimulation.
Non-pharmacological treatments, such as CBT and relaxation, 
should be integrated, especially where access to medication is 
limited. Community-based prevention strategies are essential 
for early diagnosis and reducing the burden, particularly in re-
source-limited areas. Future research should focus on social, 
economic, and cultural factors to guide tailored interventions.
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