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Luis Alberto Cámera, Edoardo Caronna, Andre F. Carvalho, Sandip Chakraborty, Patrick R. Ching, Nikos Christodoulou, 
Dinh-Toi Chu, Hongyuan Chu, Natalia Cruz-Martins, Omid Dadras, Xiaochen Dai, Emanuele D’Amico, 
Amira Hamed Darwish, Sindhura Deekonda, Vinoth Gnana Chellaiyan Devanbu, Samath Dhamminda Dharmaratne, 
Adriana Dima, Temesgien Ergetie Dinkayehu, Huyen Do, Paul Narh Doku, Ojas Prakashbhai Doshi, Abdel Rahman E’mar, 
Negin Eissazade, Chadi Eltaha, Ayesha Fahim, Jawad Fares, Mohsen Farjoud Kouhanjani, Andre Faro, Patrick Fazeli, 
Seyed-Mohammad Fereshtehnejad, Pietro Ferrara, Nuno Ferreira, Florian Fischer, Arianna Fornari, Márió Gajdács, 
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SUMMARY

Headache disorders, especially migraines and tension-type headaches (TTHs), are major global public health 

concerns, as shown by the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021. We pro

vide updated global estimates of prevalence and years lived with disability (YLDs) from 1990 to 2021 across 

204 countries and territories and forecasts through 2050. In 2021, there are 2.0 billion people with TTH and 1.2 

billion with migraine. Although TTH is more prevalent, migraine causes higher disability. While crude preva

lence and YLDs increased, age-standardized rates remained stable and are projected to continue this trend 

due to population growth. There is a disproportionately higher burden in women aged 30–44 and countries 

with higher Socio-demographic Index and Healthcare Access and Quality Index. Despite this, migraines 

remain underrecognized in health policies and funding. This study emphasizes the urgent need to prioritize 

headache disorders in global health agendas.

INTRODUCTION

Migraines and tension-type headaches (TTHs) are prevalent and 

disabling neurological disorders that contribute significantly to 

the global headache burden.1 Migraine, a recurrent condition 

characterized by moderate to severe headaches, is often 

accompanied by reversible neurological and systemic condi

tions, such as photophobia, phonophobia, skin sensitivity, and 

gastrointestinal disturbances.2,3 In contrast, TTH is character

ized by mild to moderate pain, often described as a tight band 

around the head,4 and presents as a bilateral headache without 

symptoms such as nausea or vomiting typically seen in 

migraines.5

According to the Global Burden of Diseases, Injuries, and 

Risk Factors Study (GBD) 2021, headache disorders ranked 

as the second most prevalent condition worldwide, following 

oral disorders, and the third leading cause of years lived with 

disability (YLDs), following low back pain, major depressive dis

order, and age-related and other hearing loss.6 Migraines and 

TTH are the most prevalent among headache disorders, 

affecting diverse populations globally. However, they are often 

underdiagnosed and undertreated, imposing a significant 

burden due to their chronic nature and frequent comorbidities, 

such as sleep disorders, anxiety, and depression, underscoring 

their critical role in global health challenges. The COVID-19 

pandemic disrupted efforts to reduce the burden of headache 

disorders, with many individuals experiencing increased trig

gers, such as stress, reduced access to healthcare, and life

style changes.7 Evidence suggests that SARS-CoV-2 infection 

caused acute or chronic headaches, while vaccination occa

sionally triggered transient migraine-like episodes.8–10 Howev

er, the duration and generalizability of the impact of the 

pandemic on headache disorders remain unclear and may 

take time to fully emerge.

The significance of this study lies in its comprehensive anal

ysis of all currently available GBD data, offering estimates of 

the disease burden from 1990 to 2021 across different age 

groups, sexes, geographical regions, Socio-demographic In

dex (SDI), and the Healthcare Access and Quality (HAQ) Index. 

In addition, to provide valuable insights into future trends, we 

also projected YLD counts and rates up to 2050. Understand

ing the burden estimates can allow healthcare providers, poli

cymakers, and researchers to allocate resources better, priori

tize interventions, and tailor treatment strategies to reduce the 

burden of headache disorders. This manuscript was produced 

as part of the GBD Collaborator Network and following the 

GBD Protocol.11

RESULTS

Overview

In 2021, headache disorders were the second most prevalent 

disease globally, following oral disorders, affecting an estimated 

2.8 billion (95% uncertainty interval [UI], 2.6–3.0) individuals. TTH 

was the second most common specific condition (2.0 billion 

[1.8–2.3]), while migraine was the seventh (1.2 billion [95% UI, 

1.0–1.3]). Headache disorders were also the third leading cause 

of YLDs among all conditions in GBD 2021 (48.0 million [95% UI, 

9.8–101.0]), following low back pain and depressive disorders. In 

terms of incidence, there were 809.2 million (95% UI, 717.8– 

896.0) incident cases in 2021, with an age-standardized rate of 

10,084.5 (8,956.5–11,170.8) per 100,000.

Global, regional, and national burden of migraine, 1990– 

2021

In 2021, the global prevalence of migraine was estimated at 

1.2 billion cases (95% UI, 1.0–1.3), reflecting a 58.1% increase 

from 732.6 million cases (624.6–847.1) in 1990. While the ab

solute number of migraine cases has grown significantly, 

the global age-standardized prevalence rate of migraines 

experienced a marginal 1.6% (95% UI, 0.3–2.6) increase, 

from 14,027.7 per 100,000 in 1990 to 14,246.6 per 100,000 

in 2021 (Table 1). Similarly, the number of YLDs in 2021 

reached 43.4 million (95% UI, 6.7–95.1), representing a 

58.2% increase from 1990 (27.4 million [4.1–60.3]). The age- 

standardized YLD rate for migraines remained stable (526.8 

per 100,000 in 1990; 532.7 per 100,000 in 2021; Table 1).

There are geographical differences in age-standardized 

migraine prevalence (Table S1; Figure 1A), ranging from the 

lowest in Ethiopia (8,365.4 per 100,000 [95% UI, 7,232.9– 

9,566.2]) to the highest in Belgium (21,751.5 per 100,000 

[18,730.1–25,705.5]), and YLD (Table S1; Figure 1B), ranging 

from the lowest in Ethiopia (313.6 per 100,000 [64.0–683.8]) to 

the highest in Belgium (800.4 per 100,000 [92.0–1772.0]). Over

all, among 21 GBD regions, Tropical Latin America and Western 

Europe showed the highest burden of migraine, and Eastern 
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Table 1. Age-standardized YLD rates of migraine and TTH in 1990, 2021, and 2050 by SDI level, by GBD region, and globally (95% UI)

Location

Prevalence YLDs

2021

Percentage change, 

1990–2021 2021

Percentage change, 

1990–2021 2050

Migraine

Global 14,246.55 (12,194.12 to 16,378.70) 0.02 (0.00–0.03) 532.70 (80.57–1,167.71) 0.01 (− 0.04 to 0.03) 531.80 (81.05–1,165.38)

SDI levels

High SDI 15,365.14 (13,250.29 to 17,765.44) 0.01 (− 0.01 to 0.02) 573.62 (89.78–1,236.04) 0.00 (− 0.02 to 0.02) 601.57 (100.89–1,290.92)

High-middle SDI 13,502.73 (11,610.06 to 15,484.75) 0.02 (0.00–0.03) 517.57 (92.95–1,103.35) 0.01 (− 0.08 to 0.04) 512.63 (85.46–1,098.01)

Middle SDI 14,344.23 (12,233.37 to 16,477.29) 0.06 (0.04–0.07) 535.85 (74.81–1,178.27) 0.05 (0.02–0.07) 546.97 (77.11–1,203.26)

Low-middle SDI 14,786.99 (12,677.14 to 16,979.01) − 0.00 (− 0.02 to 0.01) 544.25 (73.88–1,201.85) 0.00 (− 0.02 to 0.02) 547.01 (76.46–1,206.14)

Low SDI 12,808.97 (10,909.26 to 14,754.40) − 0.00 (− 0.01 to 0.01) 475.21 (76.39–1,031.51) 0.01 (− 0.01 to 0.02) 457.06 (79.27–985.23)

GBD region

Southeast Asia, East Asia, and 

Oceania

13,313.82 (11,492.53 to 15,284.36) 0.07 (0.05–0.09) 500.77 (67.92–1,104.95) 0.07 (0.00–0.10) 517.50 (68.89–1,140.37)

East Asia 11,798.36 (10,162.49 to 13,566.96) 0.07 (0.03–0.11) 444.29 (66.76–971.75) 0.07 (− 0.00 to 0.11) 444.77 (67.45–973.60)

Oceania 14,043.19 (11,934.61 to 16,427.13) 0.00 (0.00–0.00) 519.02 (64.65–1,151.04) 0.00 (− 0.02 to 0.03) 524.35 (65.47–1,163.51)

South Asia 14,859.95 (12,704.02 to 16,953.54) 0.00 (− 0.03 to 0.03) 537.87 (68.02–1,198.33) 0.01 (− 0.03 to 0.04) 542.09 (68.05–1,207.38)

Central Europe, Eastern Europe, 

and Central Asia

13,923.11 (11,992.78 to 16,000.50) − 0.01 (− 0.01 to − 0.00) 547.23 (133.10–1,174.44) − 0.01 (− 0.03 to − 0.00) 544.11 (128.43–1,172.78)

Central Asia 13,584.23 (11,538.76 to 15,918.11) − 0.01 (− 0.01 to − 0.00) 507.35 (90.34–1,144.53) − 0.01 (− 0.02 to 0.01) 507.14 (90.23–1,145.20)

Central Europe 13,822.04 (11,854.14 to 15,865.31) − 0.00 (− 0.01 to − 0.00) 525.24 (109.75–1,158.95) − 0.00 (− 0.01 to 0.01) 527.05 (109.96–1,163.21)

Eastern Europe 14,077.09 (12,210.58 to 16,112.04) − 0.00 (− 0.00 to − 0.00) 574.43 (164.13–1,193.90) − 0.00 (− 0.01 to 0.01) 574.95 (164.91–1,196.49)

High-income 15,927.19 (13,797.87 to 18,423.50) 0.00 (− 0.01 to 0.02) 592.45 (90.70–1,280.41) − 0.00 (− 0.02 to 0.02) 597.87 (90.85–1,291.37)

Australasia 13,433.71 (11,438.78 to 15,621.49) 0.00 (0.00–0.00) 498.64 (86.96–1,100.43) 0.00 (− 0.02 to 0.03) 499.53 (87.14–1,102.99)

High-income Asia Pacific 11,072.69 (9,484.03 to 12,800.27) 0.01 (− 0.03 to 0.04) 422.48 (85.63–937.71) 0.01 (− 0.03 to 0.04) 422.07 (85.95–936.20)

High-income North America 16,709.11 (14,462.52 to 19,276.29) − 0.02 (− 0.06 to 0.02) 614.00 (89.37–1,352.42) − 0.03 (− 0.07 to 0.01) 613.28 (89.39–1,350.77)

Southern Latin America 11,706.98 (9,960.37 to 13,667.23) 0.03 (− 0.01 to 0.08) 442.43 (85.81–974.19) 0.02 (− 0.03 to 0.07) 442.72 (85.95–974.29)

Western Europe 18,170.70 (15,724.92 to 21,091.55) 0.01 (− 0.01 to 0.02) 676.64 (96.68–1,471.91) 0.01 (− 0.01 to 0.03) 675.63 (96.78–1,471.35)

Latin America and Caribbean 15,409.21 (13,263.10 to 17,822.77) 0.01 (− 0.01 to 0.03) 570.79 (74.56–1,251.75) 0.01 (− 0.01 to 0.03) 571.43 (74.72–1,254.99)

Andean Latin America 10,614.71 (8,993.46 to 12,309.15) 0.06 (0.02–0.13) 401.89 (72.75–893.96) 0.06 (− 0.01 to 0.12) 405.56 (72.93–903.75)

Caribbean 14,237.12 (12,004.33 to 16,529.90) − 0.00 (− 0.00 to − 0.00) 528.99 (72.30–1,148.15) − 0.01 (− 0.02 to 0.01) 530.77 (72.61–1,152.78)

Central Latin America 14,178.67 (12,097.70 to 16,441.61) 0.01 (− 0.01 to 0.04) 531.67 (76.53–1,159.87) 0.01 (− 0.02 to 0.04) 531.60 (76.81–1,161.34)

Tropical Latin America 18,595.34 (16,084.24 to 21,444.51) 0.02 (− 0.01 to 0.06) 679.39 (73.91–1,542.87) 0.02 (− 0.01 to 0.07) 680.10 (74.00–1,544.60)

Sub-Saharan Africa 12,244.68 (10,486.07 to 14,159.33) 0.01 (0.00–0.02) 459.32 (81.66–994.71) 0.01 (− 0.00 to 0.02) 464.92 (82.16–1,007.45)

Central Sub-Saharan Africa 12,396.15 (10,491.24 to 14,511.21) − 0.00 (− 0.00 to − 0.00) 461.37 (80.99–1,008.48) 0.01 (− 0.02 to 0.03) 466.43 (81.92–1,017.87)

Eastern Sub-Saharan Africa 9,084.26 (7,732.97 to 10,507.26) 0.01 (− 0.00 to 0.02) 347.19 (77.86–757.55) 0.01 (− 0.02 to 0.03) 349.98 (78.59–763.53)

Southern Sub-Saharan Africa 12,876.73 (11,102.68 to 14,843.51) − 0.00 (− 0.00 to − 0.00) 477.47 (85.49–1,025.39) − 0.01 (− 0.03 to − 0.00) 478.67 (85.39–1,025.96)

Western Sub-Saharan Africa 14,870.35 (12,715.58 to 17,284.92) 0.00 (− 0.02 to 0.02) 554.49 (84.75–1,214.04) 0.01 (− 0.01 to 0.03) 558.74 (85.54–1,222.08)

North Africa and Middle East 15,304.13 (13,071.93 to 17,749.48) 0.00 (− 0.01 to 0.02) 598.94 (108.94–1,305.73) 0.00 (− 0.02 to 0.02) 605.59 (109.46–1,318.88)

(Continued on next page)
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Table 1. Continued

Location 

Prevalence YLDs

2021 

Percentage change, 

1990–2021 2021 

Percentage change, 

1990–2021 2050

Southeast Asia 16,180.66 (13,890.15 to 18,730.39) − 0.02 (− 0.03 to − 0.01) 607.13 (69.70–1,362.67) − 0.02 (− 0.03 to 0.01) 609.13 (70.45–1,365.61)

TTH

Global 24,764.77 (21,863.62 to 27,954.74) − 0.01 (− 0.01 to 0.00) 55.69 (16.13–185.07) − 0.02 (− 0.05 to 0.01) 55.36 (16.03–183.65)

SDI levels

High SDI 30,603.28 (27,152.87 to 34,513.40) − 0.02 (− 0.03 to − 0.01) 66.79 (18.15–235.79) − 0.02 (− 0.07 to 0.01) 71.94 (20.35–247.94)

High-middle SDI 23,862.61 (21,031.88 to 26,904.35) − 0.01 (− 0.02 to 0.01) 59.93 (18.33–179.03) − 0.05 (− 0.10 to − 0.01) 57.20 (16.57–179.34)

Middle SDI 23,378.72 (20,608.16 to 26,365.06) 0.06 (0.05–0.07) 51.54 (14.95–174.76) 0.05 (− 0.02 to 0.14) 52.44 (15.20–177.11)

Low-middle SDI 25,022.79 (22,033.70 to 28,284.15) 0.00 (− 0.00 to 0.00) 52.99 (14.84–182.64) 0.01 (− 0.06 to 0.07) 53.78 (15.23–183.84)

Low SDI 22,780.22 (19,950.88 to 25,943.94) − 0.01 (− 0.01 to − 0.01) 51.76 (15.45–171.97) 0.00 (− 0.05 to 0.05) 51.48 (15.72–167.07)

GBD region

Southeast Asia, East Asia, and 

Oceania

20,715.30 (18,205.92 to 23,454.07) 0.08 (0.05–0.10) 45.87 (13.30–153.94) 0.04 (− 0.02 to 0.17) 46.64 (13.40–157.30)

East Asia 18,489.51 (16,320.68 to 20,929.50) 0.08 (0.04–0.12) 43.40 (13.06–141.04) 0.04 (− 0.03 to 0.19) 43.41 (13.06–141.25)

Oceania 22,142.50 (18,985.45 to 25,544.46) 0.00 (− 0.00 to 0.00) 46.21 (13.06–163.83) 0.00 (− 0.09 to 0.09) 46.26 (13.14–164.55)

South Asia 25,405.47 (22,430.09 to 28,583.39) 0.00 (− 0.00 to 0.00) 50.98 (13.59–180.49) 0.00 (− 0.06 to 0.07) 50.81 (13.52–180.51)

Central Europe, Eastern Europe, 

and Central Asia

30,801.99 (27,185.92 to 34,791.81) − 0.00 (− 0.01 to 0.01) 84.31 (26.91–262.98) − 0.02 (− 0.05 to 0.01) 82.59 (25.96–259.86)

Central Asia 30,274.55 (26,183.72 to 34,528.86) − 0.00 (− 0.00 to 0.00) 66.89 (18.09–236.36) − 0.00 (− 0.05 to 0.04) 66.71 (18.02–236.15)

Central Europe 30,488.91 (26,793.28 to 34,697.76) 0.00 (− 0.00 to 0.00) 74.70 (22.49–248.04) 0.01 (− 0.06 to 0.04) 74.67 (22.43–248.23)

Eastern Europe 31,243.12 (27,766.56 to 34,948.02) 0.00 (− 0.02 to 0.02) 96.83 (33.12–286.15) 0.00 (− 0.03 to 0.03) 96.81 (33.07–286.63)

High-income 32,202.15 (28,549.08 to 36,321.00) − 0.00 (− 0.02 to 0.01) 68.85 (18.18–247.13) − 0.00 (− 0.05 to 0.02) 68.81 (18.12–247.70)

Australasia 27,215.52 (23,764.26 to 31,068.68) − 0.00 (− 0.00 to 0.00) 60.99 (17.51–200.38) 0.01 (− 0.07 to 0.08) 60.92 (17.49–200.55)

High-income Asia Pacific 29,867.61 (26,437.50 to 33,548.63) 0.01 (− 0.02 to 0.04) 63.72 (17.35–216.52) 0.00 (− 0.04 to 0.05) 63.70 (17.36–217.39)

High-income North America 34,180.26 (30,603.85 to 38,251.42) − 0.02 (− 0.05 to 0.00) 70.01 (17.89–257.69) − 0.02 (− 0.06 to 0.02) 69.93 (17.83–257.73)

Southern Latin America 26,264.27 (22,771.94 to 30,205.10) 0.01 (− 0.00 to 0.02) 59.96 (16.44–196.75) 0.00 (− 0.08 to 0.08) 59.83 (16.38–196.27)

Western Europe 32,770.54 (28,999.01 to 37,028.00) 0.00 (− 0.01 to 0.01) 71.93 (19.05–261.97) 0.00 (− 0.06 to 0.04) 71.74 (18.95–261.72)

Latin America and Caribbean 25,685.02 (22,480.17 to 29,170.88) − 0.00 (− 0.01 to 0.01) 53.59 (15.02–185.16) 0.00 (− 0.04 to 0.04) 53.44 (14.97–185.27)

Andean Latin America 20,715.91 (17,622.56 to 23,911.58) 0.01 (− 0.02 to 0.05) 48.09 (14.42–173.97) 0.01 (− 0.08 to 0.11) 47.90 (14.36–173.69)

Caribbean 23,730.24 (20,293.00 to 27,687.86) − 0.00 (− 0.00 to 0.00) 51.21 (14.83–177.77) − 0.00 (− 0.05 to 0.05) 51.09 (14.78–178.75)

Central Latin America 24,421.55 (21,365.98 to 27,955.62) − 0.00 (− 0.00 to 0.00) 53.44 (15.36–180.62) 0.01 (− 0.04 to 0.05) 53.39 (15.30–180.96)

Tropical Latin America 29,005.61 (25,648.55 to 32,612.92) 0.00 (− 0.02 to 0.02) 55.97 (14.51–205.79) 0.01 (− 0.05 to 0.05) 55.73 (14.42–205.01)

Sub-Saharan Africa 22,454.11 (19,657.92 to 25,642.78) − 0.01 (− 0.01 to − 0.00) 53.56 (16.42–172.25) 0.00 (− 0.04 to 0.04) 53.31 (16.34–173.23)

Central Sub-Saharan Africa 23,232.00 (20,084.38 to 27,079.59) − 0.00 (− 0.00 to 0.00) 53.98 (16.14–173.91) 0.01 (− 0.06 to 0.08) 53.98 (16.15–174.07)

Eastern Sub-Saharan Africa 18,801.27 (16,305.57 to 21,690.09) − 0.02 (− 0.03 to − 0.01) 48.12 (15.48–151.06) − 0.01 (− 0.05 to 0.04) 47.88 (15.42–151.05)

Southern Sub-Saharan Africa 24,193.08 (21,262.85 to 27,462.85) − 0.00 (− 0.00 to 0.00) 57.04 (17.38–179.73) − 0.01 (− 0.05 to 0.03) 56.75 (17.19–179.38)

Western Sub-Saharan Africa 25,108.38 (22,066.05 to 28,468.24) 0.00 (− 0.00 to 0.00) 57.49 (17.21–191.19) 0.02 (− 0.04 to 0.06) 57.38 (17.21–191.73)

North Africa and Middle East 24,090.29 (20,941.08 to 27,533.32) 0.01 (− 0.00 to 0.02) 67.78 (22.25–202.06) 0.00 (− 0.09 to 0.06) 67.63 (22.16–202.16)

Southeast Asia 25,256.68 (22,085.09 to 28,547.33) 0.00 (− 0.00 to 0.00) 51.03 (13.89–181.26) 0.01 (− 0.04 to 0.06) 51.15 (13.92–181.17)

Abbreviation: GBD, Global Burden of Diseases, Injuries, and Risk Factors; TTH, tension-type headaches; UI, uncertainty interval; YLDs, years lived with disability.

4
 

C
e
ll R

e
p

o
rts

 M
e
d

ic
in

e
 6

, 1
0
2
3
4
8
, O

c
to

b
e
r 2

1
, 2

0
2
5
 

A
rtic

le
ll

O
P

E
N

 A
C

C
E

S
S



Sub-Saharan Africa had the lowest, as measured by age-stan

dardized prevalence and YLD rates. In addition, regional inci

dence estimates of migraine in 2021 and changes since 1990 

are provided in Table S1.

Global, regional, and national burden of TTH, 1990–2021

The number of TTH cases in 2021 was 2.0 billion (95% UI, 1.8– 

2.3) globally, representing a 56.4% rise from 1990 (1.3 billion 

[1.1–1.5]). However, the global age-standardized prevalence 

rate of TTH remained stable (24,904.9 per 100,000 in 1990; 

24,764.8 per 100,000 in 2021; Table 1). Similarly, the YLD count 

for TTH in 2021 was 4.6 million (95% UI, 1.3–15.0), representing a 

61.4% increase from 1990, when the YLD count was 2.8 million 

(0.8–9.6). The age-standardized YLD rate remained stable, from 

57.0 per 100,000 in 1990 to 55.7 per 100,000 in 2021 (Table 1).

We observed national disparities in the burden of TTH 

(Table S2; Figures 1C and 1D), with an age-standardized 

prevalence rate ranging from 15,855.3 per 100,000 (95% UI, 

13,637.6–18,206.9) in Ethiopia to 35,492.4 per 100,000 

(31,718.0–39,481.9) in Norway and age-standardized YLD 

rate ranging from 40.3 per 100,000 (13.0–128.5) in Ethiopia 

to 99.7 per 100,000 (34.8–288.4) in Russian Federation. 

Regionally, as measured by age-standardized prevalence 

and YLD rates, the most significant burden was observed in 

high-income North America, while the lowest burden was in 

East Asia. Regional estimates of TTH incidence in 2021, along 

with the percentage change from 1990 to 2021, are presented 

in Table S2.

Burden of headaches according to age and sex

Figure 2 illustrates age- and sex-specific prevalence and YLD 

rates for headache disorders in 2021. Migraines and TTH were 

more prevalent in females than males across all age groups, 

with TTH showing consistently higher prevalence rates than mi

graines in all demographic groups. The age-specific prevalence 

of both conditions was highest during young-to-middle adult

hood, peaking between the ages of 30 and 44 years. Notably, 

while the prevalence of migraines declined steadily with 

advancing age, TTH showed greater persistence in older age 

groups, remaining relatively prevalent even among old adults.

The age-specific YLD rates for migraines and TTH largely 

mirrored the age-specific prevalence patterns, with females 

experiencing a notably greater disability burden than males 

across all age groups. The highest age-specific YLD rates for 

both conditions were observed in the 40–49 age group in 

both sexes. However, unlike prevalence, migraines consistently 

exhibited higher YLD rates than TTH across all age and sex 

groups.

A B

C D

Figure 1. World map of age-standardized prevalence and YLD rates of migraine and TTH in 2021 

(A–D) (A) and (B) represent the 2021 values of age-standardized prevalence and YLD rates for migraine, respectively, while (C) and (D) represent the 2021 values of 

age-standardized prevalence and YLD rates for TTH, respectively. Abbreviation: TTH; tension-type headaches; YLDs, years lived with disability.
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Burden of headache according to SDI and HAQ Index

Figure 3 presents age-standardized YLD rates for migraine and 

TTH according to SDI levels in 2021. Higher age-standardized 

YLD rates of migraine were observed in countries with higher 

SDI. However, for TTH, while countries with high SDI had the 

highest age-standardized YLD rates, the lowest rates were 

observed in middle SDI. A similar pattern was observed for the 

HAQ Index (Figures S1 and S2).

When stratified by five SDI levels, high-SDI regions had the 

highest age-standardized prevalence (15,365.1 per 100,000 

[95% UI, 13,250.3–17,765.4]) and YLD rates (573.6 per 

100,000 [98.8–1236.0]) for migraines, while low-SDI regions 

had the lowest age-standardized prevalence (12,809.0 per 

100,000 [10,909.3–14,754.4]) and YLD rates (475.2 per 100,000 

[76.4–1031.5]; Figure S3). Similarly, for TTH, high-SDI regions 

had the highest age-standardized prevalence (30,603.3 per 

100,000 [95% UI, 27,152.9–34,513.4]) and YLD rates (66.8 per 

100,000 [18.1–235.8]). The age-standardized prevalence for 

TTH was lowest in the low-SDI region (22,780.2 per 100,000 

[95% UI, 19,950.9–25,943.9]); however, the YLD rate was lowest 

in the middle-SDI region (51.5 per 100,000 [15.0–174.8]).

Headache burden in the future up to 2050

The global number of YLDs attributable to migraine is projected 

to increase from 43.4 million (95% UI, 6.7–95.1) in 2021 to 52.0 

million (8.7–111.6) by 2050. Despite this increase, the age-stan

dardized YLD rates for migraines are anticipated to remain sta

ble, with estimates of 531.8 per 100,000 (95% UI, 81.1– 

1,165.4) in 2050 compared to 532.7 per 100,000 (80.6–1,167.7) 

in 2021 (Table 1). As presented in Figure 4, similar findings are 

observed across all five SDI levels; the highest age-standardized 

rates of migraine in 2050, similar to 1990, will be observed in 

high-SDI countries (601.6 per 100,000 [95% UI, 100.9– 

1,290.9]), and the lowest in low-SDI countries (457.1 per 

100,000 [79.3–985.2]).

Similarly, the number of YLDs due to TTH is expected to rise 

from 4.6 million (95% UI, 1.3–15.0) in 2021 to 5.8 million YLDs 

(1.8–18.1) in 2050. However, the age-standardized YLD rates 

for TTH are also expected to remain stable, with estimates of 

531.8 (95% UI, 81.1–1,165.4) per 100,000 in 2050 and 532.7 

per 100,000 (80.6–1,167.7) in 2021 (Table 1). In 2050, the highest 

age-standardized rates of TTH will be found in high-SDI coun

tries (71.9 per 100,000 [95% UI, 20.4–247.9]), while the lowest 

will be found in low-SDI countries (51.5 per 100,000 [15.7– 

167.1]). A detailed depiction of the percentage changes in both 

age-standardized YLD rates and the number of YLDs for 

migraine and TTH from 1990 to 2050 is provided in Figure 4. At 

the regional level, the age-standardized YLD rates for migraine 

and TTH are expected to change minimally. However, in some 

regions, the rates are expected to decrease, including Central 

Europe (− 21.4%), high-income Asia Pacific (− 19.2%), East 

Asia (− 15.5%), and Eastern Europe (− 14.4%). Our decomposi

tion analysis, both regionally and globally, revealed that popula

tion growth will be the primary driver of the projected change in 

the number of YLDs by 2050 (Figure 5), a trend observed across 

all regions.

DISCUSSION

This study provides a comprehensive assessment of the global, 

regional, and national burden of headache disorders, including 

migraines and TTH, from 1990 to 2021, and the forecasts up to 

2050 based on GBD 2021 estimates. In 2021, TTH was the sec

ond most common specific condition, while migraine was the 

seventh. While the absolute number of migraine and TTH cases 

increased, age-standardized prevalence and YLD rates re

mained stable or had a minimal increase. We found that the 

age-standardized disability burden of migraine and TTH is fore

casted to remain stable up to 2050, driven by population growth 

and demographic changes rather than worsening individual out

comes, highlighting the importance of sustained healthcare ac

cess and effective management strategies to reduce the burden.

Although TTH was more prevalent than migraine, migraine ac

counted for a disproportionately higher disability burden, reflect

ing its greater impact on quality of life. In addition, there were 

substantial variations in the burden of these conditions across 

regions and demographic groups in 2021. Countries with higher 

socioeconomic development and better healthcare access 

(i.e., countries with high SDI and HAQ Index) tend to have 

a higher burden of headache disorders, as measured by 

age-standardized prevalence and YLD rates, which could be 

due to a combination of better diagnosis and modern lifestyle 

Figure 2. Prevalence and YLD of migraine and TTH by age group and sex in 2021 

Abbreviation: TTH, tension-type headaches; YLDs, years lived with disability.
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risk factors. In addition, young and middle-aged females will be 

disproportionately affected by headache disorders, underscor

ing the significance of addressing the unique needs of females 

suffering from headache disorders.

The stability of age-standardized estimates for headache disor

ders, including migraines and TTH, observed in GBD 2021, can be 

attributed to a combination of persistent risk factors and improve

ments in healthcare systems. Stress, sedentary lifestyles, caffein

ated or alcohol consumption, and poor-quality sleep remain wide

spread triggers, sustaining the burden of these conditions 

globally.12 While advancements in diagnostic tools and treatment 

options have improved the recognition and management of head

ache disorders, they have primarily mitigated underreporting.13

Looking toward 2050, these rates are expected to remain stable 

due to the enduring influence of these modern risk factors. 

Furthermore, the limited utilization of professional healthcare for 

headaches, with many individuals relying on over-the-counter 

remedies,14 may continue to impede substantial reductions in 

prevalence and disability. This equilibrium suggests that health

care advancements balance but do not eliminate the underlying 

contributors to headache disorders, leaving the burden relatively 

stable.

Figure 3. Age-standardized YLD rates of migraine and TTH by SDI level 

Abbreviation: GBD, Global Burden of Diseases, Injuries, and Risk Factors; SDI, Socio-demographic Index; TTH, tension-type headaches; YLDs, years lived with 

disability.

Figure 4. Projected YLD counts and age-standardized rates of migraine and TTH until 2050 by SDI level 

Abbreviation: SDI, Socio-demographic Index; TTH, tension-type headaches; YLDs, years lived with disability.
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We also found that higher age-standardized prevalence and 

YLD rates for migraines and TTHs were generally observed in 

high SDI and HAQ Index, and this trend is expected to continue 

up to 2050. This may be due to modern lifestyle factors, such 

as chronic psychosocial stress, high occupational demands, 

sedentary behavior, higher diagnostic capacity, heightened 

health literacy, and widespread access to healthcare services.15

Conversely, low-SDI regions appear to have a lower burden, 

possibly due to a combination of underdiagnosis, limited access 

to healthcare professionals trained in headache disorders, and 

overall underreporting.16,17 These patterns suggest that tailored 

approaches are needed—focusing on improving healthcare ac

cess and reducing lifestyle-related risk factors in high-SDI re

gions while addressing healthcare gaps in low-SDI areas.

Headache disorders disproportionately affect women, partic

ularly in young and middle-aged groups, which can be explained 

by a complex interplay of biological, hormonal, environmental, 

and psychological factors. Hormonal fluctuations, particularly 

changes in estrogen levels during the menstrual cycle, preg

nancy, and menopause, could play an essential role in the path

ophysiology of migraines.18 These fluctuations, combined with 

the demands of balancing family, career, and social responsibil

ities, may contribute to the higher prevalence of headache disor

ders in women.18 In addition, psychological conditions such as 

anxiety and depression, which are more common in women,19

could exacerbate the frequency and severity of migraines and 

TTH. Furthermore, the larger gap observed in YLD rates 

compared to prevalence between sexes suggests that these 

risk factors may not only increase the occurrence of headaches 

in women but could also intensify their associated disability and 

impact on daily life.

While TTH is more prevalent than migraines across all demo

graphic groups, migraines consistently exhibited higher YLD 

rates, highlighting their greater severity and disabling nature. 

These headaches often impair daily functioning and significantly 

reduce quality of life.20,21 Conversely, TTH, although more com

mon, typically results in milder symptoms and a lesser degree of 

disability. This divergence underscores the need for tailored 

management strategies: addressing the debilitating effects of 

migraines through comprehensive treatment and support while 

implementing preventive measures for the broader but less se

vere impact of TTH.4

While the burden of many fatal and disabling disorders dimin

ished with socioeconomic development,22,23 that of migraines 

and TTHs remain persistent, underscoring the need for 

continued and targeted public health efforts for disproportio

nated demographic groups. Despite being a major cause of 

disability, headache disorders are often overlooked in public 

health strategies, research, and training programs.24 For 

instance, less than 30% of primary care physicians in the United 

States were aware of the American Academy of Neurology’s 

migraine prevention guidelines and important risk factors.25 Fe

males, particularly in their most productive years, experience the 

highest prevalence and YLD rates, exacerbating the societal and 

economic impact of these conditions. This underscores the need 

for public health initiatives that focus on tailored interventions, 

such as education, early diagnosis, and sex-sensitive healthcare 

policies, to reduce the long-term effects on females, especially 

addressing the unique psychosocial challenges they face.26

In addition, disparities between countries with different SDI 

levels further complicate headache care. High-SDI countries 

tend to report a higher burden of headaches, with better 

Figure 5. Decomposition analysis of percentage change in the number of YLDs due to migraine and TTH between 2021 and 2050, globally and 

by GBD region 

Abbreviation: GBD, Global Burden of Diseases, Injuries, and Risk Factors; TTH, tension-type headaches; YLDs, years lived with disability.
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diagnosis but less effective management due to lifestyle factors. 

In contrast, developing countries often face limited access to 

healthcare and essential treatments, exacerbating the global 

disparity. Structured healthcare systems, such as tiered head

ache services and education regarding the chronic nature of 

headache disorders, can help bridge these gaps by training 

primary care providers and ensuring that even underserved 

populations can receive appropriate diagnosis and manage

ment, improving care access across diverse socioeconomic 

settings.17

The COVID-19 pandemic introduced additional challenges for 

headache management, with acute or chronic headaches after 

SARS-CoV-2 infection or vaccination adding to the global 

burden.8–10 Some patients with migraines co-infected with 

SARS-CoV-2 report experiencing more severe pain that is often 

less responsive to standard analgesics.27 These new headache 

issues, combined with increased psychological stress, disrupted 

healthcare access, and social factors, may have further compli

cated an already pressing public health issue. Therefore, effec

tive management should address both the biological impacts 

of the virus and vaccination, as well as the psychological and so

cial factors exacerbating these conditions.27

Conclusion

Based on the findings of GBD 2021 estimates, headache disor

ders, including migraines and TTH, remain an immense global 

health burden, with a disproportionate burden in young to mid

dle-aged females. The burden of headache disorders also sub

stantially varies across SDIs and HAQ Index, with high-SDI and 

high-HAQ Index regions facing higher prevalence and disability 

rates due to modern lifestyle factors, while low-SDI regions 

experience underreporting and limited healthcare access. Re

gion-specific strategies are necessary to address this, focusing 

on improving healthcare access and affordability of treatment 

in low-SDI areas. Tailored interventions and resource allocation 

can reduce the burden of these disorders moving toward 2050.

Limitations of the study

This study provided updated GBD 2021 analyses of TTH and 

migraine burden for 1990 to 2021, with the headache disability 

burden forecasts up to 2050. However, several limitations should 

be addressed in this study. Our study faces limitations in all GBD 

works, including the lack of reliable epidemiological data in low- 

and middle-income countries. Headache disorders are often 

inadequately represented in national health surveys, and admin

istrative data sources, such as claims or primary care records, 

frequently fail to capture their prevalence reliably. As a result, 

country-specific estimates rely on predictive covariates and 

data from neighboring countries, resulting in greater UIs in these 

settings. Although the GBD framework employs statistical tech

niques such as hierarchical modeling and cross-location infor

mation borrowing to mitigate data sparsity, region-specific 

sensitivity analyses or uncertainty decompositions were not con

ducted. Therefore, residual uncertainty may be underestimated 

in regions with severely limited input data, and estimates from 

these areas should be interpreted with caution. Second, limita

tions in data collection and analysis methods prevented the abil

ity to distinguish between probable and definite diagnoses of 

migraine based on the International Classification of Headache 

Disorders (ICHD) criteria. However, it is important to note that 

probable migraine carries a substantial disease burden and 

disability similar to that of definite migraine.28,29 The primary 

issue leading to a probable rather than definite diagnosis in 

past studies has often been the duration of the headache. There

fore, the GBD study’s approach of categorizing probable 

migraine within the broader category of migraine may be reason

able. This method may ensure a comprehensive understanding 

of the disease burden. Third, a similar argument can be made 

for probable TTH, although the knowledge of this type of head

ache is significantly less developed. Additionally, the YLDs 

missed by excluding this headache type are fewer due to the 

considerably lower disability weight (DW) associated with TTH 

compared to migraine.1 Fourth, since the GBD estimates are 

limited to 2021, we did not conduct secondary analyses to eval

uate the impact of the COVID-19 pandemic on headache disor

ders. The GBD 2021 estimates and forecasts did not account for 

the effects of the pandemic or recent conflicts on headache 

burden, as geographically and temporally comprehensive data 

were unavailable at the time of analysis. We aim to explore the 

impact of COVID-19 on headaches in future studies as more 

robust and diverse data become accessible. Fifth, we did not 

quantify the burden of headache disorders attributable to any 

risk factors, such as diet, psychological factors, and environ

mental triggers.13 Nonetheless, further research is necessary 

to better understand the impact of these risk factors on head

ache disorder burden and to refine data collection methods for 

more accurate assessments in future studies. Finally, our projec

tions were based solely on the SDI as the predictive covariate. 

While SDI captures broad socioeconomic patterns, it may not 

adequately account for other influential factors, such as health

care accessibility, evolving diagnostic practices, and environ

mental exposures.
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mani Usman, Hande Uzunçıbuk, Jef Van den Eynde, Tommi Ju

hani Vasankari, Narayanaswamy Venketasubramanian, Jorge 
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The GBD 2021 provides comprehensive estimates of the burden of 371 diseases and injuries across 204 countries and territories 

from 1990 to 2021.23 It also offers estimates for seven GBD super-regions and 21 GBD regions, categorized by various health metrics 

such as prevalence and YLD. The data are disaggregated by sex, age, year, and location; however, stratification by gender, race, 

ethnicity, or ancestry was not available. This study adheres to the Guidelines for Accurate and Transparent Health Estimates Report

ing (GATHER) statement (Table S3).30,31 Comprehensive descriptions of the methodology used for GBD estimation are available in 

prior publications.23 This research was conducted as part of the GBD Collaborator Network under the established GBD protocol.11

METHOD DETAILS

Case definition and input data

GBD 2021 provides estimates for headaches categorized into specific subtypes, including migraine and TTH. These estimates are 

derived from survey data and literature sources related to migraine, TTH, and medication-overuse headaches (MOH).23 Detailed de

scriptions of all data sources, including PubMed search strategies, inclusion criteria for systematic reviews, and the number of sour

ces used, are provided in the Figure S4.

Migraine is a disabling primary headache disorder typically characterized by recurrent, moderate to severe, unilateral, pulsatile 

headaches. Migraine is classified into two major types, with and without aura (transient neurological symptoms); however, GBD 

does not differentiate between them as most epidemiological studies report only on overall migraine. The reference diagnostic 

criteria for migraine are based on the ICHD-3.23 Estimates for migraine are derived from representative, population-based surveys 

and studies reporting on migraine.16 Systematic reviews for migraine input data were last conducted for GBD 2017, covering pub

lications up to September 2017; studies based on medical claims were excluded due to their limited comparability with population- 

representative data. According to ICHD-3, a diagnosis of definite migraine requires fulfillment of five criteria, including attack duration 

of 4–72 h, specific headache characteristics (e.g., unilateral location, pulsating quality), and associated symptoms such as nausea or 

photophobia. Cases that meet all but one criterion—most commonly the duration requirement—are classified as probable 

migraine.28,32–35 Since GBD 2017, estimates have accounted for both definite and probable migraine by incorporating differences 

in case definitions across studies. Additionally, TTH is characterized by dull, non-pulsatile, diffuse, band-like (or vice-like) pain of 

mild to moderate intensity in the head or neck. The reference diagnostic criteria for TTH are also based on the ICHD-3. TTH estimates, 

like those for migraine, are derived from representative, population-based surveys and studies.16,23 A systematic review for TTH was 

also completed for GBD 2017 using identical inclusion criteria, with age- and sex-specific prevalence estimated or split using within- 

study ratios or pooled meta-analytic models. Migraine and TTH are treated as mutually exclusive in GBD analyses to prevent double 

counting. Each data point for migraine or TTH was labeled ‘‘definite’’ when all ICHD criteria were met and ‘‘probable’’ when exactly 

one was not; observations coded with earlier editions (ICHD-1 or ICHD-2) were converted to the ICHD-3 standard using version-spe

cific cross-walk coefficients.5 According to ICHD-3, a diagnosis of definite TTH requires at least 10 episodes of headache lasting from 

30 min to 7 days, accompanied by at least two of four features: bilateral location, pressing or tightening quality, mild to moderate 

intensity, and no aggravation by routine physical activity. Additionally, nausea or vomiting must be absent, and photophobia or pho

nophobia may be present but not both. As with migraine, a headache fulfilling all criteria is classified as definite TTH, and one that 

meets all but one criterion is classified as probable TTH.23 Prior to GBD 2017, estimates did not differentiate between probable 
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and definite TTH; however, starting with GBD 2017, case definitions used across studies were incorporated to improve the accuracy 

and consistency of burden estimates.23 MOH was ascertained in two steps. First, respondents were screened for chronic headache 

(≥15 headache days per month for ≥3 months); second, follow-up questions captured regular over-use of acute headache medica

tion as specified by ICHD-3.5,23 While MOH was included in the analysis to address the overlap between migraine and tension-type 

headaches, individual results for MOH are not presented separately.16,23 Input data for MOH were extracted from population-based 

prevalence studies. A meta-analysis was used to estimate the proportion of cases attributable to migraine and to TTH, allowing MOH 

to be classified into MOH-migraine and MOH-TTH.

Data processing and disease modeling

Both migraine and TTH were modeled in GBD 2021 with standard DisMod-MR settings. Excess mortality was set to zero, and it was 

assumed that there was no incidence or prevalence before the age of five. Each condition was categorized into probable, definite, 

and total, and separate DisMod-MR models were executed for each category. The results were then scaled to the total category to 

ensure consistency across estimates. For migraine, earlier data, particularly from before the adoption of the ICHD criteria, primarily 

reported on definite migraine.23 These data were adjusted to the total migraine category to improve modeling accuracy. Migraine and 

TTH were modeled separately using DisMod-MR 2.1, with estimates stratified into definite, probable, and total categories. Historical 

data predating the ICHD adoption were adjusted to align with the total envelope. Using MR-BRT regression, the proportion of symp

tomatic time was estimated at 9.3% for definite migraine and 6.6% for probable migraine. For TTH, unrealistic age patterns were 

observed in sex-specific regression models, necessitating the implementation of an age-based adjustment model for both sexes. 

Initially, sex-specific regression models were applied, but they produced unrealistic age patterns for females. To address this, a uni

fied age-based adjustment was applied to both sexes, ensuring more accurate representation across age groups.1 MR-BRT regres

sion estimated the symptomatic time proportion to be 2.9% for definite TTH and 2.1% for probable TTH.16,23 MOH was modeled 

separately in DisMod-MR (remission cap 0.4). Using meta-analytic data, 53.2% of the year was deemed symptomatic, and preva

lence was split into MOH-migraine (73.2%) and MOH-TTH (26.8%). Prevalence was divided into MOH-migraine and MOH-TTH, with 

each subtype inheriting the DW of its respective parent condition (migraine or TTH). As MOH is defined as mutually exclusive from 

both migraine and TTH, no additional overlap adjustment was necessary; standard GBD comorbidity methods were applied.1

The GBD 2021 estimation process addresses data sparsity through hierarchical modeling and statistical borrowing across time, 

geography, and age. These adjustments help mitigate bias and enable robust estimation even in regions with limited input data.23

Furthermore, YLD is a quantitative measure of health loss caused by specific diseases or disabilities and plays a critical role in 

comparing disease burdens and prioritizing public health policies in GBD studies. YLD is calculated as the product of prevalence 

and DW, where prevalence is estimated using Bayesian modeling tools such as DisMod-MR, and DWs are derived from global sur

veys that measure disease severity on a scale from 0 (perfect health) to 1 (death).31 In calculating YLD, GBD stratifies data by sex, 

age, region, and year while independently evaluating the effects of comorbid conditions to avoid double counting. The calculation of 

YLD in GBD serves as an essential tool for global comparisons of disease burdens and for addressing regional health disparities.

Classification of geographic locations

GBD produced estimates for 204 countries and territories, organized into 21 regions and 7 super-regions. The seven super-regions 

are: Central Europe, Eastern Europe, and Central Asia, High-income, Latin America and the Caribbean, North Africa and the Middle 

East, South Asia, Southeast Asia, East Asia, and Oceania, and Sub-Saharan Africa. A full list of GBD regions is provided in Table S4. 

Similar to GBD 2019, GBD 2021 classifies areas as standard or non-standard. Standard GBD locations include all subnational areas 

from countries with populations exceeding 200 million and high-quality data. Subnational data for China, India, the US, and Brazil are 

considered standard locations, whereas Indonesia is not. China, India, the US, and Brazil are also included at the national level. All 

other countries with subnational estimations are classified as non-standard locations.

QUANTIFICATION AND STATISTICAL ANALYSIS

Association between socio-economic indicators with the migraine and TTH

We used the SDI and the HAQ Index to examine the relationship between migraine, TTH, and socio-economic indicators. The SDI is a 

composite measure that reflects the social and economic conditions affecting health outcomes in each region. It is calculated as the 

geometric mean of three indices: the total fertility rate under age 25 years (TFU25), the average educational attainment of individuals 

aged 15 years and older (EDU15+), and the lagged distributive income per capita.36 The HAQ Index measures healthcare access and 

quality based on the mortality rates of conditions that should not result in death given effective medical care, providing insight into the 

performance of healthcare systems across regions.16 Both SDI and HAQ Index range from 0 to 1, where 0 indicates the lowest level of 

socio-demographic development and minimal healthcare access, respectively.

We examined the associations between the national SDI and HAQ Index and the age-standardized prevalence and YLD rates for 

migraine and TTH in 2021. Polynomial regression models were applied to capture the nonlinear relationships between these socio

economic indicators and health outcomes.37
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Estimate projections and decomposition analysis

We utilized the GBD 2021 forecasting framework to estimate the age-standardized YLD rates and all-age YLD numbers for migraine 

and TTH from 2022 to 2050. Non-fatal disease burden was forecasted using mixed-effects models, which were employed to directly 

model prevalence and incidence or to model the mortality-incidence ratio and mortality-prevalence ratio, converting forecasted mor

tality into incidence and prevalence. However, due to the lack of mortality data for migraine and TTH, the prevalence was directly 

modeled following the equation below:

logit
(
Gl;a;s;y

)
= β0 + β1SDIl;y + π0:l;a;s + ϵl;a;s;y 

where Gl;a;s;y represents the age-sex-location-year-specific prevalence, π0:l;a;s if the random intercept for age-sex-location, and ϵl;a;s;y 

is the residual term.38 From the modeled prevalence, YLDs were calculated by multiplying the estimated prevalence by the recent 

average DW. This approach assumes that DW remains constant over time, recognizing that future shifts in medical technologies 

and societal factors may introduce variability.38 The projected long-term trends through 2050 were generated using the internally 

optimized GBD forecasting framework, which applies scenario-based smoothing and calibration techniques to align with historical 

data patterns. Although formal back-testing procedures were not implemented, this approach is designed to produce reliable pro

jections based on historical burden trajectories and demonstrated consistency across multiple disease domains.39

To examine the relative contributions of population growth, population aging, and changes in YLD rates for migraine and TTH be

tween 2021 and 2050, the Das Gupta decomposition method was applied.40 To achieve this, we employed the decomposition meth

odology developed by Das Gupta, a widely recognized approach in demographic research for analyzing the impact of population 

structure and age distribution on health outcomes. This method enables a detailed quantitative evaluation of the contribution of 

each factor to variations in YLDs over time.30

The formula utilized in this analysis disaggregates the total YLDs into components attributable to population aging, overall popu

lation growth, and epidemiological changes. This approach provides critical insights into the underlying dynamics driving the burden 

of disease. The decomposition formula is expressed as follows:

YLDsay;py;ey =
∑i = 20

i = 1

(
ai;y ∗ py ∗ ei;y

)

The total YLDs for migraine and TTH, denoted as YLDsay;py;ey, are calculated as a function of age distribution, total population size, 

and age-specific YLD rates. In this formulation, i represents discrete age groups, and y denotes the observation year ranging from 

2021 to 2050. The term ai;y indicates the proportion of the population, py refers to the total population size, and ei;y corresponds to the 

YLD rate for the specific condition (migraine or TTH) within. This formulation enables the decomposition of total YLDs into compo

nents attributable to demographic structure—specifically population growth and aging—and epidemiological changes. By algebra

ically disaggregating these standardized effects, the analysis quantifies the relative contribution of each factor to the overall change in 

disease burden.41

Data presentation

The age-standardized rates for prevalence and YLD of headache disorders were calculated using the GBD world population age 

standard.42 Unless stated as an age-specific rate, all rates are presented in age-standardized rates. To evaluate temporal changes 

(e.g., 1990 to 2021), we determined the percentage change, with the difference between the end and start rates divided by the start 

rate. Final point estimates are reported with 95% UIs. The UIs represent the range within which the true value is expected to fall. They 

were calculated as the 2.5th and 97.5th percentile of the distribution of 500 draws at each step in the migraine and TTH estimation 

process. These 500 draws were used to propagate uncertainty arising from multiple sources, including variability in input data, model 

parameters, and DWs. Uncertainty was systematically incorporated and propagated throughout the modeling process in accor

dance with the standard GBD estimation framework.23,43 All analyses were conducted using Python software (version 3.12.8; Python 

Software Foundation, Wilmington, DE, USA) and R (version 4.4.2; R Foundation, Vienna, Austria). The full affiliations of the GBD 2021 

Headache Collaborators are provided in Data S1.
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