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Background: Tension-type headache (TTH) is a prevalent primary headache disorder significantly impacting quality of life and 
healthcare resource utilization, with females typically bearing a higher disease burden. However, comprehensive analyses and 
predictive studies on the global TTH burden stratified by gender are currently lacking.
Aim: This study utilized data from the Global Burden of Disease (GBD) Study to analyze the global burden of tension - type headache 
by sex from 1990 to 2021 and conducted a 15 - year projection (up to 2036).
Methods: We conducted a systematic review of GBD 2021 data, employing Joinpoint regression analysis and decomposition analysis 
to assess TTH incidence, prevalence, YLDs, and DALYs. Additionally, we used the ARIMA model for a 15-year predictive analysis of 
TTH burden trends.
Results: From 1990 to 2021, global female TTH cases rose from 669.54 million (95% UI: 586.2–751.8 million) to 1.04 billion (95% 
UI: 923.0–1.1 billion), with incidence increasing from 242.9 million (95% UI: 218.8–267.0 million) to 369.86 million (95% UI: 
332.5–407.2 million). Male cases grew from 616.82 million (95% UI: 537.2–696.4 million) to 970 million (95% UI: 
851.0–1.0 billion). Decomposition analysis indicated population growth was the primary driver of the increase in female TTH 
prevalence. Projections suggest that by 2036, the incidence will reach 9,174.84 per 100,000 females (95% UI: 8,854.8–9,494.9), 
prevalence will be 25,135.1 per 100,000 females (95% UI: 23,977.2–26,283.0), YLD rate will be 62.76 per 100,000 females (95% UI: 
58.8–66.7), and DALY rate will be 60.97 per 100,000 females (95% UI: 56.7–65.2).
Conclusion: This study highlights the significance of gender in TTH burden, particularly the heightened risk for females. Through 
temporal trend analysis and predictive modeling, we provide insights into future TTH disease trajectories, aiding global public health 
policy formulation and healthcare resource allocation.
Keywords: tension-type headache, gender differences, disease burden decomposition, joinpoint regression analysis, epidemiological 
trends, predictive modeling

Introduction
Tension-Type Headache (TTH), a highly prevalent primary headache, is characterized by bilateral, pressing, or con-
stricting pain without accompanying symptoms such as photophobia, phonophobia, or nausea.1 The pain intensity 
associated with TTH is typically mild to moderate,2 making it the most common yet frequently overlooked primary 
headache. However, TTH has a significant impact on patients’ quality of life, work efficiency, and utilization of medical 
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resources, posing a substantial public health issue.3 An estimated 882.4 million new cases of TTH were reported globally 
in 2017.4 The lifetime prevalence of TTH ranges from 30% to 78%,5,6 making it a major health issue affecting 
individuals across all age groups and socioeconomic strata.

Significant gender disparities exist in the disease burden of TTH. This phenomenon has been documented in various 
studies, with female patients consistently reporting higher prevalence rates compared to males.1,4,7 In 2016, the global 
age-standardized prevalence rates for TTH were 30.8% (28.0 to 34.0) for women and 21.4% (19.2 to 23.9) for men.8 

These disparities may be attributable to several factors, including hormonal, psychological, and socio-cultural 
differences.9 A population-based survey indicated that hormonal changes, particularly during menstruation, significantly 
trigger headaches in women, a correlation less pronounced in men.10 Additional research has shown that women with 
TTH frequently report higher levels of anxiety and depression, which may exacerbate headache symptoms and overall 
disability.11 Moreover, women exhibit a greater number of active trigger points and lower pain thresholds, suggesting 
increased sensitivity to pain.12 The impact of TTH on work efficiency and overall quality of life is substantial, 
particularly for women, who often report decreased work productivity due to headaches. This underscores the socio- 
economic implications of TTH, especially for women who may already face additional challenges in the workplace.13,14 

The unequal burden of TTH among women highlights the necessity of adopting gender-sensitive approaches in research, 
clinical practice, and public health policies.

Over the past three decades, a substantial body of research has advanced our understanding of the epidemiology of 
TTH. However, the long - term trends in the disease burden of TTH, particularly among women, remain inadequately 
described. Moreover, no scholars have predicted the future disease burden of TTH. This lack of knowledge hinders our 
ability to formulate effective and targeted interventions that can alleviate the global burden of TTH.

Against this backdrop, this study utilizes data from the Global Burden of Disease (GBD) Study, a comprehensive 
resource for the systematic collection of epidemiological data.15 The GBD database we rely on employs well - 
recognized diagnostic criteria for the diagnosis of tension - type headaches to distinguish them from other types of 
primary headaches, such as migraines and cluster headaches. The aim is to investigate the long - term trends in the global 
burden of TTH from 1990 to 2021. By examining the incidence, prevalence, years lived with disability (YLD), and 
disability - adjusted life years (DALY), and disaggregating these indicators by sex, this study intends to provide a broad 
overview of the changes in the disease burden of TTH. Specifically, this study focuses on the TTH burden among women 
and the prediction of the disease burden over the next 15 years. It aims to elucidate the profound impact of gender 
differences on the disease and to inform the development of more targeted prevention and treatment strategies.

Methods
Overview
The GBD 2021 analysis of disease and injury burden utilized 100,983 data sources from 204 countries and territories to 
estimate the most recent information on DALYs, years of life lost (YLLs), YLDs and healthy life expectancy for 371 
diseases and injuries.16 Data were gathered from vital registration systems, verbal autopsies, censuses, household 
surveys, disease-specific registries, health service contact data, and various other sources.17 The Global Health Data 
Exchange GBD Results Tool was used to gather data on the global TTH burden from 1990 to 2021. The GBD study 
provides all age-standardized rates, age-specific rates, and data with 95% uncertainty intervals (UI).

The Ethics Committee of the First Medical Center of the Chinese PLA General Hospital determined that approval for 
this study was not required, as the GBD disease burden data used in this study are publicly accessible at https://vizhub. 
healthdata.org/gbd-results/.

Joinpoint Regression Analysis
The joinpoint regression model, a set of linear statistical models, was used to evaluate temporal trends in the global 
disease burden of TTH. The Joinpoint software (version 4.9.1.0; National Cancer Institute, Rockville, MD, USA) was 
employed to construct this model. In this study, the annual percentage change (APC) and the average annual percentage 
change (AAPC) were applied to analyze the incidence, prevalence, YLDs, and DALYs rates of TTH. An APC > 0 
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indicates that the incidence, prevalence, YLDs, or DALYs rates of TTH have increased over time in the current period; 
an APC < 0 signifies that these rates have decreased over time; and an APC = 0 suggests no temporal change in these 
rates. Similarly, an AAPC > 0 indicates that the incidence, prevalence, YLDs, or DALYs rates of TTH have increased 
over the entire period; an AAPC < 0 shows a decrease over the entire period; and when AAPC = APC, it suggests 
a monotonic increase or decrease in the incidence, prevalence, YLDs, or DALYs rates of TTH. Statistical significance 
was defined as a P value of less than 0.05.

Decomposition Analysis
We performed a decomposition analysis to thoroughly assess the contributions to the increase in the incidence, 
prevalence, YLDs, or DALYs from TTH from 1990 to 2021. These determinants include the impacts of population 
growth, population aging, and epidemiological changes. Epidemiological changes refer to the age- and population- 
adjusted mortality and incidence rates at the foundational level.

Predicted Analysis
The ARIMA forecasting model was utilized to predict data for the 15 years following 2021. The ARIMA (p, d, q) model, 
commonly referred to as the Autoregressive Integrated Moving Average model, comprises three key components: AR 
(autoregression) where p represents the number of autoregressive terms, d (differencing) which indicates the order of 
differencing required to achieve stationarity in the time series, and MA (moving average) where q denotes the number of 
moving average terms.18

To ensure the validity and reliability of the ARIMA models used in this study, several steps were taken to verify the 
underlying assumptions of the models. Firstly, the assumption of stationarity was rigorously tested using the Augmented 
Dickey-Fuller (ADF) test. The ADF test results confirmed that the time series data became stationary after applying the 
appropriate differencing order (d) as recommended by the auto.arima() function. This step is crucial as ARIMA models 
require the time series to be stationary for accurate forecasting. Secondly, to validate the adequacy of the fitted ARIMA 
models, we carefully examined the autocorrelation function (ACF) and partial autocorrelation function (PACF) plots of 
the model residuals. The analysis of these plots revealed no significant remaining autocorrelations, providing strong 
evidence that the models had successfully captured the underlying patterns and structures within the data. The modeling 
process involved the use of time series analysis to capture the temporal dynamics of age-standardized rates. This was 
efficiently carried out using the auto.arima() function from the forecast package in R. The auto.arima() function is 
particularly useful as it automatically identifies the most suitable ARIMA model by selecting the optimal differencing 
order, autoregressive terms, and moving average terms that minimize the Akaike Information Criterion (AIC) or another 
specified criterion. This automated approach ensures that the best possible model is chosen for the data at hand.

For the purpose of fitting the ARIMA models and generating forecasts, we employed the “forecast” package (version 
8.23.0) in R (version 4.4.2, available at http://www.r-project.org). The combination of these tools provided a robust 
framework for our time series analysis and forecasting efforts.

Result
Descriptive Analysis
Table 1 presents comprehensive epidemiological data on TTH for the global population in 2021, encompassing 
prevalence, incidence, YLDs and DALYs, stratified by gender. Globally, the total number of TTH cases was 
2.01 billion (95% UI 1.78 to 2.27), with women accounting for 1.04 billion (95% UI 0.92 to 1.18) and men for 
0.97 billion (95% UI 0.85 to 1.10). The age-standardized prevalence rates per 100,000 were 24,764.77 (95% UI 
21,863.62 to 27,954.74) globally, 25,634.41 (95% UI 22,631.48 to 28,974.28) among women, and 23,880.79 (95% UI 
21,046.24 to 26,935.06) among men. Incidence data also indicated higher rates among women compared to men, both in 
absolute numbers and age-standardized rates. Notably, since no deaths were attributed to headache as the primary cause, 
YLDs were equivalent to DALYs. The burden of DALYs and YLDs was slightly higher in women. Globally, the total 
DALYs due to TTH were 4,596,785 (95% UI 1,347,301 to 15,012,933), with women contributing 2,567,597 (95% UI 
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788,725 to 7,674,299) and men 2,029,188 (95% UI 558,294 to 7,054,295). The age-standardized DALYs per 100,000 
were 55.69 (95% UI 16.13 to 185.07) globally, 62 (95% UI 18.8 to 189.03) among women, and 49.35 (95% UI 13.44 to 
172.38) among men.

The prevalence, incidence, YLDs, and DALYs of TTH exhibit variations across different age groups, with gender- 
specific differences observed. Notably, the disease burden is consistently higher in women across all age stages. The 
incidence of TTH among women and men show bimodal age distributions, peaking at ages 10–14 and 25–29 for both 
genders. The prevalence, however, exhibits a unimodal distribution, reaching its peak at ages 30–34 for both men and 
women. The DALY numbers also follow a unimodal age distribution, peaking at ages 35–39. Figure 1 illustrates the 
prevalence, incidence, YLDs and DALYs of TTH among women and men across different age groups in 2021, 
represented in both absolute numbers (A, C, E, G) and age-standardized rates (B, D, F, H).

The study results indicate that the global burden of TTH has been on an upward trend from 1990 to 2021, with 
women constantly bearing a higher burden than men. Detailed age-specific data are provided in Tables S1–S4. Notably, 
the number of women affected by TTH increased from 669.54 million (95% UI: 586.17 to 763.31 million) in 1990 to 
1.04 billion (95% UI: 0.92 to 1.18 billion) in 2021. Similarly, the number of affected men rose from 616.82 million (95% 
UI: 537.23 to 705.26 million) to 0.97 billion (95% UI: 0.85 to 1.10 billion). In terms of incidence, the number of new 
female cases grew from 242.94 million (95% UI: 211.83 to 272.39 million) to 369.86 million (95% UI: 324.50 to 
413.11 million), while for men, it increased from 227.36 million (95% UI: 197.20 to 255.92 million) to 349.19 million 
(95% UI: 3.04 to 39.03 billion). Since there are no deaths directly attributable to TTH, YLD is equivalent to DALY. 
Women’s YLD increased from 1,598,918 (95% UI: 484,063 to 4,995,532) to 2,567,597 (95% UI: 788,725 to 7,674,299), 
and men’s from 1,249,770 (95% UI: 336,750 to 4,481,443) to 2,029,188 (95% UI: 558,294.1 to 7,054,295). Figure 2 
illustrates the trends in the burden of TTH in women and men globally from 1990 to 2021, including all age data and age- 
standardized rates of prevalence, incidence, YLD, and DALY.

Joinpoint Regression Analysis
Joinpoint regression analysis reveals that the global burden of TTH from 1990 to 2021 exhibited significant disparities 
and fluctuations across different genders and periods. The age-standardized incidence rate data indicates that among 
females, a marked decrease occurred from 1990 to 2001, with an APC of −0.18 (95% confidence interval [CI]: −0.19 to 
−0.16). Subsequently, from 2001 to 2017, the decline decelerated to −0.10 (95% CI: −0.11 to −0.10), followed by a slight 
upward trend from 2017 to 2021, with an APC of 0.07 (95% CI: 0.02 to 0.13). The AAPC overall was −0.11 (95% CI: 
−0.11 to −0.10). In contrast, for males from 1990 to 2021, the age-standardized incidence rate showed greater volatility, 
yet maintained a relatively stable decreasing trend with an overall AAPC of −0.02 (95% CI: −0.04 to −0.01). Regarding 
the age-standardized prevalence rate, females experienced an APC fluctuating from −0.10 to 0.12 across different 

Table 1 2021 Global Burden of TTH by Sex: Prevalence, Incidence, YLDs and DALYs

Measure Both Female Male

All-ages cases (95% UI)

Prevalence 2,011,612,877 (1,776,544,391, 2,270,860,639) 1,042,235,881 (923,030,958, 1,176,685,749) 969,376,996 (851,723,605, 1,095,945,313)

Incidence 719,043,093 (629,219,080, 804,949,049) 369,856,340 (324,504,223, 413,106,097) 349,186,754 (304,270,858, 390,348,519)

YLDs 4,596,785 (1,347,301, 15,012,933) 2,567,597 (788,725, 7,674,299) 2,029,188 (558,294, 7,054,295)

DALYs 4,596,785 (1,347,301, 15,012,933) 2,567,597 (788,725, 7,674,299) 2,029,188 (558,294, 7,054,295)

Age-standardized rates per100000people (95% UI)

ASPR 24,764.77 (21,863.62, 27,954.74) 25,634.41 (22,631.48, 28,974.28) 23,880.79 (21,046.24, 26,935.06)

ASIR 8,931.31 (7,788.21, 10,020.83) 9,199.48 (8,038.49, 10,339.58) 8,660.4 (7,542.2, 9,677.13)

AS-YLDs 55.69 (16.13, 185.07) 62 (18.8, 189.03) 49.35 (13.44, 172.38)

ASDR 55.69 (16.13, 185.07) 62 (18.8,189.03) 49.35 (13.44, 172.38)

Abbreviations: TTH, tension-type headache; UI, uncertainty interval; YLDs, years lived with disability; DALYs, disability-adjusted life-years; ASPR, Age-Standardized 
Prevalence Rate; ASIR, Age-Standardized Incidence Rate; AS-YLDs, Age-Standardized Years Lived with Disability; ASDR, Age-Standardized Disability-Adjusted Life Years.
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Figure 1 Global Prevalence, Incidence, YLD, and DALY of TTH in 2021 by Gender.(A) prevalence; (B) ASPR; (C) incidence; (D) ASIR; (E) YLDs; (F) AS-YLD; (G) DALYs; 
(H) ASDR. 
Abbreviations: TTH, tension-type headache; YLDs, years lived with disability; DALYs, disability-adjusted life-years; ASPR, Age-Standardized Prevalence Rate; ASIR, Age- 
Standardized Incidence Rate; AS-YLD, Age-Standardized Years Lived with Disability; ASDR, age-standardized DALY rate.
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periods, resulting in an overall AAPC of −0.04 (95% CI: −0.05 to −0.03), indicating a slight downward trend. Males, on 
the other hand, saw their prevalence rate APC vary from −0.08 to 0.26, with an overall AAPC of 0.02 (95% CI: 0.00 to 
0.03), signifying a slight upward trend. The data on age-standardized YLDs shows that females had an APC ranging from 
−0.18 to 0.07 across different periods, yielding an overall AAPC of −0.11 (95% CI: −0.11 to −0.10), reflecting a marked 
decrease. Conversely, males exhibited an APC from −0.08 to 0.12, with an overall AAPC of −0.02 (95% CI: −0.04 to 
−0.01), indicating a relatively stable decrease. Lastly, concerning the age-standardized DALYs, females had an APC 
fluctuating from −0.07 to 0.12 across different periods, resulting in an overall AAPC of −0.03 (95% CI: −0.04 to −0.02), 
indicating a slight downward trend. Males, however, saw their DALYs APC vary from −0.05 to 0.24, with an overall 
AAPC of 0.02 (95% CI: 0.01 to 0.03), signifying a slight upward trend. The detailed results of the Joinpoint regression 
analysis are presented in Tables S5 and S6 and Figures S1–S12.
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Decomposition Analysis of TTH Burden
Decomposition analysis reveals a significant increase in the global burden of TTH, as measured by prevalence, incidence, 
YLD, and DALY, from 1990 to 2021. Regarding prevalence, the increase among females (1,124,741.3) was notably 
higher than among males (888,409.3). This increase in females was predominantly driven by population growth 
(2,511,679, 223.31%), despite negative aging effects (−1,057,073, −93.98%) and a slight reduction due to epidemiolo-
gical changes (−329,864.54, −29.33%). Conversely, males experienced lower growth with significant population growth 
(2,106,68, 237.13%) and greater aging effects (−1,209,36, −136.13%), with marginally less burden alleviation from 
epidemiological changes (−8,916.07, −1.00%). On the incidence front, females demonstrated a more pronounced rise 
(356,924.3), primarily due to population growth (813,399.4, 227.89%), negative aging effects (−401,242.5, −112.42%), 
and slight alleviation from epidemiological changes (−55,232.63, −15.47%). Males saw a lower increase (254,249.0) 
with significant population growth (685,817.8, 269.74%), greater aging effects (−482,595.8, −189.81%), and a burden 
increase from epidemiological changes (51,027.06, 20.07%). Concerning YLDs, the increase among females (8,790.58) 
far exceeded that of males (6,989.47). This increase primarily resulted from substantial population growth (females: 
6,849.87, 77.92%; males: 4,920.70, 70.40%) and aging (females: 3,468.57, 39.46%; males: 2,449.08, 35.04%). However, 
the reduction in burden from epidemiological changes (−1,527.86, −17.38%) was significantly more pronounced in 
females than in males (−380.31, −5.44%). For DALYs, the overall increase was notably higher among females 
(10,659.97) compared to males (4,266.36). Population growth was the primary driver in females (7,063.481, 116.00%) 
and also significant in males (5,037.14, 107.68%). While aging effects were lower in females (648.33, 10.65%), the 
burden reduction from epidemiological changes (−1,622.53, −26.65%) was considerably greater than in males (−379.25, 
−8.11%). The detailed results of the decomposition analysis are presented in Figure 3 and Table 2.

Prediction Analysis of HHT Burden
The age-standardized prevalence, incidence, YLD, and DALY rates of global TTH exhibit varying changes over time. 
We conducted a fifteen-year forecast of the aforementioned metrics using the ARIMA model. Through automated 
selection, we have obtained an ARIMA (3,1,0) model for the time series of female incidence rates. The parameters 
are ar1 = 0.7722, ar2 = 0.4256, and ar3 = −0.5828. The standard errors for these parameters are 0.2203, 0.3672, and 
0.2326, respectively, indicating that these parameters are statistically significant. The residual variance of the model is 
25.61, and the log-likelihood value is −91.75. The information criteria (AIC, AICc, BIC) are 191.49, 193.03, and 197.23, 
respectively. These metrics are relatively small, indicating that the model has high parsimony and accuracy in fitting the 
data. On the training set, the model’s error metrics are as follows: ME (Mean Error): −1.193726, RMSE (Root Mean 
Squared Error): 4.733534, MAE (Mean Absolute Error): 3.303877, MPE (Mean Percentage Error): −0.01293913, MAPE 
(Mean Absolute Percentage Error): 0.03580706, MASE (Mean Absolute Scaled Error): 0.4494071, ACF1 
(Autocorrelation of residuals at lag 1): −0.04729405. These error metrics indicate that the model’s predictions perform 
reasonably well on the training set, with relatively small errors and low residual autocorrelation. Table S7 provides the 
ARIMA model parameter results for other metrics’ time series. According to the predictions, by the year 2036, the global 
incidence rates for TTH among females and males will reach 9174.84 and 8630.16 cases per 100,000 population, 
respectively. Prevalence rates are 25,135.11 for females and 23,700.76 for males per 100,000 population. YLDs rates are 
62.76 for females and 49.81 for males, while DALYs rates are 60.97 for females and 50.08 for males per 100,000 
population. See Figure 4 and Tables S8–S15 for details.

Discussion
The epidemiological burden of TTH globally exhibits significant gender disparities. The 2021 data indicates that women 
have higher prevalence, incidence, YLDs and DALYs compared to men. Specifically, the global total of TTH patients 
was 2.01 billion (95% UI: 1.78 to 2.27 billion), with women and men comprising 1.04 billion and 0.97 billion, 
respectively. The age-standardized prevalence for women was 25,634.41 per 100,000 (95% UI: 22,631.48 to 
28,974.28), and for men, it was 23,880.79 per 100,000 (95% UI: 21,046.24 to 26,935.06). From 1990 to 2021, the 
global burden of TTH increased, with women experiencing higher growth in prevalence, incidence, and DALYs than 
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Figure 3 Decomposition analysis of global female and male TTH from 1990 to 2021.This figure depicts the impacts of global population growth, aging, and epidemiological 
changes on the disease burden associated with TTH. The black dots in the figure represent the overall values of the changes contributed by all three components. For each 
component, the magnitude of a positive value indicates a corresponding increase in the disease burden caused by that component; conversely, the magnitude of a negative 
value indicates a corresponding decrease in the disease burden caused by that component. 
Abbreviations: TTH, tension - type headache; YLDs, years lived with disability; DALYs, disability - adjusted life years.
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men. Prediction models suggest that by 2036, the age-standardized incidence and prevalence for women will be 9,174.84 
and 25,135.11 per 100,000 cases, respectively; for men, they will be 8,630.16 and 23,700.76 per 100,000 cases. Joinpoint 
regression analysis reveals that the age-standardized incidence for women significantly declined from 1990 to 2001, 
slowed in decline until 2017, and then slightly increased from 2017 to 2021. Population growth and aging are primary 
drivers of the increased TTH burden, with epidemiological changes showing more significant mitigating effects in 
women.

Consistent with previous findings,19 our research indicates that the global total number of TTH patients reached 
2.01 billion in 2021, with the number of female patients slightly exceeding that of males. Additionally, our study 
discovered that the incidence of TTH among both females and males follows a bimodal age distribution, with peaks at 
10–14 years and 25–29 years for both genders. The prevalence of TTH surges suddenly during the 10–14 years age 
group, with no significant difference in incidence between males and females. This age phase corresponds to the early 
stage of puberty, where sex hormone levels (such as testosterone and estrogen) begin to rise,20 affecting various aspects 
of the body and mind. Both males and females start exhibiting secondary sexual characteristics, and adolescents may 
experience emotional instability, heightened feelings of anxiety or depression,21,22 and may also feel pressure from 
society and peers, particularly regarding appearance, behavior, and social skills.23 At 25–29 years, which is the late stage 
of puberty, both males and females may face increased pressures related to work, society, and family.24

The research results indicate that the incidence of TTH in women shows a bimodal distribution, while the prevalence 
does not exhibit such a distribution characteristic. This difference may be related to the natural history of the disease and 
the survival status of patients. Prevalence is an indicator that comprehensively considers both new and existing cases at 
a specific time point. In contrast, incidence mainly focuses on the frequency of new cases. The bimodal incidence of TTH 
may reflect two high - risk stages in a woman’s life. However, the calculation of prevalence includes all existing cases, 
regardless of when these cases were first diagnosed. Since TTH is typically a long - lasting disease, once patients are 
diagnosed with TTH, they tend to remain counted as part of the affected population for a long period. This long - term 
disease state may lead to a smoother prevalence curve, masking the age - specific peaks in the incidence.

We conducted a decomposition analysis of the incidence, prevalence, YLDs and DALYs of TTH between 1990 and 
2021 to comprehensively examine the contributing factors. The results indicated that population growth is the primary 
driver of the increasing burden of TTH, while population aging often plays a negative role. The increase in the burden of 
TTH is primarily attributable to population growth, which can be understood through several aspects: Firstly, with the 

Table 2 Decomposition Analysis of Global TTH Among Women and Men from 1990 to 2021

Measure Sex Overall Difference a Change Due to Population-Level Determinants 
(%, Contribute To the Total Changes)

Aging b Population c Epidemiological change d

Prevalence Both 2017625.6 −2,254,706 (−111.75%) 4,611,795 (228.58%) −339,462.789 (−16.82%)
Male 888409.3 −1,209,355 (−136.13%) 2,106,680 (237.13%) −8916.067 (−1.00%)

Female 1124741.3 −1,057,073 (−93.98%) 2,511,679 (223.31%) −329,864.537 (−29.33%)

Incidence Both 613851.0 −879,200.2 (−143.23%) 1,496,948.6 (243.86%) −3897.411 (−0.63%)
Male 254249.0 −482,595.8 (−189.81%) 685,817.8 (269.74%) 51,027.055 (20.07%)

Female 356924.3 −401,242.5 (−112.42%) 813,399.4 (227.89%) −55,232.626 (−15.47%)

YLDs Both 15796.72 5977.867 (37.84%) 11,711.628 (74.14%) −1892.780 (−11.98%)
Male 6989.47 2449.082 (35.04%) 4920.700 (70.40%) −380.308 (−5.44%)

Female 8790.58 3468.568 (39.46%) 6849.873 (77.92%) −1527.863 (−17.38%)

DALYs Both 10803.87 738.742 (6.84%) 12,038.622 (111.43%) −1973.493 (−18.27%)
Male 4677.69 19.804 (0.42%) 5037.135 (107.68%) −379.249 (−8.11%)

Female 6089.28 648.328 (10.65%) 7063.481 (116.00%) −1622.533 (−26.65%)

Notes: a Variation in numbers between the years 2021 and 1990.b Numerical change resulting from alterations in age structure.c Change in numbers due 
to shifts in population size.d Numerical alteration due to epidemiological changes, which are adjustments observed when age structure and population size 
remain constant. 
Abbreviations: TTH, tension-type headache; YLDs, years lived with disability; DALYs, disability-adjusted life-years.
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Figure 4 Predictive Analysis of the 15-Year Disease Burden for Global TTH in Women and Men.(A) ASPR of female; (B) ASPR of male; (C) ASIR of female; (D) ASIR of 
male; (E) AS-YLD of female; (F) AS-YLD of male; (G) ASDR of female; (H) ASDR of male. 
Abbreviations: TTH, tension-type headache; ASPR, Age-Standardized Prevalence Rate; ASIR, Age-Standardized Incidence Rate; AS-YLD, Age-Standardized Years Lived with 
Disability; ASDR, age-standardized DALY rate.
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continuous global population growth,25 the number of potential patients also increases. The expansion of the population 
base leads to an increase in the total number of cases and incidence of TTH. Secondly, population growth is usually 
accompanied by urbanization and industrialization processes. These socio-economic developments bring about changes 
in lifestyle, such as increased work pressure, faster life pace, and changes in psychological stress,26,27 which may 
contribute to an increased incidence of TTH. Lastly, with population growth, the pressure on healthcare services also 
increases. Therefore, population growth may, to some extent, constrain the effectiveness of healthcare services, leading to 
patients not receiving timely and appropriate treatment, thereby increasing the disease burden.28 It is not surprising that 
the global aging trend would rather reduce the burden of TTH, as it is usually prevalent among young adults and middle- 
aged individuals, especially females.29 For females, epidemiological changes significantly alleviated the burden in terms 
of YLDs (−1,527.86, −17.38%), while the reduction was less pronounced for males (−380.31, −5.44%). Similarly, in 
terms of DALYs, epidemiological changes led to a more substantial reduction for females (−1,622.5, −26.65%), 
compared to males (−379.24, −8.11%). This finding not only reflects broader societal changes affecting health behaviors 
and outcomes differently across genders but also suggests that epidemiological changes in female-specific tension 
disorders may warrant deeper investigation, possibly linked to changes in diagnostic practices or healthcare utilization.

The Joinpoint analysis results reveal a significant downward trend in the incidence among females from 1990 to 2001, 
which may be associated with factors such as societal pressures and changes in lifestyle. Subsequently, although the rate 
of decline slowed, there was a slight upward trend from 2017 to 2021, reflecting an increase in pressures and mental 
health issues faced by women in recent years. In contrast, the incidence among males exhibited relatively stable changes 
across different time periods. It is noteworthy that the APC for YLDs and DALYs has exhibited a consistently decreasing 
trend, indicating that since 1990, global efforts in prevention, medical treatment, and social support for TTH may have 
undergone certain improvements.17,30 This presents a positive signal in the public health domain, suggesting some 
progress in reducing disease burden and enhancing quality of life. Such trends hold certain implications for the future 
development and adjustment of public health strategies.

When predicting the future 15-year global burden of TTH, the auto.arima function automatically selects different 
ARIMA models for the time series data of males and females. All model parameters, including autoregressive 
coefficients, demonstrated statistical significance, highlighting their crucial role in fitting the data.31 The residual 
variance, log-likelihood values, and information criteria (AIC, AICc, BIC) of the models indicated a high degree of 
simplicity and accuracy in data fitting. The low AIC and BIC values suggested that the models achieved a good fit while 
maintaining parsimony.32 Error metrics on the training set showed strong predictive performance, with relatively small 
errors and low residual autocorrelation. Using the ARIMA models to forecast global TTH prevalence, incidence, YLDs, 
and DALYs, we observed that both male and female TTH incidence rates are expected to increase by 2036. Furthermore, 
females are anticipated to have higher prevalence, YLD, and DALY rates compared to males, potentially due to unique 
physiological and psychosocial factors. These predictions carry significant implications for public health policymakers, 
emphasizing the need for greater attention to the female population and the timely consideration of gender-specific 
prevention and treatment strategies to alleviate the burden of TTH.

The general limitations of the GBD study discussed elsewhere33 fully apply to this report. Specifically, in this report, 
we did not provide burden estimates for different countries and regions, as our focus is on examining the global gender 
disparities in the burden of TTH since 1990. Moreover, according to the International Classification of Headache 
Disorders – Third Edition (ICHD-3), TTH can be categorized into infrequent episodic TTH, frequent episodic TTH, 
chronic TTH, and probable TTH.34 The disease burden of different types of TTH may vary by gender, but no relevant 
research has been conducted to explore this. Additionally, although our predictions for 2036 are based on rigorous 
predictive models, these predictions rely on certain assumptions that may be influenced by external factors. Furthermore, 
our study data span from 1990 onwards; however, the diagnostic criteria for TTH established by the International 
Headache Society were refined and detailed in 2004 and 2018,1,35,36 differing from the criteria primarily based on clinical 
symptoms and exclusion of other types of headaches since 1988.37 These changes in diagnostic criteria may impact our 
study results. Therefore, while our findings provide valuable insights into global gender disparities in TTH, they should 
be interpreted with caution.
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Conclusions
Analysis of global epidemiological data on tension - type headache (TTH) has revealed significant gender disparities, 
with women experiencing higher prevalence, incidence, and health losses compared to men. Although the observed 
increase in the burden of TTH is partly attributable to global population growth, our time - trend analysis and 15 - year 
projections have highlighted specific patterns for different genders. Future public health strategies must comprehensively 
consider gender, age, and epidemiological changes to develop targeted interventions that effectively reduce the impact of 
TTH on global health.
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