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Background: Of all the injuries on a global scale, traumatic brain injury (TBI) has the most serious consequences for the individual. Depending on its severity, it can be classified as minor, moderate, or severe, but even minor TBI can sometimes still cause severe functional deficits. This study seeks to assess the latest burden of TBI and analyze their differences in terms of country, age, sex, and cause.

Methods: Based on the Global Burden of Diseases database, the incidence, years lived with disability (YLDs), and causes of total head injuries, minor TBI, and moderate/severe TBI from 1990 to 2021 were analyzed separately by sex, age group, and region.

Results: In 2021, there were 20,837,465 [95% uncertainty interval (UI): 18,128,306–23,839,393] new cases of TBI worldwide, with an age-standardized incidence of 259 cases per 100,000 population (95% UI: 226–296). From 1990 to 2021, there was a decline in global age-standardized incidence (estimated annual percentage change: −0.11, 95% UI: −0.18% to −0.04%). In 2021, countries with higher rates will be mainly in Central and Eastern Europe and the Middle East. In 2021, the global incidence of TBI in all age groups was higher in men than in women. Falls are the leading cause for most age groups in most areas.

Discussion: TBI still accounts for a significant portion of the global injury burden in 2021, but differences do exist between countries. This study introduced the possibility of TBI with different degrees and the trend of injury causes in different age groups and regions from 1990 to 2021, providing a basis for further research on injury causes in different regions and formulating corresponding policies and protection measures in the future.
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1 Introduction

Traumatic Brain Injury (TBI) is a major public health issue with far-reaching consequences both for individual health and for society. The burden of TBI is evident not only in terms of mortality rates but also through the long-term disabilities that survivors experience. Some TBI patients face death early in the course of hospitalization, with elevated mortality persisting for up years after the injury (1–3). For those who survive, TBI can result in prolonged physical, neurological, and psychological impairments, with about half of the affected individuals experiencing moderate to severe long-term disabilities (4).

The social costs of TBI are also enormous. Many TBI incidents occur in younger individuals, often leading to lifelong care requirements and specialized accommodations (5). One study showed that in the acute phase, the average additional cost of TBI is $22,000, which continues to accumulate over a period of up to 6 years, leading to long-term medical, rehabilitation, and support needs (6). The total costs associated with TBI are comparable to the total costs of addressing cardiovascular diseases, cancer, and diabetes (7). Furthermore, injuries that occur during productive years often result in lifelong care requirements and specialized accommodations, as well as a loss of productivity, imposing a significant economic burden on both the individual and society (8).

Addressing TBI requires a comprehensive understanding of its epidemiology, etiology, and the identification of at-risk populations. Standardized and up-to-date epidemiological data are essential for the development of effective prevention and treatment strategies. The Global Burden of Disease (GBD) 2021 study, with its improved data sources, replaces the previous GBD 2019 results, making it crucial to update our understanding of the burden of TBI (9, 10).

This study uses data from GBD 2021 to provide a comprehensive overview of the incidence, years lived with disability (YLDs), and trends in the mechanisms of different level of TBI across global and regional populations. It also explores variations in TBI impact by age and gender from 1990 to 2021, providing updated insights that are critical for shaping future prevention efforts.



2 Materials and methods


2.1 Overview

The method used to estimate the burden of TBI is based on the framework of the GBD 2021 study. The GBD 2021 dataset provides global burden data for 371 diseases and injuries, categorized by gender, age, and cause of morbidity across 204 regions and countries, from 1990 to 2021 (10). This global health estimation follows the guidelines of the Global Health Estimates Reporting (GATHER) statement and the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (11, 12).

This study extracted number and age-standardized rates (ASR) data from GBD 2021 on TBI incidence, prevalence, and YLDs, and performed secondary analyses on these datasets.



2.2 Case definition

In this study, TBI was defined according to the International Classification of Diseases, 10th edition (ICD-10). The ICD-10 codes for TBI are F07.2, F07.8, F07.81, F07.89, F07.9, S06, S07, T90.2, and T90.5. Minor TBI is specifically defined as S06.1, while all other codes are categorized as moderate/severe TBI (9). Furthermore, TBI is considered as an injury type rather than an injury cause. TBI was not classified as a cause of death in the GBD 2021 study, therefore, mortality and years of life lost (YLL) are not included in this analysis.



2.3 Data sources

The GBD database is publicly available on the Institute for Health Metrics and Evaluation (IHME) website.1 The data is derived from hospital and emergency department records of patients requiring medical care. Bayesian meta-regression tools (DisMod-MR 2.1) were used to model the incidence of each injury cause. In cases involving multiple types of injuries, the highest-ranked injury according to the GBD severity hierarchy was used for matching (10). YLDs were calculated by multiplying the prevalence by disability weights, which were derived from population and internet surveys evaluating disability conditions (13).

Due to sampling errors and non-sampling variance, the same methods were followed as described in the GBD 2021 study to calculate 95% uncertainty intervals (UI). Typically, the UI is derived from 1000 parameter estimates at each drawing level. The 95% UI is defined as the 25th and 975th values from the ordered set of 1,000 estimates (10).



2.4 Statistical analysis

The present study analyzed the global and regional TBI incidence, prevalence, and YLDs in 2021 to assess the overall burden of TBI. ASRs of incidence, prevalence, and YLDs were further compared across gender, age, and injury cause. To quantify the dynamics of each indicator from 1990 to 2021, the estimated annual percentage change (EAPC) in ASR was calculated using a regression model.

[image: image] where Y is the natural logarithm of ASR, and X is the calendar year. Using the regression model and ASR data from recent years across regions, the coefficients α and β were estimated via least squares. The EAPC was calculated as: [image: image].

The corresponding 95% confidence intervals for the coefficient were also calculated. An EAPC > 0 indicates an increasing ASR, while an EAPC < 0 indicates a decreasing ASR (14).

Additionally, we conducted a population-based analysis to explore the distribution of TBI across different population groups, including age, gender, and specific subgroups. Data for males and females were stratified by age group. All statistical analyses were performed using R software, and results were visualized using the ggplot2 package.




3 Result


3.1 Global and regional perspectives

In 2021, there were 20,837,466 cases of head injuries worldwide (95% UI: 18,128,307–23,839,394), with 56.63% classified as moderate/severe TBI. Regionally, East Asia had the highest number of cases, 4,313,633 (95% UI: 3,671,116–4,998,872), consistent with data from 1990. Of these, 69% were moderate/severe TBI.

After age-standardization, the global age-standardized incidence rate for 2021 was 259 cases per 100,000 people (95% UI: 226–296). Regionally, the highest age-standardized incidence rates were observed in Eastern Europe (522, 95% UI: 454–602), Australasia (479, 95% UI: 355–652), and Central Europe (479, 95% UI: 405–561), all far exceeding other regions (where the rates were below 400). In contrast, regions with the lowest age-standardized incidence rates included Central Sub-Saharan Africa (183, 95% UI: 163–205), Eastern Sub-Saharan Africa (167, 95% UI: 148–191), and Western Sub-Saharan Africa (162, 95% UI: 144–181), with all regions exhibiting a higher incidence in males compared to females.

In terms of severity, the proportion of moderate/severe TBI cases has increased from 1990 to 2021. With the exception of high-income North America (29.23%), Western Europe (27.94%), High-income Asia Pacific (27.29%), Australasia (20.86%), and Southern Latin America (15.89%), the majority of regions report moderate/severe TBI constituting more than 50% of cases.

A dynamic trend analysis from 1990 to 2021 shows a slight global decline in the age-standardized incidence rate (EAPC: −0.8, 95% UI: −0.85 to −0.75). Most regions exhibited a decreasing trend, except for North Africa and the Middle East (0, 95% UI: −0.17 to 0.16), the Caribbean (0.46, 95% UI: −0.65 to 1.59), and Oceania (0.13, 95% UI: −0.39 to 0.65).

In 2021, the prevalence number of TBI was 37,928,494 (95% UI: 36,333,776–39,771,326), with East Asia (9,523,998, 95% UI: 9,077,425–10,041,469) remaining the region with the highest number of cases, consistent with data from 1990.

Globally, the age-standardized prevalence rate in 2021 was 448 cases per 100,000 people (95% UI: 429–470). The highest age-standardized prevalence rates were observed in Eastern Europe (276, 95% UI: 253–312), Central Europe (771, 95% UI: 737–812), and Tropical Latin America (643, 95% UI: 616–676), far surpassing other regions. In contrast, Eastern Sub-Saharan Africa (276, 95% UI: 253–312) and Western Sub-Saharan Africa (256, 95% UI: 245–269) had the lowest age-standardized prevalence rates.

Age-standardized prevalence rates from 1990 to 2021 show a global decline (EAPC: −0.68, 95% UI: −0.72 to −0.64). Only the Caribbean (0.71, 95% UI: 0.51 to 0.91) and Oceania (0.57, 95% UI: 0.52 to 0.62) showed an increasing trend. Other regions experienced declines, with the largest reductions seen in Western Europe (−1.12, 95% UI: −1.18 to −1.06), Eastern Europe (−1.15, 95% UI: −1.37 to −0.92), and Southern Sub-Saharan Africa (−1.73, 95% UI: −1.82 to −1.65), all exceeding a 1% decrease.

In terms of Years Lived with Disability (YLD), East Asia (1,409,201, 95% UI: 987,681–1,922,142) and South Asia (920,914, 95% UI: 652,975–1,243,160) contributed significantly higher YLDs than other regions. After age-standardization, Eastern Europe (130, 95% UI: 91–178) and Central Europe (113, 95% UI: 79–154) had the highest age-standardized YLDs, both exceeding 100. Interestingly, these regions did not have the highest proportions of severe TBI (Table 1).



TABLE 1 Incidence, prevalence, moderate to severe TBI ratio and YLDs of TBI and age-standardized rates in 2021 and estimated annual percent-change in age-standardized rates by GBD region from 1990 to 2021.
[image: Table1]



3.2 National-level data

Significant variations in incidence rates were observed across countries. The top three countries with the highest incidence rates (all exceeding 600 cases per 100,000 people) were Saudi Arabia (681, 95% UI: 584–777), Afghanistan (673, 95% UI: 506–941), and Slovenia (622, 95% UI: 512–736). Countries with relatively low incidence rates were predominantly located in Africa and East Asia (Figure 1A).

[image: Figure 1]

FIGURE 1
 (A) Age-standardised incidence rates per 100,000 persons of TBI by countries/territories, 2021; (B) Ratio of moderate/severe TBI incidence by countries/territories, 2021; (C) Male to female ratio of TBI incidence by countries/territories, 2021.


When examining the proportion of moderate/severe TBI in various countries, it was found that, apart from a few countries in high-income regions such as North America, Western Europe, and Oceania, the majority of countries reported moderate/severe TBI making up more than 50% of cases. Notably, in East Asian and African countries, the proportion of moderate/severe TBI was higher than expected, particularly in China, where 69.82% of TBI cases were moderate/severe. Exceptions in East Asia were observed in Japan (27.79%) and South Korea (27.20%), where minor TBI was more prevalent (Figure 1B).

Across all countries, the incidence of TBI in males was higher than in females, with more than 60% of male incidence rates being more than twice as high as those in females. Qatar and the United Arab Emirates exhibited an astonishing male-to-female incidence ratio greater than 6, far exceeding other countries (Figure 1C).



3.3 Age and gender perspectives

In 2021, except for the infant population under 1 year (where head injury incidence was slightly higher due to their fragile physical condition), the incidence of head injuries increased progressively with age. The incidence was significantly higher in middle-aged and older adult individuals (40–44 years and older), reaching its peak in those aged 85 years and above. Regarding gender, male incidence rates consistently exceeded female rates. This gender disparity became significant from the 10–14 age group and began to narrow at the 70–74 age group. Notably, a small peak in incidence was observed in males aged 20–24 years, suggesting potential age-specific risk factors (Figure 2A).

[image: Figure 2]

FIGURE 2
 (A) Global incidence of TBI by age and sex, 2021; (B) Global incidence of minor TBI by age and sex, 2021; (C) Global incidence of moderate/severe TBI by age and sex, 2021.


Further analysis of the age distribution trends for minor and moderate/severe TBI revealed that, for minor TBI, the peak incidence in males aged 20–24 was more pronounced, with a similar trend observed in females, though the peak was lower. After this peak, the incidence of minor TBI declined until it began to rise again at ages 60–64 years for males and 45–49 years for females. For moderate/severe TBI, the incidence steadily increased with age, peaking at 90–94 years for both males and females (Figures 2B,C).

The study also analyzed the YLD trends for different severities of TBI across age groups and genders in 2021. The YLDs for both males and females increased with age, with males consistently having higher YLDs than females. This trend was particularly prominent in minor TBI, while in moderate/severe TBI, males showed the highest YLDs at 65–69 years, and females at 85–89 years, with a slight decrease thereafter (Supplementary Figure S1).



3.4 Injury causes

At the national level, the primary causes of TBI across different severities were explored. The majority of countries reported falls as the leading cause, with smaller proportions attributed to traffic accidents, mechanical forces, and physical violence. Besides these, in Haiti, exposure to forces of nature was a major cause, while in Afghanistan and Yemen, conflict and terrorism were significant contributors (Figure 3A).

[image: Figure 3]

FIGURE 3
 (A) The leading causes for age-standardised incidence rates of TBI by countries/territories, 2021; (B) The leading causes for age-standardised incidence rates of minor TBI by countries/territories, 2021; (C) The leading causes for age-standardised incidence rates of moderate/severe TBI by countries/territories, 2021.


When comparing minor and moderate/severe TBI, falls remained the predominant cause for both types of TBI. The difference lies in that, in some African countries, moderate/severe TBI was more often caused by motor vehicle road injuries and in Central Africa and Ethiopia, most minor TBIs were caused by conflict and terrorism (Figures 3B,C).

An analysis of the causes of TBI across different age groups revealed significant differences in the distribution of injuries. For example, traffic-related injuries (e.g., motor vehicle, bicycle, or motorcycle accidents) were major causes of head injuries in adolescents and young adults (15–29 years), while falls accounted for a larger proportion of injuries in older adults (65 years and above). For infants (<1 year), head injuries were more often caused by environmental exposures, such as falls or physical impacts. Self-harm and violence-related head injuries were more common in young and middle-aged adults (20–39 years), while head injuries due to natural forces or mechanical forces were less frequent and more evenly distributed across age groups (Figure 4A).

[image: Figure 4]

FIGURE 4
 (A) Percentage of TBI causes for both sexes by age, 2021; (B) Percentage of minor TBI causes for both sexes by age, 2021; (C) Percentage of moderate/severe TBI causes for both sexes by age, 2021.


Further analysis of the causes of minor and moderate/severe TBI by age group revealed that the causes of minor TBI were more diverse, whereas moderate/severe TBI was more closely associated with high-intensity external forces. Traffic-related injuries were a common cause of both minor and moderate/severe TBI in adolescents and young adults, but they contributed more to minor TBI. Violent events (e.g., firearm or sharp object injuries) contributed to both minor and moderate/severe TBI in young adults (20–39 years), with a higher proportion in moderate/severe TBI cases. Falls were the primary cause of both minor and moderate/severe TBI in the older adult, with the proportion of falls leading to moderate/severe TBI significantly increasing with age (Figures 4B,C).

When comparing male and female incidence rates for different causes of TBI, it was found that males had higher incidence rates of TBI than females across all causes, whether minor or severe. This disparity was consistent across almost all injury categories, with particularly marked differences in interpersonal violence and bicycle-related road traffic injuries. Additionally, for both minor and moderate/severe TBI, males exhibited higher rates than females in almost all causes, except for exposure to mechanical forces, non-venomous animal contact, venomous animal contact, and foreign bodies in the eyes (Figure 5).

[image: Figure 5]

FIGURE 5
 Composition of age-standardized incidence of minor and moderate/severe TBI by different causes, 2021.





4 Discussion

This study analyzes the epidemiological characteristics of TBI from 1990 to 2021 using data from the GBD database, focusing on global, regional, and national trends across different age groups, genders, and injury causes. Through descriptive statistics and modeling, we reveal the disease burden differences of TBI across various dimensions and discuss potential interventions and policy implications.

Overall, the global incidence rate of TBI has decreased over the past 30 years, reflecting the effectiveness of global prevention and management interventions. However, it is noteworthy that the proportion of moderate/severe TBI has significantly increased, suggesting that although the frequency of accidents has declined, the consequences of these incidents have become more severe. This trend varies across regions, as seen in 2021 when East Asia ranked highly in terms of TBI incidence, prevalence, and YLDs globally, which is closely linked to the region’s large population base. To better understand these differences, we need to consider multiple factors such as country, gender, age, injury cause, and the severity of TBI, thus providing a more comprehensive reflection of TBI trends.

These differences reflect the diverse TBI burden characteristics shaped by the social, cultural, and economic contexts of different countries. Due to space constraints, this article does not analyze the TBI characteristics of every country but instead focuses on three countries with the highest age-standardized incidence rates, chosen for their representativeness in various aspects.

For instance, Saudi Arabia, with the highest ASR, reports TBI mainly due to falls and traffic accidents, with traffic accidents previously being the dominant cause (15, 16). However, in recent years, with the implementation of the “Vision 2030” strategy, Saudi Arabia has responded to the WHO’s agenda for strengthening road safety through the 2030 Sustainable Development Goals. The country has significantly strengthened traffic safety regulations, and stringent traffic management measures have effectively reduced the occurrence of traffic accidents (17, 18). These measures include speed limits, mandatory seatbelt and helmet use, and a ban on drunk driving. As a result, the proportion of traffic accidents has decreased year by year, although they still rank as the second leading cause of TBI (17, 19, 20).

However, the construction process, accompanied by high-risk work environments in construction and industrial sectors, has increased the incidence of head trauma. Insufficient safety training and protective equipment may explain the rising proportion of TBI caused by falls. This suggests the need to balance national modernization with production safety, a lesson applicable to other rapidly developing countries.

In Slovenia, ranked second, the impact of geography and population structure is evident. The country is largely mountainous and located in the foothills of the Alps. The terrain and winding roads contribute to a high incidence of traffic accidents, while outdoor activities such as skiing, mountaineering, and mountain biking, popular with both locals and tourists, also carry higher accident risks. The risk of geographically-induced injury also exists in Finland, Norway, and Sweden, where cold climates and icy roads may increase the risk of falls among their populations (21).

Additionally, Slovenia’s aging population has influenced TBI incidence. In 2021, the proportion of people aged 65 and older increased from 16.37% a decade ago to 20.50% (22). Due to sarcopenia, osteoporosis, sleep disorders, comorbidities, and frailty, older adults are at higher risk of head trauma due to falls (23). This is a global issue, as the proportion of people aged 65 and above has risen from 6.2% in 1990 to 9.6% in 2021 (24). Therefore, fall prevention among older adults should be a central component of global TBI prevention strategies.

In Afghanistan, ranked third, the main cause of TBI is prolonged armed conflict (25). Other countries, such as Yemen and the Syrian Arab Republic, are similarly affected. For these countries, providing essential trauma care and rehabilitation in conflict zones remains an urgent challenge.

A comprehensive analysis of the causes, severity, and incidence of head injuries across different age groups and genders reveals that the incidence of TBI is higher in males than females in all countries worldwide. This is partly due to the differing social roles and behaviors of males and females, with traffic accidents, violence, and sports injuries more commonly associated with male-dominated activities (26).

However, in certain countries, such as Qatar and the United Arab Emirates, the gender gap is even more pronounced. This is not only due to imbalances in gender ratios but also influenced by cultural factors, with females having more limited mobility and fewer opportunities to engage in high-risk professions or activities, resulting in lower TBI incidence. Additionally, cultural influences may lead to underreporting of female injuries, particularly domestic accidents or minor TBIs. This phenomenon highlights the importance of improving the transparency and collection of TBI data, especially regarding female TBI, as a key task for future research and policy-making.

When considering age, gender differences in TBI incidence become significantly evident starting from the 10–14 age group, with males exhibiting a higher incidence rate. A small peak in incidence occurs in males aged 20–24, which is linked to their increased participation in activities such as motorcycle riding, leading to road traffic injuries. However, due to the better physical condition of younger individuals, these injuries tend to be minor TBIs. Nonetheless, improving road safety remains a critical issue. Many countries have benefited from enhanced road safety measures, such as speed limits, banning drunk driving, and requiring helmets and seatbelts, which have contributed to reducing fatal road injuries by 25%–40% (27).

However, global efforts in road safety are still insufficient. Most road infrastructure does not meet safety standards, and around 80% of roads do not meet the minimum safety requirements for pedestrians and cyclists. Legal regulations are crucial for preventing traffic fatalities, with approximately 10% of fatal traffic accidents involving drunk driving, and 50% of drivers admitting to speeding. Key legislative actions recommended by the World Health Organization include setting urban speed limits, enforcing a ban on drunk driving, and mandating helmet and seatbelt use. However, only a few countries have adopted legislative measures that align with best practices (28).

As people age, the incidence of moderate/severe TBI gradually increases, and the gender gap narrows. Older adults, due to falls, now represent the primary cause of TBI in this population. Therefore, mitigating fall-related injuries among the older adult has become a top priority in global TBI prevention. In response, the World Health Organization developed the “Falls Prevention and Management Guidelines for Older Adults” in 2022, providing risk assessment tools and intervention recommendations in areas such as lifestyle, exercise, and diet (29). At the same time, with technological advancements, many wearable devices have been introduced to the market, which have been shown to effectively detect and prevent falls (30–32). Additionally, interventions targeting cardiovascular, vestibular, and visual disorders in older adults are also believed to help prevent falls (33–35).

Overall, TBI remains a significant global safety burden. Despite the age differences in TBI cases, the mortality and disability rates associated with TBI are high, especially among the older adult. In addition to deaths caused by the injury itself within a few hours, late-stage mortality due to sepsis and multiple organ failure is also an important concern (36). Beyond epidemiological interventions and prevention, investigating and managing the injury patterns in TBI patients is also crucial. According to the latest guidelines, TBI patients should undergo timely evaluation, monitoring of vital signs and Glasgow Coma Scale scores, and rapid triage and transport (37, 38). For patients exhibiting altered mental states, loss of consciousness, post-traumatic amnesia, or focal neurological deficits, a head CT scan is required (39). Monitoring blood pressure and intracranial pressure is necessary to ensure adequate cerebral perfusion (40). Surgical removal of large traumatic hematomas should be performed before neurological deterioration occurs (41). In addition to specialized treatments, life support, airway management, and nutritional supplementation are also indispensable components of TBI patient care.

Furthermore, with the development of bioinformatics-driven research, biomarkers have emerged as important indicators for assessing brain injury. Advances in forensic pathology have highlighted the applications of tissue pathology and immunohistochemical biomarkers in improving TBI diagnosis and prognosis. Identifying specific biomarkers can help determine the severity of injury and post-traumatic survival, ultimately contributing to better patient outcomes and cost-effective healthcare strategies (36). Widely accepted brain injury-related biomarkers include glial fibrillary acidic protein (GFAP), ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1), and S100 calcium-binding protein (S100B) (42–46). Notably, recent studies have also revealed the role of circulating microRNAs (miRNAs) in TBI pathophysiology. Specific miRNAs, such as miR-34b, miR-34c, miR-135a, miR-200c, and miR-451a, exhibit dynamic expression changes after injury, which may promote the development of new therapeutic strategies for TBI management (47).

Despite providing comprehensive epidemiological data on TBI, this study has several limitations. First, the GBD 2021 database did not link TBI with behavioral risk factors such as alcohol consumption, making it impossible to assess the specific impact of these factors on TBI incidence. For example, alcohol significantly increases the risk of TBI, but due to the lack of relevant data, we could not analyze its role in TBI occurrence. Second, the GBD data largely depend on reports from healthcare institutions, and some TBI patients, especially those with minor injuries who did not seek treatment, are not recorded. As discussed earlier, the underreporting rate in some countries is even strongly associated with gender, which affects the accuracy of the final statistics. Third, GBD data categorize TBI into Minor TBI and Moderate/Severe TBI, but do not further separate Moderate from Severe, making the differences between them unnoticeable. Last, the data, which ends in 2021, is not recent, so it does not fully reflect the current epidemic distribution of TBI.



5 Conclusion

In summary, this study leverages the latest GBD data from 2021 to provide a comprehensive analysis of different severity of TBI across different countries, age groups, and genders. The investigation into the distribution and variation tendency of TBI offers novel insights into the global burden of this injury. By examining the underlying causes of TBI across diverse populations, this manuscript not only enhances our understanding of TBI patterns but also identifies key factors contributing to its prevalence. The findings underscore the urgent need for tailored prevention strategies that address the specific risk factors in various demographics. Furthermore, the study’s results provide crucial evidence for policymakers and healthcare providers to design more effective intervention strategies aimed at reducing the incidence and societal burden of TBI. This work significantly contributes to the existing literature by offering an updated, detailed analysis of global TBI trends, which can guide future research and improve long-term public health strategies.
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217 (203-233)

410 (386-438)

578 (546-615)

255 (238-277)

435 (109-462)

703 (658-749)

200(191-213)

643 (616-676)

(989-1,090)

288 (273-303)

376 (354-400)

188 (461-516)

268 (249-268)

256 (245-269)

365 (348-384)

157 (150-166)

2021

ratio

7659%

7832%

73.05%

81.73%

8256%

79.39%

35.44%

37.24%

2.71%

8353%

83.49%

83.60%

80.35%

L%

7828%

8142%

8200%

50.17%

8269%

83.89%

79.15%

82.27%

83.46%

79.63%

85.46%

8607%

81.24%

81.74%

8237%

80.26%

5015%

82.13%

7511%

3961%

A188%

35.91%

41.98%

387%

3931%

8.42%

s142%

8057%

8107%

86.07%

8054%

8250%

83.74%

8039%

83.59%

8145%

8159%.

3447%

36220

3095%

1%

85.00%

81.37%

3820

81.49%

81.63%

a001%

41.24%

3818%

s0.62%

8230%

7682%

Estimated 2021 counts
annual

percentage

change from

1990 to 2021,

% (95% UI)

~068(-072t0 | 5480354 (3870216~

~0.64) 7331,092)

3727418 (2,630,852

~066 (~0.7t0 ~0.62) 4998.674)

1752937 (1247139~

~07 (=074 10 ~0.65) 2346,109)
017 (-02710 38,823 (27,406
-007) 52,570)
~016(-02710 26,846 (20,360~
~0.06) 38,966)

~0.18(-02810
-0.08) 56-13,395)

2727319167~
~066 (~0.7310-06) 36,326)
16608 (11,597
~08 (087 t0~0.72) 22.255)
041 (-047t0
-0.36) 10,665 (7,526-14,163)
38527 (27,780~
071(05110091) 49939)

25288 (17,986~

035 (02410 0.46) 33.423)

145 (10810 1.83) | 13,239 (9733-17,200)

087 (<0910 66723 (46504
-083) 90670)
49,100 34,114~
~1(-1.0510-0.96) 66933)
17,623 (12497~
~06 (067 t0 ~053) 23,698)
184,635 (129916
-1 (10710 ~0.92) 25059)
126,522 (88,678
~1(-1.0810-0.93) 172,195)
S8.112 (41,261
110910 ~091) 78.782)
219,154 (153910~
~065(~0810-03) 296,100)
~062(-07810 | 164640 (115299~
~0.46) 22512)
059 (-075t0 54514 (38479~
~043) 73.414)
~001(-0.110007) | 43,145 (30984
36,807)
016(00510027) | 29933 (21521~
39.202)
~041(-046t0 | 13212(9,179-17.701)
-0.36)
~014(-02710 | 1409201 (987,681
~001) 1,922142)
0(-011100.12) | 946268 (663162
1,295.434)
~036(-051t0 | 462933 (326215~
-021) 628,032)
SLIS(-137t0 | 361,906 (253832
~092) 493,680)
SLI7(-137t0 | 255492 (179,078~
-0.96) 349726
—105 (-133t0 106,413 (74,689~
-078) 144,134)
037 (<0470 110,855 (80,127
-027) 144,604)
~026(-038 10 80274 (58,138~
-0.15) 103,922)
~057(<06510-05) | 30581 (21,950~
40623)

-167(-177t0 121,024 (85,487
-157) 160,286)
~184(-195t0 75,582 (53,266~
-173) 100,828)
—Laa(-150t0 45442 (32184~
-133) 60047)
~093(-107t0 | 265812 (187,933
-079) 353325)
SL1(-123t0-098) | 157,208 (110,812
208,387)

069 (-086 10 108,604 (76,815
~052) 145,345)
045 (-04710 | 509844 (367,
~043) 66,956)

~039(-04lt0 | 380263 (274533
-036) 496,464)

069 (-07410 120,580 (92,608
~064) 169,775)

057(05210062) | 6452 (4,603-8834)

047(04310052) | 4161 (2:912-5776)

0.74(0.6410084) | 2291 (1,621-3074)

~0.06(-0.1410002) | 920914 (632,975~

1,243,160
0(-01100.11) | 588922 (415881~
794932)

01 (01410 -005) | 331,992 (236,806

443.287)
—071(-075t0 | 381660 273314-
~067) 505,887)
~078(-081t0 | 268897 (193,360~
~074) 358,639)
=058 (~0.6610-05) | 112763 (81415~
148.221)
~0.08(-0.1910008) | 41,628 (29466~
55,531)
—02(-03210-009) 28130 (19,681
37.738)
0.18(0.0610029) | 13498 (9,688-18,082)
SL73 (18200 47961 (33,098~
-165) 63222)
“153(-16t0-146) | 36812 (25356
50,333)
“232(-24200 | 11149 (7,646-14.984)
-221)
~058(-061t0 | 240869 (169,319~
—054) 325629)

05 (05410 -0.47) | 185,352 (129718~

249,800)

073 (-07810 55,518 (39,409
~0.68) 74.977)

SLR2(-LI8t0 | 325842 (220,154
-1.06) 437.166)

~136 (-La30-13) | 196,945 (137,976

264898)

~071(-077t0 126,897 (91,714
06 172,097)

011 (-0.17t0 118,108 (82,770~
~0.06) 159,110)

009(005100.13) | 82176 (57519~
110,805)

~02(-02410-0.15) | 35,933 (25,140
48,506)

YLDs

2021 age-
standardized

rate (per
100,000)

65 (46-87)

90 (63-121)

40(28-50)

60 (43-82)

91 (65-124)

31 (22-41)

68 (48-91)

86 (60-115)

50 (35-67)

76 (54-98)

102 (73-135)

50 (37-65)

69 (48-94)

106 (74-144)

36 (25-18)

13.(79-154)

164 (114-224)

64(45-88)

84(59-113)

132 (93-178)

40(28-54)

47(33-61)

65 (47-85)

29 (20-38)

71 (49-97)

95 (66-130)

46(32-63)

130 (91-178)

205 (144-280)

40(29-52)

59(43-76)

22(16-30)

40(28-54)

(37-71)

28(20-38)

50(35-67)

64 (45-85)

37 (26-50)

87(63-114)

124 (90-161)

47(34-62)

59 (42-81)

72 (50-100)

46(33-62)

55(39-75)

69(49-93)

4129-59)

53(38-71)

76 (54-101)

31 (23-42)

54(38-72)

77 (54-103)

3 (24-44)

64(44-86)

104 (72-141)

29(20-39)

94(66-127)

152 (106-205)

4129-56)

50(35-68)

65 (46-89)

35 (25-46)

38 (27-51)

54(38-73)

23016-31)

Estimated
annual
percentage
change from
1990 to 2021,
% (95% Ul)

0.6 (~0710-062)

063 (~0.6810
~0.59)

069 (07410
~0.63)

018 (02810
~008)

=017 (~02810
-0.07)

~02(~02910-01)

067 (07310
~061)

=079 (<087 10
-0.72)

044 (~0.4910
~0.38)

07(047100.9%)

034(02110047)

146 (103 101.88)

088 (09210
~0.84)

~101 (-10610
~0.96)

061 (-0.68 10
~054)

099 (-10710
~092)

~1(-10810-0.92)

~1(-10910 ~091)

~0.65 (~0810-05)

=062 (07810
~047)

~06(-07610-0.45)

~001 (~0.0910008)

0.16(0.0610027)

041 (04610
-033)

~0.16(=02910
~0.04)

~002(~0.13100.1)

038 (~05310
~0.24)

~L14(-13610
~0.93)

~116(-13610
-096)

~106 (-13410
-078)

=037 (<047 10
~027)

~027(~0.3910
~0.16)

058 (~0.65 10 ~0.5)

167 (=177 10
-156)

~183 (19410
-173)

144 (-15410
-133)

097 (-Lil10
~0.83)

SLI3 (12510
-101)

~0.73(~08910
~056)

=047 (04910
~0.45)

~0.4(~0.4210-038)

=073 (=077 10
~0.68)

056(05110062)

048 (0:4210053)

073 (06210084)

~0.06 (~0.1410002)

002(-009100.12)

0.1 (~0.1510-006)

~072(~07610
~0.67)

079 (~08210
~075)

~0.59 (~0.68 10 ~0.5)

~007 (~0.18 10 004)

~019(-03110
~0.08)

0.17(00510029)

~176 (-18510
-167)

156 (-163 10
-149)

-236(-247t0
-225)

~0.56 (~0.610-053)

049 (05210
~0.46)

073 (07810
~069)

SL2(-LI910
-106)

~135(-14210
-1.29)

071 (07810
~0.65)

0.1 (<0.1510-005)

0.11(00710015)

019 (-02310
~0.14)
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