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Background: Gout increasingly affects adolescents. However, comprehensive data on adolescent gout are scarce. This study aimed to analyse the incidence, prevalence, years lived with disability (YLDs), and risk factors for gout in adolescents aged 10–24 years via the Global Burden of Disease (GBD) database from 1990 to 2021.

Methods: This study employed cross-sectional data from the GBD 2021 study in adolescents aged 10–24 years. The incidence, prevalence, YLD, and risk factor rates or numbers for gout were extracted, and trends across different sociodemographic index (SDI) levels and exponential annualized percentage change (EAPC) rates were analysed via linear regression analysis. Bayesian age-period-cohot (BAPC) model with an integrated nested Laplace approximation to predict the age-standardized incidence rate of gout among adolescents over the next 15 years in Global, China, Taiwan (Province of China), Qatar, and Maldives.

Results: The global incidence number of gout in adolescents increased by 23.47% (95% CI 21.66 to 25.92) from 1990 to 2021; by 2021, the incidence number of gout was 110664.59 (95% UI 62543.83 to 163447.37). High BMI was the leading risk factor for YLD. The higher the SDI is, the greater the incidence of gout and the greater the disease burden in adolescents. Taiwan (Province of China) had the highest rates in 2021, and an increasing trend is predicted by 2035.

Conclusion: Adolescent gout is an escalating global health issue, particularly in regions with increasing age-standardized incidence rates. Urgent dietary and weight interventions are recommended to reduce the disease burden in adolescents.
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Introduction

Gout is a type of crystalline inflammatory arthritis characterized by the accumulation of monosodium urate crystals within joint structures, leading to chronic conditions. Studies have reported an increasing incidence of gout among adolescents (1). Gout not only causes joint pain and deformities in adolescents (2) but also leads to liver and kidney dysfunction, dyslipidemia (2, 3), and hypertension (2), promoting the progression of chronic kidney disease (CKD) and triggering cardiovascular diseases (2). Additionally, it increases the risk of degenerative neurological disorders (4), diminishes adolescents’ interpersonal skills and stress coping abilities (5), and even increases the risk of mortality (2, 6). Therefore, the epidemic of gout among adolescents requires attention from various countries and regions; however, there have been no reports on the prevalence of adolescent gout in the recent Global Burden of Disease Study 2021 (GBD 2021).

The incidence of gout has increased in young people. Zhang et al. (1) reported a significant increase in the gout incidence among adolescents aged 15–39 years in 2019 compared with 1990. From 1990 to 1999, the incidence of gout was 12 cases per 255,950 males and 1 case per 246,346 females under the age of 25 in Britain (7). There is also report related to adolescent gout in Korea (8). From 2007 to 2015, in South Korea, the incidence of gout among individuals aged 0 to 9 years was reported to be 2 to 3 cases per 100,000 people; however, in the 10 to 19 age group, the incidence was 9 to 20 cases per 100,000 people (8). In 2021, the global incidence of gout increased by 22.5% compared with that in 1990 (9). However, there have been no reported cases of gout among adolescents aged 10–24 years in the Global Burden of Disease (GBD) 2021.

This study utilizes the GBD database to analyse trends in incidence, prevalence, years lived with disability (YLDs) related to gout, and risk factors among adolescents aged 10–24 years from 1990 to 2021. Additionally, an attribution analysis of the countries or regions with the most significant increase in incidence is conducted, and their prevalence trends are predicted. This study will promote global, regional, and national attention to the prevalence of gout among adolescents. These findings will contribute to the development of new prevention strategies and treatment approaches worldwide, helping to alleviate the burden of gout in this age group and improve health outcomes.



Methods


Study population and data collection

This study utilized repeated cross-sectional data obtained from the GBD (2021), which assessed the burden of 371 diseases and 88 risk factors in 21 regions and 204 countries and territories from 1990 to 20211 (10, 11). The GBD project is led by the Institute for Health Metrics and Evaluation at the University of Washington, which works collaboratively with partners to collect and curate the comprehensive dataset. The GBD 2021 data have been standardized, including input data, age and sex segmentation, cause of death clustering and noise reduction; then, the main models, such as the cause of death ensemble model, spatiotemporal Gaussian process regression and DisMod-MR, have been used for analysis (11).

The incidence of gout tends to occur at a relatively young age (1). This study adopts the broad age definition of 10–24 years old for adolescents, as it accurately captures the biological, social, and neurocognitive development of this population (12). Using GBD 2021, we extracted the following data, including incidence, prevalence, years lived with disability, and risk factors for gout among adolescents aged 10–24 years and conducted a secondary analysis. This study involved only data analysis and no identifiable personal information.

We conducted an analysis of the disease burden of gout among adolescents across 21 global regions, 204 countries and territories, and different regions at the sociodemographic index (SDI) level. The SDI has a scale ranging from 0 to 1, where higher values signify greater development of the social economy. The five quintiles of low, low-middle, middle, high-middle, and high were divided according to the different SDI levels. We analysed the relationships between different SDI levels across countries and regions and gout among adolescents.



Statistical analysis

The incidence, prevalence, and YLDs of gout in adolescents were extracted from the GBD 2021, along with their corresponding age-standardized rates, as the main indicators used to describe the disease burden of gout in adolescents. In the GBD database, the age-standardized rate is estimated using the world population age standard. The direct standardization method yields standardized rates (also termed age-adjusted rates), which represent weighted averages of age-specific rates. These weights, derived from the relative age distribution of an external reference population, are applied uniformly across study populations to compute a summary measure. This approach estimates the expected disease burden under the assumption that all compared populations share identical age structures, thereby enabling cross-population comparisons while controlling for demographic variations. According to the GBD algorithms, a 95% uncertainty interval (UI) is provided for every rate reported per 100,000 people. The estimated annual percentage change (EAPC) was used to evaluate the temporal trend between 1990 and 2021. If both the EAPC and its upper 95% confidence interval (CI) were negative, the age-standardized rate exhibited a downward trend; accordingly, if both the EAPC and its lower limit of the 95% CI were greater than 0, the age-standardized rate exhibited a an increasing trend. To conduct the prediction analysis, we used the Bayesian age-period-cohort (BAPC) model on the basis of the literature (13). The BAPC model is a statistical model that considers the influence of age, period, and cohort factors on disease distribution. It combines the sample information and prior information through the Bayesian method to obtain unique parameter estimates, which makes the results more robust and reliable. BAPC models can not only describe the trends of diseases according to age, period, and birth cohort but also predict future changes on the basis of these trends. Analysis of the incidence, prevalence, and YLD of gout among adolescents from 1990 to 2021 was conducted via joinpoint regression to identify temporal trends.

All the data were statistically analyzed via GraphPad Prism (version 8.0), the Joinpoint Regression Program (version 5.0.2), and R (version 4.2.3). p < 0.05 was considered statistically significant.




Results


Global trends


Incidence

The incidence of gout among adolescents aged 10–24 years globally increased from 89630.16 (95% UI 50708.96 to 133466.20) in 1990 to 110664.59 (95% UI 62543.83 to 163447.37) in 2021, with a percentage change (PC) of 23.47% (95% UI 21.66 to 25.92). The age-standardized incidence rate increased from 5.79 per 100,000 people (95% UI 3.28 to 8.63) in 1990 to 5.86 per 100,000 people (95% UI 3.31 to 8.66) in 2021, with an EAPC of 0.39 (95% CI 0.21 to 0.56) from 1990 to 2021 (Table 1).



TABLE 1 Incidence of gout in 10–24 years old between 1990 and 2021 at the global and regional level.
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Prevalence

The prevalence of gout among adolescents aged 10–24 worldwide increased from 179232.87 (95% UI 93890.46 to 296682.18) in 1990 to 220881.48 (95% UI 116542.40 to 364750.66) in 2021, with a PC 23.24% (95% UI 21.55 to 25.75). The age-standardized prevalence rate increased from 11.58 per 100,000 people (95% UI 6.07 to 19.18) in 1990 to 11.70 per 100,000 people (95% UI 6.17 to 19.32) in 2021, with an EAPC of 0.381 (95% CI 0.205 to 0.558) from 1990 to 2021 (Supplementary Table 1).



YLDs

Globally, the YLD for gout among adolescents aged 10–24 years increased from 6287.14 (95% UI 2958.23 to 10998.57) in 1990 to 7722.32 (95% UI 3648.10 to 13409.75) cases in 2021, with a PC of 22.83% (95% UI 19.88 to 26.45). The age-standardized YLD rate for gout among adolescents remained consistent between 1990 and 2021, with an EAPC of 0.368 (95% UI 0.19 to 0.54) from 1990 to 2021 (Supplementary Table 2).




SDI regional trends


Incidence

The higher the SDI region is, the greater the incidence in adolescents. In regions with high, high-middle, and middle SDI, the age-standardized incidence rates of gout among adolescents peaked at 11.42 (95% UI 8.14 to 14.90), 8.95 (95% UI 5.26 to 13.05), and 6.85 (95% UI 3.92 to 10.13) per 100,000 people in 2014, 2011 and 2012, respectively, and then declined. Although the gout age-standardized incidence rate among adolescents was relatively low in low-middle and low SDI regions in 1990, there was a consistent increasing trend from 1990 to 2021. By 2021, the age-standardized incidence rate among adolescents had risen to 4.57 per 100,000 people (95% UI 2.52 to 6.99) in low-middle SDI regions and 3.81 per 100,000 people (95% UI 2.08 to 5.91) in low SDI regions. Regardless of the SDI, females presented a lower age-standardized incidence rate than males did (Table 1; Figure 1A).
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FIGURE 1
 Prevalence of gout among adolescents in different SDI regions. (A) The age-standardized incidence rate of gout among adolescents in high, high-middle, middle, low-middle, low SDI regions. Incidence (B), prevalence (C) and YDL (D) rates across in geographic regions.




Prevalence

In regions with high, high-middle, and middle SDI, the gout age-standardized prevalence rate among adolescents peaked at 23.06 (95% UI 15.53 to 32.85), 17.56 (95% UI 9.76 to 28.14) and 13.62 (95% UI 7.12 to 22.43) per 100,000 people in 2014, 2011 and 2012 respectively, and then declined. The gout age-standardized prevalence rate among adolescents was relatively low in low-middle and low SDI regions in 1990, but there was a consistent increasing trend from 1990 to 2021. By 2021, the age-standardized prevalence rates among adolescents had risen to 9.31 (95% UI 4.53 to 15.76) and 7.75 (95% UI 3.59 to 13.28) per 100,000 people in low-middle and low SDI regions, respectively. Regardless of the SDI, males had a higher age-standardized prevalence rate than females did among adolescents (Supplementary Table 1; Supplementary Figure 1).



YLDs

In regions with high, high-middle and middle SDI, the number of gout YLDs among adolescents peaked at 1530.14 (95% UI 874.97 to 2421.19), 1624.91 (95% UI 803.45 to 2809.99) and 2784.92 (95% UI 1343.24 to 4869.23) in 2013, 2010 and 2010 respectively, and then declined. The YLD among adolescents was relatively low in the low-middle and low SDI regions in 1990, but there was a consistent increasing trend from 1990 to 2021. By 2021, the YLDs had risen to 1805.84 (95% UI 794.88 to 3271.24) and 1005.11 (95% UI 441.51 to 1847.31) in the low-middle and low SDI regions, respectively. Regardless of the SDI, the gouty YLD among adolescents is greater in males than in females (Supplementary Figure 1B; Supplementary Table 2).



21 geographic regional trends

In both 1990 and 2021, among the 21 geographic regions, the regions with the highest incidence, prevalence and YLD number of gout cases among adolescents were East Asia; however, the highest age-standardized incidence, prevalence and YLD rates were found in high-income North America. The incidence of PC decreased 33.92% (95% UI-36.46 to-31.35) from 1990 to 2021 in East Asia. However, the age-standardized incidence rate of EAPC in high-income North America increased by 1.78 (95% CI 1.49 to 2.08). In both 1990 and 2021, Oceania had the lowest incidence, prevalence and YLD number of gout among adolescents, and central sub-Saharan Africa had the lowest age-standardized incidence, prevalence and YLD rates. In both 1990 and 2021, the age-standardized incidence rates of gout among adolescents were higher in males than in females across 21 geographic regions (Figures 2B–D, 3; Table 1; Supplementary Tables 1, 2). Our study found positive correlations between SDI and gout incidence, prevalence, and YLD rates across 21 regions. Higher SDI areas consistently showed elevated adolescent gout metrics, demonstrating a clear dose-response relationship (Figures 1B–D).
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FIGURE 2
 Sex-specific age-standardized incidence rate of gout in adolescents. (A) 1990 age-standardized incidence rate of gout in adolescents. (B) 2021 age-standardized incidence rate of gout in adolescents.
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FIGURE 3
 Prevalence of gout among adolescents in 204 countries and territories. (A,C,E) PCs of incidence, prevalence and YDL number. (B,D,F) EAPCs in the incidence, prevalence and YDL rates. (G, H) Analysis of correlations among incidence, EAPC, and SDI.





National trends

In both 1990 and 2021, among the 204 countries and territories, the highest incidence, prevalence and number of YLDs among adolescents were in China. In 1990, the highest age-standardized incidence, prevalence and YLD rates of gout among adolescents were reported in Greenland. However, in 2021, the highest age-standardized incidence, prevalence and YLD rates were reported in Taiwan (Province of China). From 1990 to 2021, the greatest increase in the PC in the incidence, prevalence and YLD number of gout among adolescents was in Qatar, and the largest decrease was in Latvia. From 1990 to 2021, the greatest increase in the PC in the age-standardized incidence, prevalence and YLD rates of gout among adolescents occurred in Taiwan (Province of China), and the largest decrease occurred in the northern Mariana Islands. From 1990 to 2021, Romania exhibited the largest decrease in the incidence, prevalence and YLD number of EAPC, and Qatar exhibited the largest increase in the incidence, prevalence and YLD number of EAPC. From 1990 to 2021, the greatest increase in the age-standardized incidence, prevalence and YLD rates of EAPC was reported in Maldives, and the largest decrease was reported in the northern Mariana Islands. There was a linear relationship between the incidence, prevalence, YLD rate and EAPC; the higher the age-standardized incidence, prevalence and YLD rate were, the greater the EAPC was (p < 0.05). However, there was no significant correlation between the SDI and the incidence, prevalence, or YLD rates of EACP in 204 countries or territories (Table 2; Figure 3; Supplementary Figure 2).



TABLE 2 The top 1 nations or territories of incidence, prevalence, YLDs, PC and EAPC.
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Risk factors

For adolescents aged 10–24 years, a high BMI is the primary risk factor for YLD of gout among adolescents. Globally, in 2021, a high BMI accounted for 21.66% of YLDs (95% UI 17.14 to 26.76%). The higher the SDI is, the greater the impact of high BMI on YLD. In 2021, in high SDI regions, a high BMI accounted for 33.00% of YLDs (95% UI 26.43 to 40.25%). However, in low SDI regions, a high BMI accounted for only 13.09% of YLD (95% UI 10.39 to 16.21%). From 1990 to 2021, the proportion of YLDs attributed to a high BMI among adolescent gout patients increased, and there was a continuing increasing trend in global, China, Taiwan (Province of China), Qatar and Maldives. In 2021, the highest proportion of high BMIs, accounting for 43.71% (95% UI 0.34.87 to 52.86%) of YLDs, was reported in Qatar, followed by Taiwan (Province of China), accounting for 28.92% (95% UI 20.83 to 37.17%) (Figure 4).
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FIGURE 4
 Proportion of YLDs attributable to risk factors. (A) Proportion of YLD attributable to risk factors in high, high-middle, middle, low-middle, and low SDI regions in 1990 and 2021 (95% UI). (B) Proportion of YLDs attributable to risk factors in global, China, Taiwan (Province of China), Qatar, and Maldives from 1990 to 2021.




BAPC analysis

We predicted the age-standardized incidence rate of gout among adolescents aged 10–24 years in global, China, Taiwan (Province of China), Qatar, and the Maldives. By 2035, it is projected that the age-standardized incidence rates of gout among adolescents will be on a declining trend both globally and in China. However, the age-standardized incidence rate of gout among adolescents in Taiwan (Province of China) and the Maldives still shows an increasing trend. By 2035, the incidence of gout among adolescents is expected to be 39.77 per 100,000 people (95% UI 11.85 to 67.69) in Taiwan (Province of China) and 15.61 per 100,000 people (95% UI 1.00 to 30.22) in the Maldives. By 2035, the age-standardized incidence rate of gout among adolescents in Qatar is not expected to change significantly (Figure 5).

[image: Figure 5]

FIGURE 5
 BAPC analysis of global (A), China (B), Taiwan (Province of China) (C), Qatar (D), and Maldives (E).






Discussion

Data from the GBD 2021 indicate an increase in the global incidence of gout (9); however, there have been no reports on the incidence of gout among adolescents aged 10–24 years. This is the first research report focusing on the incidence, prevalence, YLDs, risk factors, and predicted trends of gout in adolescents. From 1990 to 2021, there was a significant increase in the incidence, prevalence and YLD number and rates of gout among adolescents. A high BMI is the main risk factor for YLD. Gout can lead to various diseases in adolescents, such as joint deformities (2, 14), neurodegenerative changes (4), renal dysfunction (15), diabetes insipidus (16), and cardiovascular and cerebrovascular diseases (6). Adolescents are the reserve force of our social development. Therefore, focusing on adolescent health, reducing the disease burden of gout among adolescents, and improving health outcomes for adolescents are currently global public health issues.

The incidence of gout among adolescents, particularly males, has increased. In recent years, there have been frequent reports of gout cases among adolescents (17–19). There are many reasons why uric acid can be elevated in adolescents. Unhealthy eating habits are an important cause of gout (20). The consumption of excessive amounts of meat, seafood, carbonated beverages, and beer can increase blood uric acid levels (21–23). Genetic factors can increase the incidence of gout among adolescents. Mutations in SLC2A9 (24) and ABCG2 (25) can both lead to hyperuricemia and the occurrence of gout. Less physical activity were associated with a less favorable metabolic profile in adolescents (26). Less exercise easily leads to obesity. Obesity not only affects aesthetics but also, more importantly, increases the production and excretion of uric acid in the body, thereby increasing the risk of gout (27). The incidence of some underlying diseases, such as type 1 diabetes mellitus (28) and kidney disease (29), is increasing in adolescents, which increases the incidence of gout. Hormones are also a factor in gout (18). During puberty, high levels of testosterone in boys can increase serum uric acid levels, whereas estrogen in females can increase the excretion of uric acid (30). In summary, many causes lead to gout in adolescents. The prevention and control of gout in adolescents aged 10–24 years should be strengthened.

In 204 countries and territories, there was no significant correlation between the EAPC and the SDI. Changes in the EAPC may be related to policy. For example, the incidence of gout among Chinese adolescents has increased significantly with economic growth since 2001, reaching a peak in 2011 before beginning to decline. With the growth of China’s economy, the continuous improvement in the Chinese health level, and the implementation of a comprehensive medical security system, there is a certain relationship between these factors and the reduction in the incidence of gout (31).

High BMI is the primary risk factor for YLD, and it shows an increasing trend. This suggests that we should pay more attention to weight issues in the prevention and control of gout in adolescents. Excessive consumption of high-energy foods in adolescents is one of the reasons for high BMI and high uric acid levels (21, 32). High triglyceride levels can also increase the incidence of gout; for each unit increase in the triglyceride index, the risk of gout increases by 40% (33).

The prevalence of gout among adolescents shows a national or territorial trend. This study revealed that Taiwan (Province of China) had the highest age-standardized incidence, prevalence and YLD rate of gout among adolescents in 2021. Furthermore, an increasing trend in the age-standardized incidence rate was predicted by 2035. As early as 2003, a study reported that local children had relatively high levels of blood uric acid in Taiwan (Province of China) (34). Genetic factors have been implicated in the high prevalence of gout in Taiwan (Province of China) (35). The genes ABCG2 and SLC2A9 were found to be the major genetic factors governing gout in Taiwan (Province of China) (36). The prevalence of obesity in Taiwanese adolescents is another reason for the increased incidence of gout (37). Studies have shown that Taiwanese adolescents consume high amounts of fast food, high-fat snacks, processed meats, and sugar-sweetened beverages (38), which can increase the risk of gout. These findings suggest that more measures need to be taken in Taiwan (Province of China) to strengthen the prevention and control of gout among adolescents.

Strategies for coping with adolescent gout. The most direct method to control gout is to reduce and manage blood uric acid levels (39). Patients with blood uric acid levels ≤6.0 mg/dL have a lower incidence of gout (39). On the basis of the study (40), healthy eating guidelines or gout dietary guidelines for adolescents can be developed and publicized in the community or school. Exercise interventions should be carried out in adolescents to reduce the prevalence of obesity and risk factors for gout (41). For example, relevant policies can be developed to strengthen the assessment of physical activity among adolescents. For adolescents with a high BMI, losing weight is the most direct and safe way to reduce gout attacks (42, 43). Finally, for adolescents with familial inheritance tendencies, uric acid screening should be strengthened, and interventions related to diet, lifestyle, exercise and other aspects should be carried out as soon as possible.

The data for this study were obtained from the GBD database. Owing to differences in economic conditions across countries and regions, the data on adolescent gout in the GBD database are not comprehensive (9). In cases where data are insufficient to provide burden estimates for all 204 countries and territories, by year, sex, and age, data estimates depend on the out-of-sample predictive validity of the modeling process (11). The disease burden of gout in adolescents in low and middle economic areas may be much greater than that reported in the GBD database. Differences in healthcare systems, diagnostic standards, and availability of advanced diagnostic tools across regions can result in underdiagnosis or misclassification of gout, especially in areas with limited resources. For example, asymptomatic hyperuricemia or cases with unclear clinical presentations may not be consistently documented. Moreover, changes in diagnostic approaches over time can introduce temporal biases, making longitudinal comparisons more challenging. These inconsistencies may skew the accurate estimation of disease burden and highlight the need for careful interpretation when analyzing gout trends.



Conclusion

Adolescent gout is a global public health issue, particularly in countries and regions where the age-standardized incidence rate is increasing rapidly. It is strongly recommended that adolescents’ dietary patterns be adjusted, weight intervention be strengthened, and the disease burden of gout in adolescents be reduced.
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