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Abstract

Gout represents the most common form of inflammatory arthritis, exerting a sub-
stantial impact on patient quality of life and productivity. In recent years, the age
distribution of gout has shifted, with an increasing incidence among younger individ-
uals. Accurate statistics regarding the incidence, prevalence, and disability-adjusted
life years (DALY's) associated with gout in this population are critical for effective
resource allocation in prevention and treatment strategies. In the current study, data
from the 2021 Global Burden of Disease (GBD) database were used to analyze the
burden of gout among young people aged 15-44 years in 204 countries and terri-
tories from 1990 to 2021, with projections extending over the next 25 years. Data
on prevalence, incidence, and DALYs were collected and stratified by geographical
location, gender, and economic development level. Decomposition analysis and
predictive modeling were employed to evaluate trends and the impact of critical
indicators. In 2021, 8,516,229 young individuals were affected by gout globally,

with 1,975,165 new cases and DALYs totaling 283,725 person-years. Since 1990,
the age-standardized prevalence rate, age-standardized incidence rate, and age-
standardized DALYs rate increased by 10.4%, 9.4%, and 10.2%, respectively, all
showing positive correlation with the sociodemographic index (r=0.319, 0.272, 0.320,
P<0.001). Itis projected that by 2046, global figures in young people will reach
approximately 9,229,870 total cases, 2,202,802 new cases, and 307,441 DALYs.
Males are anticipated to account for 7,460,349 affected individuals, 1,762,412 new
cases, and 245,542 DALY, whereas females will represent 1,769,521 affected indi-
viduals, 440,390 new cases, and 61,899 DALYs. The global disease burden of gout
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among young people increased significantly from 1990 to 2021, and it is expected to
continue rising over the next 25 years. Comprehensive epidemiological data remain
essential for guiding gout prevention and management, as well as shaping effective
health policies.

Introduction

Gout, a form of crystalline arthropathy, results from impaired uric acid excretion,
causing monosodium urate deposition within joints. Clinical manifestations include
redness, swelling, heat, and pain. It represents the most common form of inflamma-
tory arthritis [1]. Current global estimates of gout prevalence range from 1% to 4%
[2], with approximately 55.8 million people worldwide affected by gout in 2020 [3].

Prospective studies have demonstrated that men diagnosed with gout exhibit
increased mortality risks across various causes. Notably, among men without a
history of coronary heart disease (CHD), this elevated risk is primarily attributed to
a greater susceptibility to cardiovascular disease, particularly CHD [4]. A persistent
mortality gap exists in all-cause and cardiovascular mortality among individuals with
gout, reinforcing the role of gout-specific pathways, such as flare-induced inflam-
mation, in these outcomes [5]. Furthermore, gout is independently associated with
increased mortality due to renal disease [6] and a transiently increased risk of cardio-
vascular events following acute attacks [7].

With rapid economic development and improved living standards, gout is being
diagnosed more frequently in younger populations. Gout demonstrates notable sex
disparity in younger populations, being exceptionally rare in premenopausal women
due to estrogen’s ability to enhance renal urate excretion [8,9]. This epidemiological
pattern highlights the importance of researching early-onset gout to identify modi-
fiable risk factors beyond hormonal influences. Consequently, gout is emerging as
a major public health concern worldwide, impacting quality of life and imposing a
significant burden on global healthcare systems [10,11]. Understanding the disease
burden of gout among young people worldwide is crucial for ensuring the allocation
of adequate medical resources across regions. While earlier studies on the global
burden of gout primarily relied on data collected before 2019, more recent analyses,
including the Global Burden of Disease (GBD) Study 2021 (GBD 2021), offer updated
estimates through 2021 [3].

Gout not only adversely impacts patients’ quality of life and work productivity but
also imposes a substantial economic burden, thereby straining global healthcare sys-
tems. With rapid economic development, shifts in lifestyle habits and dietary patterns
have contributed to rising gout incidence rates, while the trend toward younger onset
age warrants urgent attention. Therefore, this study utilizes data from the Institute for
Health Metrics and Evaluation GBD database to analyze trends in incidence, mortal-
ity, and disability-adjusted life years (DALYs) associated with gout in young people
from 1990 to 2021, as well as to predict potential trends in disease burden over the
next 25 years.
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Table 1. Prevalence number and ASPR of gout in 1990 and 2021 and temporal trends from 1990 to 2021.

Characteristic 1990 2021 1990-2021
Prevalence Crude rate ASPR per Prevalence Crude rate ASPR per 100,000 AAPC
per 100,000 100,000 number per 100,000 NO. (95% CI) NO. (95%
NO. (95% Cl) Cl)
Global 4,813,482.01 194.23 217.70 8,516,229.01 245.07 240.41 0.33
(217.51-217.90) (240.25-240.57) (0.32-0.33)
Female 934,933.00 76.41 85.37 1,601,331.27 93.47 91.36 0.23
(85.19-85.54) (91.22-91.51) (0.23-0.24)
Male 3,878,549.02 309.12 345.79 6,914,897.76 392.48 386.67 0.36
(345.45-346.14) (386.38-386.96) (0.36-0.37)
Socio-demographic Index
Low SDI 226,063.12 110.69 138.58 596,653.93 119.17 147.02 0.19
(138.01-139.16) (146.64—147.39) (0.19-0.20)
Low-middle SDI 625,490.09 123.50 148.62 1,400,866.05 152.64 164.10 0.33
(148.25-148.99) (163.83-164.37) (0.32-0.33)
Middle SDI 1,568,171.63 186.64 221.98 2,7415,17.50 250.96 236.54 0.21
(221.63-222.33) (236.26-236.82) (0.20-0.22)
High-middle SDI 1,137,276.51 220.83 233.50 1,758,039.07 330.04 280.73 0.60
(233.07-233.93) (280.31-281.15) (0.58-0.61)
High SDI 1,253,354.73 305.61 288.37 2,013,948.75 469.60 406.07 1.1
(287.86—-288.87) (405.51-406.63) (1.10-1.12)
Region
Andean Latin 16,645.63 96.65 116.00 47,199.23 150.75 153.84 0.90
America (114.22-117.79) (152.45-155.23) (0.89-0.91)
Australasia 30,940.36 321.06 307.25 56,168.67 450.81 407.64 0.91
(303.84-310.70) (404.27-411.03) (0.91-0.92)
Caribbean 15,565.49 93.14 107.46 28,018.38 132.86 133.23 0.70
(105.76-109.17) (131.67-134.80) (0.70-0.71)
Central Asia 37,681.26 121.35 147.53 77,208.47 177.84 171.20 0.48
(145.99-149.08) (169.99-172.42) (0.48-0.48)
Central Europe 70,147.89 126.72 118.59 74,658.04 169.61 136.80 0.45
(117.71-119.47) (135.81-137.80) (0.45-0.46)
Central Latin 60,517.78 79.91 95.91 138,407.81 117.33 117.98 0.67
America (95.14-96.69) (117.36-118.61) (0.67-0.68)
Central Sub- 24,744.64 108.94 142.06 73,321.90 121.76 150.32 0.18
Saharan Africa (140.26-143.89) (149.22-151.42) (0.18-0.19)
East Asia 1,720,710.52 270.92 308.64 2,465,917.95 429.27 365.89 0.55
(308.18-309.11) (365.43-366.35) (0.53-0.56)
Eastern Europe 14,9851.90 150.49 142.31 162,858.98 199.23 158.35 0.34
(141.59-143.03) (157.56-159.13) (0.33-0.34)
Eastern Sub- 81,795.99 105.25 139.58 230,725.47 118.65 149.97 0.24
Saharan Africa (138.61-140.56) (149.35-150.59) (0.23-0.24)
High-income 212,055.51 261.07 245.59 214,255.62 336.80 274.10 0.35
Asia Pacific (244.55-246.65) (272.92-275.28) (0.35-0.36)
High-income 61,5245.76 461.09 430.03 1,141,753.91 778.64 722.26 1.68
North America (428.96-431.11) (720.93-723.58) (1.65-1.70)
North Africa and 191,123.24 128.74 160.22 594,283.04 199.34 192.07 0.59
Middle East (159.49-160.94) (191.58-192.56) (0.58-0.59)
Oceania 6,498.77 219.92 268.93 16,527.76 257.57 282.40 0.16
(262.36-275.63) (278.10-286.75) (0.15-0.17)
South Asia 577,054.44 119.02 139.36 1,274,572.11 140.52 148.74 0.21
(139.00-139.72) (148.49-149.00) (0.21-0.22)
(Continued)
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Table 1. (Continued)

Characteristic 1990 2021 1990-2021
Prevalence Crude rate ASPR per Prevalence Crude rate ASPR per 100,000 AAPC
per 100,000 100,000 number per 100,000 NO. (95% CI) NO. (95%
NO. (95% Cl) Cl)
Southeast Asia 418,354.47 191.37 230.64 936,444.85 286.91 277.88 0.61
(229.93-231.35) (277.31-278.44) (0.60-0.61)
Southern Latin 58,300.74 265.32 280.02 110,587.24 363.54 348.25 0.70
America (277.75-282.30) (346.20-350.31) (0.70-0.71)
Southern Sub- 33,022.38 138.08 173.72 73,739.86 188.72 192.31 0.33
Saharan Africa (171.83-175.63) (190.92—-193.71) (0.32-0.33)
Tropical Latin 67,026.38 92.79 105.60 152,328.54 144.72 134.09 0.77
America (104.8-106.41) (133.41-134.76) (0.77-0.78)
Western Europe 333,793.67 195.64 187.29 384,401.09 242.15 209.14 0.36
(186.65—187.93) (208.48-209.81) (0.35-0.37)
Western Sub- 92,405.19 116.70 148.33 262,850.10 123.84 156.30 0.19
Saharan Africa (147.36—-149.30) (155.70-156.91) (0.18-0.20)

ASPR, age-standardized prevalence rate; Cl, confidence interval; AAPC, average annual percentage change.

https://doi.org/10.1371/journal.pone.0333368.t001

Methods
Data source

The data utilized in this study were obtained from the Global Health Data Exchange GBD Results Tool (http://ghdx.
healthdata.org/gbd-results-tool). Physician-diagnosed gout based on the criteria of the American College of Rheumatology
(ACR) was used as the reference case definition in GBD [12]. Data sources that used diagnostic criteria other than the
reference criteria, such as self-reported or administrative gout data, were adjusted with the MR-BRT (Meta-Regression
Bayesian Regularized Trimmed) meta-regression tool [13]. Data on the prevalence, incidence, and DALYs of gout among
young individuals aged 15—44 years from 1990 to 2021 were collected for 204 countries and territories. This age group
represents the working-age population most vulnerable to gout’s impact on productivity, while excluding older adults with
potentially confounding comorbidities. Analyses considered geographical location, socioeconomic development, and sex.
Results are presented as numbers, rates, and percentages, with all rates calculated per 100,000 population. As the GBD
database is public, ethical approval was not required.

The prevalence, incidence, and DALYs used in this study serve as fundamental indicators for measuring the epide-
miological trends of diseases. Accurate assessment of the global burden of gout necessitates metrics that account for
variations in population age structure, particularly when conducting comparisons between countries at different devel-
opment stages. Age-standardized rates (ASRs) are regarded as the gold standard for such analyses, as they control for
confounding effects arising from demographic differences [GBD 2021 IHME (2025). VizHub-GBD results. Available online
at: https://vizhub.healthdata.org/gbd-results/.]. The age-standardized prevalence rate (ASPR) can offer a precise mea-
surement of disease (gout) burden across diverse populations, while the age-standardized incidence rate (ASIR) captures
trends related to early-onset gout. The age-standardized DALY rate (ASDR) can provide quantitative insights into mor-
tality and morbidity associated with gout. Collectively, these metrics facilitated the robust quantification of gout’s impact on
young populations globally.

The Socio-Demographic Index (SDI) is a standardized metric used to evaluate the developmental status of countries
or regions based on fertility rates, education levels, and per capita income. The SDI is scored on a scale from 0 to 1, with
higher values reflecting greater socioeconomic development. The SDI is associated with disease incidence and mortality
rates.
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Table 2. Incidence number and ASIR of gout in 1990 and 2021 and temporal trends from 1990 to 2021.

Characteristic 1990 2021 1990-2021
Incidence Crude rate ASIR per Incidence Crude rate ASIR per AAPC
per 100,000 100,000 per 100,000 100,000 NO. (95%
NO. (95% Cl) NO. (95% Cl) Cl)
Global 1,150,836.54 46.44 51.05 1,975,165.71 56.84 55.86 0.29
(50.95-51.14) (55.78-55.94) (0.29-0.30)
Female 229,626.27 18.77 20.59 389,707.38 22.75 22.29 0.27
(20.5-20.67) (22.22-22.36) (0.26-0.27)
Male 921,210.27 73.42 80.58 1,585,458.33 89.99 88.77 0.32
(80.42-80.75) (88.63-88.91) (0.31-0.32)
Socio-demographic Index
Low SDI 58,442.70 28.62 34.77 154,056.18 30.77 36.96 0.20
(34.49-35.06) (36.78-37.15) (0.20-0.21)
Low-middle SDI 159,343.55 31.46 36.89 350,925.42 38.24 40.67 0.32
(36.71-37.08) (40.54-40.81) (0.31-0.32)
Middle SDI 389,130.57 46.31 53.52 655,869.84 60.04 56.97 0.21
(53.35-53.69) (56.83-57.10) (0.20-0.22)
High-middle SDI 275,773.59 53.55 55.89 409,149.14 76.81 66.68 0.57
(55.68-56.10) (66.47-66.89) (0.55-0.58)
High SDI 267,379.15 65.20 61.93 403,916.27 94.18 83.55 0.96
(61.69-62.16) (83.29-83.81) (0.93-0.99)
Region
Andean Latin 4,045.29 23.49 27.20 11,125.03 35.53 35.98 0.90
America (26.36—28.07) (35.32-36.66) (0.88-0.92)
Australasia 6,769.31 70.24 67.67 11,842.21 95.05 86.99 0.80
(66.07—69.31) (85.43-88.58) (0.78-0.81)
Caribbean 3,744.28 22.40 25.05 6,565.84 31.13 31.12 0.70
(24.25-25.88) (30.37-31.89) (0.70-0.71)
Central Asia 9,603.36 30.93 36.20 18,933.42 43.61 41.97 0.48
(35.45-36.96) (41.37-42.57) (0.47-0.48)
Central Europe 17,284.32 31.22 29.52 18,101.51 41.12 34.12 0.46
(29.08-29.96) (33.61-34.63) (0.45-0.47)
Central Latin 14,446.18 19.08 21.97 31,994.07 27.12 27.23 0.70
America (21.60-22.33) (26.94-27.53) (0.69-0.71)
Central Sub- 6,430.77 28.31 35.49 18,902.68 31.39 37.70 0.20
Saharan Africa (34.61-36.4) (37.16-38.25) (0.19-0.20)
East Asia 419,564.74 66.06 73.49 572,720.96 99.70 86.61 0.54
(73.27-73.72) (86.38-86.83) (0.53-0.55)
Eastern Europe 37,528.14 37.69 35.73 39,937.47 48.86 39.89 0.35
(35.37-36.10) (39.49-40.29) (0.34-0.36)
Eastern Sub- 21,359.28 27.48 35.09 59,758.34 30.73 37.70 0.24
Saharan Africa (34.61-35.57) (37.39-38.01) (0.23-0.24)
High-income 47,971.89 59.06 56.41 47,128.53 74.08 62.34 0.32
Asia Pacific (55.91-56.92) (61.77-62.92) (0.31-0.33)
High-income 121,545.04 91.09 85.48 209,850.31 143.11 134.81 1.47
North America (84.99-85.96) (134.23-135.38) (1.41-1.52)
North Africa and 48,531.46 32.69 39.45 144,797.36 48.57 47.04 0.57
Middle East (39.09-39.80) (46.80—47.28) (0.56-0.58)
Oceania 1,620.28 54.83 64.84 4,045.81 63.05 68.02 0.16
(61.68—68.13) (65.93-70.16) (0.15-0.17)
South Asia 148,324.49 30.59 35.07 324,285.67 35.75 37.53 0.22
(34.89-35.25) (37.40-37.66) (0.22-0.23)
(Continued)
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Table 2. (Continued)

Characteristic 1990 2021 1990-2021
Incidence Crude rate ASIR per Incidence Crude rate ASIR per AAPC
per 100,000 100,000 per 100,000 100,000 NO. (95%
NO. (95% CI) NO. (95% CI) Cl)
Southeast Asia 105,433.46 48.23 56.29 226,160.58 69.29 67.37 0.58
(55.95-56.64) (67.10-67.65) (0.58-0.59)
Southern Latin 12,776.23 58.14 60.85 23,652.77 77.76 74.84 0.65
America (59.80-61.92) (73.88-75.80) (0.63-0.67)
Southern Sub- 8,540.39 35.71 43.54 18,565.92 47.51 48.18 0.32
Saharan Africa (42.61-44.49) (47.49-48.88) (0.32-0.33)
Tropical Latin 16,255.86 22.50 24.93 35,696.42 33.91 31.82 0.79
America (24.55-25.32) (31.49-32.15) (0.78-0.79)
Western Europe 75,304.97 4414 42.44 83,624.01 52.68 46.58 0.28
(42.14-42.75) (46.26—46.90) (0.27-0.29)
Western Sub- 23,756.84 30.00 36.93 67,476.80 31.79 38.93 0.18
Saharan Africa (36.46-37.41) (38.63-39.23) (0.17-0.19)

ASIR, age-standardized incidence rate; Cl, confidence interval; AAPC, average annual percentage change.

https://doi.org/10.1371/journal.pone.0333368.t002

Statistical analysis

The temporal trends for gout among young individuals were analyzed from 1990 to 2021 using average annual percent-
age changes (AAPC) calculated by Joinpoint 5.2.0.0 (Statistical Research and Applications Branch, National Cancer

Institute, USA).

ASRs were derived by stratifying gout cases and DALYs into 5-year age groups (15-19, 20-24,..., 40—44 years),

adjusting the rates to the GBD 2021 standard population, and using direct standardization to minimize bias from age dis-
tribution across countries (Eq. (1)):

AsR— 2@ XWi) 406 000
Wi (1)

where a, is the age-specific rate, and w, is the standard population weight for age group i.

Future estimates for prevalence, incidence, and DALYs—as counts and rates—in patients with gout aged 15-44 were
forecasted for the next 25 years using the Bayesian Age-Period-Cohort (BAPC) model (version 0.0.36) in R (version
4.4.3), stratified by sex and total population. The BAPC model was selected due to several features described below:

Disentangling temporal drivers: The BAPC model offers a robust framework for separating the effects of age (15-44
years), time period, and birth cohort. Trends in gout epidemiology and burden within this working-age population are likely
influenced by factors acting through these dimensions (e.g., aging within the bracket, evolving diagnostic practices/aware-
ness over time, generational differences in risk factors).

Stratified forecasting: The model supports stratified forecasts, facilitating distinct, coherent projections for males,
females, and the total group.

Comprehensive output: The model enables simultaneous forecasting of absolute burden metrics (prevalence, inci-
dence, DALY counts) and population-adjusted rates (prevalence, incidence, DALY rates), providing a complete overview
of future gout trends.

Bayesian inference was conducted using integrated nested Laplace approximation (INLA) due to its computational
efficiency in approximating posterior distributions, which is suitable for modeling complex hierarchical structures and large
datasets. Forecasts were derived from the projected posterior distributions, yielding age-specific estimates (ages 15—44)
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Table 3. DALY number and ASDR of gout in 1990 and 2021 and temporal trends from 1990 to 2021.

Characteristic 1990 2021 1990-2021
DALYs Crude rate | ASDR per 100,000 | DALYs Crude rate | ASDR per 100,000 | AAPC
per 100,000 | NO. (95% ClI) per 100,000 | NO. (95% CI) NO. (95% CI)
Global 160,884.26 | 6.49 7.27 (7.23-7.3) 283,725.7 |8.16 8.01 (7.98-8.04) 0.32 (0.31-0.33)
Female 31,460.61 |2.57 2.87 (2.83-2.9) 53,660.44 |3.13 3.06 (3.04-3.09) 0.23 (0.22-0.24)
Male 129,423.66 | 10.31 11.53 (11.46-11.59) | 230,065.28 | 13.06 12.86 (12.81-12.92) | 0.36 (0.35-0.37)
Socio-demographic Index
Low SDI 7,544.73 3.69 4.61(4.51-4.72) 20,000.65 |3.99 4.92 (4.85-4.99) 0.21 (0.2-0.22)
Low-middle SDI 21,007.56 |4.15 4.98 (4.91-5.05) 46,880.42 |5.11 5.49 (5.44-5.54) 0.32 (0.31-0.33)
Middle SDI 52,574.35 |6.26 7.43 (7.36-7.49) 91,688.89 |8.39 7.91 (7.86—7.96) 0.21 (0.19-0.22)
High-middle SDI 38,109.05 |74 7.81 (7.74-7.89) 5,8776 11.03 9.40 (9.32-9.47) 0.6 (0.58-0.62)
High SDI 41,543.68 |10.13 9.56 (9.47-9.65) 66,205.67 |15.44 13.36 (13.26-13.47) | 1.09 (1.08-1.1)
Region
Andean Latin America 562.58 3.27 3.91 (3.59-4.25) 1,590 5.08 5.18 (4.93-5.44) 0.89 (0.85-0.92)
Australasia 1,023.35 10.62 10.16 (9.55-10.81) | 1,848.17 14.83 13.42 (12.82-14.05) | 0.88 (0.85-0.91)
Caribbean 526.5 3.15 3.63 (3.32-3.95) 940.42 4.46 4.47 (4.19-4.77) 0.68 (0.67-0.69)
Central Asia 1,268.77 4.09 4.95 (4.67-5.25) 2,590.63 5.97 5.74 (5.52-5.97) 0.48 (0.47-0.5)
Central Europe 2,358.24 4.26 3.99 (3.83-4.16) 2,512.68 5.71 4.61(4.43-4.8) 0.46 (0.45-0.47)
Central Latin America 2,043.32 2.7 3.23 (3.09-3.37) 4,644.75 3.94 3.96 (3.85-4.07) 0.66 (0.65-0.68)
Central Sub-Saharan Africa | 819.98 3.61 4.69 (4.37-5.03) 2,448.76 4.07 5.01 (4.81-5.21) 0.21 (0.18-0.23)
East Asia 57,719.16 | 9.09 10.34 (10.25-10.42) | 82,646.78 | 14.39 12.27 (12.19-12.36) | 0.56 (0.54-0.57)
Eastern Europe 5,011.64 5.03 4.76 (4.63-4.89) 5,413.39 6.62 5.27 (5.13-5.42) 0.32 (0.31-0.34)
Eastern Sub-Saharan Africa | 2,739.11 3.52 4.66 (4.48-4.84) 7,735.88 3.98 5.02 (4.9-5.13) 0.24 (0.23-0.25)
High-income Asia Pacific 7,079.48 8.72 8.21 (8.02-8.4) 7,166.14 11.26 9.19 (8.97-9.41) 0.36 (0.35-0.37)
High-income North America | 20,229.54 | 15.16 14.14 (13.95-14.34) | 37,137.68 |25.33 23.5(23.27-23.75) | 1.65 (1.63—1.67)
North Africa and Middle East | 6,403.54 4.31 5.36 (5.22-5.49) 19,771.59 |6.63 6.39 (6.3-6.48) 0.56 (0.55-0.58)
Oceania 215.63 7.3 8.91 (7.75-10.2) 550.31 8.58 9.39 (8.62—-10.21) 0.17 (0.12-0.21)
South Asia 19,343.04 | 3.99 4.66 (4.6—4.73) 42,662.76 | 4.7 4.97 (4.93-5.02) 0.22 (0.21-0.22)
Southeast Asia 14,043.92 |6.42 7.72 (7.59-7.85) 31,287.55 |9.59 9.29 (9.18-9.39) 0.61 (0.6-0.62)
Southern Latin America 1,928.71 8.78 9.26 (8.85-9.68) 3,643.09 11.98 11.48 (11.11-11.85) | 0.67 (0.65-0.7)
Southern Sub-Saharan Africa | 1,095.86 4.58 5.74 (5.4-6.1) 2,418.78 6.19 6.3 (6.05-6.56) 0.3 (0.29-0.32)
Tropical Latin America 2,251.16 3.12 3.54 (3.39-3.69) 5,081.27 4.83 4.48 (4.35-4.6) 0.75 (0.74-0.77)
Western Europe 11,127.84 | 6.52 6.25 (6.13-6.36) 12,799.75 | 8.06 6.98 (6.86-7.1) 0.35 (0.34-0.36)
Western Sub-Saharan Africa | 3,092.88 3.91 4.95 (4.78-5.13) 8,835.26 4.16 5.24 (5.13-5.35) 0.2 (0.19-0.21)

ASDR, age-standardized DALYs rate; Cl, confidence interval; AAPC, average annual percentage change.

https://doi.org/10.1371/journal.pone.0333368.t003

of prevalence, incidence, and DALY, as both counts and rates, stratified by sex (male, female), as well as the total

population.

The relationship between global gout burden and SDI among young people in 2021 was assessed using the Spearman
rank test, while Das Gupta’s decomposition method was applied to quantify the relative impact of age structure, popula-
tion growth, and epidemiological changes [14]. Predictive analyses covered 1990-2021 and extended 25 years ahead to
provide insights for improving future gout-related DALY rates. Finally, a descriptive and visual analysis of the global gout
burden among young individuals from 1990 to 2021 was conducted, categorizing the results by sex, region, and year, with

statistical significance set at P<0.05.
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Fig 1. ASPR of 204 countries and territories in 2021. ASPR, age-standardized prevalence rate.

https://doi.org/10.1371/journal.pone.0333368.9001

Results

Global burden of gout in young people across 204 countries and territories (1990-2021): Prevalence, incidence,
DALYs, and Temporal Trends

In 1990, 4,813,482.01 young people had gout across 204 countries and territories, with a crude prevalence rate of
194.23 per 100,000 persons and an ASPR of 217.70 (95% confidence interval [CI]: 217.51-217.90) per 100,000
persons. The number of incident cases was 1,150,836.54, with a crude incidence rate of 46.44 per 100,000 persons
per year and an ASIR of 51.05 (95% CI: 50.95-51.14) per 100,000 persons. The number of DALYs was 160,884.26
person-years, with a crude DALY rate of 6.49 per 100,000 person-years and an ASDR of 7.27 (95% CI: 7.23-7.30) per
100,000 person-years.

By 2021, the number of young people with gout across 204 countries and territories had increased to 8,516,229.01,
with a crude prevalence rate of 245.07 per 100,000 persons and an ASPR of 240.41 (95% CI: 240.25-240.57) per
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Fig 2. ASIR of 204 countries and territories in 2021. ASIR, age-standardized incidence rate.

https://doi.org/10.1371/journal.pone.0333368.9002

100,000 persons, representing a 10.4% since 1990, with an AAPC of 0.33 (95% CI: 0.32-0.33; Table 1). The number
of incident cases rose to 1,975,165.71, with a crude incidence rate of 56.84 per 100,000 persons and an ASIR of 55.86
(95% CI: 55.78-55.94) per 100,000 persons, representing a 9.4% increase since 1990, with an AAPC of 0.29 (95%

Cl: 0.29-0.30; Table 2). The number of DALY's increased to 283,725.7, with a crude DALY rate of 8.16 per 100,000
person-years and an ASDR of 8.01 (95% CI: 7.98-8.04) per 100,000 person-years, representing a 10.2% increase
since 1990, with an AAPC of 0.32 (95% CI: 0.31-0.33; Table 3). ASPR, ASIR, and ASDR positively correlated with the
SDI (r=0.319, 0.272, and 0.320, respectively; P<0.001). From 1990 to 2021, the gout-related disease burden steadily
increased (Figs 1-3).

Gout burden in young people by SDI region

In 2021, the lowest ASPR, ASIR, and ASDR were observed in the low SDI region, at 147.02 (95% CI: 146.64-147.39)
per 100,000 persons, 36.96 (95% CI: 36.78-37.15) per 100,000 persons, and 4.92 (95% CI: 4.85—-4.99) per 100,000
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Fig 3. ASDR of 204 countries and territories in 2021. ASDR, age-standardized DALY rate.
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person-years, respectively. The highest ASPR, ASIR, and ASDR were observed in the high SDI region, at 406.07 (95%
Cl: 405.51-406.63) per 100,000 persons, 83.55 (95% CI: 83.29-83.81) per 100,000 persons, and 13.36 (95% CI: 13.26—
13.47) per 100,000 person-years, respectively. From 1990 to 2021, ASPR, ASIR, and ASDR increased across all SDI
regions, indicating that the burden of gout in young people increased to varying degrees across all SDI regions. Notably,
the largest increases in ASPR and ASIR were observed in the high SDI region at 40.8%, 39.7%, and 34.9%, respec-
tively. In comparison, the smallest increases were observed in the low SDI region at 6.1%, 6.3%, and 6.7%, respectively
(Tables 1-3).

Gout burden in young people across 21 GBD regions

In 2021, ASPR, ASIR, and ASDR among the 21 GBD regions positively correlated with SDI (r=0.462, 0.429, 0.463,
P<0.001). The highest ASPR, ASIR, and ASDR were observed in the high-income South America region, at 722.2
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Fig 4. ASPR of the 21 GBD regions in 2021. ASPR, age-standardized prevalence rate; GBD, global burden of disease.

https://doi.org/10.1371/journal.pone.0333368.9004

(95% CI: 720.93-723.58) per 100,000 persons, 134.81 (95% CI: 134.23-135.38) per 100,000 persons, and 23.5 (95%
Cl: 23.27-23.75) per 100,000 person-years, respectively. The second highest was observed in the Australasia region,
at 407.64 (95% CI: 404.27-411.03) per 100,000 persons, 86.99 (95% CI: 85.43-88.58) per 100,000 persons, and 13.42
(95% CI: 12.82—14.05) per 100,000 person-years, respectively. The lowest ASPR, ASIR, and ASDR were observed

in the Central Latin America region, at 117.98 (95% CI: 117.36—118.61) per 100,000 persons, 27.23 (95% CI: 26.94—
27.53) per 100,000 persons, and 3.96 (95% CI: 3.85—-4.07) per 100,000 person-years, respectively (Tables 1-3 and
Figs 4-6).

Global burden of gout among young adults, stratified by sex

In 2021, ASPR, ASIR, and ASDR for gout in young men worldwide were 386.67 (95% CI: 386.38-386.96) per 100,000
persons, 136.04 (95% CI: 135.64—136.44) per 100,000 persons, and 12.86 (95% CI: 12.81-12.92) per 100,000 person-
years, respectively. For young women, these rates were 91.36 (95% CI: 91.22-91.51) per 100,000 persons, 32.7

PLOS One | https://doi.org/10.1371/journal.pone.0333368 October 29, 2025 11723
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Fig 5. ASIR of the 21 GBD regions in 2021. ASIR, age-standardized incidence rate; GBD, global burden of disease.

https://doi.org/10.1371/journal.pone.0333368.9005

(95% ClI: 32.49-32.90) per 100,000 persons, and 3.06 (95% CI: 3.04-3.09) per 100,000 person-years, respectively, with
males having significantly higher rates than females. From 1990 to 2021, the increases in ASPR, ASIR, and ASDR for
young men were 19.4%, 18.5%, and 11.5%, respectively, whereas those for young women were 17.2%, 16.5%, and 6.6%,
respectively. with a notably higher increase in ASDR for males (Tables 1-3).

Gout-related DALY attributable risk factors

A search of the GBD database found that the leading contributors to gout-related DALYs were metabolic risk fac-
tors, including high body mass index (BMI) and kidney dysfunction. However, BMI risk factors were not available for
individuals aged 15—-20 years, and data on kidney dysfunction were absent for those aged 15-25 years. Therefore,
20-44 and 25-44 years were selected for the visual analysis of BMI and kidney dysfunction as risk factors, respec-

tively (Fig 7).
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Fig 6. ASDR of the 21 GBD regions in 2021. ASDR, age-standardized DALYs rate; GBD, global burden of disease.

https://doi.org/10.1371/journal.pone.0333368.9006

Decomposition analysis of gout burden

In 1990 and 2021, young people worldwide aged 2544 years had a significantly higher DALY rate for gout caused by
high BMI than that caused by kidney dysfunction. However, the DALY rate for gout caused by high BMI was significantly
higher in 2021 than in 1990. For individuals aged 25-44 years, the DALY rate for gout caused by kidney dysfunction
was lower in 2021 than in 1990. Notably, the DALY rate for gout caused by high BMI was comparable between men and
women, whereas that caused by kidney dysfunction was slightly higher in women than in men (Tables 4-6, Fig 8).

Forecast analysis for the global burden of gout among young people over the next 25 years

The prevalence, incidence, and DALYs for gout in young people are expected to vary over time and across regions.
By 2046, the global prevalence, incidence, and DALYs for gout in young people are projected to reach 217.15 per
100,000 persons, 52.08 per 100,000 persons, and 7.14 per 10 person-years, respectively. For males, these figures will
be 343.46 per 100,000 persons, 81.53 per 100,000 persons, and 11.20 per 100,000 person-years, respectively, and
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Table 4. Changes in prevalence number according to population-level determinants and causes from 1990 to 2021.

Socio-demographic Index

Overall difference

Aging

Population

Epidemiological change

Global

3,702,747.00

875,258.80 (23.64%)

2,183,904.68 (58.98%)

643,583.52 (17.38%)

SDI

High SDI

760,594.01

139,938.78 (18.40%)

72,320.68 (9.51%)

548,334.56 (72.09%)

High-middle SDI

620,762.54

48,313.73 (7.78%)

263,416.25 (42.43%)

Middle SDI

1,173,345.87

(
309,032.56 (49.78%)
489,376.93 (41.71%)

550,255.24 (46.90%)

133,713.70 (11.40%)

Low-middle SDI

775,375.96

111,779.72 (14.42%)

566,755.27 (73.09%)

96,840.96 (12.49%)

Low SDI

370,590.81

6,111.00 (1.65%)

340,646.86 (91.92%)

23,832.96 (6.43%)

https://doi.org/10.1371/journal.pone.0333368.t004

for females, 85.40 per 100,000 persons, 21.35 per 100,000 persons, and 2.95 per 100,000 person-years, respectively.
The projected number of individuals with gout, incident cases, and DALYs for young people globally will be approxi-
mately 9,229,870, 2,202,802, and 307,441 person-years, respectively. Among these, males will account for 7,460,349
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Table 5. Changes in incidence numbers according to population-level determinants and causes from 1990 to 2021.

Socio-demographic Index Overall difference Aging Population Epidemiological change
Global 824,329.15 173,228.12 (21.01%) 513,649.86 (62.31%) 137,451.17 (16.67%)

SDI
High SDI 136,537.10 23,066.88 (16.89%) 14,896.00 (10.91%) 98,574.23 (72.20%)
High-middle SDI 133,375.54 61,931.44 (46.43%) 11,445.72 (8.58%) 59,998.38 (44.98%)
Middle SDI 266,739.27 101,199.98 (37.94%) 133,752.18 (50.14%) 31,787.11 (11.92%)
Low-middle SDI 191,581.86 24,425.28 (12.75%) 143,089.69 (74.69%) 24,066.70 (12.56%)
Low SDI 95,613.48 1,235.10 (1.29%) 88,011.13 (92.05%) 6,367.25 (6.66%)

https://doi.org/10.1371/journal.pone.0333368.t005

Table 6. Changes in DALY number according to population-level determinants and causes from 1990 to 2021.

Socio-demographic Index Overall difference Aging Population Epidemiological change
Global 122,841.44 28,896.99 (23.52%) 72,866.17 (59.32%) 21,078.29 (17.16%)

SDI
High SDI 24,661.98 4,569.03 (18.53%) 2,385.54 (9.67%) 17,707.41 (71.80%)
High-middle SDI 20,666.95 10,233.77 (49.52%) 1,616.77 (7.82%) 8,816.42 (42.66%)
Middle SDI 39,114.54 16,236.71 (41.51%) 18,422.75 (47.10%) 4,455.08 (11.39%)
Low-middle SDI 25,872.84 3,702.22 (14.31%) 18,998.03 (73.43%) 3,172.60 (12.26%)
Low SDI 12,455.92 199.56 (1.60%) 11,394.67 (91.48%) 861.70 (6.92%)

DALYs, disability-adjusted life years.

https://doi.org/10.1371/journal.pone.0333368.t006
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Fig 8. Decomposition analysis of gout indicators from 1990 to 2021. (A) Prevalence number, (B) Incidence number, (C) DALY number. Black dots:
overall change values of population growth, aging, and epidemiological change.

https://doi.org/10.1371/journal.pone.0333368.9008
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individuals, 1,762,412 incident cases, and 245,542 person-years, while females will account for 1,769,521 individuals,
440,390 incident cases, and 61,899 person-years. Over the next 25 years, the global number of young people with
gout, incident cases, and DALYs is expected to continue rising, primarily driven by an increase in the number of cases
among males (Figs 9—-14).

Discussion

This study analyzed the burden of gout among young people across 204 countries and territories and 21 regions from
1990 to 2021 using data from the GBD database and projected trends for the next 25 years. The results indicate that the
ASPR, ASIR, and ASDR for gout in young people globally were significantly higher in 2021 compared to 1990. The burden
of gout is expected to continue growing over the next 25 years. Consequently, the burden of gout among young people
has been rising, becoming a significant global public health issue.

The analysis identified clear sex differences in young people with gout, with lower incidence, prevalence, and DALYs
in females. This disparity may be related to the regulatory role of estrogen on urate transporter expression, leading to
increased uric acid excretion and reduced risk of gout [15,16]. Dietary patterns also influence the risk of developing gout.
Males with gout are more likely to have diets high in seafood, beef, pork, and alcohol [17]. A prospective study of 730
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Fig 10. Prediction of the incidence number over the next 25 years.
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male patients found an association between alcohol consumption and increased risk of gout [18]. However, for young
people, the primary factor contributing to sex-based differences is likely estrogen in women of reproductive age. While
the incidence, prevalence, and DALYs among young females remain lower than those of males, they have also increased
since 1990. Symptomatically, women are more likely to experience upper limb involvement, which may cause delayed
diagnosis and treatment [19]. Furthermore, risk factors, such as age, medication use, and comorbidities, differ between
men and women, resulting in variations in clinical characteristics [20]. The current study showed that the DALY rate for
gout related to kidney dysfunction was slightly higher in women than in men. Women who developed gout at older ages
are at increased risk for endocrine, metabolic, cardiovascular, and kidney comorbidities [21]. Additionally, mortality risk
associated with gout is reportedly higher in women than in men [22,23]. These findings indicate that research focused on
prevention and management of gout in women may be warranted, as previous studies have predominantly concentrated
on male populations.

Gout is a metabolic disease that exhibits a strong association with kidney dysfunction and high BMI. This study demon-
strated that the DALY rate for gout caused by high BMI significantly exceeded that caused by kidney dysfunction in 1990
and 2021, with the impact of high BMI becoming more pronounced in 2021. Moreover, the effect of high BMI as a risk fac-
tor for gout was relatively consistent among young males and females. Notably, individuals with obesity (BMI>30kg/m?)
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face more than twice the risk of developing gout compared to those with a BMI below 30 kg/m? [1,24]. A prospective study
of 44,654 men without a prior history of gout demonstrated that a combination of hypertensive dietary methods, abstain-
ing from alcohol, and avoiding diuretics reduced the incidence of gout by over 50% among men who were overweight or
of normal weight. However, this preventive approach did not significantly reduce new gout episodes among those with
obesity, suggesting that obesity independently elevates the risk of gout beyond the benefits conferred by positive dietary
patterns [25].

Recent years have witnessed a marked increase in gout prevalence across East Asian countries, driven by rapid
nutritional transitions accompanying rapid economic development [26—28]. For example, consumption of ultra-processed
foods, which is positively correlated with obesity [29], accounts for approximately 45% of the daily caloric intake among
Canadian adults [30]. The adoption of a westernized lifestyle—characterized by high-purine diets and sedentary behav-
ior—has contributed to rising obesity rates among younger populations. Moreover, young people with genetic predisposi-
tions are at an increased risk of developing gout at an early age. In developed countries, most DALY's are now attributable
to loss of functional health rather than premature mortality [31]. Addressing obesity can reduce the incidence of gout in
men [32]. As such, public health initiatives should prioritize education on maintaining healthy uric acid levels through life-
style interventions, including weight management, regular physical exercise, and dietary modification [33].
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This study demonstrates that higher SDI levels are associated with increased prevalence, incidence, and DALY's of
gout among young people, with economically developed countries, such as the United States and Canada, experiencing
a disproportionate burden. This suggests that socioeconomic and demographic factors significantly impact gout-related
health outcomes in young people. The high presence of gout risk factors—such as high BMI—in these regions may
partially account for the observed increase in age-standardized DALY's associated with gout in high SDI areas. Neverthe-
less, substantial variability in socioeconomic resources and gout risk remains even among high SDI nations. For instance,
socioeconomic disparities, such as poverty, largely explain differences in gout prevalence between black and white adults
in the United States [34]. Furthermore, there is notable geographical variation in gout incidence, which corelates with local
dietary habits. For example, higher consumption of meat and certain seafood in Europe and the United States contributes
to greater gout incidence compared to Asia, where traditional diets are based on rice and vegetables [35,36]. However,
in recent years, the burden of gout has increased rapidly in several East Asian countries undergoing significant socioeco-
nomic development and shifts toward Western-style diets, including increased intake of fructose-sweetened beverages,
alcohol, and purine-rich foods [37—39]. In East Asia, the number of individuals with gout has increased by 1.76 times
over the past 30 years [37]. Notably, a recent study in China reported a doubling in gout prevalence among young people
within the past ten years, strongly correlated with urbanization and rising obesity trends [38]. Similar trends have been
reported in Japan, where traditional diets are increasingly replaced by processed foods and sugary drinks [39]. Collec-
tively, these observations emphasize the critical influence of modifiable environmental factors on the global gout epidemic.

Decomposition analysis further revealed that population growth predominantly drives increases in gout-related indi-
cators, while changes in gout burden differ according to developmental and geographical contexts. Consequently, it is
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essential for regions at varying developmental stages within the same country to adopt context-specific strategies to
mitigate the burden of gout.

Prediction analysis for the next 25 years suggests that the global burden of gout among young people is unlikely to
decline, particularly among young men. Gout can cause severe pain, functional impairment, and reduced workplace
participation. Compared to those without gout, individuals with gout are more likely to have increased work absences [40],
which can result in financial and social effects for patients and their families or communities. The comorbidities commonly
associated with gout, such as hypertension, diabetes, cardiovascular disease, and kidney disease, further exacerbate the
overall disease burden, contributing to higher incidence and mortality rates [41,42]. This remains a significant challenge
for healthcare systems. Therefore, additional measures may be necessary to address the prevalence of gout among
young people.

This study had several limitations. Although the GBD model accounts for different case definitions, some bias in the
estimates of gout burden may remain due to the use of data sources with variable quality. First, the clinical manifestations
of gout can overlap with those of acute calcium pyrophosphate crystalline arthritis (called pseudogout), potentially lead-
ing to overestimation of gout prevalence. A definite diagnosis requires further examination of joint fluid and synovial fluid,
yet access to such resources may be limited in low-income areas, increasing the potential for statistical bias in diagnos-
ing gout among young populations. Second, misclassification is possible, particularly at disease onset when gout may
be mistaken for other conditions, such as sprains or infections, leading to delayed or incorrect diagnoses. Additionally,
other forms of inflammatory arthritis may be misdiagnosed as gout. Third, updates to the diagnostic criteria for gout have
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occurred; the original 1977 ACR classification has been replaced by the 2015 ACR/European League Against Rheuma-
tism classification [12]. Consequently, GBD estimates of gout among young people may differ from actual data. Future
research should consider these methodological differences to enhance the accuracy and comparability of gout burden
assessments across regions. Despite these limitations, the 2024 update of the GBD database, along with recent epide-
miological data, is valuable for health system departments to formulate effective prevention and control strategies and
address related risks.

This study provides a comprehensive assessment of the growing global burden of gout in young people. The
observed increase in cases from 1990 to 2021 challenges the traditional perception of gout as an “older adult disease,”
highlighting unmet prevention needs earlier in life. Projections for 2050 suggest that gout could become a leading
cause of early-life musculoskeletal disability, potentially accompanied by metabolic and cardiovascular comorbidities.
Future research should address factors contributing to the progression of hyperuricemia to symptomatic gout earlier in
certain populations and evaluate age-stratified interventions targeting high-risk young people using dietary modulation
or early urate-lowering therapy. The development of cost-effective primary care screening models for early detection is
also required. Key proposed studies include: prospective cohort designs (e.g., birth cohort with regular uric acid type
tests) to optimize intervention timing; integration of genome-wide association studies with dietary and socioeconomic
data targeting high-incidence populations; and randomized controlled trials assessing game-based lifestyle interven-
tions or wearable-assisted uric acid monitoring in young people with preclinical hyperuricemia. The Epidemiological
data presented in this study can help support public health authorities in developing targeted strategies to mitigate the
occurrence of gout.

PLOS One | https://doi.org/10.1371/journal.pone.0333368 October 29, 2025 21/23



https://doi.org/10.1371/journal.pone.0333368.g014

PLO\Sﬁ\\.- One

Acknowledgments

We greatly appreciate the work done by the GBD 2021 collaborators.

Author contributions

Conceptualization: Guangya Wang.

Data curation: Peipei Tian, Botao Wang, Yanpeng Chen, Zhijun Jia, Chao Wang.

Formal analysis: Hailiang Zhao.

Methodology: Peipei Tian, Hailiang Zhao.

Software: Hailiang Zhao.

Supervision: Guangya Wang.

Writing — original draft: Peipei Tian.

Writing — review & editing: Guangya Wang.

References
1. Dalbeth N, Gosling AL, Gaffo A, Abhishek A. Gout. Lancet. 2021. https://doi.org/10.1016/S0140-6736(21)00569-9
2. Terkeltaub R. Update on gout: new therapeutic strategies and options. Nat Rev Rheumatol. 2010;6(1):30-8. https://doi.org/10.1038/

10.

1.

12.

13.

14.

15.

16.

nrrheum.2009.236 PMID: 20046204

GBD 2021 Gout Collaborators. Global, regional, and national burden of gout, 1990-2020, and projections to 2050: a systematic analysis of the
Global Burden of Disease Study 2021. Lancet Rheumatol. 2024;6(8):e507—17. https://doi.org/10.1016/S2665-9913(24)00117-6 PMID: 38996590

Choi HK, Curhan G. Independent impact of gout on mortality and risk for coronary heart disease. Circulation. 2007;116(8):894—900. https://doi.
org/10.1161/CIRCULATIONAHA.107.703389 PMID: 17698728

McCormick N, Lin K, Yokose C, Lu N, Zhang Y, Choi HK. Unclosing premature mortality gap among patients with gout in the US general popula-
tion, independent of serum urate and atherosclerotic cardiovascular risk factors. Arthritis Care Res (Hoboken). 2024;76(5):691-702. https://doi.
org/10.1002/acr.25292 PMID: 38191784

Borghi C, Agabiti-Rosei E, Johnson RJ, Kielstein JT, Lurbe E, Mancia G, et al. Hyperuricaemia and gout in cardiovascular, metabolic and kidney
disease. Eur J Intern Med. 2020;80:1-11. https://doi.org/10.1016/].€jim.2020.07.006 PMID: 32739239

Cipolletta E, Tata LJ, Nakafero G, Avery AJ, Mamas MA, Abhishek A. Association between gout flare and subsequent cardiovascular events among
patients with gout. JAMA. 2022;328(5):440-50. https://doi.org/10.1001/jama.2022.11390 PMID: 35916846

Hak AE, Choi HK. Menopause, postmenopausal hormone use and serum uric acid levels in US women--the Third National Health and Nutrition
Examination Survey. Arthritis Res Ther. 2008;10(5):R116. https://doi.org/10.1186/ar2519 PMID: 18822120

Chen-Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK. Contemporary prevalence of gout and hyperuricemia in the united states and decadal
trends: The National Health and Nutrition Examination Survey, 2007-2016. Arthritis Rheumatol. 2019;71(6):991-9. https://doi.org/10.1002/art.40807
PMID: 30618180

Wen P, Luo P, Zhang B, Zhang Y. Mapping knowledge structure and global research trends in gout: a bibliometric analysis from 2001 to 2021.
Front Public Health. 2022;10:924676. https://doi.org/10.3389/fpubh.2022.924676 PMID: 35844867

Rezapour A, Alidoost S, Asgharzadeh A, Farhadi Z, Khodadadi N, Mohammadi Bakhsh R, et al. Cost-effectiveness of allopurinol versus febuxostat
in the treatment of gout patients: a systematic review. Med J Islam Repub Iran. 2020;34:41. https://doi.org/10.34171/mijiri.34.41 PMID: 32884916

Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yu TF. Preliminary criteria for the classification of the acute arthritis of primary gout.
Arthritis Rheum. 1977;20(3):895-900. https://doi.org/10.1002/art.1780200320 PMID: 856219

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a system-
atic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396(10258):1204—-22. https://doi.org/10.1016/S0140-6736(20)30925-9
PMID: 33069326

Pripp AH. Pearson’s or Spearman’s correlation coefficients. Tidsskr Nor Laegeforen. 2018;138(8). https://doi.org/10.4045/tidsskr.18.0042 PMID:
29737766

Wallace KL, Riedel AA, Joseph-Ridge N, Wortmann R. Increasing prevalence of gout and hyperuricemia over 10 years among older adults in a
managed care population. J Rheumatol. 2004;31(8):1582—7. PMID: 15290739

Poletto J, Harima HA, Ferreira SRG, Gimeno SGA. Hyperuricemia and associated factors: a cross-sectional study of Japanese-Brazilians. Cad
Saude Publica. 2011;27(2):369-78. https://doi.org/10.1590/s0102-311x2011000200018 PMID: 21359473

PLOS One | https://doi.org/10.1371/journal.pone.0333368 October 29, 2025 22/23



https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1038/nrrheum.2009.236
https://doi.org/10.1038/nrrheum.2009.236
http://www.ncbi.nlm.nih.gov/pubmed/20046204
https://doi.org/10.1016/S2665-9913(24)00117-6
http://www.ncbi.nlm.nih.gov/pubmed/38996590
https://doi.org/10.1161/CIRCULATIONAHA.107.703389
https://doi.org/10.1161/CIRCULATIONAHA.107.703389
http://www.ncbi.nlm.nih.gov/pubmed/17698728
https://doi.org/10.1002/acr.25292
https://doi.org/10.1002/acr.25292
http://www.ncbi.nlm.nih.gov/pubmed/38191784
https://doi.org/10.1016/j.ejim.2020.07.006
http://www.ncbi.nlm.nih.gov/pubmed/32739239
https://doi.org/10.1001/jama.2022.11390
http://www.ncbi.nlm.nih.gov/pubmed/35916846
https://doi.org/10.1186/ar2519
http://www.ncbi.nlm.nih.gov/pubmed/18822120
https://doi.org/10.1002/art.40807
http://www.ncbi.nlm.nih.gov/pubmed/30618180
https://doi.org/10.3389/fpubh.2022.924676
http://www.ncbi.nlm.nih.gov/pubmed/35844867
https://doi.org/10.34171/mjiri.34.41
http://www.ncbi.nlm.nih.gov/pubmed/32884916
https://doi.org/10.1002/art.1780200320
http://www.ncbi.nlm.nih.gov/pubmed/856219
https://doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.4045/tidsskr.18.0042
http://www.ncbi.nlm.nih.gov/pubmed/29737766
http://www.ncbi.nlm.nih.gov/pubmed/15290739
https://doi.org/10.1590/s0102-311x2011000200018
http://www.ncbi.nlm.nih.gov/pubmed/21359473

PLO\S\% One

17. Harrold LR, Etzel CJ, Gibofsky A, Kremer JM, Pillinger MH, Saag KG, et al. Sex differences in gout characteristics: tailoring care for women and
men. BMC Musculoskelet Disord. 2017;18(1):108. https://doi.org/10.1186/s12891-017-1465-9 PMID: 28292303

18. Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G. Alcohol intake and risk of incident gout in men: a prospective study. Lancet.
2004;363(9417):1277-81. https://doi.org/10.1016/S0140-6736(04)16000-5 PMID: 15094272

19. De Souza AWS, Fernandes V, Ferrari AJL. Female gout: clinical and laboratory features. J Rheumatol. 2005;32(11):2186-8. PMID: 16265700

20. Harrold LR, Yood RA, Mikuls TR, Andrade SE, Davis J, Fuller J, et al. Sex differences in gout epidemiology: evaluation and treatment. Ann Rheum
Dis. 2006;65(10):1368—-72. https://doi.org/10.1136/ard.2006.051649 PMID: 16644784

21. Rodriguez-Sosa E, De Miguel E, Borras F, Andrés M. Filling gaps in female gout: a cross-sectional study of comorbidities in 192 037 hospitalised
patients. RMD Open. 2023;9(2):e003191. https://doi.org/10.1136/rmdopen-2023-003191 PMID: 37295841

22. Teng GG, Ang L-W, Saag KG, Yu MC, Yuan J-M, Koh W-P. Mortality due to coronary heart disease and kidney disease among middle-aged
and elderly men and women with gout in the Singapore Chinese Health Study. Ann Rheum Dis. 2012;71(6):924-8. https://doi.org/10.1136/
ard.2011.200523 PMID: 22172492

23. Dehlin M, Sandstréom TZ, Jacobsson LT. Incident gout: risk of death and cause-specific mortality in Western Sweden: a prospective, controlled
inception cohort study. Front Med (Lausanne). 2022;9:802856. https://doi.org/10.3389/fmed.2022.802856 PMID: 35280894

24. Shields GE, Beard SM. A Systematic review of the economic and humanistic burden of gout. Pharmacoeconomics. 2015;33(10):1029-47. https://
doi.org/10.1007/s40273-015-0288-5 PMID: 25969152

25. McCormick N, Rai SK, Lu N, Yokose C, Curhan GC, Choi HK. Estimation of primary prevention of gout in men through modification of obesity and
other key lifestyle factors. JAMA Netw Open. 2020;3(11):e2027421. https://doi.org/10.1001/jamanetworkopen.2020.27421 PMID: 33231639

26. Xie S, Xiao H, Xu L, Li G, Zhang F, Luo M. A comprehensive analysis of trends in the burden of gout in China and globally from 1990 to 2021. Sci
Rep. 2025;15(1):3310. https://doi.org/10.1038/s41598-025-86090-z PMID: 39865102

27. Kuo C-F, Grainge MJ, See L-C, Yu K-H, Luo S-F, Zhang W, et al. Epidemiology and management of gout in Taiwan: a nationwide population study.
Arthritis Res Ther. 2015;17(1):13. https://doi.org/10.1186/s13075-015-0522-8 PMID: 25612613

28. Han T, Chen W, Qiu X, Wang W. Epidemiology of gout - Global burden of disease research from 1990 to 2019 and future trend predictions. Ther
Adv Endocrinol Metab. 2024;15. https://doi.org/10.1177/20420188241227295 PMID: 38439915

29. Lustig RH. Ultraprocessed food: addictive, toxic, and ready for regulation. Nutrients. 2020;12(11):3401. https://doi.org/10.3390/nu12113401 PMID:
33167515

30. Mendonga R de D, Pimenta AM, Gea A, de la Fuente-Arrillaga C, Martinez-Gonzalez MA, Lopes ACS, et al. Ultraprocessed food consumption
and risk of overweight and obesity: the University of Navarra Follow-Up (SUN) cohort study. Am J Clin Nutr. 2016;104(5):1433—-40. https://doi.
org/10.3945/ajcn.116.135004 PMID: 27733404

31. GBD 2019 Viewpoint Collaborators. Five insights from the Global Burden of Disease Study 2019. Lancet. 2020;396(10258):1135-59. https://doi.
org/10.1016/S0140-6736(20)31404-5 PMID: 33069324

32. Abhishek A, Doherty M. Education and non-pharmacological approaches for gout. Rheumatology (Oxford). 2018;57(suppl_1):i51-8. https://doi.
org/10.1093/rheumatology/kex421 PMID: 29272507

33. McCormick N, Lu N, Yokose C, Joshi AD, Sheehy S, Rosenberg L, et al. Racial and sex disparities in gout prevalence among US Adults. JAMA
Netw Open. 2022;5(8):€2226804. https://doi.org/10.1001/jamanetworkopen.2022.26804 PMID: 35969396

34. Kumar B, Lenert P. Gout and African Americans: reducing disparities. Cleve Clin J Med. 2016;83(9):665—74. https://doi.org/10.3949/
ccjm.83a.15133 PMID: 27618355

35. Zoliner N. Influence of various purines on uric acid metabolism. Bibl Nutr Dieta. 1973;19(1):34—43.

36. Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G. Purine-rich foods, dairy and protein intake, and the risk of gout in men. N Engl J Med.
2004;350(11):1093—103. https://doi.org/10.1056/NEJM0a035700 PMID: 15014182

37. YangF, Chen R, Xiong J, Wang W, Yu P, Wang H. The disease burden of gout in Asian countries and regions from 1990 to 2021, risk factors
and forecast analysis: a systematic study of Asian disease burden in 2021. PLoS One. 2025;20(7):e0328543. https://doi.org/10.1371/journal.
pone.0328543 PMID: 40720428

38. ZhongV, LiY, HuC, Tao T, Hao L, Li N, et al. Systematic analysis of gout burden among young adults in China from 1990 to 2021: findings from
the global burden of disease study 2021. Front Public Health. 2025;13:1613801. https://doi.org/10.3389/fpubh.2025.1613801 PMID: 40552223

39. Hakoda M. Epidemiology of hyperuricemia and gout in Japan. Nihon Rinsho. 2008;66(4):647-52. PMID: 18409509

40. Kleinman NL, Brook RA, Patel PA, Melkonian AK, Brizee TJ, Smeeding JE, et al. The impact of gout on work absence and productivity. Value
Health. 2007;10(4):231-7. https://doi.org/10.1111/].1524-4733.2007.00173.x PMID: 17645677

41. Stamp LK, Chapman PT. Gout and its comorbidities: implications for therapy. Rheumatology (Oxford). 2013;52(1):34—44. https://doi.org/10.1093/
rheumatology/kes211 PMID: 22949727

42. Singh JA, Gaffo A. Gout epidemiology and comorbidities. Semin Arthritis Rheum. 2020;50(3S):S11-6. https://doi.org/10.1016/j.semar-
thrit.2020.04.008 PMID: 32620196

PLOS One | https://doi.org/10.1371/journal.pone.0333368 October 29, 2025 23/23



https://doi.org/10.1186/s12891-017-1465-9
http://www.ncbi.nlm.nih.gov/pubmed/28292303
https://doi.org/10.1016/S0140-6736(04)16000-5
http://www.ncbi.nlm.nih.gov/pubmed/15094272
http://www.ncbi.nlm.nih.gov/pubmed/16265700
https://doi.org/10.1136/ard.2006.051649
http://www.ncbi.nlm.nih.gov/pubmed/16644784
https://doi.org/10.1136/rmdopen-2023-003191
http://www.ncbi.nlm.nih.gov/pubmed/37295841
https://doi.org/10.1136/ard.2011.200523
https://doi.org/10.1136/ard.2011.200523
http://www.ncbi.nlm.nih.gov/pubmed/22172492
https://doi.org/10.3389/fmed.2022.802856
http://www.ncbi.nlm.nih.gov/pubmed/35280894
https://doi.org/10.1007/s40273-015-0288-5
https://doi.org/10.1007/s40273-015-0288-5
http://www.ncbi.nlm.nih.gov/pubmed/25969152
https://doi.org/10.1001/jamanetworkopen.2020.27421
http://www.ncbi.nlm.nih.gov/pubmed/33231639
https://doi.org/10.1038/s41598-025-86090-z
http://www.ncbi.nlm.nih.gov/pubmed/39865102
https://doi.org/10.1186/s13075-015-0522-8
http://www.ncbi.nlm.nih.gov/pubmed/25612613
https://doi.org/10.1177/20420188241227295
http://www.ncbi.nlm.nih.gov/pubmed/38439915
https://doi.org/10.3390/nu12113401
http://www.ncbi.nlm.nih.gov/pubmed/33167515
https://doi.org/10.3945/ajcn.116.135004
https://doi.org/10.3945/ajcn.116.135004
http://www.ncbi.nlm.nih.gov/pubmed/27733404
https://doi.org/10.1016/S0140-6736(20)31404-5
https://doi.org/10.1016/S0140-6736(20)31404-5
http://www.ncbi.nlm.nih.gov/pubmed/33069324
https://doi.org/10.1093/rheumatology/kex421
https://doi.org/10.1093/rheumatology/kex421
http://www.ncbi.nlm.nih.gov/pubmed/29272507
https://doi.org/10.1001/jamanetworkopen.2022.26804
http://www.ncbi.nlm.nih.gov/pubmed/35969396
https://doi.org/10.3949/ccjm.83a.15133
https://doi.org/10.3949/ccjm.83a.15133
http://www.ncbi.nlm.nih.gov/pubmed/27618355
https://doi.org/10.1056/NEJMoa035700
http://www.ncbi.nlm.nih.gov/pubmed/15014182
https://doi.org/10.1371/journal.pone.0328543
https://doi.org/10.1371/journal.pone.0328543
http://www.ncbi.nlm.nih.gov/pubmed/40720428
https://doi.org/10.3389/fpubh.2025.1613801
http://www.ncbi.nlm.nih.gov/pubmed/40552223
http://www.ncbi.nlm.nih.gov/pubmed/18409509
https://doi.org/10.1111/j.1524-4733.2007.00173.x
http://www.ncbi.nlm.nih.gov/pubmed/17645677
https://doi.org/10.1093/rheumatology/kes211
https://doi.org/10.1093/rheumatology/kes211
http://www.ncbi.nlm.nih.gov/pubmed/22949727
https://doi.org/10.1016/j.semarthrit.2020.04.008
https://doi.org/10.1016/j.semarthrit.2020.04.008
http://www.ncbi.nlm.nih.gov/pubmed/32620196

