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Objective: This study aims to analyze the global disease burden of knee osteoarthritis (KOA) among middle-aged and elderly populations (aged ≥45 years) from 1990 to 2021, project trends to 2035, and evaluate disparities across sociodemographic index (SDI) regions, age groups, and genders.



Methods: Data from GBD 2021 assessed KOA prevalence, incidence, years lived with disability (YLDs), and age-standardized rates (ASRs) across 204 countries (1990–2021). Age-period-cohort (APC) modeling to disentangle age/time/cohort effects. Joinpoint regression to quantify temporal trends (annual percent change, APC; average APC, AAPC). Bayesian forecasting for 2035 projections. Socioeconomic disparities assessed via slope index (SII) and concentration index (CI).



Results: From 1990 to 2021, global KOA incidence and prevalence increased by 1.3-fold [age-standardized incidence rate (ASIR): +7.3%, from 978.74 to 1,050.31/100,000] and 1.4-fold [age-standardized prevalence rate (ASPR): +8.4%, from 13,596.63 to 14,741.08/100,000], respectively. Females exhibited higher burdens than males [ASPR: +8.4%; age-standardized years lived with disability rate (ASYR): +8.3%]. High SDI regions reported the highest ASIR (1,162.95/100,000) and ASPR (16,029.60/100,000), whereas low SDI regions had the lowest rates (ASPR: 12,150.70/100,000). By 2035, global prevalence is projected to reach 482 million, with ASPR rising to 15,058.08/100,000. It is estimated that there will be 34,372,090 incidence cases globally, and YLDs are expected to reach 15,386,065 years by 2035.



Conclusion: The prevalence, incidence, YLDs, and ASRs of KOA have increased substantially in most countries and regions from 1990 to 2021. The burden of KOA appears to rise with increasing SDI and is higher in females than in males. Population aging has exacerbated the burden of KOA, whereas transnational inequalities have not improved significantly. Gender-specific interventions, SDI-tailored policies, and strengthened healthcare systems are essential to address this increasing public health challenge.
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Introduction

Knee osteoarthritis (KOA) has emerged as a leading cause of disability worldwide, particularly among aging populations, with profound implications for healthcare systems and socioeconomic development. Globally, over 650 million individuals are affected by osteoarthritis, with KOA accounting for nearly 80% of this burden, disproportionately impacting middle-aged and elderly populations (1). The aging global population, coupled with rising obesity rates and sedentary lifestyles, has intensified the disease's prevalence. However, comprehensive analyses of its evolving epidemiology across socioeconomic strata remain limited. Although prior studies have documented national or regional trends (2, 3), systematic evaluations of age-sex disparities, sociodemographic gradients, and predictive trajectories are critically lacking—gaps that this study aims to address by leveraging the Global Burden of Disease (GBD) 2021 dataset. Prior epidemiological studies encompassing broad age ranges, though valuable for characterizing population-level trends, often lacked sufficient granularity to delineate age-specific burden patterns in older cohorts. For instance, several large-scale analyses (4–8) aggregated incidence and prevalence metrics across wide age spans (e.g., 1–95+ years), masking critical inflection points in disease progression unique to aging populations. The latest KOA disease burden study (8) reported peak incidence in the 55–59 age group and the highest case numbers in the 65–69 cohort. However, its lack of granular stratification for the critical 45–65 age window (a pivotal period for OA progression) obscured disability acceleration patterns during the middle-to-older-age transition. Another study (4) grouped 45–59 and 60–69 as a single “middle-aged” category, potentially diluting distinctions between 45 and 54 (a window for early intervention) and ≥55 (a high-risk progression phase). This methodological approach inadvertently diluted outcome statistics for middle-aged and elderly subgroups by: (1) Failing to stratify by narrow, clinically relevant age bands, thereby obscuring accelerating disability trends in later decades of life; (2) Overlooking cohort effects (e.g., birth-year-specific risk exposures) through period-centric models; (3) Underpowering socioeconomic disparity analyses within aging strata due to heterogeneous sampling. By focusing exclusively on adults aged ≥45 years, our study overcomes these limitations to uncover nuanced age-period-cohort dynamics and socioeconomic gradients—constituting a core methodological advance of this research.

The pathogenesis of KOA involves a complex interplay of biomechanical stress, genetic predisposition, and inflammatory pathways (6), with aging and female sex recognized as key risk factors (9–12). Recent advances in joint imaging and biomarker research have refined diagnostic criteria (13–15), but population-level trends remain understudied in low-resource settings. Furthermore, although the socioeconomic development index (SDI) has been associated with patterns of non-communicable diseases, its role in shaping KOA disparities—particularly among aging populations—remains poorly characterized (7, 16–19). This study aims to: quantify global and regional trends in KOA burden among middle-aged and elderly populations (1990–2021); decipher age-sex-specific epidemiological patterns; evaluate sociodemographic inequalities across SDI gradients; and forecast disease trajectories to 2035 to inform evidence-based policymaking.

By integrating age-period-cohort modeling and Bayesian forecasting, this analysis provides actionable insights for tailoring prevention strategies and optimizing resource allocation in an era of rapid demographic transition.



Methods


Data sources

The GBD 2021 study is a comprehensive, collaborative initiative designed to quantify health loss attributable to 371 diseases and injuries and 88 risk factors across 204 countries and territories from 1990 to 2021 (20, 21). The GBD 2021 study integrates diverse data sources, each assigned a unique identifier and cataloged in the Global Health Data Exchange (GHDx). To address data gaps, spatiotemporal Gaussian process regression was employed to smooth estimates across age, time, and geographic locations. Additionally, the Meta-Regression with Bayesian Priors, Regularization, and Trimming (MR-BRT) tool was used to adjust for data biases arising from variations in case definitions and study methodologies across countries. The GBD 2021 dataset is stratified by sex, age, region, and country and incorporates data from multiple sources, including vital registration systems, verbal autopsies, censuses, household surveys, disease-specific registries, health service contact data, and others. In this study, we extracted estimates and their 95% uncertainty intervals (UIs) for the incidence, prevalence, and years lived with disability (YLDs) of KOA from the GBD 2021 dataset. All rates are reported per 100,000 population (2).



Study population

Based on the age classification defined by the World Health Organization (WHO), middle-aged and elderly populations were defined as individuals aged 45 years and above. Participants were further stratified into the following age groups: middle-aged (45–59 years), young-old (60–74 years), old-age (75–89 years), and longevity or very old (≥90 years) (World Health Organization, 2011; available at: https://www.who.int/ageing/publications/global_health.pdf). To examine sex-specific differences in health outcomes, we constructed two-coordinate charts to compare the prevalence, incidence, and YLDs rates between males and females across these age groups.



Case definition

In the GBD 2021 study, KOA was defined as symptomatic osteoarthritis of the knee joint, confirmed radiologically as Kellgren-Lawrence (KL) grade II–IV (16). The diagnostic criteria for each grade are as follows: (1) Grade II: presence of at least one definite osteophyte in the knee joint, accompanied by pain for ≥1 month within the past 12 months; (2) Grade III–IV: presence of osteophytes and joint space narrowing in the affected knee joint; (3) Grade IV is characterized by joint deformity. Pain for ≥1 month within the past 12 months is required for both grades (4, 5, 22). The International Classification of Diseases, Tenth Revision (ICD-10) code for KOA is M17. For the Ninth Revision (ICD-9), osteoarthritis is coded as 715, which does not specify distinct anatomical sites (World Health Organization, 2019; available at: https://icd.who.int/browse10/2019/en#/M17). The KL grading system is mandated by GBD 2021 for radiographic KOA confirmation, ensuring global comparability (GBD 2021 Methods, Supplementary Material) (4, 7).



Ethical considerations

The use of de-identified data in the GBD study was granted a waiver of informed consent by the Institutional Review Board (IRB) of the University of Washington.



SDI and epidemiological indicators

The SDI is a composite measure that reflects the overall development status of a geographic region based on three key dimensions: income per capita, educational attainment, and fertility rate. SDI values range from 0 to 1, with higher values indicating greater socioeconomic development (Supplementary Table S1). In this study, countries and regions were classified into five SDI categories (low, low-middle, middle, high-middle, and high) to examine the association between the burden of KOA among middle-aged and elderly populations and socioeconomic development. The burden of KOA was quantified using YLDs. Age-standardized rates (ASR, per 100,000 population per year) were calculated using the world standard population from GBD 2021 to enable equitable comparisons across populations with varying age structures. This approach follows established WHO and GBD methodological frameworks, minimizing confounding from demographic differences and ensuring global comparability of burden metrics. To enable equitable comparisons across populations with differing age structures, we calculated the following ASR: age-standardized incidence rate (ASIR); age-standardized prevalence rate (ASPR); and age-standardized YLDs rate (ASYR) (16). These metrics were analyzed across 21 GBD regions and 204 countries and territories for middle-aged and elderly populations. The ASR was calculated using the following formula:



ASR=∑i=1Aaiwi∑i=1Awi×10,000





(ai: the age-specific rate in ith the age group; w: the number of people in the corresponding ith age group among the standard population; A: the number of age groups).



Age-period-cohort analysis

The APC analytical paradigm has been extensively validated for investigating temporal disease dynamics in population health research. As a multivariate decomposition method, it systematically partitions variance in disease occurrence into three orthogonal temporal dimensions: (1) age effects (reflecting biological aging processes), (2) period effects (capturing contemporaneous environmental influences), and (3) cohort effects (representing generation-specific risk exposures). This analytical rigor not only yields unbiased effect estimates for each temporal component but also permits comprehensive examination of long-term disease trends while controlling for confounding between temporal dimensions (17). Temporal changes in the prevalence of KOA among middle-aged and elderly populations (aged >45 years) from 1990 to 2021 were evaluated. The analysis assessed the independent effects of age, period, and cohort on KOA prevalence. Model fitting was performed using the Epi package in R, with model comparisons based on the Akaike information criterion (AIC) and Bayesian information criterion (BIC). The age distribution of prevalence reflects temporal changes in the relative proportions of KOA prevalence across different age groups from 1990 to 2021. Furthermore, the data were re-coded into consecutive 5-year age groups (45–49, 50–54, …, 90–94, 95+ years), consecutive 5-year periods from 1990 to 2021 (1990–1994, 1995–1999, …, 2015–2019, 2020–2021), and corresponding 5-year birth cohorts (1897–1901, 1902–1906, …, 1963–1967, 1968–1972) to estimate the net age, period, and birth cohort effects on KOA prevalence (23, 24). Local drift quantifies the annual percentage change (APC) in prevalence for each age group during this period. The age effect is represented by the fitted longitudinal age-specific prevalence, adjusted for period bias, across a defined range of birth cohorts. The period effect is illustrated by the period relative risk (RRs, prevalence ratio). The birth cohort effect is indicated by the cohort RRs (prevalence ratio), calculated as the ratio of age-specific prevalence between the 1897 cohort and the 1972 cohort. Results are presented as points (representing prevalence or ratios) and shaded areas (representing the corresponding 95% confidence intervals).



Cross-country inequality analysis

Health inequality monitoring serves as a critical foundation for evidence-based health planning, enabling the refinement of policies, programs, and practices to reduce disparities in health outcomes. In this study, we employed two standard metrics to assess absolute and relative gradient inequality in the burden of KOA among middle-aged and elderly populations across countries: the slope index of inequality (SII) and the concentration index (CI). The SII was calculated by regressing national YLDs rates across all age groups against a relative position scale associated with sociodemographic development. The CI was derived by numerically integrating the area under the Lorenz concentration curve, which was constructed by plotting the cumulative fraction of YLDs against the cumulative relative distribution of the population, ranked by the SDI (24).



Predictive analysis

The Bayesian Age-Period-Cohort (BAPC) model was applied to project future trends in the ASIR and incidence numbers, ASPR and death counts, as well as the ASYR and YLDs for KOA from 2022 to 2035. The model was developed using historical data up to 2021, capturing the underlying patterns and dynamics of disease burden indicators over time by considering the influences of age, period, and birth cohort. BAPC models offer a comprehensive framework for projections through integrated nested Laplace approximations (INLA) for complete Bayesian inference. Key features of BAPC models include: (1) generation of age-specific and age-standardized projected rates; and (2) automatic incorporation of Poisson noise when the focus is on the predictive distribution. BAPC is particularly beneficial for forecasting future rates based on historical data, rendering it an invaluable tool for public health planning and analysis (25). This approach enabled us to expect the evolving epidemiological landscape of KOA among middle-aged and elderly populations.



Statistical analysis

Statistical analyses were conducted using R software (Version 4.4.2). The ASIR, ASPR, and ASYR, along with their corresponding 95% CIs, were calculated for the period from 1990 to 2021 using the GBD 2021 dataset. The world standard population, obtained from the GBD 2021 analytical tool website, was used for age standardization (2). Temporal trends in the burden of KOA were analyzed using the Joinpoint regression model (Version 5.3.0.0). This model was employed to estimate the APC and average annual percentage change (AAPC), which quantify the magnitude and direction of trends over time. An AAPC > 0 indicates an increasing trend in ASRs during the study period, whereas an AAPC < 0 suggests a decreasing trend. All rates are reported per 100,000 population. Data visualization was performed using the “ggplot2” package in R and JD_GBDR (Version 2.36). A p-value < 0.05 was considered statistically significant.




Result


Global disease burden of KOA among middle-aged and elderly populations

In 2021, the global incidence of KOA among middle-aged and elderly populations increased approximately 1.3-fold compared with 1990. The global ASIR was 1,050.31 per 100,000 (95% UI, 760.82–1,408.44), an increase of 7.3% from 978.74 per 100,000 (95% UI, 709.17–1,315.98) in 1990 (Table 1). Additionally, the number of prevalent cases increased by about 1.4-fold compared with 1990. The ASPR was 14,741.08 per 100,000 (95% UI, 12,121.92–17,680.86), reflecting an increase of 8.4% from 13,596.63 per 100,000 (95% UI, 11,172.61–16,355.69) in 1990. YLDs also increased by approximately 1.4-fold compared with 1990, and the ASYR increased by 8.3%. The ASRs of prevalence, incidence, and YLDs were highest in high SDI regions and lowest in low SDI regions (Table 2).



TABLE 1 Global incidence and prevalence of KOA among middle-aged and elderly populations and their AAPC by gender, SDI and region.



	Location
	Incidence
	Prevalence



	1990 Incidence (95% UI)
	1990 ASIR per 100,000 (95% UI)
	2021 Incidence (95% UI)
	2021 ASIR per 100,000 (95% UI)
	1990–2021 AAPCASIR (95% CI)
	1990 Prevalence (95% UI)
	1990 ASPR per 100,000 (95% UI)
	2021 Prevalence (95% UI)
	2021 ASPR per 100,000 (95% UI)
	1990–2021 AAPCASPR (95% CI)





	Global
	11,069,713 (8,031,772–14,863,659)
	978.74 (709.17–1,315.98)
	25,397,879 (18,414,150–34,037,597)
	1,050.31 (760.82–1,408.44)
	0.23 (0.22–0.25)
	14,781,146 (121,166,428–178,020,500)
	13,596.63 (11,172.61–16,355.69)
	353,036,426 (290,093,994–423,620,351)
	14,741.08 (12,121.92–17,680.86)
	0.27 (0.23–0.30)



	Gender



	Male
	4,451,845 (3,219,227–5,993,515)
	817.09 (589.47–1,102.74)
	10,263,106 (7,413,516–13,813,996)
	877.42 (632.84–1,182.80)
	0.23 (0.21–0.26)
	56,224,944 (45,813,520–67,891,713)
	11,041.35 (9,035.30–13,313.49)
	135,422,868 (110,616,504–163,214,019)
	11,935.34 (9,768.55–14,373.27)
	0.25 (0.22–0.29)



	Female
	6,617,869 (4,818,806–8,856,397)
	1,134.36 (825.43–1,518.91)
	15,134,773 (11,016,720–20,207,303)
	1,216.27 (885.06–1,623.90)
	0.23 (0.20–0.27)
	91,586,522 (75,353,405–110,012,047)
	15,809.41 (13,013.13–18,984.14)
	217,613,558 (179,394,233–260,324,162)
	17,267.19 (14,227.28–20,660.22)
	0.29 (0.26–0.32)



	SDI rank



	High SDI
	3,122,113 (2,257,955–4,189,897)
	1,097.42 (793.43 1,472.69)
	5,685,844 (4,111,027–7,629,213)
	1,162.95 (841.12–1,559.46)
	0.19 (0.16–0.23)
	44,701,448 (36,863,215–53,892,192)
	15,040.79 (12,371.06–18,155.10)
	86,773,256 (71,849,856–104,158,164)
	16,029.60 (13,200.47–19,302.09)
	0.22 (0.15–0.28)



	High-middle SDI
	2,667,657 (1,939,798–3,574,672)
	955.93 (693.57–1,283.04)
	5,746,217 (4,174,388–7,688,743)
	1,061.09 (770.03–1,420.39)
	0.34 (0.31–0.37)
	35,479,325 (29,072,936–42,762,449)
	12,941.00 (10,623.28–15,585.33)
	81,043,999 (66,339,480–97,492,757)
	14,748.66 (12,070.26–17,744.06)
	0.42 (0.40–0.44)



	Middle SDI
	3,088,243 (2,246,402–4,150,275)
	987.88 (716.24–1,331.38)
	8,486,214 (6,146,240–11,350,292)
	1,059.84 (765.71–1,420.54)
	0.23 (0.2–0.27)
	40,642,996 (33,148,287–49,001,423)
	14,030.08 (11,498.67–16,880.09)
	115,984,174 (95,057,163–139,217,442)
	15,074.36 (12,388.65–18,072.11)
	0.23 (0.2–0.26)



	Low-middle SDI
	1,587,586 (1,146,243–2,138,171)
	861.03 (620.68–1,162.3)
	4,021,872 (2,908,620–5,401,876)
	942.04 (680.54–1,267.5)
	0.29 (0.28–0.31)
	19,728,392 (16,099,023–23,865,251)
	11,656.95 (9,557.65–14,080.75)
	51,766,438 (42,339,742–62,413,561)
	12,906.56 (10,594.59–15,536.52)
	0.34 (0.32–0.36)



	Low SDI
	593,238 (430,199–796,083)
	860.15 (622.58–1,157.19)
	1,438,117 (1,040,852–1,927,794)
	914.22 (661.12–1,227.87)
	0.20 (0.19–0.21)
	7,117,975 (5,799,680–8,602,758)
	11,382.98 (9,326.21–13,726.10)
	17,202,383 (14,029,488–20,775,019)
	12,150.70 (9,962.98–14,645.47)
	0.22 (0.2–0.24)



	GBD regions



	East Asia
	2,800,659 (2,036,782–3,768,117)
	1,085.06 (786.47–1,463.73)
	7,430,854 (5,406,777–9,950,196)
	1,169.7 (848.29–1,569.63)
	0.27 (0.21–0.33)
	38,863,401 (31,703,852–46,914,183)
	15,921.42 (13,046.00–19,187.81)
	108,129,394 (88,456,531–130,215,334)
	17,135.85 (14,039.57–20,616.22)
	0.24 (0.19–0.29)



	Eastern Europe
	667,470 (485,049–891,749)
	862 (624.1–1,156.42)
	841,806 (610,998–1,128,710)
	923.68 (669.91–1,238.41)
	0.22 (0.21–0.24)
	8,465,707 (6,910,102–10,276,768)
	10,938.46 (8,944.43–13,260.18)
	11,309,482 (9,298,077–13,704,594)
	11,821.13 (9,694.44–14,338.66)
	0.25 (0.24–0.26)



	Southeast Asia
	558,635 (401,552–749,944)
	722.49 (517.88–974.36)
	1,616,825 (1,168,300–2,179,233)
	800.36 (576.76–1,081.77)
	0.34 (0.33–0.35)
	7,035,378 (5,709,946–8,493,337)
	9,832.71 (8,020.40–11,860.67)
	20,978,425 (17,033,150–25,306,934)
	11,046.72 (9,008.50–13,312.74)
	0.39 (0.37–0.40)



	Oceania
	8,520 (6,137–11,429)
	899.91 (645.86–1,211.93)
	24,279 (17,656–32,825)
	960.76 (695.25–1,303.49)
	0.21 (0.19–0.22)
	106,576 (86,237–128,822)
	12,684.80 (10,341.14–15,302.36)
	301,810 (244,902–364,658)
	13,682.75 (11,184.87–16,485.67)
	0.25 (0.23–0.26)



	Central Europe
	333,188 (240,578–444,135)
	809.5 (583.54–1,080.29)
	466,903 (337,077–627,163)
	864.17 (623.55–1,160.32)
	0.21 (0.20–0.22)
	4,278,109 (3,491,842–5,196,149)
	10,383.20 (8,482.01–12,602.05)
	6,521,994 (5,364,748–7,885,791)
	11,159.93 (9,132.54–13,511.97)
	0.23 (0.22–0.24)



	High-income Asia Pacific
	781,891 (569,607–1,038,356)
	1,357.42 (988.44–1,803.42)
	1,336,734 (969,831–1,782,515)
	1,400.62 (1,017.09–1,864.74)
	0.10 (0.08–0.12)
	10,560,034 (8,695,484–12,688,180)
	18,830.28 (15,527.73–22,607.05)
	21,953,417 (18,292,127–26,187,892)
	19,321.67 (15,945.97–23,186.64)
	0.08 (0.05–0.12)



	Central Asia
	92,084 (66,232–122,845)
	688.13 (493.56–921.31)
	181,072 (130,291–241,698)
	729.06 (523.79–975.65)
	0.19 (0.18–0.20)
	1,119,334 (911,000–1,357,721)
	8,718.32 (7,127.80–10,562.89)
	2,138,290 (1,735,285–2,597,907)
	9,289.23 (7,586.78–11,263.29)
	0.21 (0.20–0.22)



	Australasia
	65,718 (47,662–88,653)
	1,080.18 (783.09–1,457.77)
	153,383 (110,645–206,539)
	1,208.04 (871.85–1,627.41)
	0.35 (0.30–0.39)
	931,716 (767,165–1,126,074)
	14,740.28 (12,112.78–17,823.88)
	2,292,672 (1,892,945–2,760,969)
	16,505.82 (13,556.62–19,941.11)
	0.36 (0.34–0.38)



	High-income North America
	930,933 (664,068–1,265,855)
	1,089.77 (777.53–1,481.06)
	1,827,720 (1,310,646–2,476,065)
	1,151.81 (825.01–1,560.31)
	0.21 (0.10–0.32)
	14,214,939 (11,719,681–17,091,809)
	15,433.53 (12,666.44–18,601.12)
	27,869,389 (23,015,096–33,480,500)
	16,119.34 (13,249.84–19,405.60)
	0.20 (−0.02–0.42)



	Western Europe
	1,482,322 (1,080,503–1,977,128)
	1,024.02 (746.18–1,365.73)
	2,293,176 (1,664,043–3,062,135)
	1,091.84 (793.3–1,456.35)
	0.20 (0.17–0.24)
	21,051,824 (17,373,393–25,322,721)
	13,584.10 (11,168.76–16,363.52)
	34,079,105 (28,242,343–40,902,050)
	14,372.91 (11,835.60–17,321.86)
	0.18 (0.16–0.19)



	Southern Latin America
	133,929 (97,557–180,421)
	1,046.94 (762.15–1,411.18)
	263,689 (191,232–351,784)
	1,158.83 (840.87–1,545.3)
	0.32 (0.29–0.35)
	1,800,090 (1,482,465–2,177,808)
	14,175.26 (11,675.14–17,141.88)
	3,728,344 (3,070,746–4,467,696)
	15,837.93 (13,020.16–18,994.60)
	0.35 (0.34–0.37)



	Caribbean
	75,541 (54,632–100,788)
	1,050.32 (759.58–1,401.55)
	167,872 (121,080–225,660)
	1,127.31 (813.12–1,515.22)
	0.23 (0.21–0.25)
	990,472 (810,460–1,192,203)
	14,024.16 (11,482.90–16,874.76)
	2,276,651 (1,872,299–2,737,794)
	15,318.12 (12,602.96–18,420.31)
	0.29 (0.27–0.30)



	Andean Latin America
	61,351 (44,345–82,528)
	1,038.77 (751.37–1,397.37)
	192,253 (139,239–257,696)
	1,149.35 (832.52–1,541.02)
	0.33 (0.32–0.33)
	775,661 (633,034–937,153)
	13,932.89 (11,409.61–16,812.44)
	2,553,597 (2,089,454–3,090,872)
	15,704.76 (12,872.85–18,994.69)
	0.39 (0.38–0.39)



	Central Latin America
	262,388 (190,294–349,797)
	1,076.79 (780.89–1,437.2)
	835,671 (604,568–1,117,903)
	1,161.37 (839.86–1,554.57)
	0.25 (0.23–0.26)
	3,220,524 (2,630,871–3,893,821)
	14,188.28 (11,639.20–17,123.91)
	10,791,433 (8,840,074–13,038,810)
	15,485.95 (12,711.05–18,692.43)
	0.29 (0.28–0.30)



	Tropical Latin America
	286,674 (207,805–384,721)
	1,063.91 (770.45–1,429.68)
	844,781 (612,679–1,131,109)
	1,163.64 (843.44–1,558.97)
	0.29 (0.28–0.30)
	3,473,091 (2,831,653–4,216,207)
	13,858.59 (11,347.40–16,784.24)
	10,983,628 (9,002,513–13,220,888)
	15,411.49 (12,647.41–18,541.69)
	0.34 (0.34–0.35)



	North Africa and Middle East
	447,699 (322,435–602,106)
	881.51 (633.88–1,187.82)
	1,391,826 (1,003,847–1,873,236)
	977.4 (704.9–1,317.39)
	0.34 (0.31–0.37)
	5,410,021 (4,399,940–6,571,436)
	11,613.67 (9,498.02–14,068.46)
	16,918,364 (13,785,437–20,527,388)
	13,093.39 (10,733.17–15,840.24)
	0.39 (0.37–0.42)



	South Asia
	1,502,136 (1,080,761–2,024,724)
	853.11 (613.16–1,152.38)
	4,058,633 (2,926,398–5,459,114)
	931.56 (670.88–1,255.16)
	0.29 (0.27–0.30)
	18,665,282 (15,212,650–22,573,888)
	11,635.75 (9,535.31–14,057.79)
	53,218,848 (43,515,480–64,159,499)
	12,907.86 (10,587.41–15,541.90)
	0.34 (0.32–0.36)



	Southern Sub-Saharan Africa
	76,399 (55,431–102,942)
	967.69 (701.02–1,306.23)
	180,826 (131,713–242,461)
	1,037.16 (754.41–1,392.54)
	0.23 (0.21–0.25)
	926,472 (755,589–1,121,514)
	12,562.99 (10,284.93–15,176.54)
	2,186,717 (1,783,362–2,646,784)
	13,557.00 (11,105.12–16,375.97)
	0.25 (0.24–0.26)



	Central Sub-Saharan Africa
	61,780 (44,427–83,429)
	870.76 (625.01–1,178.52)
	164,458 (119,468–220,183)
	904.01 (654.61–1,213.28)
	0.12 (0.12–0.12)
	711,451 (575,482–870,374)
	11,338.39 (9,245.78–13,811.60)
	1,848,877 (1,499,447–2,241,657)
	11,834.41 (9,683.96–14,289.74)
	0.14 (0.13–0.15)



	Eastern Sub-Saharan Africa
	196,283 (142,904–263,087)
	860.60 (625.06–1,156.39)
	490,178 (355,549–656,773)
	917.33 (664.99–1,230.91)
	0.21 (0.20–0.22)
	2,279,856 (1,855,868–2,761,151)
	11,113.78 (9,098.24–13,426.18)
	5,601,539 (4,558,067–6,794,727)
	11,912.48 (9,759.55–14,405.14)
	0.23 (0.21–0.24)



	Western Sub-Saharan Africa
	244,112 (176,991–327,476)
	922.38 (667.76–1,239.9)
	634,938 (459,829–852,488)
	994.91 (719.78–1,338.09)
	0.25 (0.23–0.26)
	2,931,528 (2,387,793–3,549,291)
	12,088.28 (9,891.22–14,603.05)
	7,354,451 (5,970,546–8,902,508)
	13,140.47 (10,747.43–15,854.32)
	0.27 (0.25–0.29)









TABLE 2 Global YLDs of KOA among middle-aged and elderly populations and their AAPC by gender, SDI, and region.



	Location
	YLDs



	1,990 YLDs (95% UI)
	1,990 ASYR per 100,000 (95% UI)
	2,021 YLDs (95% UI)
	2,021 ASYR per 100,000 (95% UI)
	1,990–2,021 AAPCASYR (95% CI)





	Global
	4,743,104 (2,258,424–9,353,761)
	434.65 (207.31–858.44)
	11,290,900 (5,376,665–22,246,744)
	470.86 (224.34–928.27)
	0.26 (0.23–0.29)



	Gender



	Male
	1,817,685 (861,890–3,584,305)
	354.53 (168.63–701.12)
	4,365,478 (2,070,162–8,615,791)
	383.46 (182.10–757.95)
	0.26 (0.23–0.29)



	Female
	2,925,419 (1,395,457–5,772,335)
	504.35 (240.69–995.46)
	6,925,422 (3,306,712–13,638,174)
	549.84 (262.45–1,082.69)
	0.28 (0.25–0.31)



	SDI rank



	High SDI
	1,428,863 (680,953–2,838,636)
	481.76 (229.25–955.95)
	2,753,313 (1,316,080–5,466,515)
	511.86 (243.76–1,014.36)
	0.21 (0.14–0.28)



	High-middle SDI
	1,140,385 (542,089–2,255,603)
	414.72 (197.45–821.23)
	2,603,037 (1,233,290–5,135,312)
	473.70 (224.42–934.93)
	0.43 (0.41–0.45)



	Middle SDI
	1,313,259 (624,245–2,578,377)
	450.12 (214.65–885.82)
	3,728,127 (1,770,421–7,339,066)
	482.53 (229.61–951.17)
	0.22 (0.20–0.25)



	Low-middle SDI
	629,205 (297,587–1,238,086)
	368.72 (175.05–727.73)
	1,648,139 (784,282–3,237,993)
	408.57 (194.94–804.51)
	0.34 (0.32–0.35)



	Low SDI
	226,873 (107,943–448,363)
	359.50 (171.58–712.63)
	549,793 (260,793–1,081,758)
	385.10 (183.37–759.63)
	0.23 (0.21–0.24)



	GBD regions



	East Asia
	1,264,276 (600,470–2,486,245)
	514.45 (245.17–1,013.76)
	3,499,776 (1,661,509–6,892,843)
	553.11 (263.07–1,089.89)
	0.24 (0.20–0.28)



	Eastern Europe
	268,638 (128,506–536,763)
	346.63 (165.91–692.68)
	357,477 (170,752–709,151)
	374.45 (178.51–743.64)
	0.25 (0.24–0.26)



	Southeast Asia
	227,514 (108,302–447,409)
	315.40 (150.50–621.76)
	678,438 (321,992–1,335,213)
	354.74 (168.80–700.35)
	0.39 (0.38–0.41)



	Oceania
	3,443 (1,622–6,803)
	405.29 (191.65–803.68)
	9,725 (4,630–19,161)
	435.96 (208.52–860.59)
	0.23 (0.21–0.24)



	Central Europe
	135,981 (64,726–270,379)
	329.54 (156.92–655.73)
	206,678 (98,593–411,991)
	355.38 (169.10–707.73)
	0.24 (0.23–0.26)



	High-income Asia Pacific
	341,087 (163,176–676,176)
	606.78 (290.50–1,203.40)
	702,138 (336,328–1,400,124)
	624.55 (297.52–1,240.22)
	0.09 (0.06–0.13)



	Central Asia
	36,026 (16,991–71,919)
	279.63 (132.15–559.05)
	68,868 (32,650–136,439)
	297.36 (141.28–592.18)
	0.2 (0.19–0.21)



	Australasia
	29,691 (14,260–58,920)
	470.44 (225.70–933.12)
	72,907 (35,028–145,794)
	527.76 (252.74–1,055.25)
	0.36 (0.34–0.39)



	High-income North America
	451,378 (215,247–897,083)
	492.02 (233.96–976.98)
	873,727 (418,850–1,731,094)
	507.93 (242.79–1,006.94)
	0.16 (−0.09–0.41)



	Western Europe
	671,493 (319,978–1,340,436)
	434.82 (206.76–865.56)
	1,082,802 (516,345–2,161,786)
	460.43 (218.66–915.26)
	0.18 (0.17–0.19)



	Southern Latin America
	57,833 (27,367–114,167)
	454.93 (215.24–898.64)
	119,041 (56,503–236,253)
	506.63 (240.23–1,004.24)
	0.34 (0.32–0.37)



	Caribbean
	31,913 (15,123–63,233)
	451.22 (213.96–894.15)
	72,807 (34,699–144,609)
	489.83 (233.50–973.20)
	0.27 (0.25–0.28)



	Andean Latin America
	25,025 (11,850–49,812)
	447.82 (212.41–892.89)
	81,994 (39,282–162,524)
	503.42 (241.46–998.25)
	0.38 (0.36–0.40)



	Central Latin America
	103,094 (49,045–204,622)
	451.87 (215.50–898.11)
	344,659 (164,617–682,811)
	493.54 (235.98–978.56)
	0.29 (0.27–0.3)



	Tropical Latin America
	110,249 (52,468–218,703)
	437.47 (208.82–869.26)
	347,260 (166,044–687,321)
	486.52 (232.75–963.78)
	0.34 (0.33–0.35)



	North Africa and Middle East
	174,146 (82,919–343,565)
	371.12 (177.06–734.82)
	540,880 (255,960–1,067,042)
	415.58 (197.48–821.84)
	0.37 (0.34–0.39)



	South Asia
	592,061 (279,735–1,163,838)
	365.37 (173.47–720.62)
	1,686,265 (801,171–3,308,537)
	406.63 (193.73–799.57)
	0.35 (0.33–0.37)



	Southern Sub-Saharan Africa
	29,687 (14,183–58,826)
	400.57 (191.66–795.40)
	69,296 (33,351–137,630)
	427.29 (205.89–850.07)
	0.22 (0.21–0.23)



	Central Sub-Saharan Africa
	22,704 (10,797–45,213)
	358.02 (170.84–715.38)
	59,301 (28,292–118,429)
	375.43 (179.34–752.79)
	0.15 (0.15–0.16)



	Eastern Sub-Saharan Africa
	73,048 (34,747–145,375)
	352.91 (168.34–703.84)
	179,976 (85,636–357,882)
	379.37 (181.20–755.82)
	0.24 (0.23–0.25)



	Western Sub-Saharan Africa
	93,817 (44,894–185,748)
	384.29 (184.28–762.49)
	236,884 (113,074–470,146)
	419.71 (200.95–834.23)
	0.29 (0.27–0.3)







Among the 21 regions, the top three regions in terms of prevalence, incidence, and YLDs were East Asia, South Asia, and Western Europe (Tables 1, 2). The highest ASRs for prevalence, incidence, and YLDs were observed in High-income Asia Pacific (ASIR: 1,400.62, 95% UI: 1,017.09–1,864.74; ASPR: 19,321.67, 95% UI: 15,945.97–23,186.64; ASYR: 624.55, 95% UI: 297.52–1,240.22), and the lowest in Central Asia (ASIR: 729.06, 95% UI: 523.79–975.65; ASPR: 9,289.23, 95% UI: 7,586.78–11,263.29; ASYR: 297.36, 95% UI: 141.28–592.18).

In 2021, among the 204 countries, China had the highest number of prevalence, incidence, and YLDs, whereas Tokelau had the lowest number. The ASPR ranged from 8,336.68 per 100,000 to 21,432.96 per 100,000, the ASIR ranged from 666.11 per 100,000 to 1,481.88 per 100,000, and the ASYR ranged from 268.02 per 100,000 to 688.99 per 100,000 (Figure 1). The lowest rates were observed in Tajikistan and the highest in the Republic of Korea among middle-aged and elderly populations (Supplementary Table S2).


[image: Map visualization with two sections (A and B) showing global data. Section A displays 2021 prevalent numbers, and Section B shows 2021 Years Lived with Disability (YLDs). Both maps use color gradations from blue to dark red to represent ranges of data, with darker red indicating higher values. Insets for regions like the Caribbean, Persian Gulf, Balkan Peninsula, Southeast Asia, West Africa, Eastern Mediterranean, and Northern Europe highlight detailed views.]
FIGURE 1
Global distribution of prevalence and YLDs for KOA among middle-aged and elderly populations. (A) The cases of prevalence in 2021; (B) YLDs of KOA among middle-aged and elderly populations in 2021.




AAPC of KOA among middle-aged and elderly populations at the global, regional, and nation level

From 1990 to 2021, the global burden of KOA among middle-aged and elderly populations showed an upward trend, particularly in ASPR, which increased the most, with an AAPC of 0.27 (95% CI, 0.23–0.30). The burden of disease has significantly increased over the past three decades for both males and females, with the overall burden being higher for females than males. The upward trend in ASPR and ASYR was more pronounced for females. Interestingly, the upward trend in incidence slowed after 2005, even declining briefly, particularly among men, but resumed from 2010 onwards (Figure 2). The KOA burden increased in all five SDI regions, with the highest increase observed in the high-middle SDI region. Similarly, the KOA burden increased across all 21 GBD regions, with Australasia showing the fastest growth in ASIR (AAPC: 0.35, 95% CI: 0.30–0.39), Southeast Asia showing the fastest growth in ASYR (AAPC: 0.39, 95% CI: 0.38–0.41) and Southeast Asia (AAPC: 0.39, 95% CI: 0.37–0.40), Andean Latin America (AAPC: 0.39, 95% CI: 0.38–0.39), North Africa, and the Middle East (AAPC: 0.39, 95% CI: 0.37–0.42) showing the fastest growth in ASPR (Tables 1, 2). Among the 204 countries and territories, the KOA burden increased year by year, with Oman (AAPCASIR: 0.53; AAPCASPR: 0.63; AAPCASYR: 0.63), Equatorial Guinea (AAPCASIR: 0.49; AAPCASPR: 0.58; AAPCASYR: 0.60) and Thailand (AAPCASIR: 0.49; AAPCASPR: 0.55; AAPCASYR: 0.56) showing the largest increase in disease burden. Republic of Korea (AAPCASIR: 0.05; AAPCASPR: 0.02; AAPCASYR: 0.03), Japan (AAPCASIR: 0.06; AAPCASPR: 0.02; AAPCASYR: 0.04) and Burundi (AAPCASIR: 0.05; AAPCASPR: 0.05; AAPCASYR: 0.06) exhibited the slowest growth trends over the past three decades (Supplementary Table S3).


[image: Three line charts display trends in health data from 1990 to 2021. \n\nChart A shows the AAPC of ASIR with male, female, and both incidence rates, each with joinpoints indicating trends over time. \n\nChart B illustrates the AAPC of ASPR with male, female, and both prevalence rates, also marked by joinpoints.\n\nChart C presents the AAPC of ASYR with YLDs for males, females, and both, with joinpoints highlighting changes. Each chart includes a legend denoting the data's annual percentage change.]
FIGURE 2
(A) The joinpoint regression analysis on the ASR of incidence; (B) the joinpoint regression analysis on the ASR of prevalence; (C) the joinpoint regression analysis on the ASR of YLDs; of KOA globally.




Age and sex composition of KOA burden among middle-aged and elderly populations

In 2021, globally, the incidence of KOA peaked in the 50–54 age group for both men and women. The number of prevalent cases and YLDs peaked in the 55–59 age group for both genders. As age advanced, the ASPR for both men and women increased steadily until reaching a peak in the 80–84 age group. The ASIR for females and males both peaked in the 50–54 and 60–64 age groups, respectively, before showing a declining trend. The ASYR for both females and males peaked in the 80–84 age group, followed by a downward trend. Among middle-aged and elderly populations in 2021, the ASPR and ASYR for females were higher than those for males. Among individuals aged 85 years and older, the ASIR for males began to exceed that of females (Supplementary Table S4; Figure 3).


[image: Three bar charts display health data. Chart A shows incidence numbers and rates per 100,000 for different age groups, with female data in red and male data in blue. Chart B shows prevalence numbers and rates, with similar color coding. Chart C illustrates years lived with disability (YLD) numbers and rates, also using red for females and blue for males. Error bars and shaded areas represent the 95% uncertainty interval.]
FIGURE 3
Global number of incident and prevalent cases, YLDs, and estimates per 100,000 population of KOA by age and sex in 2021, with 95% UI. (A) Incidence in 2021; (B) Prevalence in 2021; (C) YLDs in 2021.




Global trends by SDI

Considering various SDI factors, the incidence, prevalence, and YLDs rates of KOA among middle-aged and elderly populations have significantly increased across regions with varying SDI levels over the past three decades. Regions with high SDI exhibited significantly higher values in each index compared to regions with low SDI, with this trend gradually increasing over time. Similar patterns were observed across other SDI groups (Figure 4A). In 2021, there was a positive association between ASIR, ASPR, ASYR, and SDI in most GBD countries and regions, with values increasing as SDI increased. Globally, the index showed a consistent upward trend from 1990 to 2021, with a temporary decline around 2000 in high SDI regions. Regions with high SDI, especially those with an SDI greater than 0.7, such as high-income Asia Pacific and Australasia, consistently reported ASYR higher than the global average. In contrast, Central Asia, Southeast Asia, and Central Sub-Saharan Africa demonstrated slightly lower ASYR (Figure 4B).


[image: Panel A features nine line graphs illustrating age-standardized rates (ASR) for both genders, females, and males across various Socio-demographic Index (SDI) levels from 1990 to 2021. The graphs show trends for global, high, high-middle, middle, low-middle, and low SDI categories. Panel B includes two scatter plots, depicting the relationship between SDI and DALY rates, with country names labeled. The left plot shows a clear upward trend, while the right plot displays scattered points with country names.]
FIGURE 4
Global trends by SDI. (A) Gender and SDI-specific trends in age-standardized incidence, prevalence, and YLDs of KOA among middle-aged and elderly populations. (B) The trend in age-standardized YLDs and socio-demographic index associated with KOA among middle-aged and elderly populations in 21 GBD regions and 204 countries and territories, 1990–2021.


To better describe the prevalence of KOA among middle-aged and elderly populations globally and across the five SDI regions, we evaluated the corresponding age, period, and birth cohort effects. A significant increase in ASPR was observed with advancing age, peaking in the 80–89 age group, followed by a slight decline. Notable variations in ASPR were identified across different birth cohorts, with more recent cohorts exhibiting higher prevalence rates. The net drift indicated an overall increase in KOA prevalence over time, with local drifts showing varying trends across different age groups. Longitudinal analysis of KOA prevalence trends revealed age-dependent patterns across middle-aged and elderly populations. Globally, the net drift in KOA prevalence from 1990 to 2021 indicated a modest annualized increase of 0.30% (95% UI: 0.24%–0.36%), with localized drift in prevalence showing a mildly decreasing trend until age 80 years, then turning to an increasing trend thereafter. Interestingly, in middle SDI, low-middle SDI, and low SDI regions, the localized drift values remained relatively stable across middle-aged and elderly populations. The age effects graph confirmed a significant rise in prevalence with age, though a slight decline after age 85 was observed. There was an overall upward trend in the period effect of KOA prevalence, with RR values increasing from 0.96 to 1.03. In high SDI regions, however, the trend of RR value changes showed an N-shaped fluctuation, which differed from the trends observed in other SDI regions. Cohort effects on the risk of KOA showed an overall slow, monotonically increasing trend, with RR values rising from 0.89 in the 1897 birth cohort to 1.15 in the 1972 birth cohort, a trend consistent across all five SDI regions (Table 3 and Supplementary Table S5; Figure 5).



TABLE 3 RRs of KOA prevalence for both sexes due to age, period, and birth cohort effects.



	Factor
	Prevalence



	RR (95% CI)
	P





	Age (years)



	45–49
	0.431 (0.350–0.513)
	<0.001



	50–54
	0.492 (0.433–0.552)
	<0.001



	55–59
	0.415 (0.362–0.467)
	<0.001



	60–64
	0.360 (0.309–0.410)
	<0.001



	65–69
	0.322 (0.270–0.375)
	<0.001



	70–74
	0.233 (0.173–0.292)
	<0.001



	75–79
	0.170 (0.097–0.244)
	<0.001



	80–84
	0.144 (0.048–0.240)
	<0.001



	85–89
	0.203 (0.054–0.351)
	<0.001



	90–94
	0.302 (0.021–0.584)
	<0.001



	95 plus
	0.426 (−0.251–1.107)
	<0.001



	Period



	1995
	0.963 (0.952–0.975)
	<0.001



	2000
	0.974 (0.963–0.985)
	<0.001



	2005
	1.000 (1.000–1.000)
	<0.001



	2010
	1.018 (1.008–1.029)
	<0.001



	2015
	1.030 (1.019–1.042)
	<0.001



	2020
	1.030 (1.017–1.044)
	<0.001



	Birth cohort



	1897–1901
	0.894 (0.712–1.123)
	<0.001



	1902–1906
	0.923 (0.842–1.012)
	<0.001



	1907–1911
	0.947 (0.903–0.992)
	<0.001



	1912–1916
	0.971 (0.942–0.999)
	<0.001



	1917–1921
	0.983 (0.962–1.005)
	<0.001



	1922–1926
	0.994 (0.977–1.011)
	<0.001



	1927–1931
	0.993 (0.979–1.008)
	<0.001



	1932–1936
	1.000 (1.000–1.000)
	<0.001



	1937–1941
	1.011 (0.998–1.023)
	<0.001



	1942–1946
	1.032 (1.019–1.045)
	<0.001



	1947–1951
	1.052 (1.038–1.065)
	<0.001



	1952–1956
	1.074 (1.060–1.089)
	<0.001



	1957–1961
	1.089 (1.073–1.105)
	<0.001



	1962–1966
	1.126 (1.108–1.145)
	<0.001



	1967–1971
	1.173 (1.151–1.196)
	<0.001



	1972–1976
	1.152 (1.122–1.183)
	<0.001








[image: Six-panel chart (A-F) displaying various age-specific rates and trends across different periods and cohorts. Each panel consists of graphs showing age-specific rates by period, cohort-specific rates by age group, net drifts and local drifts, age effects, period effects, and cohort effects. Color-coded lines represent different age groups and time periods, with shaded areas indicating confidence intervals. Time spans range from 1900 to 2020, covering rates per 100,000 individuals. Overall trends show variations in rates and effects by age, period, and birth cohort.]
FIGURE 5
Age-period-cohort analysis on the prevalence of KOA among middle-aged and elderly populations across global socio-demographic Index quintiles. (A) represents global, (B) represents high-SDI, (C) represents high-middle SDI, (D) represents middle- SDI, (E) represents low-middle SDI, (F) represents low-SDI.




Cross-national inequalities in the burden of KOA among middle-aged and elderly populations

Significant absolute SDI-associated inequalities in the burden of KOA were observed, with little improvement over time (Figure 6). The scatter plot with trend lines shows a clear gradient of increasing YLDs with rising SDI, indicating higher health burdens in regions with higher SDI values. The data points, differentiated by population size, suggest that regions with larger populations tend to have higher YLDs, although this is not strictly correlated with SDI rank. The SII revealed an excess of 63.93 (95% CI: 40.01–87.86) YLDs per 100,000 between countries with the highest and lowest SDI in 1990, which declined to 58.25 (95% CI: 31.72–84.78) in 2021. Additionally, the concentration index, a measure of relative gradient inequality, was 0.03 (95% CI: 0.02–0.04) in 1990 and 0.03 (95% CI: 0.02–0.04) in 2021, indicating an imbalanced distribution of the burden among countries with varying SDI levels. The CIs for both years are narrow and overlap significantly, suggesting statistical precision in the estimates.


[image: Panel A displays a scatter plot of Years Lived with Disability (YLDs) rate per 100,000 against the relative rank by the Socio-demographic Index (SDI) for the years 1990 and 2021. Larger circles represent larger populations. The plot shows an upward trend over time, with data points for 1990 represented in blue and 2021 in red. Panel B illustrates the cumulative fraction of YLDs against the cumulative population fraction ranked by SDI, also for 1990 and 2021. Both panels indicate an increase in YLDs over time, with differentiated curves for each year.]
FIGURE 6
SDI-related health inequality regression (A) and concentration (B) curves for the YLDs of KOA among middle-aged and elderly populations, 1990 and 2021.




Forecasting KOA burden in middle-aged and elderly populations by 2035

The predicted case numbers and ASR of incidence, prevalence, and YLDs of KOA among middle-aged and elderly populations by 2035 are illustrated in Figure 7. Globally, the number of incidence, prevalence, and YLD cases is projected to increase, whereas the ASR of incidence, prevalence, and YLDs is expected to rise slowly and begin to taper off around 2030. Based on the projections, the ASIR is expected to reach 1,073.28/100,000 globally by 2035, up from 1,050.31/100,000 in 2021. The ASPR is projected to rise to 15,058.08/100,000 globally by 2035, up from 14,741.08/100,000 in 2021. The global ASYR is expected to reach 480.44/100,000 by 2035, up from 470.86/100,000 in 2021. By 2035, the global number of incidence cases is projected to reach 34,372,090, with 482,238,661 prevalence cases. Global YLDs are anticipated to reach 15,386,065 years in 2035, representing a significant increase from 11,290,900 years in 2021. Interestingly, a downward trend in ASIR, ASPR, and ASYR is projected for the 45–59 age group. Specifically, the ASIR, ASPR, and ASYR in the 45–49-year-old subgroup are expected to decline to levels similar to those observed in 1990. In contrast, the ASIR, ASPR, and ASYR in older age groups (e.g., ≥65 years) are projected to continue exhibiting a significant upward trend. The detailed values of the case numbers and ASRs of incidence, prevalence and YLDs are provided in Supplementary Table S6.
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FIGURE 7
(A) The predicted ASIR to 2035; (B) the predicted case number of incidence to 2035; (C) the predicted ASPR to 2035; (D) the predicted case number of prevalence to 2035; (E) the predicted ASYR to 2035; (F) the predicted case number of YLDs to 2035; of KOA among middle-aged and elderly populations globally.





Discussion


Escalating global burden and demographic determinants

The results of this study demonstrate a significant increase in the global burden of KOA among middle-aged and elderly populations from 1990 to 2021. Both the ASIR and ASPR of KOA have shown upward trends, with a notable increase in YLDs (Figures 2,4). The GBD 2019 study reported that the global prevalence of KOA in 2019 was approximately 364.6 million across all age groups, with an age-standardized prevalence of 4,376.0 per 100,000, reflecting a 7.5% increase from 1990 to 2019 (4). The number of patients in all age groups aligns with our findings, although the ASPR in the 2021 study is much higher, indicating that middle-aged and elderly populations are still the most affected by KOA (19, 26). We posit that previous GBD studies encompassing all-age groups may have inadvertently diluted the outcome statistics for middle-aged and older adults by including data from younger populations, thereby underscoring the critical importance of this study's focus on the specific burden of KOA in aging demographics. The GBD study defined symptomatic knee pain and imaging-diagnosed or self-reported osteoarthritis in collecting KOA cases. Although previous studies are not fully comparable to the 2021 GBD study in methodology and data scope, together with the present study, they confirm the increasing trends in both KOA prevalence and absolute numbers (4–7, 24). Our findings show a 1.4-fold increase in KOA prevalence among middle-aged/elderly populations since 1990, outpacing global population growth (Table 1). This aligns with emerging evidence linking aging populations and the obesity epidemic to accelerated joint degeneration (27). These findings are consistent with prior research highlighting the growing impact of KOA on public health (4, 5, 18, 28–30). The rising burden of KOA can be attributed to various factors, including population aging, increasing obesity rates, and changes in lifestyle and occupational activities. As the global population continues to age, the number of individuals living with KOA is expected to rise further (Supplementary Table S6; Figure 7), emphasizing the need for proactive management strategies.



Gender differences

Our study confirms that females bear a higher burden of KOA compared to males, with higher ASIR, ASPR, and ASYR in most age groups (Supplementary Table S4; Figures 2–4). This gender disparity may be attributed to biological differences, such as hormonal influences and joint structure, as well as sociocultural factors, including occupational demands and physical activity patterns (11). For instance, women are more likely to engage in repetitive knee-stressing activities in both domestic and occupational settings, which may contribute to the higher prevalence of KOA. Additionally, hormonal changes during menopause have been implicated in the development and progression of KOA in women. Notably, the higher female predominance in ASPR (8.4% higher than males) corroborates hormonal and biomechanical vulnerabilities. Estrogen depletion post-menopause accelerates cartilage degradation, whereas a wider pelvic anatomy increases knee valgus stress (1, 6, 9, 19, 31). These findings highlight the importance of gender-specific interventions and research to address the unique needs of women with KOA.



Age-related differences

The age distribution of KOA burden shows that the incidence peaks in the 50–54 age group, and the prevalence peaks in the 55–59 age group, with a steady increase in ASPR and ASYR up to the 80–84 age group (Supplementary Table S4; Figure 3). Notably, our findings demonstrate some divergence from the age-related prevalence patterns reported by Tang et al. (32). While their study identified a plateau in KOA prevalence after age 70, our data suggest continued progression in older populations. These discrepancies may stem from methodological differences, including variations in database selection and case inclusion criteria. Unlike all-age studies (1), our focus on elderly populations revealed a U-shaped drift reversal in ≥80-year-olds (Figure 5). This age-related pattern reflects the cumulative effect of joint wear and tear over time, as well as increased susceptibility to KOA due to age-related physiological changes (16). The declining trend in ASIR and ASYR in the oldest age groups may be attributed to increased mortality and reduced physical activity, leading to underdiagnosis and underreporting of KOA in these populations (30). A closer examination of age-stratified localized drift revealed a biphasic trajectory (Supplementary Table S5; Figure 5): prevalence exhibited a gradual decline across younger age cohorts (peaking at age 80 years) followed by a distinct upward shift in individuals aged >80 years. This reversal suggests potential age-related biological mechanisms (e.g., cumulative joint degeneration) or differential diagnostic ascertainment in older age groups (33). Notably, socioeconomic disparities influenced these age-specific patterns. In middle, low-middle, and low SDI regions, localized drift values remained remarkably stable across all age groups within the middle-aged and elderly populations. This stability contrasts with the inverted U-shaped trend observed globally (Figure 5B), possibly reflecting limited healthcare access, delayed diagnosis, or differing population aging dynamics in resource-constrained settings (4, 7, 24). These findings highlight the need for age-specific approaches to KOA management, with a focus on early detection and intervention in middle-aged populations to prevent disease progression. Our findings support a life-course approach to OA management: early adulthood (15–45 years): mitigation of sports-related joint trauma; middle age (45–60 years): weight management and physical activity promotion; older adults (60–80 years): combating age-related muscle loss (17). Implementation of these stratified interventions, coupled with enhanced patient education and early diagnostic protocols, may significantly reduce OA-related disability and its socioeconomic impact. Personalized treatment regimens should be emphasized to optimize functional outcomes across all age groups (34).



Regional and national differences

This study reveals significant regional and national differences in the burden of KOA. East Asia, South Asia, and Western Europe have the highest number of KOA cases, whereas high-income Asia-Pacific countries (such as the Republic of Korea and Japan) exhibit the highest ASIR, ASPR, and ASYR. In contrast, Central Asia (e.g., Tajikistan) has the lowest ASIR, ASPR, and ASYR (Tables 1, 2). These differences can be attributed to several factors, including levels of economic development, access to healthcare, lifestyle, and genetic background (7, 9, 19, 24, 35).

In high-income countries, such as the United States and Germany, the high burden of KOA may be related to rising obesity rates, an aging population, and more frequent joint replacement surgeries in high SDI regions (Supplementary Table S2; Figure 1). Healthcare systems in these countries typically offer advanced diagnostic and treatment services, but this can also lead to overuse of medical resources and high medical costs (19, 24). For example, KOA patients in the United States have access to the latest joint replacement technologies, but this has also resulted in significant increases in medical costs, burdening patients and the healthcare system.

In middle-income countries, such as China and Brazil, the burden of KOA is also increasing, but disparities exist in the availability and quality of healthcare resources (Supplementary Table S2; Figure 1). Rapid economic development and urbanization in these countries have led to lifestyle changes, such as sedentary behaviors and unhealthy dietary habits, increasing the risk of KOA. Additionally, healthcare systems in these countries may struggle to meet the growing demand of KOA patients, resulting in delays in diagnosis and treatment (17, 18, 35). For instance, in China, the large number of KOA patients faces uneven distribution of medical resources, with many patients unable to receive timely and effective treatment (17, 35).

In low-income countries, such as Nigeria and India, the burden of KOA may be underestimated due to limited medical resources, meaning many patients do not receive accurate diagnoses and treatments (Supplementary Table S2; Figure 1). KOA patients in these countries often face greater socioeconomic challenges, such as poverty, lack of education, and limited healthcare access. Moreover, KOA patients in these countries may be more vulnerable to other health problems, such as malnutrition and infectious diseases, further exacerbating their health burden (16, 24).

Current research suggests that differences in the burden of osteoarthritis across regions may be influenced by genetic, metabolic, and behavioral factors (6, 9, 26). Although there is limited quantitative evidence to support a specific physiological causal mechanism, the literature suggests that the differences in osteoarthritis prevalence in thumb base and knee joints could be partially explained by geographical variations in occupational distribution, BMI, behaviors such as frequency of kneeling or squatting, joint anatomy, and genetic predisposition. For example, sitting in a squatting position might explain a higher prevalence of KOA in a cohort of Japanese females compared to U.S. females, even though the U.S. cohort had a higher average BMI (16).



Socioeconomic disparities: a double-edged sword

This study demonstrates a clear association between the burden of KOA and the SDI, with higher ASIR, ASPR, and ASYR in high SDI regions. Studies in high-SDI regions reveal that OA healthcare expenditures account for 1%–2.5% of GDP, with KOA representing approximately 85% of this burden (36).This trend can be attributed to better access to healthcare and diagnostic services in high SDI regions, which leads to higher detection rates of KOA. Additionally, lifestyle factors such as obesity, physical inactivity, and sedentary work environments are more prevalent in high-SDI regions, contributing to the elevated burden of KOA (29, 37). This paradoxical “development penalty” may stem from obesity-promoting environments (e.g., processed diets, sedentary occupations) and enhanced diagnostic sensitivity (26). Conversely, stable localized drift in low-SDI regions suggests underdiagnosis due to limited imaging infrastructure and competing health priorities—presenting a critical equity concern. Previous investigations have revealed that low-SDI regions typically suffer from inadequate medical resources and lack early diagnostic facilities, resulting in substantial treatment delays for numerous patients (38). These findings demonstrate marked disparities in KOA prevention awareness and knowledge levels across countries with varying SDI rankings. While biological risk factors (e.g., obesity prevalence) and aging populations contribute substantially, the 1.3-fold higher ASIR in high-SDI areas may be partially attributable to: (1) Data source heterogeneity: Previous GBD studies have identified systematic variations in osteoarthritis data sources across SDI strata. High-SDI regions predominantly utilize insurance claims and clinical studies (e.g., U.S. state-level insurance data constituting the majority of 624 data sources) (16), which may systematically overestimate burden due to greater healthcare access and advanced diagnostic capabilities. In contrast, low-income regions (e.g., Sub-Saharan Africa) primarily rely on non-clinical sources like COPCORD community surveys (8, 39), potentially underrepresenting true disease prevalence; (2) Diagnostic criteria disparities: Significant differences exist in case ascertainment methodologies. High-SDI regions routinely employ rigorous diagnostic standards combining radiographic evidence (e.g., Kellgren-Lawrence grading) with symptomatic criteria, while low-resource settings often depend solely on clinical presentation. Although >80% of non-reference data require adjustment to the reference standard (imaging + pain) (16, 29), residual biases may persist due to imperfect standardization methods; (3) Demographic and risk factor stratification: The GBD Osteoarthritis Collaboratives have previously demonstrated critical regional variations: high-SDI populations exhibit more pronounced aging (prevalence reaching 38,418.9/100,000 in ≥70 age groups) and greater BMI-attributable risk (e.g., 27.9% in Latin America). Conversely, case growth in Sub-Saharan Africa stems primarily from population expansion rather than increasing age-standardized rates - an observation supporting the hypothesis that diagnostic capacity amplifies reported burden in developed regions (8, 16, 18).Our SII (58.25 excess YLDs/100,000 in high vs. low SDI) emphasizes the urgent need for targeted interventions in underserved regions (Figure 6). High SDI regions' elevated ASPR may reflect overdiagnosis, while stable drift in low SDI areas suggests under detection. Research demonstrates that most KOA patients in high SDI regions present with mild symptoms, whereas those in low-SDI regions predominantly exhibit moderate-to-severe manifestations (40). This disparity likely reflects differences in healthcare resource allocation between high- and low-SDI regions. Addressing transnational disease inequalities requires targeted policies to optimize resource distribution. High-SDI regions must not only focus on pharmaceutical innovation and improved management protocols but also address challenges posed by aging populations. Conversely, low-SDI regions face distinct KOA prevention and treatment challenges, primarily stemming from population growth coupled with medical resource shortages. These disparities highlight the necessity for tailored interventions that address the specific needs of different socioeconomic groups, with a focus on improving healthcare access and promoting healthier lifestyles in low SDI regions (4, 7, 18, 24).

While the GBD framework enables unparalleled cross-national comparability, estimates may be influenced by regional disparities in diagnostic infrastructure. Underdiagnosis in low-resource settings (e.g., due to limited radiography access or inconsistent Kellgren-Lawrence grading) could underestimate true KOA burden, despite GBD's bias adjustments via MR-BRT. Our findings in low-SDI regions should be interpreted with caution, as limited healthcare access may lead to under-ascertainment of mild/moderate KOA cases, biasing burden estimates toward advanced disease. Similarly, regarding the paradox that the higher burden observed in high-SDI regions may reflect diagnostic capacity rather than true incidence increases, we acknowledge that while SDI stratification provides valuable socioeconomic context, it cannot fully disentangle actual disease occurrence from diagnostic ascertainment. The observed “development paradox”—where higher SDI correlates with greater measured burden—likely represents a confluence of both genuine risk factor exposure and surveillance advantages. Future studies should prioritize ground-truth validation in these settings.



Implications for public health policy

The findings of this study carry significant implications for public health policy. The increasing burden of KOA highlights the need for comprehensive strategies to prevent and manage the condition. Public health policies should focus on promoting healthy lifestyles, including regular physical activity and weight management, to reduce the risk of KOA among middle-aged and elderly populations (30).

Precision prevention: Community-based strength training and falls prevention programs should be prioritized for the aging population, given the substantial disease burden observed in this demographic. Gender-specific strategies are essential, particularly through the integration of KOA screening into postmenopausal health initiatives, complemented by evidence-based interventions such as hormonal therapy and weight management programs (41–43). Furthermore, research and development efforts should be supported to explore new treatment options and improve the management of KOA, with a focus on reducing disability and enhancing the quality of life for affected individuals.

SDI-Tailored Approaches: In high-income countries, policymakers should focus on controlling obesity rates and promoting healthy lifestyles to reduce the incidence of KOA. Moreover, the use of medical resources should be optimized to ensure that patients receive appropriate treatment whereas minimizing unnecessary medical costs (7, 16). In middle-income countries, policymakers should strengthen healthcare infrastructure and improve diagnostic and treatment capabilities for KOA. Additionally, public health education should raise awareness of KOA and encourage early detection and intervention. In low-income countries, policymakers should prioritize improving basic healthcare services to ensure KOA patients receive necessary diagnoses and treatments. Additionally, international cooperation and assistance should be leveraged to enhance the medical resources and capabilities of these countries (24). However, implementing these strategies requires acknowledging region-specific barriers. In low-SDI regions (e.g., Sub-Saharan Africa), infrastructure gaps and workforce shortages may limit diagnostic capacity (38). Scaling community-based screening using simplified clinical criteria could bypass radiographic dependencies while task-shifting to frontline health workers might alleviate specialist shortages. For middle-SDI regions (e.g., Southeast Asia), fragmented healthcare financing often restricts access to non-surgical interventions (8). Integrating KOA management into universal health coverage packages—prioritizing cost-effective therapies like structured exercise—could improve equity. In high-SDI regions, tele-rehabilitation proposals face technological literacy barriers among elderly populations. Hybrid models combining AI-assisted platforms with community health center support would enhance adoption. Furthermore, the intensifying population aging in high-SDI regions has exacerbated the tension between public health and socioeconomic development, with targeted policy solutions remaining under active exploration across nations.

Health System Readiness: By 2035, the projected 482 million prevalent cases will place a considerable strain on orthopedic services (Supplementary Table S6; Figure 7). Task-shifting to physiotherapists and AI-assisted tele-rehabilitation could help mitigate surgical backlogs. Addressing the predicted decline in middle-aged ASIR through workplace ergonomic reforms and youth obesity prevention will also be critical (2, 16, 26, 29). While AI-assisted tele-rehabilitation holds promise, its implementation requires addressing: device affordability and broadband access disparities; cultural preferences for in-person care among elderly cohorts; regulatory frameworks for cross-border data sharing. These pragmatic considerations complement our evidence-based recommendations, providing stakeholders with actionable pathways for context-adapted implementation.



Limitations and future directions

Data from GBD 2021 were used to estimate KOA prevalence, incidence, YLDs, and age-standardized rates across 204 countries (1990–2021). While the GBD framework provides unparalleled global comparability, we acknowledge inherent limitations in data harmonization across regions with disparate healthcare infrastructures. Variations in diagnostic criteria (e.g., inconsistent application of Kellgren-Lawrence grading), case ascertainment methods, and sparse primary data in resource-limited settings may affect cross-national comparability. APC modeling was employed to disentangle age, period, and birth cohort effects. This approach assumes temporal effects are additive and invariant across subgroups. Although this permits robust decomposition of variance components, it may oversimplify complex interactions (e.g., differential cohort effects by SDI level). Sensitivity analyses supported model stability, but future studies should explore machine-learning approaches for heterogeneous effects. Bayesian forecasting for 2035 projections incorporates historical trends but cannot account for unforeseen societal disruptions (e.g., pandemics or healthcare reforms). Despite these constraints, three measures mitigated potential biases: (1) GBD's spatiotemporal Gaussian smoothing and MR-BRT bias adjustment for methodological heterogeneity; (2) Sensitivity analyses confirming APC model stability (Supplementary Table S5); (3) Conservative uncertainty intervals in projections reflecting systemic variability. These methodological choices balance analytical rigor against the inherent complexities of real world data in global comparative studies—a challenge fundamental to large scale epidemiological research.

Although the GBD data standardizes global comparisons, underreporting in low-resource settings may underestimate the true burden of KOA. Our Bayesian projections assume linear SDI trends, yet climate change and geopolitical shifts could alter these trajectories. Future studies should explore molecular biomarkers (e.g., COMP, CTX-II) for pre-symptomatic detection and assess the cost-effectiveness of region-specific interventions (44, 45). This study focuses on the non-fatal burden of osteoarthritis; however, growing evidence suggests an association between KOA and excess mortality (16). Future research should further investigate this link. A key limitation in modeling the global burden of osteoarthritis is data sparsity, and high-quality data collection should be prioritized and funded.




Conclusion

This study provides valuable insights into the global trends and regional disparities in the burden of KOA among middle-aged and elderly populations. The prevalence, incidence, YLDs, and ASRs of KOA have increased substantially in most countries and regions from 1990 to 2021. The burden of KOA appears to rise with increasing SDI and is higher in females than in males. Population aging has exacerbated the burden of KOA, whereas transnational inequalities have not improved significantly. These findings highlight the need for targeted interventions and policies to address the growing burden of KOA and improve health outcomes for affected individuals. Future research should continue to monitor trends in KOA burden and evaluate the effectiveness of interventions to inform public health strategies.
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