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Background: Osteoarthritis (OA) is a common chronic degenerative joint disease and a major contributor to disability and elevated morbidity rates worldwide. This study assesses the epidemiological trends of OA from 1990 to 2021, analyzing data by sex, affected joint sites, and Socio-Demographic Index (SDI) across global, regional, and national levels.

Methods: Data on OA were obtained from the (Global Burden of Disease Study) 2021. The age-standardized rates (ASR) for OA were computed, and the estimated annual percentage changes (EAPC) in ASR were determined to evaluate trends in incidence and disability-adjusted life years (DALYs) over the past three decades. Pearson’s correlation analysis was conducted to explore the relationship between ASR and the Socio-Demographic Index (SDI). Additionally, Joinpoint regression software and age-period-cohort (APC) analysis were applied for a comprehensive examination of the OA data.

Results: From 1990 to 2021, the global burden of OA has markedly increased. In 2021, there were approximately 466.3 million new OA cases, with an ASR of incidence (ASIR) of around 535 per 100,000 population. The prevalence of OA reached about 606.9 million cases, and DALYs rose to approximately 213 million. The burden of OA is significantly higher in women compared to men, as reflected by higher ASR of incidence, prevalence, and DALYs associated with OA. In 2021, the ASR of incidence was positively associated with the SDI regions. Globally, knee osteoarthritis (KOA) remains the most common form of OA. Among the various risk factors, high body mass index (BMI) emerged as the most critical contributor to OA.

Conclusion: From 1990 to 2021, the global burden of OA has steadily increased, leading to a significant decline in health and overall quality of life. The global prevalence of OA indicates higher incidence rates among women and in countries with a higher SDI. Governments and policy makers globally must prioritize increasing awareness of the risk factors and consequences related to OA, promote early diagnostic and therapeutic services, and implement targeted interventions to mitigate the growing burden of OA.
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1 Introduction

Osteoarthritis (OA) is a common and persistent degenerative joint disease, typically beginning with early signs such as pain and stiffness in the knees, hips, hands, and other joints (1). As the disease progresses, pathological changes such as cartilage damage, bone spur formation, meniscal degeneration, and mild synovitis gradually worsen, potentially leading to restricted movement and joint deformities in advanced stages (2, 3). This severely impacts daily life and functionality, with many patients ultimately requiring joint replacement surgery. Cohort studies have revealed that knee osteoarthritis significantly contributes to work loss and disability, independent of other factors (4). OA is not only one of the most prevalent chronic diseases but also a major cause of disability and high morbidity globally (5). Currently, over 500 million people worldwide suffer from OA, creating a substantial socioeconomic burden (6, 7). Therefore, urgent action is required to mitigate the global burden of OA. Our in-depth analysis of the GBD 2021 database will enhance understanding of the global burden of OA, assess current prevention strategies, and offer policymakers crucial insights into OA prevention and treatment. This will support the efficient allocation of limited healthcare resources and the development of innovative strategies for managing OA.

Previous studies examining the burden of OA and its associated risk factors have been conducted at various levels using data from GBD 2019 or GBD 2020 (8, 9). However, these studies primarily focus on the assessment of OA in select countries, specific anatomical sites, or individual risk factors. To acquire a thorough insight into the recent global burden of OA, our study uses the GBD 2021 database to analyze the prevalence, incidence, and DALYs of OA over the past 30 years at global, regional, and national levels. Additionally, it examines trends by grouping countries and regions based on the SDI to assess the distribution and changes in the global burden of OA.



2 Materials and methods


2.1 Data source and collection

The GBD database collects and integrates global health-related data from various sources, assessing 371 diseases and 87 risk factors in 204 countries and regions. The database includes eight data indicators: estimate, measure, metric, cause, location, age, sex, and year range (10). The data are chiefly derived from published reports, systematic reviews, data collected from official websites, unpublished original datasets, and contributions from GBD collaborators. The GBD authors are committed to annual updates to ensure the accuracy and reliability of the data (11).

For OA, the GBD reference case definition is symptomatic OA confirmed by radiographic evidence of Kellgren-Lawrence grades 2–4. Grade 2 indicates a definite osteophyte in the joint, grade 3 indicates multiple osteophytes and joint space narrowing, and grade 4 indicates the same as grade 3 plus bone deformity. Symptomatic OA is defined as reported pain for at least 1 month in the past 12 months (12).

DALY is a crucial metric for evaluating the burden of disease, representing the total years lost due to ill-health, disability, or early death. YLD (years lived with disability) is determined by multiplying the number of individuals affected by the duration of the condition until remission or death, adjusted by the disability weight. In contrast, (years of life lost) YLL is calculated by multiplying the total number of deaths by the remaining life expectancy at the age of death according to standard life tables (13). SDI is a composite measure that reflects a country’s development level, incorporating (1) lag-distributed income per capita (2) the average years of schooling among the population aged 15 and older, and (3) the total fertility rate under age 25. Based on SDI values, countries and regions are categorized into five groups: high SDI, high-middle SDI, middle SDI, low-middle SDI, and low SDI (14).



2.2 Statistical analyses

To analyze the temporal trends in the ASR for incidence and DALYs, we calculated the EAPC. ASR trends are modeled using a logarithmic transformation, expressed as y = α + βx + ε, where y = ln(ASR), x = the calendar year, and ε = the error term, β = the ASR trend. The EAPC is calculated using the formula 100 * (exp[β] - 1), with a corresponding 95% confidence interval (CI) to assess statistical significance. ASR is classified as increasing when both the EAPC and the lower end of the 95% CI are above zero. Conversely, the ASR is considered to be decreasing if both the EAPC and the upper end of the 95% CI fall below zero. Otherwise, ASR is considered stable. To identify factors that may influence EAPC, we assessed the relationship between the 2021 APC and SDI and evaluated the relationship between ASRs. The relationships were quantified using the Pearson correlation coefficient (ρ). Trend analysis was conducted using Joinpoint regression software (version 4.9.1.0), which established Joinpoint regression models to analyze global trends, stratifying these trends by age group and sex, and the APC and AAPC values were calculated (p-value <0.05 was considered statistically significant).

We conducted all data analyses using R software (version 4.3.3), with p < 0.05 considered statistically significant. Additionally, AI-powered tools, including OpenAI ChatGPT (15), were employed to facilitate text translation, enhance clarity, summarize information, and correct grammar.




3 Results


3.1 Temporal trend of OA burden at global level

The global burden of OA is detailed in Tables 1–4 and Figure 1. In 2021, there were an estimated 466.3 million incident cases of OA worldwide (95% UI: 411.2–516.4 million), corresponding to the ASR of incidence for approximately 535 per 100,000 (95% UI: 472.38–591.97). This ASR has demonstrated a statistically significant increase from 1990 to 2021, with the EAPC of 0.33% (95% CI: 0.31–0.35). The regions with the highest incidence rates were identified in those Middle SDI regions, while Oceania reported the lowest incidence rates in 2021. Regarding prevalence, approximately 606.9 million cases of OA were recorded in 2021 (95% UI: 537.8 to 670.5 million), yielding an ASR of prevalence for 6,967.29 per 100,000 (95% UI: 6,180.7–7,686.06). This prevalence rate has also shown a significant upward trend from 1990 to 2021, with an EAPC of 0.34% (95% CI: 0.31–0.37). Additionally, the DALYs cases associated with OA increased to approximately 213 million (95% UI: 101.8–429.3 million) from 1990 to 2021, reflecting an EAPC of 0.37% (95% CI: 0.33–0.4) (Tables 1–4).



TABLE 1 Incidence of osteoarthritis in 1990 and 2021 for both sexes and all locations, with EAPC from 1990 and 2021.
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TABLE 2 Prevalence of osteoarthritis in 1990 and 2021 for both sexes and all locations, with EAPC from 1990 and 2021.
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TABLE 3 YLDs of osteoarthritis in 1990 and 2021 for both sexes and all locations, with EAPC from 1990 and 2021.
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TABLE 4 DALYs of osteoarthritis in 1990 and 2021 for both sexes and all locations, with EAPC from 1990 and 2021.
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FIGURE 1
 Trends of OA by Incidence, Prevalence, YLDs, DALYs of 27 regions in number, crude rate, and ASR in 1990 and 2021.




3.2 Burden of OA at national level

Figure 2 and Supplementary Table S1 summarize the ASR of incidence of OA in 2021, the changes in ASR of incidence at the national level, and the EAPC analysis from 1990 to 2021. First, we examined the ASR of incidence of OA for each country and area in 2021 (Figure 2A). South Korea has the highest ASR at 701.2 per 100,000 (95% UI: 625.36–776.78 per 100,000), followed by Brunei with an ASR of 686.67 per 100,000 (95% UI: 609.4–759.01 per 100,000) and Singapore at 685.67 per 100,000 (95% UI: 606.53–760.52 per 100,000). In contrast, Cambodia has the lowest ASR at 395.3 per 100,000 (95% UI: 350.24–440.74 per 100,000), followed by Timor-Leste with an ASR of 400.38 per 100,000 (95% UI: 352.99–446 per 100,000) and Vietnam at 400.84 per 100,000 (95% UI: 350.75–445.43 per 100,000). Additionally, we analyzed the changes in the number of OA cases in each country and area from 1990 to 2021. As illustrated in Figure 2B, the number of cases in the United Arab Emirates surged by 1,300%, rising from 4,548 in 1990 to 63,707 in 2021. Similarly, Qatar experienced a 973% increase in cases, with numbers growing from 1,287 in 1990 to 13,822 in 2021. However, the number of OA cases in Georgia decreased by 10.6%, from 27,868 in 1990 to 24,890 in 2021 (Figure 2B). Similarly, in Latvia, cases dropped by 2.4%, from 17,577 in 1990 to 17,147 in 2021. These are among the only two countries globally where the incidence rates of OA have declined between 1990 and 2021. To thoroughly evaluate the changes in the ASR of incidence for OA, we conducted an EAPC analysis. The changes in ASR of incidence at the national level are summarized in Figure 2C. Between 1990 and 2021, Equatorial Guinea experienced the highest rate of increase in ASR of incidence, with an EAPC of 1.02% (95% CI: 0.95–1.08), markedly higher than other countries. Mongolia (EAPC: 0.69%; 95% CI: 0.65–0.73) and the Maldives (EAPC: 0.66%; 95% CI: 0.62–0.70) also showed significant increases. Despite the overall upward trend, some countries saw a decrease in ASR of incidence. Israel had a decline with an EAPC of −0.19% (95% CI: −0.36 to −0.03), and the Democratic Republic of the Congo experienced a minimal decrease of −0.003% (95% CI: −0.06 to −0.03). Regionally, East Asia exhibited the fastest rise in ASR of incidence, with an EAPC of 0.58% (95% CI: 0.50–0.65), whereas North America had the slowest growth, with an EAPC of 0.07% (95% CI: −0.07 to 0.20) (Supplementary Table S1).
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FIGURE 2
 Incidence of OA in 204 countries and regions worldwide burden of disease: (A) ASR of incidence for OA in 2021; (B) Changes in the cases of OA from 1990 to 2021; (C) EAPC analysis of ASR of incidence for OA from 1990 to 2021.




3.3 Percentage trends of incidence changes for different types

From 1990 to 2021 the incidence rates of the four types of OA showed little variation, maintaining a relatively stable range of changes. Additionally, on a global scale, knee osteoarthritis is the most common form of the disease, followed by hand osteoarthritis, with hip osteoarthritis and other types of osteoarthritis each accounting for less than 10%. In East Asia, the proportion of knee osteoarthritis cases was 78.3% in 1990 and 73% in 2021. Although there was a decrease, it remains the region with the highest proportion. The proportion of knee osteoarthritis cases in Eastern Europe was 51.5% in 1990 and 52.3% in 2021. Despite the increase, it remains the region with the lowest proportion (Figure 3).

[image: Figure 3]

FIGURE 3
 Different types of OA incidence changes globally and regionally in 1990 and 2021.




3.4 Analysis of factors influencing EAPC

We conducted an analysis of the factors influencing EAPC, focusing particularly on the ASR of incidence and DALYs. The results revealed an asymmetric inverted V-shaped relationship between EAPC and ASR. Specifically, a negative correlation was observed between the ASR of incidence and EAPC (ρ = −0.19; p = 0.008) when the ASR exceeded 500 per 100,000. Additionally, when the ASR of DALYs was above 225 per 100,000, there was also a negative correlation between EAPC and ASR (ρ = −0.2; p = 0.004) (Figure 4).
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FIGURE 4
 The association between EAPC and ASIR, AgeStandardizedDALYrate. EAPC, Estimated Annual Percent Change; ASIR, ASR of incidence; AgeStandardizedDALYrate, ASR of DALYs.




3.5 Trend of OA burden from 1990 to 2021

From 1990 to 2021, the ASR of incidence, ASR of prevalence, and ASR of DALY for OA globally demonstrated a consistent upward trend. The Joinpoint regression model (Figure 5) revealed that the ASR of incidence exhibited a general increase, with an AAPC of 0.8% (95% CI: 0.6–1.1) and a p-value <0.001 (Figure 5A). The rate of increase was most pronounced from 2000 to 2005, with an APC of 0.5% (95% CI: 0.5–0.6) and a p-value <0.001. Additionally, the ASR of incidence was generally higher in females compared to males. For females, the OA burden showed a decrease from 2010 to 2013, with an APC of −1.4% (95% CI: −2.2 to −0.5) and a p-value of 0.004 (Figure 5B). In contrast, the burden for males decreased from 2000 to 2010, with an APC less than 0 and a p-value <0.001. The ASR of prevalence increased with an AAPC of 0.3% (95% CI: 0.3–0.3) and a p-value <0.001. Notably, the ASR of prevalence for females decreased from 2015 to 2019, with an APC less than 0 and a p-value <0.001. The trend in ASR of DALYs also showed an increase, with an AAPC of 0.3% (95% CI: 0.3–0.3) and a p-value <0.001 (Figure 5C). Consistent with ASR of prevalence trends, the burden for females decreased from 2015 to 2019, with an APC less than 0 and a p-value <0.001.
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FIGURE 5
 Joinpoint regression analysis of ASR of incidence (A), ASR of prevalence (B), and ASR of DALYs (C) from 1990 to 2021 for OA. APC = annual percentage change.




3.6 The association between ASR and SDI

The findings of the association between ASR of incidence and SDI were detailed in Figure 6, showing a notable positive correlation between the SDI and the ASR of incidence for OA across both regional and national levels from 1990 to 2021 (R = 0.774–0.666, p < 0.001). This suggests that regions or countries with higher SDI values tend to have higher ASR of incidence for OA. At the regional level, the ASR of incidence levels were higher than expected based on SDI in high-income regions such as Central Latin America, Andean Latin America, Tropical Latin America, Southern Latin America, and Central Asia from 1990 to 2021. At the national level, Japan and the USA also exhibited ASR of incidence levels above those anticipated based on their SDI.

[image: Figure 6]

FIGURE 6
 The association between ASR of incidence and SDI at the regions and nations level. SDI, Socio-demographic index.




3.7 Attributable risk factors for the OA burden

To better understand the risk factors for OA, we gathered data on all pertinent risk factors from the GBD 2021. The results, summarized in Figure 7, indicate that high BMI is the primary risk factor for OA. In regions such as North Africa and Middle East, Australasia, High-Income North America, and Southern Latin America, high BMI was identified as the predominant risk factor. Globally, the percentage of DALYs attributed to high BMI has increased significantly by 4.5%. Among regions, East Asia has seen the fastest rise in DALYs attributed to high BMI, with an increase of 8.3%, whereas Central Asia experienced the smallest increase at 0.8%.

[image: Figure 7]

FIGURE 7
 Proportion of DALYs from OA due to high body-mass index in 27 GBD regions in 2021.





4 Discussion

OA is ranked as the 18th leading cause of disability globally among the 369 diseases evaluated in the GBD study. The increasing incidence rate and high disability rate of OA impose a significant burden on healthcare systems worldwide (16, 17). While many studies have addressed the global burden of OA using data from the GBD 2019 study (18, 19), we utilize the 2021 GBD data to present the incidence and DALYs associated with OA at the global, regional, and national levels, exploring recent trends and survival patterns over the past 30 years. Besides, we explore the disease burden of OA based on gender, age, and the SDI.

From 1990 to 2021, the ASR of incidence, prevalence, and DALYs for OA has continuously increased. As of 2021, there were approximately 466.3 million new cases of OA, with an ASR of incidence for around 535 per 100,000 population. The prevalence of OA was about 606.9 million cases, and DALYs rose to approximately 213 million. As for the national level, South Korea had the highest ASR of incidence, followed by Brunei and Singapore. Equatorial Guinea experienced the fastest ASR of incidence increase from 1990 to 2021, followed by Mongolia and the Maldives. The study data suggest that the ASR of incidence for OA is associated with the SDI and geographical location of different countries, likely attributable to disparities in socioeconomic conditions, regional factors, and availability of healthcare services (20).

Our research identified KOA as the most common type of OA worldwide, consistent with other studies (21). A study examining knee osteoarthritis epidemiology in the U.S. found that its prevalence increases with each decade of life, peaking in individuals aged 55–64, who experience the highest annual incidence rates (22). An Indian study reported increasing KOA prevalence rates across different age groups: 19.2% for those under 50, 30.7% for those aged 50–60, 39.7% for those aged 60–70, and 54.1% for those over 70 (23). Another study revealed that both the prevalence and incidence of knee osteoarthritis significantly rise after age 55. Among individuals over 55, the average prevalence rate is 13.2%, with 9.4% for men and 18.0% for women (24).

We investigated all risk factors associated with OA and identified high BMI as the primary risk factor. The World Health Organization has proposed three main strategies to address obesity: weight loss, weight maintenance, and prevention of weight gain, all aimed at achieving and maintaining a healthy weight (25). Reyes et al. reported that individuals who are overweight or obese have a significantly elevated risk of developing knee osteoarthritis, with their risk being 2–4 times greater than that of individuals with normal weight. Furthermore, their research highlights a strong association between excess weight and an increased likelihood of OA in the knee, hip, and hand joints (26). An NHANES study revealed that individuals with a healthy weight in early and late adulthood have a reduced risk of developing OA, while those with obesity during these periods have the highest risk (27). Large-scale cohort studies starting from 1990 have also shown that obesity and high BMI are associated with an increased risk of OA progression in the hip, knee, and hand joints (28, 29). High BMI has a significant causal relationship with the risk of weight-bearing joint OA, likely due to mechanical and metabolic changes in the joints of obese adults (30). Overweight places undue stress on joints, leading to degenerative changes (31), while weight loss can mitigate medial tibial cartilage loss, leading to improvements in knee symptoms and overall functional outcomes (32).

Our findings also indicate that the burden of OA is higher in women than in men. OA is more prevalent in women, with the incidence rate doubling in men and tripling in women over the past 20 years in the U.S. (22). Jiang et al. found that women are substantially more prone to developing knee osteoarthritis compared to men, with a 35% increase in KOA risk for every 5-unit rise in BMI (33). A study comparing 610 women with OA from 2004 to 2007 with 3,810 women without OA found that those with the condition had significantly higher body weight and BMI (34). Women in physically demanding, traditionally female jobs, like cleaning, sales, and hairdressing, are at a much higher risk for hip osteoarthritis compared to men. Women also tend to experience more severe OA and a higher rate of related health issues (35, 36).

OA is highly prevalent in the population and increases with age, with no effective cure or significant disease-modifying therapies currently available (37). Individuals with OA are more likely to experience severe comorbidities compared to those without OA (38). Therefore, the prevention and management of OA are crucial. A research center in North America initiated a longitudinal observational study targeting adults aged 45–79 to better assess the development and progression of OA, proposing the Osteoarthritis Initiative (OAI) concept. This initiative includes developing a frailty index, examining its relationship with age and sex, validating mortality, and comparing it with a modified frailty phenotype (39). Measures must be proposed to combat the risk and burden of OA, emphasizing the importance of a healthy lifestyle. In this context, physical activity (PA) plays a crucial role. Regular PA is recognized as a key treatment and management strategy for OA patients, with moderate exercise proven to enhance glycosaminoglycan levels in cartilage, particularly among those at high risk for OA (40, 41). Additionally, providing more counseling, healthcare, psychological education or interventions, and financial support to OA patients is crucial (42).

Our study also has some limitations. One issue is the lack of data from low- and middle-income countries, which may be due to the underdevelopment of healthcare systems and lagging basic research in these regions. Additionally, the 2021 GBD database provides limited information on hand OA, lacking mortality and YLL data for this condition. Furthermore, GBD data are sourced from databases with varying levels of quality, which can introduce heterogeneity and bias. Changes in ICD classifications or misclassification errors may impact the accuracy of the data and subsequent calculations (43).



5 Conclusion

Our study offers the most comprehensive and up-to-date evaluation of the global burden of OA from 1990 to 2021, the global burden of OA has continued to rise, significantly impacting health and quality of life. The global prevalence of OA indicates higher incidence rates among women and in countries with a higher SDI. It is imperative that governments and policymakers worldwide enhance awareness of OA risk factors and consequences, promote early diagnostic and therapeutic services, and implement targeted interventions to mitigate the growing burden of OA.
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