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Background

Rheumatoid arthritis (RA) is an autoimmune and inflammatory disease. In elderly patients, the disease progresses more rapidly, involves more complications, and places a greater burden on health. Currently, there is a lack of studies investigating the disease burden of RA in the elderly population.





Methods

We analyzed data on elderly rheumatoid arthritis from the Global Burden of Disease (GBD) database for 1990–2021, focusing on three main indicators: prevalence, incidence, and Disability-Adjusted Life Years (DALYs). Percentage change and the estimated annual percentage change (EAPC) were used to evaluate the trends in the disease burden.





Results

In 2021, the global prevalence cases, incidence cases, and DALYs of elderly RA were 7,919,136, 334,291, and 1,549,877, representing increases of 157.59%, 169.71%, and 116.53% compared to 1990. Both the prevalence rate and incidence rate increased, with EAPCs of 0.54 (95% CI: 0.5, 0.58) and 0.75 (95% CI: 0.7, 0.79), respectively. Notably, the prevalence rate in females was 2.2 times higher than that in males. The DALY rate showed a slight decline. Among the five Socio-demographic Index (SDI) regions, the High SDI region had the highest prevalence cases, incidence cases, and DALYs in 2021, with 2,821,305, 114,994, and 483,579, respectively, accounting for 36%, 34%, and 32% of the global totals. This region also recorded the highest prevalence and incidence rates. In contrast, the Low SDI and Low-middle SDI regions exhibited the fastest growth in both prevalence and incidence cases as well as rates. The highest prevalence cases and incidence rate were observed in the 65–69 age group. Decomposition analysis revealed that the rising disease burden was primarily attributable to the growth of the global elderly population.





Conclusions

Between 1990 and 2021, the global burden of rheumatoid arthritis in the elderly population increased. The High SDI region experienced the highest disease burden. In contrast, the Low and Low-middle SDI regions showed the most rapid growth in disease burden. Females exhibited a higher burden compared to males, with the highest burden observed in the 65–69 age group. Early diagnosis and treatment in elderly patients are essential to mitigating adverse outcomes and reducing the burden.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune and inflammatory disorder with a globally varying prevalence ranging from 0.25% to 1%, predominantly affecting women. Key risk factors include smoking and genetic predisposition (1, 2). The primary clinical manifestations are joint pain, swelling, and deformity (3). If left untreated, the disease can progress to focal necrosis, adhesions, and fibrous proliferation on joint surfaces, which may ultimately result in joint ankylosis, severe deformity, and disability (4). Beyond the joints, rheumatoid arthritis can also affect extra-articular tissues and organs, including the heart, kidneys, lungs, digestive system, eyes, skin, and nervous system (5, 6). Notably, since 1990, the incidence and prevalence of rheumatoid arthritis have steadily increased, exacerbating its global disease burden and highlighting the need for enhanced prevention and management strategies (7, 8).

Notably, one-third of RA patients experience disease onset after the age of 60. Compared to younger patients, late-onset RA tends to progress more rapidly, affects a greater number of joints, leads to more severe systemic inflammation and complications, and results in a higher disability rate, thereby posing a significant health burden (9–11). Concurrently, the increasing aging population has contributed to a growing number of elderly RA patients, further exacerbating the disease burden (12). Although previous studies have summarized the disease burden caused by RA (13), there is currently no dedicated research focusing specifically on RA burden in individuals over 60. Therefore, investigating the burden and future trends of RA in elderly patients is of great importance, as it provides critical evidence to guide the development of public health policies.

The GBD study is a comprehensive research initiative designed to evaluate the epidemiological trends of various diseases and health conditions at global, regional, and national levels. By collecting and analyzing vast amounts of data, the GBD Study assesses the impact of diseases and associated risk factors on populations, providing essential guidance for public health policymaking, disease prevention, and health promotion (14, 15). In our study, we analyzed the incidence, prevalence, and DALYs of RA in elderly populations at global, regional, and national levels from 1990 to 2021. We further compared the distribution and trends of RA burden across different age groups and projected the incidence and prevalence of elderly RA for the next 20 years. These findings serve as a critical reference for the refinement of global RA intervention and treatment strategies.





Methods




Data Sources and Disease Definition

The Institute for Health Metrics and Evaluation (IHME), in collaboration with global partners, provides comprehensive and reliable data on global health trends. As part of this effort, the GBD study collected data on the burden of 371 diseases and injuries across 21 GBD regions and 204 countries and territories, spanning the years 1990 to 2021 (16). These publicly available data can be accessed freely from the following website: https://vizhub.healthdata.org/gbd-results/. Importantly, no further ethical approval is required for their use.

RA events were identified and classified using the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10). The specific ICD-10 codes used to define RA include M05.3, M05.8, M05.9, M06.0, M06.8, M06.9, and M08.0.





Socio-demographic index

The SDI is a composite metric introduced by the IHME to measure the level of socio-economic development across regions. SDI incorporates three key dimensions: total fertility rate (among women aged under 25), mean years of schooling (for individuals aged 15 and older), and per capita income. Its values range from 0 (lowest level of development) to 1 (highest level of development). SDI has been extensively applied in GBD studies to analyze the influence of socio-economic factors on health outcomes and disease burden, providing a robust foundation for policymaking and resource allocation. In the GBD study, the 204 countries and territories were categorized into five SDI-based regions: Low, Low-middle, Middle, High-middle, and High (16).





Data analysis

We utilized global, regional, and national data on elderly individuals (≥60 years old) with RA, focusing on incidence, prevalence, and DALYs in terms of cases and rates. The primary metrics calculated were the EAPC and percentage change.

DALYs is a metric used to quantify disease burden. It combines years of life lost (YLLs) due to premature death and years lived with disability (YLDs) due to illness. The formula is: DALYs=YLLs +YLDs. Where YLLs represent the years of life lost due to premature mortality, calculated as the difference between the age of death and the standard life expectancy for a given population. YLDs account for years lived with disability, weighted by the severity of the condition. DALYs provide a comprehensive measure of both mortality and morbidity, facilitating the prioritization of health interventions.

The EAPC is a widely adopted statistical measure used to quantify the annual trends of changes in specific indicators, such as incidence or mortality rates, over a defined period. It is derived using a linear regression model where the natural logarithm of time-series data is regressed on time to estimate the rate of change, expressed as an annual percentage. The EAPC value reflects the direction and magnitude of a trend: a positive value indicates an upward trend, a negative value suggests a downward trend and a value close to zero implies minimal or no significant change. EAPC is particularly suitable for long-term trend analysis because it smooths out short-term fluctuations, providing a clearer depiction of overall trends. In epidemiology and public health, particularly within the GBD framework, the EAPC is extensively applied to assess dynamic trends in diseases, injuries, and risk factors (17, 18).

Percentage change is mainly applied to measure the variations in prevalence cases, incidence cases, and DALYs. Specifically, percentage change (%) = [(cases in 2021 - cases in 1990)/cases in 1990] × 100% (19).

We utilized the Bayesian age-period-cohort model for predicting trends of RA in the elderly up to 2040. The BAPC model leverages Bayesian inference to address collinearity issues inherent in traditional age-period-cohort analyses while providing robust estimates of temporal patterns (20, 21).

The data were filtered and calculated using R (4.4.0). Visualizations were generated using ggplot2 (3.5.1).






Results




Global level

In 2021, the global prevalence cases of RA among the elderly was 7,919,136, comprising 5,687,570 women and 2,231,566 men. The overall prevalence rate was 726.9 (95% UI: 634.1, 834.8) cases per 100,000 population. Specifically, the prevalence rate for women was 969.9 (95% UI: 849.9, 1108.5) cases per 100,000 population, while for men, it was 445.7 (95% UI: 383.9, 519.8) cases per 100,000 population. Notably, the prevalence rate among women was 2.2 times higher than that among men. In 2021, the prevalence rate of RA among the elderly was significantly higher than that of RA across all age groups globally, with 227.1 (95% UI: 202.4, 257.3) cases per 100,000 population.

Between 1990 and 2021, the global prevalence cases, incidence cases, and DALYs of RA among the elderly increased significantly. However, the DALY rate was the only rate-based indicator that showed a slight decline. Specifically, from 1990 to 2021, the number of prevalence cases rose from 3,074,298 to 7,919,136, reflecting a percentage change of 157.59%. Similarly, incidence cases increased from 123,945 to 334,291, with a percentage change of 169.71%. DALYs grew from 715,789 to 1,549,877, representing a percentage change of 116.53%. Both the prevalence rate and incidence rate demonstrated upward trends, with EAPCs of 0.54 (95% CI: 0.5, 0.58) and 0.75 (95% CI: 0.7, 0.79), respectively. In contrast, the DALY rate exhibited a slight decline, with an EAPC of -0.07 (95% CI: -0.11, -0.03). These findings highlight that the global burden of RA among the elderly is intensifying. (Figure 1; Supplementary Figures S1–S2, Table 1; Supplementary Tables S1–S2).




Figure 1 | Temporal trends of the Rheumatoid Arthritis burden among the elderly globally and across the 5 SDI regions (A) Percentage change of cases of prevalence, incidence, and DALYs from 1990 to 2021. (B) The EAPC rates of prevalence, incidence, and DALYs from 1990 to 2021. (C) The prevalence rate from 1990 to 2021.




Table 1 | The prevalence of RA cases and rate among the elderly in 1990 and 2021, and the trends from 1990 to 2021.







SDI regional level

Overall, between 1990 and 2021, the prevalence cases, incidence cases, and DALYs of RA among the elderly increased significantly across the five SDI regions. However, among rate-based indicators, only the DALY rate in the High SDI region showed a decline. Notably, prevalence rates increased progressively with higher SDI levels.

In 2021, the High SDI region reported the largest number of elderly RA prevalence cases(2,821,305), accounting for approximately 36% of the global total, followed by the Middle SDI and High-middle SDI regions. Collectively, these three regions contributed 84% of the global prevalence cases. Interestingly, although the Low SDI and Low-middle SDI regions had fewer prevalence cases, they exhibited the fastest growth in prevalence rates during 1990–2021, with estimated annual percentage changes (EAPCs) of 1.45 (95% CI: 1.4, 1.51) and 1.22 (95% CI: 1.1, 1.34), respectively. Similar to prevalence cases, the High SDI region recorded the highest number of incident cases (114,994) in 2021, accounting for 34% of the global total. Combined, the Middle SDI, High-middle SDI, and High SDI regions represented 79% of global incident cases. The incidence rate was highest in the High SDI region and lowest in the Low SDI region. Between 1990 and 2021, the incidence rates in the Low SDI and Low-middle SDI regions increased the most rapidly, with EAPCs of 1.17 (95% CI: 1.09, 1.24) and 1.16 (95% CI: 1.13, 1.19), respectively. The trends in DALY cases and rates followed a similar pattern.

In summary, the High SDI region had the highest number of cases and rates, but its growth was the slowest, with a decline even observed in DALY rates. In contrast, the Low SDI and Low-middle SDI regions had lower prevalence and incidence cases and rates, but their prevalence and incidence cases and rates grew rapidly. (Figure 1; Supplementary Figures S1–S2, Table 1; Supplementary Tables S1–S2).





GBD regional level

From 1990 to 2021, the prevalence cases and rates, incidence cases and rates, and DALYs increased across nearly all GBD regions. However, a few regions, including High-income Asia Pacific, Western Europe, Australasia, Central Europe, and Southern Sub-Saharan Africa, exhibited a decline in DALY rates, most of which are categorized as High SDI or High-middle SDI regions.

In 2021, the regions with the highest number of prevalence cases were East Asia, South Asia, Western Europe, High-income North America, and High-income Asia Pacific, most of which belonged to the Middle SDI to High SDI regions. In contrast, the regions with the highest prevalence rates were Australasia, High-income North America, Andean Latin America, Central Latin America, and Western Europe, with rates exceeding 1,000 cases per 100,000 population.

The regions with the fastest growth in prevalence rates were Andean Latin America, North Africa and the Middle East, Southern Latin America, South Asia, and Southeast Asia. Notably, Andean Latin America, Southern Latin America, North Africa and the Middle East, South Asia, and Southeast Asia demonstrated significant increases in both prevalence cases and rates, reflecting a rising disease burden in these areas. (Figure 2; Table 1, Supplementary Tables S1–S2).




Figure 2 | Temporal trends of the Rheumatoid Arthritis burden among the elderly across GBD regions (A) Percentage change of cases of prevalence, incidence, and DALYs from 1990 to 2021. (B) The EAPC rates of prevalence, incidence, and DALYs from 1990 to 2021.







Countries level

Between 1990 and 2021, the prevalence cases, incidence cases, and DALYs increased across all countries. Notably, Qatar, United Arab Emirates, Bahrain, Jordan, and Kuwait ranked among the top globally in percentage changes for all three indicators, reflecting a rapid rise in prevalence and incidence cases. However, the absolute number of prevalence cases in these countries remained relatively low in 2021, ranging from 246 to 1073 cases. These five countries, belonging to the High SDI region, showed a trend that contrasts with the overall pattern observed in other High SDI countries.

In 2021, the countries with the highest number of prevalence cases were China (2,012,064 cases), India (1,312,132 cases), Japan (473,300 cases), and the United Kingdom (275,624 cases). The countries with the highest prevalence rates were Ireland, Finland, the United Kingdom, and New Zealand, all exceeding 1628 cases per 100,000 population, and all of these countries belong to the High SDI region. In contrast, the countries with the fastest-growing prevalence rates were Equatorial Guinea, Cambodia, Guatemala, Mongolia, Myanmar, Bangladesh, and Nepal, with EAPCs ranging from 1.74% to 2.56%. These countries are categorized under the Low or Low-middle SDI regions. Additionally, a slight decline in prevalence rates was observed in only 11 countries, including Norway, Japan, Sweden, Poland, New Zealand, Austria, and Italy, with EAPCs ranging from -0.01% to -0.53%. All these countries belong to the High SDI region. A similar pattern was observed for incidence rates. Cambodia, Myanmar, Bangladesh, and Nepal exhibited rapid increases in incidence rates, with EAPCs exceeding 1.5%. Conversely, incidence rates slightly declined in only five countries: Japan, Sweden, Mexico, Zimbabwe, and Norway, with EAPCs ranging from -0.18% to -0.39%. Encouragingly, DALY rates showed a declining trend in 47 countries, most of which are located in the High or High-middle SDI regions. The three countries with the fastest declines in DALY rates were Poland, Norway, and Japan, with EAPCs of -1.85 (95% CI: -2.06, -1.63), -1.63 (95% CI: -1.73, -1.52), and -1.26 (95% CI: -1.36, -1.15), respectively. (Figure 3; Supplementary Figures S3–S4, Supplementary Tables S3–S5).




Figure 3 | Temporal trends of Rheumatoid Arthritis burden in elderly across 204 countries. (A) Percentage change in prevalence cases from 1990 to 2021. (B) EAPC for prevalence rates from 1990 to 2021.







Sex and age

In 2021, the global prevalence cases, prevalence rates, and incidence rates of elderly RA exhibited a pattern of initially rising with increasing age and then declining, while the number of incidence cases consistently decreased. The prevalence cases and incidence rate were highest in the 65–69 age group, reaching 1,997,898.7 (95% UI: 1,722,725.3–2,323,991.5) and 34.7 cases per 100,000 population, respectively. The prevalence rate peaked in the 75–79 age group, reaching 711.3 (95% UI: 626.3–809.8) cases per 100,000 population. DALYs reached a peak in the 65–69 age group at 364,306.7 (95% UI: 285,628.8–466,155.2), followed by a rapid decline with advancing age. Overall, females exhibited higher prevalence and incidence cases/rates than males. The incidence rate ratio peaked at 2:1 in the 60–64 age group, then gradually decreased and converged, indicating a narrowing gender disparity in new RA cases among the elderly. (Figure 4; Supplementary Figure S5, Supplementary Tables S6–S8).




Figure 4 | Age and sex trends of elderly Rheumatoid Arthritis globally in 2021. (A) Prevalence cases and rate. (B) Incidence cases and rate.







Decomposition analysis

Decomposition analysis indicated that the disease burden increased globally and across the five SDI regions, primarily driven by global population growth. For example, 84.66% of the global prevalence case burden was attributable to population growth, 0.71% to population aging, and 14.63% to changes in RA epidemiology. Notably, as previously mentioned, DALY rates declined in 47 countries, nearly all of which are in the High SDI region. This decline was largely due to changes in RA epidemiology, which reduced the DALY burden in the High SDI region by -53.58%. However, population growth remained the dominant factor contributing to the increase in DALYs in the High SDI region, accounting for 150.88%. (Figure 5; Supplementary Table S9).




Figure 5 | Decomposition analysis of the global burden of elderly RA in 2021. (A) Prevalence (B) Incidence (C) DALYs.







Projections for the next 20 years

In the next 20 years, the prevalence cases, prevalence rate, incidence cases, incidence rate, and DALYs of elderly RA are projected to rise, while the DALY rate is expected to decline. Specifically, between 2021 and 2040, the number of prevalence cases is projected to increase from 7,919,136 to 13,916,557, with the prevalence rate rising from 727 to 771 cases per 100,000 population. During the same period, incidence cases are expected to grow from 334,290 to 577,258, and the incidence rate will increase from 30 to 33 cases per 100,000 population. DALYs are projected to rise from 1,549,877 to 2,496,929, whereas the DALY rate will decrease from 143 to 137 per 100,000 population, with the rate of decline among males being comparatively slower. (Figure 6; Supplementary Figure S6, Supplementary Table S10-S12).




Figure 6 | Projections of the global burden of elderly RA for 2021 to 2040. (A) Prevalence rate (B) Incidence rate.








Discussion

Aging is associated with chronic “sterile” systemic inflammation, a phenomenon known as “inflammaging” (22). Although this inflammation is typically at low levels, it contributes to the development and progression of RA. Additionally, with aging, the adaptive immune system declines, and the functions of T cells and B cells decrease, leading to weakened immune responses and increased susceptibility to diseases (23). As a result, elderly RA patients are more prone to systemic complications (24, 25). Furthermore, population aging and increased life expectancy have led to a continuous rise in the prevalence of elderly RA, further exacerbating the disease burden. Therefore, addressing this issue is crucial for public health policy development. This study is the first global report on the disease burden of elderly RA.

At the global level, from 1990 to 2021, the prevalence cases, incidence cases, and DALYs of elderly RA increased significantly, while the DALY rate showed a slight decline, indicating an overall worsening disease burden. Notably, in 2021, females accounted for a higher number of prevalence cases, with a prevalence rate approximately 2.2 times that of males, consistent with previous studies reporting a higher prevalence of RA in females. A 2020 disease burden analysis reported that the global prevalence rate of RA across all age groups was 208.8 cases per 100,000 population, which is substantially lower than the prevalence rate observed in the elderly population (726.9 cases per 100,000 population). Additionally, the percentage change in prevalence cases for all age groups (121%) was significantly lower than that for elderly patients (157.59%) (26). These findings indicate that, compared to the total population, elderly patients experience a higher prevalence rate, faster growth in prevalence cases, and a greater disease burden.

Analyzing data from the SDI and GBD regional levels, the High SDI region and its corresponding GBD regions show the highest prevalence and incidence cases and rates, which are potentially linked to multiple lifestyle and dietary factors. These include obesity, coffee consumption, high intakes of salt, fat, and sugar, excessive red meat consumption, and high-protein diets (27–29). In contrast, the Low SDI region currently has relatively low prevalence and incidence cases and rates; however, these metrics are increasing rapidly. This trend may be attributed to smoking, occupational exposure to silica, and air pollution (30, 31). Smoking triggers the activation of local respiratory epithelial cells, leading to the production of pro-inflammatory factors and enhanced recruitment of immune cells. At the same time, inhaled silica is engulfed by macrophages, promoting the release of TNF-α and IL-1β, thereby amplifying the inflammatory response (32).

Air pollution is a major environmental issue in South Asia, Southeast Asia, the Middle East, and Mongolia, with key sources including coal combustion, vehicle exhaust, and industrial emissions. In the Middle East, desert dust is also a contributing factor (33–35). At the national level, we observed rapid increases in prevalence and incidence cases in Middle Eastern countries (Qatar, United Arab Emirates, Bahrain, Jordan, Kuwait), and rapid growth in prevalence and incidence rates in South/Southeast Asian countries (Cambodia, Myanmar, Bangladesh, Nepal) and Mongolia. We consider this to be related to air pollution, as air pollution is one of the risk factors for RA (36). Fortunately, we observed declines in prevalence rates in 11 countries and DALY rates in 47 countries, most of which belong to the High SDI region, including Norway, Sweden, and Japan. This may be attributed to early disease detection, timely and sustained treatment, and the widespread use of disease-modifying antirheumatic drugs (DMARDs) in high-income regions (26, 37). For example, a 2015 study in Norway demonstrated that the use of DMARDs can improve long-term outcomes for RA patients and reduce joint damage (38). This suggests that in countries with high incidence and prevalence rates, early diagnosis and treatment should be encouraged to prevent joint damage progression in 90% of early RA patients, thereby reducing the disease burden (39).

We found that the incidence rate of elderly female patients remained higher than that of males, with a ratio of approximately 2:1 at ages 60–64. However, this gender difference in incidence rates gradually diminished with advancing age. Previous studies have reported that RA is more prevalent in females, with a ratio of 2–4:1 (40), potentially linked to the influence of sex hormones. Specifically, androgens negatively regulate the development, proliferation, and maturation of B lymphocytes, suppressing antibody production and secretion. They also reduce monocyte secretion of inflammatory cytokines, including Tumor Necrosis Factor-alpha (TNF-α), Interleukin-1 (IL-1), and Interleukin-1 (IL-6), thereby mitigating immune-inflammatory responses (41–43). Additionally, Yang et al., in a large cohort study involving 105,303 prostate cancer patients, found that the use of androgen inhibitors increased the risk of RA by an average of 23%. When used for more than 13 months, the risk rose to 33% (44). The role of estrogen in RA is more complex, as it exerts both stimulatory and inhibitory effects on the immune system. An imbalance between estrogen’s pro-inflammatory effects and androgen’s anti-inflammatory effects is associated with an increased risk of RA (45). Notably, women around age 60 enter menopause, during which estrogen levels decrease significantly, yet the incidence rate peaks. Our findings are consistent with this observation, as the incidence rate in females aged 60–64 is the highest. This phenomenon may be explained by the low post-menopausal estrogen levels enhancing the production of pro-inflammatory cytokines (46, 47). Furthermore, local synovial hormones, such as progesterone, aldosterone, and growth hormone, contribute to the development of RA (48). Finally, it is important to note that, regardless of gender, the incidence rate gradually decreases with age, which may be attributed to the declining functionality of the immune system (49).

Decomposition analysis revealed that the rapid increase in the global disease burden of elderly RA is primarily driven by the growth of the elderly population. A 2021 global population analysis showed that the total population had reached 7.89 billion, a significant increase from 2.52 billion in 1950. Regions experiencing the fastest population growth were primarily Sub-Saharan Africa, South Asia, Southeast Asia, East Asia, and Oceania, with particularly pronounced increases in the elderly population. Between 2000 and 2021, 188 countries and regions worldwide experienced growth in the proportion of individuals aged 65 and above. This trend was observed in all high-income countries, as well as in regions such as South Asia, Southeast Asia, East Asia, Latin America, and the Caribbean (50). As SDI increases, life expectancy rises in 2021 (50), with values of 64.9, 69.9, 73.1, 75.7, and 79.9 years in regions with Low, Low-middle, Middle, High-middle, and High SDI, respectively. This partly explains why the high SDI region bears the greatest burden. These findings underscore the critical relationship between addressing population growth and mitigating the disease burden.

Our study has several limitations. First, despite our efforts to perform a comprehensive analysis, the GBD data were sourced from various regions, and potential inconsistencies in the data may have introduced bias. Additionally, for the 20-year projections, while rigorous statistical models were employed, external factors could influence the actual outcomes, potentially leading to some degree of bias.





Conclusions

Over the past 32 years, the global burden of RA among the elderly has significantly increased. High SDI regions bear the heaviest burden, while Low and Lower-middle SDI regions are experiencing rapid increases in burden. In 2021, females had a higher disease burden than males, with the 65–69 age group being the most affected. The burden is expected to intensify over the next 20 years. Early diagnosis and treatment of RA in the elderly are crucial for reducing adverse outcomes and the overall burden.
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