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Background: Musculoskeletal disorders impose a heavy burden on society and the healthcare system. This study aims to describe the temporal trends of the burden of the top five musculoskeletal disorders in China, Japan and South Korea, assess their age, period and cohort effects, and predict the disease burden over the next 15 years.

Methods: The study utilized the Global Burden of Disease Study 2021 data. Key result metrics include the incidence, prevalence and disability-adjusted life years (DALYs) of gout, osteoarthritis, low back pain, neck pain and rheumatoid arthritis. Applying Joinpoint regression and age-period-cohort (APC) models to analyze temporal trends of five major musculoskeletal diseases from 1990 to 2021, considering age, period, and cohort effects. Future burden from 2022 to 2036 was forecasted using the autoregressive integrated moving average (ARIMA) model.

Results: From 1990 to 2021, the incidence of gout and osteoarthritis in China increased by 160.5 and 150.4%, respectively, with Japan’s gout incidence up by 65.3% and South Korea’s gout and rheumatoid arthritis rates rising by 165.0 and 164.6%. The burden of these diseases, except for gout, was higher in female. The risk of musculoskeletal diseases increases with age and recent birth cohorts. The impact of high body mass index (BMI) on gout, low back pain, and osteoarthritis is escalating. By 2036, the disease burden is expected to remain heavy, with varying degrees of increase.

Conclusion: The burden of the five musculoskeletal diseases in China, Japan, and South Korea is significant. There is a particular need to pay close attention to the increasingly severe impact of older adult female populations and high BMI on gout, low back pain, and osteoarthritis. It is recommended that governments increase investment and implement prevention strategies, including weight management and health education.
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Highlights

1. First comprehensive analysis of five major musculoskeletal disorders in China, Japan, and South Korea using GBD 2021 data, revealing significant increases in gout (up 165% in South Korea) and osteoarthritis (150% in China) from 1990 to 2021.

2. Rising BMI identified as a critical driver of disease burden, particularly for gout, low back pain, and osteoarthritis, with older adult female disproportionately affected, underscoring the need for targeted weight management and health education.

3. Projections indicate persistent disease burden over the next 15 years, with gout in Japan/South Korea and low back pain in China expected to rise, urging policymakers to prioritize aging populations and obesity-related interventions.



1 Introduction

The global trend of population aging is intensifying day by day, and many countries are facing challenges brought about by changes in population structure. China, Japan, and South Korea, as representative countries in East Asia, were all confronted with the severe problem of population aging in recent years. Among them, Japan is one of the countries with the most severe population aging in the world, with an aging rate (the proportion of the population aged 65 and above in the total population) reaching 29.1%. In addition, the aging rates in South Korea and China have also been increasing year by year, approximately 19.2 and 13.5%, respectively (1). The negative impacts brought about by population aging are also intensifying. As people age, the degenerative changes in the human musculoskeletal system become increasingly obvious, leading to an increase in the prevalence of musculoskeletal diseases among the older adult. Moreover, in 2020, musculoskeletal disorders ranked as the second most significant contributor to non-fatal disabilities globally, impacting more than 16.3 billion individuals (2–4). These conditions have placed substantial financial and healthcare pressures on individuals, families, and governmental systems. In an early Global Burden of Disease (GBD) study in 2010, musculoskeletal diseases were the fourth leading factor affecting global population health (5). It is estimated that approximately 6.7% of disability-adjusted life years (DALYs) worldwide are attributed to musculoskeletal diseases (6, 7). When measured by disability life years, 21% of global disability is attributed to musculoskeletal diseases (8, 9). With the extension of global life expectancy (10), more efforts are needed to maximize healthy life expectancy, that is, the additional life gained is spent in a healthy state (11). According to epidemiological studies, the top five main diseases that cause the greatest burden on musculoskeletal systems include gout, low back pain, neck pain, osteoarthritis, and rheumatoid arthritis.

Although numerous previous studies have reported the global burden of musculoskeletal-related diseases, these studies have limitations: some studies only focus on a specific disease, such as gout (12) and osteoarthritis (13), ignoring the intrinsic correlations among musculoskeletal diseases; some studies use data mostly from the GBD 2019 or 2017 versions, which have poor data timeliness and limited sample coverage (14–17). The new data from the 2021 GBD study was recently released, and there is currently no comprehensive analysis of the five major musculoskeletal diseases in China, Japan, and South Korea based on these data. Therefore, we conducted a study on the burden of the five major musculoskeletal diseases in the three countries from 1990 to 2021, including analyzing their temporal trends, assessing their risk factors, and evaluating the effects of age, period, and cohort. In addition, we used the autoregressive integrated moving average (ARIMA) model to predict the burden over the next 15 years. Our analysis results will play a key role in providing information for decision-makers and the public, helping to formulate evidence-based public policies, and effectively allocating prevention resources.



2 Materials and methods


2.1 Data source

Data on the burden of the five primary musculoskeletal disorders in China, Japan, and South Korea from 1990 to 2021 was obtained from the GBD 2021 Public Database1. The GBD 2021 analysis of disease and injury burden used 100,983 data sources and applied the Bayesian meta-regression model DisMod-MR 2.1 to estimate mortality, incidence, prevalence, and associated disability rates for 371 diseases, injuries, and impairments, as well as 88 risk factors, stratified by year, age, and sex. This comprehensive study included 204 nations and territories, leveraging the most current epidemiological information and enhanced standardization techniques (18, 19).



2.2 Case definition

The International Classification of Diseases, Ninth Revision (ICD-9) and the Tenth Revision (ICD-10) codes were, respectively, used to define rheumatoid arthritis (ICD-9: 714.0–714.9; ICD-10: M05, M06, M08), osteoarthritis (ICD-9: 715; ICD-10: M16, M17), low back pain (ICD-9: 724; ICD-10: M54.3, M54.4, M54.5), neck pain (ICD-9: 723.1; ICD-10: M54.2) and gout (ICD-9: 274; ICD-10: M10).



2.3 Risk factors

In the GBD 2021 study, the risk factors associated with the five primary musculoskeletal conditions were delineated. Rheumatoid arthritis was linked to smoking, while osteoarthritis was associated with a high BMI. The factors contributing to low back pain included smoking, high BMI, and occupational ergonomic factors. Gout was attributed to both a high BMI and impaired kidney function. High BMI for adults (ages 20 and older) is defined as BMI greater than 20–23 kg/m2. High BMI for children (ages 2–19) is defined as being overweight or obese based on International Obesity Task Force standards (20).



2.4 Joinpoint regression model

Kim et al. (21) firstly proposed the Joinpoint regression model in 2000. This approach built segmented regressions by utilizing the temporal traits of disease distribution, executing trend fitting and refinement for individual data points within the series. It facilitated a comprehensive analysis of the distinct characteristics of disease variability across various global intervals. The formula for the log-linear model was[image: image], y denoted the prevalence or occurrence of the disease, x corresponded to the year, β1 was the coefficient of regression, k denoted the joinpoint’s index, τk was the joinpoint whose value was unknown, “a+ = a” indicated that the result was greater than 0, otherwise, it was 0. Outcomes of the model can be encapsulated with metrics such as the annual percentage change (APC) and the average age annual percentage change (AAPC). The APC was computed as [image: image], which evaluated the trend within the separate segments of the piecewise function. The formula for calculating the AAPC was [image: image], providing an assessment of the overall trend across the complete study period.



2.5 Age-period-cohort model

The Age-Period-Cohort (APC) Model investigated how age, period, and cohort factors influenced health outcomes. The age effect pertained to the varying risk of outcomes at distinct age levels. The period effect concerned the influence of time-related shifts on outcomes across all age categories. The cohort effect related to the differences in outcomes among individuals born in the same time period. The log-linear regression equation was [image: image], [image: image] denoted the incidence or death rate, α, β, and γ were the parameters for age, period, and cohort, respectively, μ was the constant term, and ε denoted the error term of the model. The Intrinsic Estimator technique, incorporated within the Age-Period-Cohort Model, was applied to isolate the pure effects within the three-dimensional framework (22).



2.6 Autoregressive integrated moving average (ARIMA) model

The Autoregressive Integrated Moving Average (ARIMA) model was an amalgamation of the Autoregressive (AR) model and the Moving Average (MA) model. It operated on the premise that the data set behaves as a stochastic process, and its variability can be modeled by ARIMA, enabling predictions of future data points based on historical observations. The mathematical representation was given by the following equation, [image: image] where denoted the AR component was [image: image], [image: image] signified the MA component, Yt − p was the observed value for the period (t − p), p and q were the order parameters for the AR and MA models, respectively, and et was the error term at time t during the period (23). For the ARIMA model, the time series data was required to be a stationary process with a mean of zero.



2.7 Statistical analysis

For the GBD 2021 study, the age-standardized incidence rate (ASIR) and age-standardized DALYs rate (ASDR) were computed with the global population serving as the standard reference. The Joinpoint Regression Program (version 5.2.0) was employed for the analytical purposes. To conduct the age-period-cohort analysis, the dataset was segmented into five continuous intervals spanning from 1992 to 2021. Data for the years 1990 to 1992 were excluded due to their failure to encompass complete five-year intervals. The age groups were also divided into five-year increments, starting from 15 to 19 years and extending to 95–99 years. Individuals below the age of 15 were not included in the age-period-cohort analysis (with those under 25 years excluded for osteoarthritis). Furthermore, the analysis summarized 20 cohorts, encompassing individuals born between 1905–1909 and 2000–2004, with the mean values of age, period, and cohort serving as the reference category (24, 25). During the ARIMA modeling phase, the differencing technique was initially applied to achieve stationarity in the time series data. The auto.arima() function was utilized to identify the most optimally fitted model according to the Akaike Information Criterion (AIC) (26). Q–Q plots, along with Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) plots, were employed to assess the normality of the residuals’ distribution. Subsequently, the Ljung-Box test was conducted to determine if the residual series constituted white noise. ARIMA analysis and graphical representation were carried out using the “forecast,” “tseries,” and “ggplot2” packages within the R 4.4.2 software, with a significance level of p < 0.05.




3 Results


3.1 Cross-sectional analysis

From 1990 to 2021, the five major musculoskeletal diseases were rheumatoid arthritis, osteoarthritis, low back pain, neck pain and gout. Gout had seen the greatest change in disease burden over the past three decades. In China, the incidence and DALYs of the five major musculoskeletal diseases had all been on the rise (Table 1). In terms of incidence, the percentage changes that were the greatest were gout (160.5% [95% UI 140.1–178.5%]) and osteoarthritis (150.4% [95% UI 142.8–157.1%]). In terms of DALYs, the percentage changes that were the greatest compared to 1990 were also osteoarthritis (191.2% [95% UI 183.6–198.7%]) and gout (176.0% [95% UI 157.0–195.7%]). The incidence and DALYs of the five diseases in South Korea were similar to those in China, with significant increases. Among them, gout had the largest percentage change in the number of cases and DALYs, at 165.0% [95% UI 138.4–191.5%] and 205.3% [95% UI 163.7–255.5%], respectively. In Japan, the burden growth was slightly lower than that of China and South Korea, and the highest percentage increase in the number of cases was also for gout (65.3% [95% UI 51.4–82.2%]). The other four diseases showed relatively smaller increases, but still maintained a positive growth trend (Table 1).



TABLE 1 Numbers of incidence and DALYs from five major musculoskeletal disorders in China, Japan and South Korea in 1990 and 2021, and the percentage changes from 1990 to 2021.
[image: Table1]

As people grow older, the prevalence rates of gout and osteoarthritis in China gradually increased (Supplementary Figures 1A,G), while the incidence rates of low back pain, neck pain and rheumatoid arthritis first rose and then fell, with the peaks concentrated between 65 and 90 years old (Supplementary Figures 1B–D). The trend of incidence rates was basically the same as that of prevalence rates, except that the incidence rate of osteoarthritis showed a difference from the prevalence rate. It increased sharply between 30 and 54 years old, and then showed an overall downward trend with age. In Japan, as people age, the incidence rate and prevalence rate of gout gradually increased, and neck pain showed a double peak, and the disease burden was at a relatively high level between 40 and 95+ years old (Supplementary Figure 1H). The peaks of the other three diseases were between 60 and 90 years old. In South Korea, the trend of incidence rate and prevalence rate was similar to that of Japan. The incidence rate and prevalence rate of neck pain were both higher in the 40–95 + age group (Supplementary Figure 1M). The peaks of the other four diseases were concentrated between 50 and 80 years old. And except for the male disease burden of gout being higher than that of females, the others were all higher in females than in males.

From 1990 to 2021, the age-standardized incidence and prevalence rates of gout and osteoarthritis in China had increased to varying degrees. The age-standardized incidence and prevalence rates of gout slightly decreased during the period of 1990–1996, and then increased to a small extent (Supplementary Figure 2A). The age-standardized incidence and prevalence rates of osteoarthritis were the highest in 2005 and then tended to stabilize (Supplementary Figure 2D). The age-standardized incidence and prevalence rates of low back pain decreased year by year from 1990 to 1995, and then stabilized (Supplementary Figure 2B). The age-standardized incidence and prevalence rates of five musculoskeletal diseases in Japan were much more stable compared to those in China. The age-standardized incidence and prevalence rates of osteoarthritis and rheumatoid arthritis in females increased year by year from 2006 to 2010, and then decreased starting from 2015, returning to the previous levels (Supplementary Figures 2I,J). The age-standardized incidence and prevalence rates of rheumatoid arthritis among females in South Korea slightly increased (Supplementary Figure 2O). Compared with 1990, in 2021, the prevalence of osteoarthritis in the total number of patients, the total number of cases, and the disability-adjusted life years in the five major musculoskeletal diseases in China had all increased significantly. The percentages of gout and rheumatoid arthritis in the total number of patients and the total number of cases had increased to varying degrees (Figure 1).

[image: Figure 1]

FIGURE 1
 Percentage of total number of cases (A), number of patients (B) and disability-adjusted life years (C) of the five major musculoskeletal diseases in the world, East Asia, China, Japan and South Korea.




3.2 Joinpoint regression analysis

The trend of segmental changes of ASIR and ASDR for the five major musculoskeletal diseases in China, Japan and South Korea was analyzed using the Joinpoint regression analysis. Since 1990, the ASIR of gout in China had increased significantly twice during the periods of 2001–2005 and 2005–2018, with APC of 2.05 and 1.18%, respectively, (Figure 2A). The ASDR had also increased significantly twice during the periods of 2000–2005 and 2005–2014, with APC of 2.06 and 1.34%, respectively, (Figure 3A). The AAPC of ASIR and ASDR throughout the period was 0.70% (95% CI 0.64–0.76%) and 0.75% (95% CI 0.71–0.80%) respectively (Table 2). The ASIR and ASDR of low back pain showed a downward trend from 1990 to 2021, with AAPC of −0.63% (95% CI -0.67% ~ −0.58%) and −0.68% (95% CI -0.73% ~ −0.64%) respectively (Table 2). The ASIR and ASDR of low back pain showed a significant decline from 1990 to 1994, with APC of −3.23% and −3.61%, respectively, (Figures 2B, 3B). The ASIR and ASDR of neck pain remained stable overall (Figures 2C, 3C). The trends of ASIR and ASDR of osteoarthritis were basically consistent over the past 30 years. They gradually decreased from 1990 to 2000, and then increased significantly once from 2000 to 2005, with APC of 2.01 and 2.05%, respectively, (Figures 2D, 3D). The ASIR of rheumatoid arthritis showed a steadily increasing trend, while the ASDR increased significantly from 1999 to 2004 with APC = 2.26% (Figures 2E, 3E).

[image: Figure 2]

FIGURE 2
 Joinpoint regression analysis of the connection points of ASIR for the five major musculoskeletal diseases in China, Japan and South Korea. Gout (A,F,K), Low back pain (B,G,L), Neck pain (C,H,M), Osteoarthritis (D,I,N), Rheumatoid arthritis (E,J,O).
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FIGURE 3
 Joinpoint regression analysis of the connection points of the top five musculoskeletal diseases (ASDR) in China, Japan and South Korea. Gout (A,F,K), Low back pain (B,G,L), Neck pain (C,H,M), Osteoarthritis (D,I,N), Rheumatoid arthritis (E,J,O).




TABLE 2 The AAPC in age-standardized rate of incidence and DALYs for five major musculoskeletal disorders in China, Japan and South Korea.
[image: Table2]

The ASDR of gout in Japan had been increasing year by year over the past three decades. The ASIR showed a downward trend from 1995 to 2000, but it remained on the rise during other periods, with the largest increase occurring between 1990 and 1992, with an APC of 1.33% (Figures 2F, 3F). The overall ASIR of low back pain showed a decreasing trend, and the rate of decline has accelerated in recent years, with an APC of −0.74% from 2015 to 2021. The ASDR also showed a similar trend, with an overall decreasing trend and a significant decline from 2015 to 2019 (APC = 0.97%) (Figures 2G, 3G). The trends of ASIR and ASDR for neck pain were basically consistent. They both showed a significant decline from 2019 to 2021, with APCs of −0.35% and −0.64%, respectively, (Figures 2H, 3H). The ASIR and ASDR of osteoarthritis in Japan were also basically consistent in trend. They both showed a significant increase from 2006 to 2009, with APCs of 4.06 and 6.25%, respectively. They both showed a significant decline from 2015 to 2019, with APCs of −3.13% and −3.57%, respectively (Figures 2I, 3I). The ASIR of rheumatoid arthritis in Japan showed a decreasing trend overall, with the fastest decline from 2015 to 2019 (APC = −1.69%), and the overall APC was −0.41% (95% CI −0.47% to −0.34%). The ASDR showed a decreasing trend year by year, with the fastest decline from 1995 to 2001 (APC = −1.47%), and the overall APC was −0.88% (95% CI −1.04% to −0.72%) from 1990 to 2021 (Figures 2J, 3J and Table 2).

Over the past three decades, both the ASIR and ASDR of gout in South Korea had shown an upward trend. The ASIR increased the fastest between 1990 and 1994, with an APC of 1.30%. The AAPCs were 0.41% (0.38–0.45%) and 0.59% (0.58–0.61%), respectively (Figures 2K, 3K and Table 2). The trends of ASIR and ASDR for low back pain were essentially consistent, showing an overall decrease, with the fastest decline occurring between 2019 and 2021, with APCs of −0.78% and −0.71%, respectively (Figures 2L, 3L). The trends of ASIR and ASDR for neck pain were also largely consistent, showing a rapid decrease between 2001 and 2004, with APCs of −0.66% and −0.84%, respectively, followed by a year-on-year increase between 2015 and 2019, with APC of 0.55 and 0.69%, respectively (Figures 2M, 3M). The ASIR of osteoarthritis showed an overall upward trend but experienced a significant decrease between 2015 and 2019 (APC = −1.68%). Its ASDR increased year by year from 1990 to 2005 and then significantly decreased between 2015 and 2019 (APC = −1.56%) (Figures 2N, 3N). The ASIR of rheumatoid arthritis showed an overall upward trend, with two significant increases occurring between 2000 and 2005 and between 2005 and 2009 (APC 2000–2005 = 2.59%, APC 2005–2009 = 2.07%), resulting in an AAPC of 1.23% (95% CI 1.16–1.30%) for the entire period. Notably, the trend of ASDR was different from that of ASIR, showing an overall downward trend with significant fluctuations between 1997 and 2011 (Figures 2O, 3O and Table 2).



3.3 Age, period and cohort

Supplementary Figure 3 illustrates the age-period-cohort trends of the incidence rates of the five major musculoskeletal diseases in China, Japan, and South Korea. The incidence rates of musculoskeletal diseases gradually increased with age, and the peak occurred in the range of 60–80 years old. The cohort risk of gout in the recent birth cohort in China had slightly increased [RRcohort (2000–2004) = 1.47, 95% CI 1.14–1.89]. The incidence rate based on period has also increased year by year [RRperiod (2017–2021) = 1.20, 95% CI 1.18–1.22] (Supplementary Figure 3A). The cohort risk of low back pain had gradually increased in the recent birth cohort (RRcohort 1992 = 0.84, 95% CI 0.81–0.86), (RRcohort 2002 = 0.92, 95% CI 0.87–0.97) in recent years. The incidence rate had increased in the younger age group in recent years, and the onset time of low back pain had become earlier. The incidence rate based on period had decreased year by year since 1992, and the decline was the greatest from 1992 to 2016 [RRperiod (2012–2016) = 0.96, 95% CI 0.94–0.97] (Supplementary Figure 3B). The incidence rate based on period had increased the most in the range of 2017–2021 for neck pain [RRperiod (2017–2021) = 1.04, 95% CI 1.01–1.07] (Supplementary Figure 3C). The prevalence diagnosis rate of osteoarthritis was the highest around 50–60 years old, and the incidence rate based on period had gradually increased since 1997 [RRperiod (2017–2021) = 1.05, 95% CI 1.00–1.11] (Supplementary Figure 3D). The incidence rate of rheumatoid arthritis peaked around 60 years old and then decreases with age. The incidence rate based on period had gradually increased [RRperiod (2017–2021) = 1.11, 95% CI 1.06–1.16] (Supplementary Figure 3E). The risk of the birth cohort had increased from 1.29 (95% CI 1.24–1.32) in 1992 to 1.44 (95% CI 1.35–1.53) in 2002 (Supplementary Figure 3E).

The incidence of gout in Japan had been increasing year by year since 1997, with the relative risk (RR) being 0.98 (95% CI 0.98–0.99) for the period from 1997 to 2001. The risk of gout in the birth cohort rose from 0.94 (95% CI 0.90–0.97) in 1902 to 1.11 (95% CI 0.93–1.32) in 2002 (Supplementary Figure 3F). The incidence of low back pain increased significantly with age, reaching a peak around 80 years old and then slightly decreasing. The incidence based on the period decreased year by year since 1992, with the relative risk being 1.02 (95% CI 1.02–1.03) for the period from 1992 to 2006 and 0.97 (95% CI 0.97–0.98) for the period from 2017 to 2021 (Supplementary Figure 3G). The risk of low back pain decreased from 1.07 (95% CI 1.03–1.12) in 1902 to 0.92 (95% CI 0.89–0.94) in 2002 (Supplementary Figure 3H). The incidence of neck pain gradually increased with age. The incidence based on the period remained stable from 1992 to 2006 and gradually increased from 2007 to 2016, and then gradually decreased from 2017 to 2021. The risk of neck pain in the birth cohort fluctuated in recent years (Supplementary Figure 3H). The incidence of osteoarthritis based on the period increased from 1992 to 1996 and from 2002 to 2016, and decreased from 1997 to 2001 and from 2017 to 2021. The risk of osteoarthritis in the birth cohort rose from 1.18 (95% CI 1.01–1.29) in 1992 to 1.23 (95% CI 0.91–1.74) in 2002 (Supplementary Figure 3I). The incidence of rheumatoid arthritis increased significantly with age and reached a peak between 60 and 80 years old. The incidence based on the period fluctuated slightly but showed a downward trend, with the relative risk being 1.02 (95% CI 0.99–1.01) for the period from 1992 to 1996 and 0.90 (95% CI 0.86–0.93) for the period from 2017 to 2021 (Supplementary Figure 3J). The risk of rheumatoid arthritis in the birth cohort rose from 0.83 (95% CI 0.68–1.02) in 1902 to 1.19 (95% CI 0.93–1.54) in 2002 (Supplementary Figure 3J).

The incidence of gout in South Korea gradually increased with age, reaching its peak around 60 years old and then stabilizing. The incidence based on the period had been increasing year by year, [RRperiod (1992–1996) = 0.97, 95% CI 0.96–0.99], [RRperiod (2017–2021) = 1.06, 95% CI 1.04–1.07]. The risk of the birth cohort had increased from 1.05 (95% CI 0.95–1.15) in 1992 to 1.18 (95% CI 0.97–1.43) in 2002 (Supplementary Figure 3K). The incidence of low back pain increased significantly with age and reached its peak around 80 years old. The incidence based on the period had decreased year by year. The risk of the birth cohort had decreased from 1.11 (95% CI 1.04–1.19) in 1902 to 0.92 (95% CI 0.91–0.93) in 2002 (Supplementary Figure 3L). The incidence of neck pain increased significantly with age and reached its peak around 80 years old. The incidence based on the period had fluctuated slightly, and the risk of the birth cohort had slightly decreased in recent years (Supplementary Figure 3M). The incidence of osteoarthritis gradually increased with age and reached its peak around 70 years old before starting to decline. The incidence based on the period had increased year by year from 1992 to 2016 and gradually decreased from 2017 to 2021. The risk of the recent birth cohort had gradually increased (RRcohort 1992 = 0.97, 95% CI 1.01–1.14), (RRcohort 2002 = 1.19, 95% CI 1.12–1.27) (Supplementary Figure 3N). The incidence of rheumatoid arthritis gradually increased with age and reached its peak around 60 years old before gradually decreasing. The incidence based on the period had increased year by year from 1992 to 2016 and slightly decreased from 2017 to 2021. The risk of the recent birth cohort had gradually increased (RRcohort 1992 = 1.59, 95% CI 1.44–1.74), (RRcohort 2002 = 1.78, 95% CI 1.47–2.15) (Supplementary Figure 3).



3.4 Analysis of the temporal trend of risk factors

In the ASDR of gout, the increase in ASDR caused by high BMI in China rose from 3.5/100,000 in 1990 to 8/100,000 in 2021. In all three countries, the increase in ASDR caused by high BMI was relatively large, while the increase in ASDR caused by impaired renal function was relatively small (Figure 4A). In the ASDR caused by low back pain, the increase in ASDR caused by high BMI gradually rose and stabilized by 2021. However, the ASDR caused by occupational ergonomics factors and smoking was relatively high in 1990 and then gradually decreased and stabilized after 2000. In China and South Korea, the ASDR caused by occupational ergonomics factors was the highest, while in Japan, the ASDR caused by smoking was the highest (Figure 4B). In the ASDR of osteoarthritis, the increase in ASDR caused by high BMI showed an upward trend in all three countries, with the largest increase in South Korea. It rose from approximately 30/100,000 in 1990 to approximately 50/100,000 in 2021 (Figure 4C). In the ASDR of rheumatoid arthritis, the decrease in ASDR caused by smoking was a downward trend in all three countries, with a larger decrease in Japan and South Korea, from 5.61 (95% CI = 3.96–7.75) and 3.44 (95% CI = 2.40–4.68) per 100,000 people to 3.23 (95% CI = 2.12–4.71) and 2.28 (95% CI = 1.46–3.37) per 100,000 people (Figure 4D).

[image: Figure 4]

FIGURE 4
 Contribution of major risk factors to ASDR of diseases from 1990 to 2021. (A) Contribution of high BMI and renal insufficiency to ASDR of gout. (B) Contribution of high BMI, smoking and occupational efficiency factors to ASDR of low back pain. (C) Contribution of high BMI to ASDR of osteoarthritis. (D) Contribution of smoking to ASDR of rheumatoid arthritis.




3.5 Forecasting ASIR for the next 15 years

The ARIMA model was used to quantitatively describe the trend of ASIR for the five major musculoskeletal diseases in China, Japan and South Korea over the next 15 years. It was predicted that the ASIR of gout in Japan and South Korea would continue to rise, while the ASIR of gout in China would decrease significantly from 151.6 per 100,000 people in 2021 to 128.9 per 100,000 people in 2036 (Figure 5A). It was predicted that the ASIR of low back pain in South Korea and Japan would continue to decline, while the ASIR of low back pain in China would increase from 2342.5/100,000 to 2498.4/100,000 (Figure 5B). It was predicted that the ASIR of neck pain would remain basically stable in all three countries (Figure 5C). It was predicted that the ASIR of osteoarthritis in China and Japan would slightly increase over the next 15 years, while the ASIR of osteoarthritis in South Korea would decrease from 701.2 per 100,000 people in 2021 to 575.9 per 100,000 people in 2036 (Figure 5D). It was predicted that the ASIR of rheumatoid arthritis would increase in both China and South Korea, with the ASIR in South Korea increasing from 14.3/100,000 in 2021 to 19.3/100,000 in 2036, while it would decrease from 17.0/100,000 to 16.3/100,000 in Japan (Figure 5E).

[image: Figure 5]

FIGURE 5
 Predicted trends of five major musculoskeletal disorders ASIR in China, Japan and Republic of Korea over the next 15 years (2022–2036). The solid line represents the true trend of the ASIR rate from 1990 to 2021; the dashed lines and the shaded area represent the predicted trend and its 95% confidence interval. (A) Gout. (B) Low back pain. (C) Neck pain. (D) Osteoarthritis. (E) Rheumatoid arthritis.





4 Discussion


4.1 Main findings

This research focuses on the incidence, prevalence, DALYs, ASIR, and ASDR of five musculoskeletal disorders—rheumatoid arthritis, osteoarthritis, low back pain, neck pain, and gout—across China, Japan, and South Korea between 1990 and 2021. These findings reveal a substantial rise in the prevalence of these conditions in 2021 relative to 1990 in all three nations. Notably, South Korea experienced the most dramatic surge in gout cases, with a 165.0% increase (95% UI 138.4–191.5%). Potential factors contributing to this significant rise included population growth and enhanced investments in healthcare infrastructure and workforce across these countries.

The results of the age-period-cohort analysis are consistent with previous epidemiological studies, indicating that the burden of disease caused by the five major musculoskeletal disorders increases with age in China, Japan, and South Korea, with a peak concentration between the ages of 40 and 80. As people age, the muscle mass in the body gradually decreases, and physical functions decline, leading to degeneration of joint cartilage and an increased susceptibility to musculoskeletal diseases (20). In addition, the probability of older adult suffering from chronic diseases is higher. Some chronic diseases, such as diabetes, can cause neuropathy and vascular diseases, affecting the blood supply and nerve regulation of muscles and bones. Therefore, population aging may be the main driving factor for the burden of musculoskeletal diseases. Moreover, China, Japan, and South Korea are typical countries with severe population aging. In recent years, China has adopted proactive measures to encourage childbirth, but the population growth effect remains unsatisfactory. According to statistics, the expected lifespan of 60-year-old males in China is 19.39 years, while that of females is 22.81 years (27). Therefore, the extension of life expectancy can offset the relatively small population growth caused by encouraging childbirth, and Japan and South Korea are already in a stage of negative population growth. In 2020, the fertility rate in South Korea dropped below 0.84, and the number of deaths reached 300,000 (28). The high degree of population aging has led to an increasingly heavy social and economic burden caused by musculoskeletal diseases. Patients require long-term treatment and care, and families and society need to invest a large amount of human, material, and financial resources, including medical expenses, nursing costs, rehabilitation costs, and indirect economic losses due to caring for patients. This undoubtedly brings a heavy burden to the society and economy. Therefore, the impact of musculoskeletal diseases on policies has become increasingly important. For example, in terms of improving medical care supply, the government has increased research investment and improved the diagnosis and treatment levels of diseases. At the same time, it continuously optimizes the allocation of medical resources and increases investment in grassroots medical institutions to improve the ability of grassroots medical institutions in the prevention, diagnosis, and treatment of musculoskeletal diseases. In addition, the retirement age can be extended to alleviate the burden of social older adult care and make full use of human resources. To a certain extent, it can alleviate the economic growth pressure caused by the reduction in the labor force and provide strong support for the stable development of the society and economy.

According to Joinpoint regression analysis, the ASIR and ASDR related to low back pain in the three countries have decreased over the past three decades, indicating that the disease has been well controlled. However, the ASIR and ASDR of gout, osteoarthritis, rheumatoid arthritis, and neck pain had all increased to varying degrees, represented that the control of the burden of these four diseases is still severe. Especially, the disease burden of osteoarthritis and gout had increased in all three countries, which required our greater attention and needed to increase investment in disease prevention and treatment. Osteoarthritis is a chronic progressive disease accompanied by irreversible structural changes. When the disease progresses to an advanced stage, it can seriously affect the quality of life of patients and cause a heavy social and economic burden. However, there is currently no clear diagnostic standard for early osteoarthritis, and no active management measures or sensitive efficacy evaluation methods can be adopted to test the intervention effect of early diseases (29). Therefore, this could be a contributing factor to the increasing disease burden of osteoarthritis in recent years. Gout is the only disease among the five major musculoskeletal diseases where the burden on males is higher than that on females. In 2021, the incidence of gout among males in China, Japan, and South Korea was 2.82, 2.53, and 2.91 times higher than that among females, respectively. Furthermore, the etiological factors of gout varied between the sexes. Females were at a higher risk of suffering from renal conditions and were often treated with thiazide diuretics or other agents that promote diuresis. In contrast, males were more likely to acknowledge a diet that is conducive to the occurrence and exacerbation of gout and were at a greater risk of developing hyperuricemia compared to females, a condition that precedes the onset of gout (12). Hypertension, the use of diuretics, genetic predisposition, excessive intake of alcohol, and a diet rich in purines have been frequently cited in earlier studies as contributing to the risk of gout (30–32). These elements heightened the susceptibility to gout.

The AAPC of the ASIR and ASDR for neck pain changed little over the past three decades, suggesting that the efforts to alleviate its disease burden differ from those for low back pain and had not yet produced satisfactory results. A potential explanation could be that shifts in lifestyle and the implementation of successful preventive measures during recent decades contributed to a decline in the prevalence of low back pain (33). However, due to the insufficient attention paid by researchers, clinicians, and the entire society to neck pain, the majority of the working-age population spent most of their time in office environments, resulting in an increase in the burden of neck pain. This indicates that policies needed to be formulated to prevent such occupational hazards (34). In both China and South Korea, the ASIR for rheumatoid arthritis increased while the ASDR decreased, suggesting that despite the rising incidence of rheumatoid arthritis with socioeconomic development, the burden of disability caused by the disease is decreasing due to effective pharmaceutical management. As an autoimmune disease, the incidence of rheumatoid arthritis was gradually increasing globally, and it was higher in developed regions than in less developed regions (17). In Japan, ASIR gradually decreased, indicating that Japan is performing better than the global average in addressing the burden of rheumatoid arthritis.

In the context of China, Japan, and South Korea, the detrimental effects of smoking on rheumatoid arthritis and low back pain, the role of workplace ergonomic factors in low back pain, and the consequences of reduced kidney function on gout incidence all demonstrated a declining pattern. Conversely, the association between high BMI and conditions such as osteoarthritis, low back pain, and gout showed a persistent upward trajectory. This phenomenon may be attributed to age-related systemic fat deposition and the growing population of older adults with elevated BMI levels. The aging process tended to make individuals less active, leading to a reduction in energy expenditure, which in turn affected energy metabolism and subsequently increased the risk of obesity (35). Genetic epidemiological studies utilizing Mendelian randomization approaches established a significant causal link between BMI and low back pain and chronic pain syndromes (36). Research by Lee et al. (37) highlighted that increased body mass exerted compressive forces on lumbar vertebral structures and intervertebral discs, predisposing to low back pain. Beyond joint loading, excessive mechanical stress accelerates cartilage degradation, initiating osteoarthritic changes (38, 39). Furthermore, elevated BMI contributes to gout pathogenesis through increased serum urate concentrations (40), promoting monosodium urate crystal deposition and systemic inflammatory responses (41). Consequently, monitoring BMI in older adult populations, promoting appropriate physical activity, and enhancing metabolic efficiency may mitigate the impact of musculoskeletal disorders. In areas experiencing increasing disease burdens related to high BMI, implementing evidence-based weight control strategies, improving nutritional profiles, and encouraging regular physical activity could help manage individual BMI levels and curb disease progression. Ultimately, implementing population-level interventions targeting BMI reduction may alleviate the burden of major musculoskeletal conditions.

Enhancing public participation in physical activities is an important component for achieving the goals of the “Healthy China 2030” planning outline (42). Therefore, the Chinese government has successively released the “Physical Activity Guidelines for Chinese People (2021) (43) and A Guide for the Prevention and Treatment of Work-related Musculoskeletal Disorders (2022), providing scientific and detailed exercise guidance for different groups of people, aiming to control body weight, reduce the national BMI, enhance muscle strength, and reduce the incidence of musculoskeletal diseases. In the health policy “Healthy Japan 21 (Second term)” in the 21st century (44), Japan shifted its focus from simply prolonging life expectancy to a disease-free life and improving quality of life, and then focused on achieving the ideal health status of each individual. The main action goals of this plan include increasing the average daily step count of the public and increasing the number of adults with regular exercise habits by approximately 10% within 10 years. The South Korean government has also formulated multiple health promotion plans, such as the “5th National Comprehensive Health Enhancement Plan (HP2030),” aiming to increase the national healthy life expectancy, promote health equity, and expand the coverage of health. South Korea has also implemented the “Happy Healthy Village” project (45), aiming to improve the health level of residents by improving their lifestyle habits (such as controlling obesity, quitting smoking, and improving diet). Although China, Japan, and South Korea have taken various policies and measures to reduce BMI and promote physical activity among the public and have achieved certain results, the solution to the obesity problem still requires long-term policy support and full participation of the public.

Monitoring and predicting disease trends are critical components of disease prevention and control. Based on the predictions from the ARIMA model, it was projected that by 2036, the health burden of the top five musculoskeletal disorders in China, Japan, and South Korea will remain substantial. The incidence rates of low back pain in China, gout in Japan and rheumatoid arthritis in South Korea were predicted to increase from 2021 to 2036. However, at present, the attention paid by public health institutions and the public to musculoskeletal diseases was still insufficient. The huge difference between high incidence rates and low treatment rates may have to some extent explained the reason why the DALYs of musculoskeletal diseases remained high. Therefore, we propose the development of legal documents such as a “Health Promotion Law” to reform the medical system and establish a three-tiered prevention system. This system includes preventing risk factors at the primary care level, disseminating relevant knowledge to the older adult and high-risk populations, conducting early screening, and providing high-quality medical services to reduce the burden of musculoskeletal diseases and improve patient health outcomes.



4.2 Research intensity

This research presents the most extensive assessment of the incidence rates of the five major musculoskeletal disorders in China, Japan, and South Korea, with an emphasis on their temporal patterns, and demonstrated the critical role of targeted investments in diseases and risk factors for the prevention and management of such disorders. The GBD study employed consistent and standardized analytical methods, facilitating the comparison of these estimates across different time periods. The temporal patterns may represent the most crucial aspect in understanding the disease burden from these musculoskeletal conditions in the three countries. Moreover, the study not only examined the overall changes over the entire period (assessed by AAPC) but also analyzed each distinct time segment (assessed by APC) using the Joinpoint regression analysis. Ultimately, forecasting the disease burden aids in providing vital evidence for policy development and interventions aimed at specific conditions, and supports governments in setting priorities. By investing in public health initiatives for musculoskeletal disorders early on, governments can mitigate the severity of these conditions at the population level, particularly focusing on reducing the preventable burden among the youth.



4.3 Research limitations

This study has several limitations that must be acknowledged. Firstly, while the GBD 2021 made adjustments to data sources to account for the variability across different studies and to standardize data, these modifications inherently introduced greater uncertainty into the analyzed data. Secondly, the actual national data on the annual incidence and point prevalence of the five musculoskeletal disorders is derived from a limited number of countries. The findings presented here are largely based on the DisMod-MR 2.1 (2, 11) modeling process. Consequently, the interpretation of temporal trend estimates should be approached with caution. Promoting the inclusion of musculoskeletal conditions in national health data gathering and incorporating these data into models is essential for ensuring the acquisition of more comprehensive and precise information. Thirdly, the absence of provincial-level data for each country in our study precludes a detailed geographical representation of the burden of these major musculoskeletal diseases. Lastly, the age-period-cohort analysis provides population-level insights but may be subject to ecological bias.




5 Conclusion

China, Japan, and South Korea are faced with significant burdens due to musculoskeletal disorders. There is a pressing need to elevate public awareness regarding the risk factors, impacts, and evidence-based therapeutic approaches for these conditions. Special attention should be paid to osteoarthritis among older adult females and gout among older adult males, which have caused significant disease burdens. In addition, the impact of high BMI on gout, low back pain and osteoarthritis is continuously increasing. It is suggested that the government increase investment, optimize resource allocation, and carry out prevention and control work such as weight management and health education.
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