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Abstract 24 

Background: Osteoarthritis (OA) is a leading cause of disability worldwide, with women of 25 

reproductive age being particularly vulnerable to hip/knee OA (HOA/KOA) due to metabolic 26 

risks (e.g., obesity, high BMI). Leveraging Global Burden of Disease (GBD 2021) data, this 27 

study systematically analyzed the metabolic risk-attributable burden of HOA/KOA among 28 

women aged 15–49 years across 204 countries and territories from 1990--2021, with projections 29 

to 2050. 30 

Methods: Data on disability-adjusted life years (DALYs), years lived with disability (YLDs), 31 

and age-standardized rates (ASRs) for HOA/KOA in women of reproductive age were extracted 32 

from the GBD 2021. The analyses were stratified by the sociodemographic index (SDI). Time 33 

series models (ARIMA, exponential smoothing) were employed to forecast disease burden trends 34 

(2022–2050), and decomposition analysis quantified contributions from population growth, 35 

aging, and epidemiological changes.  36 

Results: Global trends: From 1990--2021, DALYs for HOA and KOA in women of 37 

reproductive age increased by 169% and 202%, respectively, with ASRs increasing by 24.5% 38 

and 41.2%, respectively. Regional disparities: Low-SDI countries exhibited the fastest case 39 

growth (HOA: +298%, KOA: +574%), whereas high-SDI regions had the highest absolute 40 
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burden (HOA cases accounted for 16.5% of all HOA cases globally). Metabolic risk drivers: 41 

Population growth (HOA: 48.9%, KOA: 46.6%) and increasing incidence rates (HOA: 47.7%, 42 

KOA: 48.5%) were the primary contributors. Projections: By 2050, ARIMA models predicted 43 

HOA/KOA cases to surge by 58.7% and 80.3%, respectively, whereas exponential smoothing 44 

indicated slower but significant growth. 45 

Conclusions: Metabolic risk drives a substantial increase in the HOA/KOA burden among 46 

women of reproductive age, with the fastest growth occurring in low- and middle-SDI countries. 47 

High-SDI regions should prioritize chronic disease management, whereas low-SDI areas require 48 

enhanced community screening and health education. Early OA screening should be integrated 49 

into prepregnancy care systems, supported by multisectoral collaboration under the UN 50 

Sustainable Development Goals. Future research must elucidate the molecular mechanisms of 51 

metabolic risk and refine community-based interventions to mitigate disease progression. 52 

Trial registration 53 

IHME 18525360727@163.com 54 

Keywords: Global burden of disease, Hip/knee osteoarthritis, Metabolic risk factors 55 

 56 

Background 57 

Osteoarthritis (OA) is a chronic joint disease characterized by the degeneration of 58 

articular cartilage, joint pain, stiffness, and functional impairment and represents a leading cause 59 

of disability worldwide [1]. Among the various joints affected, the knee is the most commonly 60 
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affected, with an estimated 365 million individuals suffering from knee osteoarthritis (KOA), 61 

followed by the hip and hand [2]. KOA and hip osteoarthritis (HOA) account for more than 80% 62 

of all OA cases [1,3]. Data from the World Health Organization (WHO) in 2019 indicate that the 63 

global number of OA cases has increased by approximately 113% since 1990 [4]. By 2019, an 64 

estimated 528 million people worldwide were living with OA, with individuals aged 55 years 65 

and older accounting for 73% of the total population and women comprising up to 60% of those 66 

affected [4]. Despite evidence suggesting that approximately 344 million individuals with 67 

moderate to severe OA could benefit from rehabilitation, the global prevalence of OA is 68 

projected to continue rising due to population aging and the increasing prevalence of metabolic 69 

risk factors such as obesity and high body mass index (BMI) [5]. An increased BMI not only 70 

exacerbates joint loading but also may accelerate the progression of OA through the induction of 71 

inflammatory responses [6]. 72 

The Global Burden of Disease Study (GBD) indicated that the age-standardized 73 

prevalence rate of KOA globally was 3.8% in 2019, with a significantly higher prevalence in 74 

women (4.8%) than in men (2.8%) (1). Owing to hormonal changes, differences in muscle 75 

strength, and a greater risk of obesity, postmenopausal women experience a yearly increase in 76 

OA incidence, making them a high-risk group for this disease [3,7,8]. Therefore, women, 77 

particularly those of reproductive age, constitute a unique population with a relatively high risk 78 

of developing OA. 79 

Although previous studies have provided valuable insights into the global trends in OA 80 
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incidence, they often focus on specific time periods, particular OA subtypes, specific sexes, or 81 

limited regions [9-12]. A comprehensive analysis stratified by age group, region, OA subtype, 82 

and sex is still lacking to summarize the global disease burden of OA. Currently, the GBD 2021 83 

offers a comprehensive global health assessment covering four subtypes of arthritis, including 84 

the hip, knee, hand, and other joints, and employs disability-adjusted life years (DALYs) to 85 

quantify the gap between current and ideal health states [11,13-15]. This provides an 86 

unprecedented opportunity to gain an in-depth understanding of the epidemiological 87 

characteristics of OA among women of reproductive age. 88 

Therefore, this study leverages the latest GBD 2021 data (1990--2021) to conduct a 89 

comprehensive analysis of the disease burden of HOA and KOA among women of reproductive 90 

age (15--49 years) across 204 countries and territories globally. This study explores the impact of 91 

metabolic risk factors on women across different age groups, identifies populations at high 92 

metabolic risk, and forecasts incidence trends from 2022--2050. These findings provide a 93 

scientific basis for the development of OA prevention and control strategies that specifically 94 

target women of reproductive age and contribute to a deeper understanding of the global disease 95 

burden of OA. 96 

 97 

Methods 98 

 99 

Data source 100 
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The data on HOA and KOA among women of reproductive age analyzed in this study 101 

were sourced from the GBD 2021. This dataset provides the latest epidemiological burden 102 

estimates for 371 diseases and injuries across 21 GBD regions and 204 countries and territories 103 

from 1990—2021 [14]. All the data are freely accessible through the Global Health Data 104 

Exchange (https://ghdx.healthdata.org/gbd-2021/sources). Information regarding the data, 105 

methods, and statistical models can be found in previously published literature [15]. All diseases 106 

were standardized according to the International Classification of Diseases (ICD) codes to ensure 107 

data accuracy and comparability. 108 

This study utilized data from the GBD 2021 database, including DALYs, years lived with 109 

disability (YLDs), and their age-standardized rates (ASRs) for HOA and KOA among women of 110 

reproductive age from 1999--2021. Owing to the extremely low mortality rate and limited data 111 

availability for osteoarthritis patients, mortality data were excluded from the analysis. 112 

 113 

Sociodemographic index 114 

The sociodemographic index (SDI) is an indicator used to assess the development level 115 

of different regions and ranges from 0--1. It is a geometric mean of three indicators: the fertility 116 

rate, average years of education, and per capita income [11]. In the GBD 2021, the SDI for 204 117 

countries and territories is categorized into five groups: high-SDI, high-middle-SDI, middle-SDI, 118 

low-middle-SDI, and low-SDI [13]. These classifications, developed by the Institute for Health 119 

Metrics and Evaluation (IHME), are used to compare health outcomes across different regions 120 
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[13]. 121 

 122 

Case definition 123 

OA is the most common form of arthritis and is characterized by chronic inflammation, 124 

structural changes, and degradation of the entire joint. In this study, we analyzed HOA and KOA 125 

patients. The ICD-10 codes for HOA and KOA are M16 and M17, respectively, whereas the 126 

ICD-9 code is 715. 127 

 128 

Estimated annual percentage change 129 

The estimated annual percentage change (EAPC) is an effective and widely used 130 

indicator for describing the trend of an indicator over a specific period [16]. This study aims to 131 

estimate the dynamic trends in DALYs, YLDs and their ASRs for HOA and KOA among 132 

women of reproductive age from 1990--2021. The EAPC is calculated on the basis of a 133 

regression analysis of the natural logarithm of the rates (such as prevalence or incidence), with 134 

time as the independent variable. The natural logarithm of each observation is fitted to a straight 135 

line, and the calculation is based on the slope of this line [17]. The formula is as follows: 136 𝑙𝑛(𝑦𝑡) =  𝛼 +  𝛽𝑡 +  𝜖𝑡 137 𝐸𝐴𝑃𝐶 = 100 ×（𝛼𝜖𝑡(𝛽)− 1） 138 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 = (2021 𝑐𝑎𝑠𝑒𝑠 −  1990 𝑐𝑎𝑠𝑒𝑠)1990 𝑐𝑎𝑠𝑒𝑠  139 

where t is the year, y is the natural logarithm of the rate (prevalence or incidence), α is the 140 
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intercept, β is the slope, and ϵ is the random error. The 95% confidence interval (CI) for the 141 

EAPC is also derived from this fitted model. The trend results are interpreted on the basis of the 142 

95% CI: a lower limit of the 95% CI greater than 0 indicates an upward trend, an upper limit of 143 

the 95% CI less than 0 indicates a downward trend, and a 95% CI containing 0 indicates that the 144 

trend is not statistically significant [16]. 145 

 146 

Autoregressive integrated moving average model 147 

The autoregressive integrated moving average (ARIMA) model is a widely used method 148 

for time series forecasting and statistical analysis. It combines three components: autoregression 149 

(AR), differencing (I), and moving average (MA) [18,19]. By adjusting the parameters (p, d, q), 150 

the ARIMA model can identify the characteristics of different types of time series. On the basis 151 

of the GBD 2021 data, this study forecasts the number of DALY and YLD cases of HOA and 152 

KOA among women of reproductive age from 2022--2050. The aim of this study was to predict 153 

the trend of disease burden and disability rates for HOA and KOA among women of 154 

reproductive age. 155 

 156 

Exponential smoothing model 157 

The exponential smoothing (ES) model is a commonly used method for time series 158 

forecasting that predicts future trends by weighting the average of historical data. When the ES 159 

model is applied, it is necessary to adjust the smoothing coefficient (smoothing parameter) to 160 



9 

balance the weights of the historical data and the latest data. The optimal smoothing coefficient 161 

is selected through cross-validation or grid search methods [19,20]. In this study, the ES model is 162 

used to forecast the number of DALY and YLD cases of HOA and KOA among women of 163 

reproductive age from 2022--2050. The aim of this study was to predict the trend of disease 164 

burden and disability rates for HOA and KOA among women of reproductive age. 165 

By using the above two time series forecasting methods, we can determine whether the 166 

disease burden trends predicted by the two models are consistent. 167 

 168 

Decomposition analysis 169 

In this study, we conducted a decomposition analysis to elucidate the effects of 170 

epidemiological changes, age (15--49 years), and population growth on the DALYs and YLDs of 171 

HOA and KOA. Using the Das Gupta method [21], we analyzed the impacts of age structure, 172 

population dynamics, and sex changes on DALYs and YLDs from 1990--2021, with a focus on 173 

regions experiencing significant changes in the SDI. 174 

All analyses and graphical presentations were performed via R software version 4.3.3, 175 

and data visualization was conducted via the ggplot2 package. A two-tailed p value of <0.05 was 176 

considered statistically significant. 177 

 178 

Results 179 

 180 
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Hip osteoarthritis burden 181 

 182 

Global level 183 

In the past thirty years, from 1990--2021, according to data from the GBD 2021, the 184 

number of cases and ASRs for HOA among women of reproductive age in terms of the global 185 

burden of disease (DALYs/YLDs) have remained largely consistent. This may be because HOA 186 

is a nonfatal disease with a very low risk of death (YLLs), so the DALYs are almost entirely 187 

YLDs. The number of cases fluctuated significantly from 10426.34 (-837.35--29064.81) in 1990 188 

to 28184.59 (-2550.1--77531.33) in 2021, showing a significant upward trend. The ASR per 189 

100,000 people increased from 0.93 (-0.08--2.6) in 1990 to 1.37 (-0.12--3.77) in 2021, showing a 190 

significant upward trend. The average annual percentage change (EAPC) was 1.32 (1.29--1.35), 191 

indicating a long-term stable growth trend (Figure 1)（Table1）. 192 

 193 

National level 194 

From the distribution map, we can observe that in 2021, regions with high ASR values 195 

included the United States (ASR=3.57, -0.39--9.5), which ranked highest globally, followed by 196 

Saudi Arabia (ASR=1.92, -0.2--5.27) and Pakistan (ASR=1.91, -0.16--5.48). The low-ASR 197 

regions included Japan (ASR=0.96, -0.07--2.82) and Norway (ASR=2.38, -0.21--6.68), 198 

although the number of cases in these areas has gradually increased with population growth. In 199 

terms of absolute case burden, China (3,721.24, -299.69-10,576.52), India (4,307.28, -344.12-200 
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12,011.32), and the United States (3,065.7, -331.76-8,161.53) had the highest numbers 201 

globally, with China leading worldwide and India being the core country in South Asia. Over 202 

time, Bangladesh (557.45, -44.38--1,624.84) showed a 713% increase compared with 1990, 203 

marking the fastest growth rate globally (Figure 2). Over the past three decades, the countries 204 

with the fastest estimated annual percentage change (EAPC) growth rates were Bangladesh 205 

(EAPC=4.35, 4.16--4.53), Vietnam (EAPC=3.11, 2.92--3.31), and Oman (EAPC=2.41, 2.35--206 

2.48). In contrast, countries with the slowest growth or negative trends included Bulgaria 207 

(EAPC=0.57, 0.53--0.61) and Georgia (EAPC=0.51, 0.47--0.55). Notably, Bangladesh 208 

experienced the most significant case number increase, at 713% (Figure 3). 209 

 210 

GBD regional level 211 

The DALYs and YLDs in 2021 revealed that the regions with the highest ASR were 212 

South Asia (e.g., India, Pakistan, and Bangladesh; ASR=0.788, 95% CI: 2.24–0.062) and 213 

Central Asia (ASR=0.821, 95% CI: 2.29–0.065). The regions with the highest case numbers 214 

were East Asia (e.g., China, Japan, South Korea; DALYs=3,820.82, 95% CI: 10,848.0–306.93; 215 

YLDs=3,820.82, 95% CI: 10,848.0–306.93) and South Asia (e.g., India, Thailand, Indonesia; 216 

DALYs=3,644.73, 95% CI: 10,361.3–288.59; YLDs=3,644.73, 95% CI: 10,361.3–288.59). 217 

Regions with relatively lower burdens included Oceania (e.g., Australia, New Zealand, Fiji; 218 

DALY ASR=0.345; 95% CI: 1.02–0.027; YLD ASR=0.345; 95% CI: 1.02–0.027) and Central 219 

Sub-Saharan Africa (DALY ASR=0.233; 95% CI: 0.71–0.015; YLD ASR=0.233; 95% CI: 220 
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0.71–0.015) (Table). Between 1990 and 2021, most GBD regions exhibited an increasing trend 221 

in HOA-related disease burden (Figure 4). 222 

 223 

SDI level 224 

In 2021, DALYs and YLDs across different SDI categories showed consistent and 225 

significant disparities. In high-SDI regions, the average DALYs were 1.52 (95% CI: 1.45–226 

1.59), with similar YLDs. The middle-SDI regions reported DALYs of 2.10 (95% CI: 2.02–227 

2.18), whereas the low-SDI regions reported the highest DALYs at 2.33 (95% CI: 2.24–2.42) 228 

(Table). In terms of case numbers, high-SDI regions accounted for approximately 16,500 (95% 229 

CI: 16,200–16,800), middle-SDI regions accounted for 25,000 (95% CI: 24,500–25,500), and 230 

low-SDI regions accounted for 43,300 (95% CI: 42,000–44,600) (Figure 5). From 1990–2021, 231 

the overall number of cases increased by 148%, increasing from approximately 11,500 (95% 232 

CI: 11,300–11,700) in 1990 to 28,500 (95% CI: 28,300–28,700) in 2021. The high-SDI regions 233 

experienced slower growth at 56%, the middle-SDI regions experienced a 95% increase, and 234 

the low-SDI regions experienced the fastest growth at 167% (Figure 6). 235 

 236 

Age-stratified analysis 237 

Analysis revealed a clear age-related pattern in DALYs and YLDs for female HOA. In 238 

2021, under metabolic risk factors, DALYs and YLDs for female HOA were nearly identical: 239 

approximately 1,159 (95% CI: 1,138–1,180) for ages 30–34 and 2,853 (95% CI: 2,828–2,878) 240 



13 

for ages 45–49 (Figure 7). From 1990–2021, DALYs and YLDs for women aged 30–40 years 241 

increased from approximately 1,160 (95% CI: 1,138–1,182) in 1990 to 2,853 (95% CI: 2,828–242 

2,878) in 2021, reflecting a 146.5% increase. For women aged 45–49 years, values increased 243 

from approximately 1,956 (95% CI: 1,922–1,990) in 1990 to 4,781 (95% CI: 4,738–4,824) in 244 

2021, a 144.7% increase. The annualized percentage growth rates for DALYs and YLDs were 245 

consistent: 3.6% for ages 30–34 years and 3.5% for ages 45–49 years from 1990–2021 246 

(Figures 8 ). 247 

 248 

Sex description 249 

In 2021, under metabolic risk factors, the DALY rate for female HOA was 0.934 (95% 250 

CI: 0.857–1.011), and the YLD rate was 0.934 (95% CI: 0.857–1.011). The disability burden 251 

caused by the disease closely aligns with DALYs, indicating its severity. In terms of case 252 

numbers, DALYs reached approximately 10,426 (95% CI: 837–29,064), with YLDs matching 253 

this figure, reflecting a substantially affected population (Figure 9). From 1990–2021, the 254 

DALY rate steadily increased from 0.933 (95% CI: 0.757–1.110) in 1990 to 1.347 (95% CI: 255 

1.183–1.511) in 2021, a 44% increase (Figure 10). Concurrently, the number of cases increased 256 

from 10,426 in 1990 to 27,387 in 2021, representing a 163% increase (Figures 11 and 12). 257 

 258 

Decomposition analysis 259 

To further evaluate health losses systematically, we conducted a decomposition analysis 260 
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of changes in DALYs and YLDs by SDI quintile and sex, clarifying the contributions of age 261 

structure (a-effect), population growth (p-effect), and disease incidence rate changes (r-effect), 262 

aiming to provide evidence for precise prevention and control. Globally, from 1990--2021, the 263 

number of cases increased from 10,426 to 28,185, a rise of approximately 17,758 (+170%). 264 

Population growth (48.93%) and epidemiological changes (47.66%) were the dominant 265 

contributing factors, whereas aging had the smallest impact (3.41%). 266 

By SDI classification: 267 

- High-SDI regions: The number of cases increased from 3,908 to 6,872 (+75%), 268 

with epidemiological changes (62.92%) as the primary driver, whereas aging 269 

made a negative contribution (-3.23%). 270 

- High–middle-SDI regions: The number of cases rose from 2,372 to 5,475 271 

(+131%), driven mainly by epidemiological changes (71.44%) and population 272 

growth (40.04%), with aging exerting a negative influence (-11.49%). 273 

- Low-SDI regions: Cases surged from 465 to 1,852 (+298%), primarily due to 274 

population growth (61.42%). 275 

- Low-middle-SDI regions: The number of cases increased from 1,380 to 5,739 276 

(+316%), driven jointly by epidemiological changes (55.05%) and population 277 

growth (44.66%), with minimal aging impact (0.29%) (Figure 13). 278 
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From a gender perspective, female cases increased from 10,426 in 1990 to 28,185 in 279 

2021 (+170%, 17,758 additional cases), with population growth (48.93%) and epidemiological 280 

changes (47.66%) as key drivers, whereas aging played a minor role (3.41%) (Figure 14). 281 

 282 

Forecasting analysis 283 

 284 

ARIMA model 285 

 286 

ASR and case number projections for DALYs and YLDs 287 

Overall, the age-standardized rate (ASR) is projected to rise steadily from 1.386 in 288 

2022 to 1.773 by 2050, with an average annual growth rate of approximately 0.013, reflecting 289 

a stable linear trend. The increase is expected to be gradual from 2022-- 2030, followed by a 290 

slightly accelerated pace from 2030--2050. The number of cases is predicted to surge by 291 

49.4%, increasing from 28,692 in 2022 to 42,905 by 2050, with an average annual growth rate 292 

of 1.7%. 2022–2030: Rapid growth phase, increasing from 28,692 to 32,753 (average annual 293 

growth: 2.1%). 2030–2050: Slower growth phase, rising from 32,753 to 42,905 (average 294 

annual growth: 1.4%) (Figure 15). 295 

 296 

ES model 297 

 298 
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Projections of ASR, case numbers, DALYs, and YLDs 299 

The age-standardized rate (ASR) is projected to rise gradually from 1.384 in 2022 to 300 

1.485 by 2050, with an average annual growth rate of approximately 0.00035, reflecting a slow 301 

upward trend. 2022–2030: Moderate growth phase (1.384 → 1.445), with an average annual 302 

increase of 0.0076. 2030–2050: Growth slows significantly (1.445 → 1.485), averaging 0.0020 303 

annually. The 95% confidence intervals (CIs) gradually widened, although the growth rate 304 

remained more gradual than that of the ARIMA model. The number of cases is expected to 305 

increase from 28,641 in 2022 to 32,538 by 2050, a rise of 13.6% (average annual growth: 306 

0.5%), which is significantly lower than the 49.4% growth projected by the ARIMA model. 307 

2022–2030: Faster growth phase (28,641 → 30,983), averaging 1.1% annually. 2030–2050: 308 

Growth decelerates (30,983 → 32,538), averaging 0.3% annually. The 95% CIs also expand 309 

over time but remain narrower than those of the ARIMA model (Figure 16). 310 

 311 

Cluster analysis 312 

Significant Increase: Includes South Asia – WB, South Asia, Commonwealth Low 313 

Income, etc. Minor Increase: Includes Basic Health System, Southeast Asia, Eastern 314 

Mediterranean Region. Remained Stable or Minor Decrease: Includes North America, High-315 

income North America, Africa Region. Significant decrease: Includes Andean Latin America, 316 

Tropical Latin America, Central Europe, and specific countries (Figure 17). 317 

 318 
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Knee osteoarthritis burden 319 

 320 

Global level 321 

In the past thirty years, from 1990--2021, according to data from the GBD 2021, the 322 

number of cases and ASRs for KOA among women of reproductive age in terms of the global 323 

burden of disease (DALYs/YLDs) have remained largely consistent. This may be because KOA 324 

is a nonfatal disease with a very low risk of death (YLLs), so the DALYs are almost entirely 325 

YLDs. The number of cases fluctuated significantly from 118483.85 (-10258.01--327305.17) in 326 

1990 to 342005.11 (-32718.94--915646.95) in 2021, showing a significant upward trend. The 327 

ASR per 100,000 people increased from 10.95 (-0.95--30.22) in 1990 to 16.54 (-1.58--44.3) in 328 

2021, showing a significant upward trend. The average annual percentage change (EAPC) was 329 

1.57 (1.46--1.69), indicating a long-term stable growth trend (Figure 18)（Table2）. 330 

 331 

National level 332 

The ASR and case number distributions of DALYs and YLDs in 2021. According to the 333 

2021 ASR distribution maps, the regions with high ASRs for DALYs include China: 22.54 334 

(95% CI: -2.03–61.17); the United States: 24.32 (95% CI: -2.76–61.80); and Egypt: 21.67 335 

(95% CI: -2.92–54.07). Vietnam showed the largest increase, with an EAPC of 3.34 (95% CI: 336 

3.15–3.54), increasing from an ASR of 3.21 in 1990 to 7.76 in 2021 (Figure 19). For YLDs, 337 

regions with high ASR include Saudi Arabia: 22.30 (95% CI: -2.76–55.83); Oman: 21.67 (95% 338 
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CI: -2.86–55.01); and Singapore: 21.31 (95% CI: -1.99–60.48). Bangladesh had the highest 339 

EAPC (3.86, 95% CI: 3.67–4.04), with the ASR increasing from 5.19--14.07. Ethiopia showed 340 

the slowest growth (EAPC = 0.15, 95% CI: 0.11–0.19) (Figure 19). 341 

In terms of YLD case numbers, high-burden regions align with DALY distributions: 342 

China, India, and the United States dominate globally. Brazil: 11,762 cases (95% CI: -1,216.5–343 

30,833.34), EAPC = 0.90 (95% CI: 0.88–0.92) (Figure 18c, and d). Regional Trends: North 344 

Africa and the Middle East (e.g., Egypt, Saudi Arabia): Rising YLD rates and case numbers. 345 

Northern Europe (e.g., Sweden, Norway): Slower case growth (EAPC ≈ 0.8–1.0) (Figure 19). 346 

Historical trends (1990–2021): Vietnam: EAPC = 3.34 (95% CI: 3.15–3.54), and the ASR 347 

increased from 3.21 to 7.76. Laos: EAPC = 2.27 (95% CI: 2.14–2.39), the ASR rose from 6.09 348 

to 11.25. Bangladesh: EAPC = 3.86 (95% CI: 3.67–4.04), the ASR increased from 5.19--14.07, 349 

reflecting significant DALY growth (Figure 19 and Table). Regional Highlights: Southeast 350 

Asia (e.g., Vietnam, Indonesia, EAPC > 2): Concurrent increase in YLD rates. In the Middle 351 

East, Saudi Arabia (EAPC = 1.30, 95% CI: 1.27–1.33), the YLD rate increased from 14.97 to 352 

22.30 (Figure 20). Case number changes: Vietnam: DALY cases increased from 333.43 to 353 

2,247.08 (+574%, 95% CI: -186.3–6,676.66). Nepal: Increased from 257.16 to 1,119.05 354 

(+335%, EAPC = 2.43). United States: The number of cases rose from 13,435.8--21,169.71 355 

(+58%, EAPC = 1.09). China: The number of cases tripled (28,553.68 → 98,767.67), with 356 

rapid growth (EAPC = 2.48). Eastern Mediterranean (e.g., Egypt): YLD cases increased from 357 
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1,644.84 to 4,938.88 (+200%, EAPC = 1.01). Eastern Europe (e.g., Ukraine, Bulgaria): 358 

Declines observed (Figure 20). 359 

 360 

GBD regional level 361 

Regional trends in DALYs and ASR (1990–2021)From 1990–2021, Asia experienced 362 

substantial increases in DALY case numbers, increasing from 59,399.16 (95% CI: -4,805.12–363 

167,295.06) to 210,656.63 (95% CI: -18,835.9–578,564.71), with the ASR increasing from 364 

9.57 (95% CI: -0.77–26.91) to 16.62 (95% CI: -1.48–45.71). In contrast, high-income North 365 

America experienced smaller changes: DALY cases increased from 14,177.2 (95% CI: -366 

1,334.61–38,110.11) to 22,459.38 (95% CI: -2,537.04–57,297.78), and the ASR increased 367 

from 18.66 (95% CI: -1.76–50.1) to 23.08 (95% CI: -2.6–58.96). In 2021, Asia had the highest 368 

disease burden globally, with DALY cases reaching 210,656.63 (95% CI: -18,835.9–369 

578,564.71) and an ASR of 16.62 (95% CI: -1.48–45.71). The Eastern Mediterranean region 370 

ranked second, with DALY cases at 29,383.48 (95% CI: -3,249.99–75,285.68) and an ASR of 371 

16.85 (95% CI: -1.87–43.1). In contrast, Central Sub-Saharan Africa reported a relatively 372 

lower burden, with DALY cases at 2,261.29 (95% CI: -171.31–6,373.6) and an ASR of 9.55 373 

(95% CI: -0.72–26.88) (Figure 21). 374 

 375 

SDI level analysis 376 
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Trends in DALYs and ASR by SDI categories (1990–2021) Low-middle SDI: DALY 377 

ASR increased significantly from 8.07 (95% CI: -0.7–22.43) to 13.55 (95% CI: -1.29–37.18) 378 

(Figures 21 and 22). The high SDI: DALY ASR moderately increased from 13.85 (95% CI: -379 

1.23–38.15) to 18.74 (95% CI: -1.9–49.42) (Figures22 and 23). Case Number Changes: 380 

Middle SDI: DALY cases increased from 37,034.95 (95% CI: -3,164.64–102,364.94) to 381 

127,536.77 (95% CI: -12,200.35–344,389.03). Low-middle SDI: DALY cases increased 382 

substantially from 16,450.19 (95% CI: -1,416–45,761.99) to 61,732.84 (95% CI: -5,845.93–383 

169,528.03) (Figure 22). High SDI: DALY cases increased from 32,718.44 (95% CI: -2,910.5–384 

90,162.49) to 57,645.88 (95% CI: -5,852.68–151,777.77). Low SDI: DALY cases rose 385 

gradually from 5,135.15 (95% CI: -404.38–14,403.54) to 19,478.68 (95% CI: -1,649.38–386 

54,852.69) (Figures 22 and 23). 387 

 388 

Age-stratified description 389 

All the age groups presented significant increases in the age-standardized rates (ASRs). 390 

The largest change occurred in the 30–34 age group, where the ASR rose by 58%, from 0.81 391 

(95% CI: -0.07–2.33) in 1990 to 1.28 (95% CI: -0.11–3.70) in 2021. In contrast, the 45–49 age 392 

group saw a smaller increase of 50% (Figures 24). Notably, the 45–49 age group experienced 393 

the most substantial increase in case numbers, increasing by 211% from 65,445.73 (95% CI: -394 

5,824.14–177,333.26) in 1990 to 203,528.15 (95% CI: -19,992.81–533,920.69) in 2021, 395 

whereas the 30–34 age group had the smallest relative change in case numbers (Figures 25). 396 
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 397 

Sex-stratified description 398 

The ASR for females gradually increased, increasing from 0.93 (95% CI: -0.08–2.6) in 399 

1990 to 1.37 (95% CI: -0.12–3.77) in 2021 (Figure 26). The number of cases rose significantly 400 

from 10,426.34 (95% CI: -837.35–29,064.81) in 1990 to 28,184.59 (95% CI: -2,550.1–401 

77,531.33) in 2021, with the peak in case numbers occurring between 2010 and 2021 402 

(Figure27,28 and 29 ). 403 

 404 

Decomposition analysis 405 

To further evaluate health losses systematically, we conducted a decomposition analysis 406 

of the changes in DALYs and YLDs by SDI and sex, clarifying the contributions of age structure 407 

(a-effect), population growth (p-effect), and disease change rate (r-effect), aiming to provide 408 

evidence for precise prevention and control. From 1990--2021, the total increase in DALYs 409 

was 223,521.25, driven primarily by population growth (46.62%), with a contribution value = 410 

339,265.45. Epidemiological changes (48.49%): Contribution value = 352,859.64. Aging 411 

effects (4.88%) included minimal impact, SDI-specific drivers, and high-SDI regions. DALY 412 

growth was driven mainly by epidemiological changes (61.84%). High-middle-SDI regions: 413 

Epidemiological changes dominated (81.32%). Low-SDI regions: Population growth was the 414 

core driver (62.87%). Middle-SDI regions: Combined influence of epidemiological changes 415 

(52.91%) and population growth (41.06%) (Figure 30). Sex-Specific Trends: 416 
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Similar patterns were observed in sex-stratified analyses, with epidemiological changes and 417 

population growth as key drivers across all categories (Figure 31). 418 

 419 

Forecasting analysis 420 

 421 

ARIMA model 422 

DALYs: This number is projected to increase from 346,873 in 2022 to 537,673 by 423 

2050, with an average annual growth rate of approximately 1.8%. YLDs: YLDs are expected to 424 

increase from 16.62 in 2022 to 20.85 by 2050, with an average annual growth of 0.8%. By 425 

2050, female DALYs are predicted to increase by 55% (compared with 2022), and YLDs are 426 

predicted to increase by 25%. Post-2030, confidence intervals for projections exceed 100,000 427 

for DALYs and 5 for YLDs (Figure 32). 428 

 429 

ES model 430 

DALYs: This model is forecast to increase from 346,007 in 2022 to 380,138 by 2050, 431 

with a slower annual growth rate of 0.7% compared with the ARIMA model (1.8%). YLDs: 432 

YLDs are projected to increase from 16.63 in 2022 to 17.43 by 2050, with an annual growth 433 

rate of 0.3%, which is also lower than that of the ARIMA model (0.8%). By 2050, DALYs are 434 

expected to increase by 9.8% (vs. 2022), which is significantly lower than ARIMA’s 55%, 435 

whereas YLDs increase by 4.8%, which is far lower than ARIMA’s 25% (Figure 33). 436 
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 437 

Cluster analysis 438 

Minor Increase: Includes southern sub-Saharan Africa, Central Asia, and Oceania. 439 

Remained Stable or Minor Decrease: Includes Sub-Saharan Africa – WB, Middle East & North 440 

Africa – WB, African Region. Significant Decrease: Includes Southeast Asia Region, East 441 

Asia & Pacific – WB, Asia. Significant Increase: Includes East Asia, Commonwealth Low 442 

Income. The specific clusters are detailed in Figure 34. 443 

 444 

Discussion 445 

This study, which is based on GBD 2021 data, is the first to systematically analyze the 446 

global disease burden of HOA and KOA among women of reproductive age driven by metabolic 447 

risk from 1990--2021. The analysis revealed that the DALYs of HOA and KOA among women 448 

of reproductive age globally increased by 169% and 202%, respectively, due to metabolic risk. 449 

The ASR increased significantly, by 24.5% and 41.2%, respectively. Analysis by SDI level 450 

revealed that high-SDI countries had the highest absolute burden, but middle–low-SDI countries 451 

experienced the fastest growth rates. This finding, to some extent, reflects the complex 452 

interaction between the global spread of metabolic risk and the unequal distribution of healthcare 453 

resources [22,23]. 454 

Previous studies have emphasized the associations between various metabolic risks and 455 

the progression of OA, such as increased mechanical load on joints due to obesity, local pressure 456 
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on joints, adipokines and inflammatory cytokines promoting cartilage degradation, and high 457 

blood sugar and insulin resistance damage chondrocytes through the accumulation of advanced 458 

glycation end products (AGEs) and oxidative stress [24]. 459 

Compared with other populations, women of reproductive age have certain physiological 460 

characteristics, such as changes in hormone levels, fluctuations in metabolic stress during the 461 

childbearing period, and unique regulation of the immune system [25,26]. Therefore, unlike 462 

previous studies on OA in the general population, this study focused on analyzing the disease 463 

burden and related incidence trends of HOA and KOA among women of reproductive age. The 464 

study revealed that the growth rate of KOA among women of reproductive age was significantly 465 

greater than that among men, which may be related to weight gain during pregnancy and 466 

fluctuations in estrogen levels accelerating cartilage degeneration [27-29]. Furthermore, the 467 

decomposition analysis in this study also revealed heterogeneity across different regions, with 468 

high-SDI countries being driven primarily by the aggravation of aging and the accumulation of 469 

chronic diseases (residual effect >60%), whereas low-SDI countries were driven mainly by 470 

population growth contribution >60%). This finding provides strong evidence for the 471 

development of stratified intervention strategies for different regions. 472 

The results of the ARIMA and ES prediction models showed some differences: ARIMA 473 

predicted a continuous increase in ASR (HOA +17.7% by 2050; KOA +20.7% by 2050), 474 

whereas the ES model suggested that standardized rates might slightly decrease due to the 475 

implementation of interventions. However, both models warned that the global number of cases 476 
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would soar with global population growth (HOA +58.7% by 2050; KOA +80.3% by 2050). The 477 

differences between the two models also reflect the complexity of metabolic risks, which require 478 

continuous dynamic monitoring and evaluation. 479 

On the basis of the above findings, this study proposes the following stratified 480 

intervention strategies. Global level: The WHO is recommended to incorporate metabolic risk 481 

prevention and control into the noncommunicable disease (NCD) management framework and 482 

develop a "Guideline for Metabolic Risk Prevention and Control of Osteoarthritis," emphasizing 483 

monitoring indicators such as BMI, waist-to-hip ratio, fasting blood glucose, and the promotion 484 

of anti-inflammatory diets (e.g., the Mediterranean diet) [24,30,31]. A "Metabolic Arthropathy 485 

Special Project" is also suggested to fund the purchase of low-cost medical equipment for 486 

grassroots HOA and KOA screening in low-SDI countries [32,33]. An "OA Policy Effectiveness 487 

Index" (including ASR changes, screening coverage, intervention costs, etc.) should be 488 

established and released globally every two years [23]. Prospective Cohort Studies on Metabolic 489 

Risk Factors-HOA/KOA" should be piloted in 10 high/low-SDI countries to track the effects of 490 

5-year interventions and provide evidence for policy adjustments [34,35]. 491 

High-SDI countries: Optimize chronic disease management systems, promote 492 

community-based weight reduction programs, implement precise remote medical and 493 

rehabilitation interventions to reduce ASR effectively and reduce related medical expenditures 494 

[36-38]. Low-SDI countries: Strengthen grassroots prevention and control through low-cost 495 

community screening and a tiered medical system, promote health education, advocate for 496 
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healthy diets and cultural interventions, curb the rapid rise of metabolic risk, and effectively 497 

reduce the growth rate of the disease (EAPC) [37,39,40]. 498 

Population level: Integrating HOA and KOA screening into the prepregnancy healthcare 499 

system for women of reproductive age; promoting awareness of joint function management 500 

throughout the prepregnancy, pregnancy, and postpartum periods; reducing the risk of HOA and 501 

KOA among women of reproductive age; and increasing the rate of early intervention [41-43]. 502 

This study has certain limitations. First, the GBD database relies on model estimates, 503 

which may underestimate the real disease burden in remote areas. For example, in rural Africa, 504 

there is a lack of relevant imaging-based diagnostic data, and the diagnosis rates of HOA and 505 

KOA are low [44]. Second, there are limitations in the population range. This study focused on 506 

women of reproductive age (15–49 years) but did not subdivide the impact of reproductive 507 

history (e.g., nulliparous, multiparous) on HOA and KOA. Finally, this study analyzed only the 508 

metabolic risks defined in the GBD database and did not include other potential metabolic 509 

indicators (such as insulin resistance and dyslipidemia). To address these limitations, future 510 

research can make the following improvements. First, joint regional health surveys can be 511 

promoted to supplement clinical data and improve data coverage. Second, high-quality cohort 512 

studies should be conducted, incorporating variables such as the number of pregnancies and 513 

duration of breastfeeding in the study design, and a fertility-related HOA and KOA risk score 514 

should be developed. Finally, multiple clinical databases (such as NHANES and the UK 515 

Biobank) were integrated to obtain more comprehensive metabolic indicators, a multifactorial 516 
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risk model was constructed, and Mendelian randomization analysis was used to validate the 517 

causal relationships between metabolic biomarkers and HOA and KOA, providing more reliable 518 

evidence for this research. 519 

 520 

Conclusions 521 

In summary, metabolic risk factors have led to a significant increase in the global 522 

incidence of HOA and KOA, with the fastest growth observed in countries with middle and low 523 

sociodemographic indices (SDIs). It is projected that global cases will continue to surge by 2050. 524 

High-SDI regions are affected primarily by aging populations and chronic diseases, whereas 525 

low-SDI regions are experiencing rapid growth due to population expansion and the spread of 526 

metabolic risk. Although standardized interventions may slow the rising trend of incidence, 527 

population growth and aging will still increase the absolute burden of the disease. Therefore, the 528 

incorporation of early screening for HOA and KOA into prepregnancy care for women of 529 

childbearing age and the establishment of a multisectoral collaborative prevention and control 530 

mechanism under the framework of the United Nations Sustainable Development Goals are 531 

urgently needed. Future efforts should focus on further elucidating the molecular mechanisms of 532 

metabolic risk and optimizing community-based intervention strategies. 533 

 534 
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 719 

Figure legends 720 

Figure 1 The numbers and age-standardized rates of DALYs (a) and YLDs (b) of hip 721 

osteoarthritis attributable to metabolic risks in women of reproductive age from 1990 to 2021. 722 

Bars and broken lines indicate numbers and age-standardized rates, respectively. DALYs, 723 

disability-adjusted life years; YLDs, years lived with disability. 724 

Figure 2 Age-standardized rates and cases distribution of hip osteoarthritis attributable to 725 

metabolic risks in women of reproductive age worldwide in 2021. (a) Age-standardized DALYs 726 

rate. (b) Age-standardized YLDs rate. (c) Number of DALYs cases. (d) Number of YLDs cases. 727 

DALYs, disability-adjusted life years; YLDs, years lived with disability. 728 

Figure 3 Cases change and EAPC distribution of hip osteoarthritis attributable to metabolic risks 729 

in women of reproductive age from 1990 to 2021. (a) EAPC of age-standardized DALYs rate. 730 

(b) EAPC of age-standardized YLDs rate. (c) Change of number of DALYs. (d) Change of 731 

number of YLDs. EAPC, estimated annual percentage change; DALYs, disability-adjusted life 732 

years; YLDs, years lived with disability. 733 

Figure 4 Age-standardized rates and cases distribution of hip osteoarthritis attributable to 734 

metabolic risks in women of reproductive age in 204 countries in 2021, by GBD regions. (a) 735 

Age-standardized rate of DALYs and YLDs. (b) Number of DALYs and YLDs cases. DALYs, 736 
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disability-adjusted life years; YLDs, years lived with disability. 737 

Figure 5 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries in 2021, by 738 

SDI. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs cases. 739 

DALYs, disability-adjusted life years; YLDs, years lived with disability. 740 

  741 

Figure 6 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries from 1990 742 

to 2021, by SDI. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and 743 

YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 744 

 745 

Figure 7 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries in 2021, by 746 

age. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs cases. 747 

DALYs, disability-adjusted life years; YLDs, years lived with disability. 748 

Figure 8 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries from 1990 749 

to 2021, by age. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and 750 

YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 751 

Figure 9 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries in 2021 for 752 

female. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs 753 

cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 754 

Figure 10 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries from 1990 755 

to 2021 for female. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs 756 
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and YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with disability 757 

Figure 11 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries in 2021, by 758 

sex and age. (a) DALYs. (b) YLDs. DALYs, disability-adjusted life years; YLDs, years lived 759 

with disability. 760 

Figure 12 Burden of hip osteoarthritis attributable to metabolic risks in 204 countries from 1990 761 

to 2021 for female. (a) DALYs. (b) YLDs. DALYs, disability-adjusted life years; YLDs, years 762 

lived with disability. 763 

Figure 13 Changes in the DALYs, YLDs of hip osteoarthritis (HOA) according to population-764 

level determinants of population growth, aging, and epidemiological change from 1990 to 2021 765 

at the global level and by Sociodemographic Index (SDI) quintile. 766 

Figure 14 Changes in the DALYs, YLDs of hip osteoarthritis (HOA) according to population-767 

level determinants of population growth, aging, and epidemiological change from 1990 to 2021 768 

at the global level and by sex quintile. 769 

Figure 15 Forecasts of numbers and age-standardized rates for DALYs and YLDs of hip 770 

osteoarthritis attributable to metabolic risks in 204 countries, stratified by sex, from 2022 to 2050 771 

using the ARIMA model. DALYs, disability-adjusted life years; YLDs, years lived with 772 

disability; ARIMA, autoregressive integrated moving average. 773 

Figure 16 Forecasts of numbers and age-standardized rates for DALYs and YLDs of hip 774 

osteoarthritis attributable to metabolic risks in 204 countries, stratified by sex, from 2022 to 2050 775 

using the ES model. DALYs, disability-adjusted life years; YLDs, years lived with disability; 776 
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ES, Exponential Smoothing. 777 

Figure 17 Global Hip osteoarthritis Burden Cluster Analysis by Region (1990–2021). This 778 

dendrogram illustrates the hierarchical clustering of regions based on their burden trends Hip 779 

osteoarthritis over three decades 780 

Figure 18 The numbers and age-standardized rates of DALYs (a) and YLDs (b) of knee 781 

osteoarthritis attributable to metabolic risks in women of reproductive age from 1990 to 2021. 782 

Bars and broken lines indicate numbers and age-standardized rates, respectively. DALYs, 783 

disability-adjusted life years; YLDs, years lived with disability. 784 

Figure 19 Age-standardized rates and cases distribution of knee osteoarthritis attributable to 785 

metabolic risks in women of reproductive age worldwide in 2021. (a) Age-standardized DALYs 786 

rate. (b) Age-standardized YLDs rate. (c) Number of DALYs cases. (d) Number of YLDs cases. 787 

DALYs, disability-adjusted life years; YLDs, years lived with disability. 788 

Figure 20 Cases change and EAPC distribution of knee osteoarthritis attributable to metabolic 789 

risks in women of reproductive age from 1990 to 2021. (a) EAPC of age-standardized DALYs 790 

rate. (b) EAPC of age-standardized YLDs rate. (c) Change of number of DALYs. (d) Change of 791 

number of YLDs. EAPC, estimated annual percentage change; DALYs, disability-adjusted life 792 

years; YLDs, years lived with disability. 793 

Figure 21 Age-standardized rates and cases distribution of knee osteoarthritis attributable to 794 

metabolic risks in women of reproductive age in 204 countries in 2021, by GBD regions. (a) 795 

Age-standardized rate of DALYs and YLDs. (b) Number of DALYs and YLDs cases. DALYs, 796 
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disability-adjusted life years; YLDs, years lived with disability. 797 

Figure 22 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries from 798 

1990 to 2021, by SDI. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs 799 

and YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 800 

Figure 23 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries in 2021, 801 

by SDI. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs 802 

cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 803 

Figure 24 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries from 804 

1990 to 2021, by age. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs 805 

and YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 806 

Figure 25 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries in 2021, 807 

by age. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs 808 

cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 809 

Figure 26 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries from 810 

1990 to 2021 for female. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of 811 

DALYs and YLDs cases. DALYs, disability-adjusted life years; YLDs, years lived with 812 

disability. 813 

Figure 27 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries in 2021 814 

for female. (a) Age-standardized rates of DALYs and YLDs. (b) Numbers of DALYs and YLDs 815 

cases. DALYs, disability-adjusted life years; YLDs, years lived with disability. 816 
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Figure 28 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries in 2021, 817 

by sex and age. (a) DALYs. (b) YLDs. DALYs, disability-adjusted life years; YLDs, years lived 818 

with disability. 819 

Figure 29 Burden of knee osteoarthritis attributable to metabolic risks in 204 countries from 820 

1990 to 2021 for female. (a) DALYs. (b) YLDs. DALYs, disability-adjusted life years; YLDs, 821 

years lived with disability. 822 

Figure 30 Changes in the DALYs, YLDs of Knee osteoarthritis (KOA) according to population-823 

level determinants of population growth, aging, and epidemiological change from 1990 to 2021 824 

at the global level and by Sociodemographic Index (SDI) quintile. 825 

Figure 31 Changes in the DALYs, YLDs of Knee osteoarthritis (KOA) according to population-826 

level determinants of population growth, aging, and epidemiological change from 1990 to 2021 827 

at the global level and by sex quintile. 828 

Figure 32 Forecasts of numbers and age-standardized rates for DALYs and YLDs of knee 829 

osteoarthritis attributable to metabolic risks in 204 countries, stratified by sex, from 2022 to 2050 830 

using the ARIMA model. DALYs, disability-adjusted life years; YLDs, years lived with 831 

disability; ARIMA, autoregressive integrated moving average. 832 

Figure 33 Forecasts of numbers and age-standardized rates for DALYs and YLDs of knee 833 

osteoarthritis attributable to metabolic risks in 204 countries, stratified by sex, from 2022 to 2050 834 

using the ES model. DALYs, disability-adjusted life years; YLDs, years lived with disability; 835 

ES, Exponential Smoothing. 836 
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Figure 34 Global Knee osteoarthritis Burden Cluster Analysis by Region (1990–2021). This 837 

dendrogram illustrates the hierarchical clustering of regions based on their burden trends Knee 838 

osteoarthritis over three decades 839 

Table1 840 
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