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Geotemporal disparities in hip fractures burden among individuals aged ≥55 years (1990–2021) with projections to 2050
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Background: Hip fractures (HFs) are common among older adults and represent a major cause of long-term functional impairment. The lack of up-to-date epidemiological data hinders the development of effective public health policies. This study investigates trends in HFs among individuals aged ≥55 years (HFs (≥55 years)), providing essential evidence to inform future prevention strategies.

Methods: Using Global Burden of Disease Study 2021 data, we analyzed the age-standardized incidence rate (ASIR), prevalence rate (ASPR), and years lived with disability (YLDs) rate (ASYR), along with their trends, driving factors, age-sex-time patterns, health outcomes efficiency, and projections up to 2050.

Results: In 2021, the global ASIR, ASPR, and ASYR of HFs (≥55 years) were 1,027.46 (95% UI: 719.73–1416.07), 2,037.39 (95% UI: 1,670.75–2475.71) per 100,000, and 185.49 (95% UI: 125.69–259.43) per 100,000 person-years, respectively. From 1990 to 2021, global ASIR and ASPR showed an overall upward trend, whereas ASYR declined (ASIR: AAPC = 0.20, 95% CI: 0.12–0.28; ASPR: AAPC = 0.31, 95% CI: 0.27–0.36; ASYR: AAPC = −0.43, 95% CI: −0.50 – −0.36). These trends are expected to persist by 2050, with ASIR reaching 1,102.66 (95% CI: 101.40–2,142.83), ASPR 2,052.14 (95% CI: 141.30–4,112.55) per 100,000, and ASYR declining to 174.43 (95% CI: 0–365.91) per 100,000 person-years. Significant disparities existed across 204 countries and territories. High SDI region bore a greater burden, though their growth rate had slowed, whereas Low SDI region showed a gradual increase from a lower baseline. Health inequalities were more pronounced in High SDI region, which also had the greatest potential for burden reduction. Population growth and aging were the primary drivers of these trends, with falls remaining the predominant cause. Notably, the burden increased more markedly among males.

Conclusion: The global burden of HFs (≥55 years) is rising, underscoring the need to account for the complex distribution across populations and regions. Effective, targeted prevention and treatment strategies are essential to mitigating the disease burden and improving patient outcomes.
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1 Introduction

Hip fractures (HFs) are common, high-impact orthopedic injuries that occur predominantly in older adults (1, 2). Beyond the fracture itself, HFs are frequently complicated by deep vein thrombosis, pressure ulcers, and cognitive decline that accelerate functional dependence and reduced quality of life (3, 4). Surgical treatment, rehabilitation, and disability-linked productivity losses impose substantial direct and indirect costs on patients, caregivers, and health systems (5, 6). With accelerating global population growth and aging, the burden of HFs is expected to become a serious challenge (7, 8).

Although previous studies have explored the epidemiological characteristics of HFs, most relied on data collected up to 2019 and were limited in geographic scope (9, 10). In the Global Burden of Disease 2021 (GBD 2021) study, not all HFs are classified as osteoporotic fractures. Nevertheless, prior literature and clinical guidelines commonly use HFs among individuals aged ≥55 years (HFs (≥55 years)) as a surrogate indicator for estimating the burden of osteoporosis and osteoporosis-related fractures (9, 11, 12). To specifically evaluate the burden of HFs among older adults, we utilized GBD 2021 data to systematically assess temporal trends and key determinants of HFs (≥55 years) across regions and populations. These findings aimed to provide evidence to optimize public health resource allocation and inform targeted health intervention policies.



2 Methods


2.1 Data source

The GBD 2021 provides estimates for 371 diseases and injuries, as well as 87 risk factors, across 204 countries and territories from 1990 to 2021 (13). We obtained data on the incidence, prevalence, and years lived with disability (YLDs) associated with HFs at the global, regional, and national levels from the GBD database for the period 1990–2021. All data used in this study are publicly available and can be accessed via the following URL: http://ghdx.healthdata.org/gbd-results-tool. This study was approved by the Ethics Committee for Human Studies of the Second Xiangya Hospital, Central South University (2023JJ40833).



2.2 Statistical analysis

The incidence, prevalence, and YLDs estimates for HFs (≥55 years) were presented as absolute numbers and age-standardized rates (ASR) per 100,000 population, along with their 95% uncertainty intervals (UIs), and were stratified by age group, sex, five sociodemographic index (SDI) regions, and 21 GBD regions. HFs (≥55 years) were categorized into 9 age groups: 55–59, 60–64, 65–69, 70–74, 75–79, 80–84, 85–89, 90–94, and 95 years and older. The ASR for each age group were computed using global age-standardized population data sourced from the GBD database. The formula for calculating the ASR of HFs (≥55 years) is as follows:
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Where:



r
i

 represents the age-specific rate for the i-th age group, where the age-specific rate is defined as the number of events in the age group divided by the population in that group. 

p
i

 denotes the population size (or weight) for the corresponding age group in the GBD standard population, and n is the total number of age groups.

The SDI is a composite measure that integrates education, economic, and fertility levels, classified into five levels based on SDI quintiles: Low, Low-middle, Middle, High-middle, and High. It ranges from 0 (lowest) to 1 (highest) (14). Pearson correlation was used to assess the linear relationship between SDI and the burden of HFs (≥55 years), and Local Weighted Regression was applied to explore potential non-linear associations.



2.3 Joinpoint regression analysis

A log-linear model was used to analyze temporal trends in the age-standardized incidence rate (ASIR), prevalence rate (ASPR), and years lived with disability rate (ASYR) for HFs (≥55 years). The key outcomes included trend turning points (joint points), annual percentage change (APC), and average annual percentage change (AAPC), with 95% confidence intervals (CIs). APC reflects the yearly change in disease burden, while AAPC represents the average change over the entire study period (1990–2021) (15, 16).



2.4 Age-period-cohort model

We employed the Age-Period-Cohort model to analyze the disease burden over different time spans, focusing on age, period, and birth cohort effects. The Age-Period-Cohort model is expressed by the following formula: Yi,j,k = αi + βj + γk + ϵijk.

Where 𝑌𝑖,𝑗,𝑘 represents the observed value for the 𝑖-th age group, the 𝑗-th period, and the 𝑘-th birth cohort. 𝛼𝑖 represents the age effect. 𝛽𝑗 is the period effect. 𝛾𝑘 is the birth cohort effect. 𝜖𝑖𝑗𝑘 is the error term, accounting for unexplained random fluctuations in the data. This methodology provides a comprehensive understanding of disease dynamics from demographic, sociological, and epidemiological perspectives (17).



2.5 Decomposition analysis

In our study, decomposition analysis was conducted to identify the main factors driving changes in the burden of HFs (≥55 years) from 1990 to 2021. It quantified the contributions of aging, population, and epidemiological changes. Epidemiological changes reflect changes in disease management, medical interventions, and overall health status. The black dots represent the total change values attributed to the three components, and the contribution of each factor to the overall burden change is illustrated using color-coded bar charts. Positive values indicate that the factor contributed to an increase in the disease burden, while negative values denote a corresponding reduction (18).



2.6 Predictive analysis

In the predictive analysis, we employed the Bayesian age-period-cohort (BAPC) model to examine the age, period, and cohort effects in the disease burden of HFs (≥55 years). This model was also used to forecast future health burdens. The BAPC model utilizes Bayesian inference by incorporating prior distributions to model the data; as new data are incorporated, the model iteratively updates the posterior distribution, progressively enhancing the accuracy of its predictions (19).



2.7 Health inequality analysis

The main purpose of health inequality analysis is to assess and quantify health disparities among different socioeconomic groups. Slope index and concentration index are used to assess the relationship between health inequality and SDI. The slope index measures the difference in health burden between the poorest and wealthiest groups, with a higher value indicating greater inequality. The concentration index reflects the distribution of disease burden across socioeconomic groups (16).



2.8 Frontier analysis

Frontier analysis was employed to evaluate healthcare efficiency and optimize the allocation of resources. In this part, we used Data Envelopment Analysis, enhanced with bootstrap resampling techniques, to reduce data bias and improve the robustness of the results. We constructed a nonlinear frontier, representing the “optimal boundary” defined by the minimum achievable burden across different SDI countries and territories. Countries and territories positioned on the frontier indicate that they have successfully minimized the disease burden with the same level of resource input. Frontier analysis facilitates the evaluation and comparison of health output efficiency across different countries and territories under identical resource constraints (20).



2.9 Statistics

All statistical analyses and data visualizations were conducted using R programming (version 4.4.1). In the trend analysis, p < 0.05 was considered statistically significant. For descriptive statistics, results are presented as means with 95% UI or 95% CI.




3 Results


3.1 Global burden of HFs (≥55 years)

In 2021, the global ASIR and ASPR of HFs (≥55 years) reached 1,027.46 (95% UI: 719.73–1,416.07) and 2,037.39 (95% UI: 1,670.75–2,475.71) per 100,000, respectively, reflecting notable increases from 1990 levels. By contrast, the ASYR declined slightly, from 212.08 (95% UI: 144.85–293.83) in 1990 to 185.49 (95% UI: 125.69–259.43) per 100,000 person-years in 2021 (Figure 1A; Supplementary Table S1). The absolute burden also rose substantially, with females consistently bearing a significantly higher burden than males throughout 1990–2021 (Supplementary Table S2; Supplementary Figure S1A). Overall, the burden of HFs (≥55 years) has increased over the past 32 years; however, encouragingly, the associated disability burden has shown signs of improvement (Figures 1B–D).
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FIGURE 1
 Global burden of HFs (≥55 years). (A) ASIR, ASPR, and ASYR for HFs (≥55 years) from 1990 to 2021, by sex and SDI. AAPC analysis of ASIR (B), ASPR (C), and ASYR (D) for HFs (≥55 years), from 1990 to 2021, by global, 5 SDI regions, and 21 GBD regions.




3.2 Regional burden of HFs (≥55 years)

In 2021, the ASIR, ASPR, and ASYR in the High SDI region were 1,545.45 (95% UI: 1,090.09–2,115.88), 3,690.83 (95% UI: 3,029.71–4,474.90) per 100,000, and 253.65 (95% UI: 167.45–362.28) per 100,000 person-years, respectively. These values were the highest among the five SDI regions. In contrast, the lowest ASIR and ASPR were observed in the Low SDI region, while the lowest ASYR appeared in the High-middle SDI region (Figure 1A; Supplementary Table S1). In terms of absolute burden, the High SDI region reported the largest number of new cases, the highest prevalence, and the most YLDs attributable to HFs (≥55 years) (Supplementary Table S2; Supplementary Figure S1A). From 1990 to 2021, ASIR and ASPR rose in all SDI regions, most notably in the Middle SDI region. ASYR declined overall but increased in the Low SDI region (Figures 1B–D).

As of 2021, the burden of HFs (≥55 years) was highest in high-income GBD regions such as Australasia, while it remained lowest in low-income regions like Southern Sub-Saharan Africa (Figure 2A; Supplementary Table S1). In terms of absolute burden, high-income regions reported substantially more new cases, prevalent cases, and YLDs—up to 20 times greater than those in low-income regions (Figure 2B; Supplementary Table S2). Notably, sex disparities were also more pronounced in high-income regions (Figure 2A; Supplementary Table S1). From 1990 to 2021, ASIR and ASPR rose in most 21 GBD regions, notably in East Asia. Meanwhile, ASYR showed an overall decline, with the steepest drop in Central Europe (Figures 1B–D).

[image: Two sets of stacked area charts labeled A and B show trends in incidence, prevalence, and YLDs (Years Lived with Disability) from 1990 to 2020 for both sexes, females, and males across various regions, indicated by colors in the legend. Chart A uses the Y-axis for ASR (Age-Standardized Rate per 100,000), and Chart B uses the Y-axis for the number of cases. Regions include Andean Latin America, Central Asia, Eastern Sub-Saharan Africa, and others, depicted in distinct colors.]

FIGURE 2
 Regional burden of HFs (≥55 years). (A) ASIR, ASPR, and ASYR for HFs (≥55 years) from 1990 to 2021, by sex and 21 GBD regions. (B) New cases, prevalence count, and YLDs for HFs (≥55 years) from 1990 to 2021, by sex and 21 GBD regions.




3.3 National and regional burden of HFs (≥55 years)

In 2021, the burden of HFs (≥55 years) varied widely across 204 countries and territories. Andorra reported the highest ASIR and ASPR at 3,432.18 (95% UI: 2,390.22–4,652.60) and 7,377.84 (95% UI: 6,169.25–8,749.68) per 100,000, respectively, while Greenland had the highest ASYR at 576.35 (95% UI: 391.84–797.67) per 100,000 person-years. Conversely, Bangladesh, Kiribati, and Kuwait exhibited the lowest ASIR, ASPR, and ASYR, respectively (Figures 3A–C; Supplementary Table S3). In absolute counts, China, the United States, and India led in new cases, prevalence, and YLDs (Supplementary Table S4; Supplementary Figures S2A–C). From 1990 to 2021, ASIR rose significantly in 136 countries (largest increase in Libya), ASPR increased in 160 (greatest rise in Bhutan), and ASYR declined in 105 (most notable drop in Lebanon) (Figures 3D–F).

[image: Six world maps illustrate data on age-standardized rates (ASR) and average annual percentage change (AAPC) in incidence, prevalence, and YLDs (Years Lived with Disability) across different regions. Maps A, B, and C show ASIR, ASPR, and ASYR for HFs (≥55 years) in 2021. Maps D, E, and F depict the AAPC for ASIR, ASPR, and ASYR, respectively, for HFs (≥55 years) from 1990 to 2021. Color gradients indicate data ranges, with regional highlights for Caribbean, Persian Gulf, Balkan Peninsula, Southeast Asia, West Africa, Eastern Mediterranean, and Northern Europe.]

FIGURE 3
 National and regional burden of HFs (≥55 years). ASIR (A), ASPR (B), and ASYR (C) for HFs (≥55 years) in 204 countries and territories in 2021. AAPC analysis results of ASIR (D), ASPR (E), and ASYR (F) for HFs (≥55 years) in 204 countries and territories from 1990 to 2021.




3.4 Age-sex-time trends in HFs (≥55 years) burden

In 2021, the global ASIR, ASPR, and ASYR of HFs (≥55 years) increased with age, with the steepest rise observed in those aged ≥70 years—a pattern consistent with that of 1990 (Figures 4A–F). Sex–time analysis revealed a steady increase in ASIR and ASPR for both sexes across all SDI regions. Notably, ASYR trends differed markedly between sexes, varying across SDI levels (Figure 1A). Age–time analysis showed minimal regional differences among those aged 55–70 years. However, for individuals aged ≥70 years, the burden was highest and rising fastest in the High SDI region. In contrast, Low-middle and Low SDI regions, despite lower baseline levels, showed a sustained upward trajectory (Figure 4G). Trends in absolute burden mirrored those in ASR metrics (Supplementary Figure S3A).

[image: Multiple bar graphs showing age-specific data from 1990 and 2021, categorized by sex and age group. Panels A–C display age- and sex-specific new cases with ASIR, prevalence counts with ASPR, and YLDs with ASYR in 1990, respectively. Panels D–F present the same metrics for 2021.Panel G illustrates age-standardized trends in ASIR, ASPR, and ASYR from 1990 to 2021 across five SDI regions. Bars indicate case counts and rates by age group and sex, with error bars showing uncertainty.]

FIGURE 4
 Age-sex-time trends in HFs (≥55 years) burden. Age-sex trends in new cases and ASIR (A), prevalence count and ASPR (B), and YLDs and ASYR (C) for HFs (≥55 years) globally in 1990. Age-sex trends in new cases and ASIR (D), prevalence count and ASPR (E), and YLDs and ASYR (F) for HFs (≥55 years) globally in 2021. (G) Age-time trends in ASIR, ASPR, and ASYR for HFs (≥55 years) from 1990 to 2021, by 5 SDI regions.




3.5 Results of the joinpoint regression analysis for HFs (≥55 years)

From 1990 to 2021, the global ASIR and ASPR of HFs (≥55 years) showed overall upward trends (ASIR: AAPC = 0.20, 95% CI: 0.12–0.28; ASPR: AAPC = 0.31, 95% CI: 0.27–0.36), while ASYR declined steadily (AAPC = −0.43, 95% CI: −0.50 to −0.36). Although females consistently carried a higher burden, males experienced a more rapid increase and showed less improvement in disability. Further analysis revealed that all three ASRs exhibited distinct temporal fluctuations over the past 32 years: ASIR rose notably during 1995–2000 and 2015–2021; ASPR increased most rapidly between 1995–2000 and 2005–2009; and ASYR declined most significantly between 1990 and 2004 (Figures 5A–C; Supplementary Table S5).

[image: Three line graphs labeled A, B, and C display ASIR, ASPR, and ASYR for different sexes with HFs in the globe from 1990 to 2021. Each graph has separate lines for males, females, and both sexes. Key statistics, such as joinpoints and annual percentage changes, are highlighted within the graphs for detailed trend analysis.]

FIGURE 5
 Joinpoint regression analysis for HFs (≥55 years) burden. Joinpoint regression analysis results of ASIR (A), ASPR (B), and ASYR (C) for global HFs (≥55 years), by sex.




3.6 Relationship between HFs (≥55 years) burden and SDI

Globally and across the 21 GBD regions, the relationship between SDI and the ASIR, ASPR, and ASYR of HFs (≥55 years) was non-linear. Overall, the burden increased with SDI, with the strongest correlation observed for ASPR (R = 0.702, p < 0.001), followed by ASIR (R = 0.598, p < 0.001), and ASYR (R = 0.320, p < 0.001) (Figures 6A–C). Among 204 countries and territories in 2021, the association between SDI and ASRs was weak below an SDI of 0.75, but strengthened significantly above this threshold. In contrast, the inflection point in 1990 occurred at an SDI of 0.5. Similar trends were observed across all five SDI regions (Supplementary Figures S4A–L).

[image: Scatter plots labeled A, B, and C show ASIR, ASPR, and ASYR versus SDI data across world regions. Each plot includes a distinct trend line with varying correlation coefficients (R) and significance values (p < 0.001). Different colored markers represent global regions listed in the legend.]

FIGURE 6
 Relationship between HFs (≥55 years) burden and SDI. Relationship between ASIR (A), ASPR (B), and ASYR (C) for HFs (≥55 years) and SDI, by global and 21 GBD regions.




3.7 Results of the age-period-cohort analysis for HFs (≥55 years)

The age effect analysis revealed that the relative risks for the incidence, prevalence, and YLDs of HFs (≥55 years) rose with aging, particularly among individuals aged 70 and older. Period effect analysis indicated a modest upward trend in relative risks from 1990 to 2021. Cohort effect analysis revealed that relative risks across birth cohorts remained generally stable (Figures 7A–C).

[image: Three line graphs labeled A, B, and C compare age, period, and cohort effects on relative risk for incidence, prevalence, and years lived with disability (YLDs) over time. Each plot features lines for both genders and separate male and female categories. The legend on the right distinguishes between effect types by colors, including age, period, and cohort for both, female, and male categories across different years.]

FIGURE 7
 Age-Period-Cohort analysis for HFs (≥55 years) burden. Age-period-cohort analysis results for relative risk of incidence (A), prevalence (B), and YLDs (C) for HFs (≥55 years), by sex.




3.8 Results of the decomposition analysis for HFs (≥55 years)

Decomposition analysis showed that the rising burden in HFs (≥55 years) was primarily driven by population growth, followed by aging, with minimal or negative contributions from epidemiological changes. These patterns were consistent across sexes and regions. Globally, population growth, aging, and epidemiological changes accounted for 79.35, 15.58, and 5.07% of the increase in new cases, and 77.95, 13.53, and 8.52% of the rise in prevalence. In contrast, YLDs rose by 106.22 and 15.54% due to population growth and aging, but declined by 21.76% due to epidemiological changes. Other regional trends aligned with global patterns (Figures 8A–C; Supplementary Table S6).

[image: Bar charts showing global and regional disease data across three panels: A) Incidence counts, B) Prevalence counts, and C) YLDs counts, divided by gender (both, female, male). Variables include aging, population, and epidemiological change. Regions are categorized by global, 5 SDI regions, and 21 GBD regions.]

FIGURE 8
 Decomposition analysis for HFs (≥55 years) burden. Decomposition analysis results of new cases (A), prevalence count (B), and YLDs (C) for HFs (≥55 years), by global, 5 SDI regions, and 21 GBD regions.




3.9 Predictive analysis results for HFs (≥55 years)

By 2050, the global ASIR and ASPR of HFs (≥55 years) are projected to reach 1,102.66 (95% CI: 101.40–2,142.83) and 2,052.14 (95% CI: 141.30–4,112.55) per 100,000, respectively. ASYR is expected to decline slightly to 174.43 (95% CI: 0–365.91) per 100,000 person-years (Figures 9A–C). Besides, the absolute burden will increase markedly, with new cases estimated at 26,393,436 (95% CI: 4,174,866–48,612,008), prevalent cases at 48,448,804 (95% CI: 5,870,231–91,027,360), and YLDs at 4,056,285 (95% CI: 140,451–7,972,119) years (Figures 9D–F). While ASRs for both sexes are expected to decline slightly, their absolute burdens are projected to continue rising over the next three decades (Supplementary Table S7).

[image: Six-panel chart showing projections from 2022 to 2050 for different health metrics. Panels A, B, and C display predictive Age-Standardized Incidence, Prevalence, and Years Lived with Disability Rates per 100,000 for both sexes, males, and females. Panels D, E, and F show the predictive number of incidence, prevalence, and YLD cases, with each chart divided into sections for both sexes, males, and females. Observed data is in solid lines, predictions in dotted lines, with shaded areas indicating confidence intervals. Data categories are color-coded: both (blue), male (teal), female (red).]

FIGURE 9
 Predictive analysis for HFs (≥55 years) burden. Predictive analysis results of ASIR (A), ASPR (B), and ASYR (C) for HFs (≥55 years) globally, by sex. Predictive analysis results of new cases (D), prevalence count (E), and YLDs (F) for HFs (≥55 years) globally, by sex.




3.10 Health inequality analysis results for HFs (≥55 years)

Inequity analysis revealed that health inequity was disproportionately concentrated in High SDI region. In 1990, the slope index for crude incidence, prevalence, and YLDs rates in highest SDI region compared to lowest SDI region were 511, 1,119, and 104, respectively. By 2021, the slope index for crude incidence and prevalence rates had increased to 703 and 1,444, while the slope index for the YLDs rate had declined to 82 (Figures 10A–C). Concentration index analysis indicated that the distributional inequality of incidence, prevalence, and YLDs remained relatively stable over time, with all concentration indices consistently above zero (Figures 10D–F).

[image: Scatter plots and Lorenz curves comparing crude rates and cumulative population fractions by SDI for 1990 and 2021. (A) to (C) show crude incidence, prevalence, and YLDs per 100,000, respectively, with bubble sizes indicating population. (D) to (F) display Lorenz curves for incidence, prevalence, and YLDs, highlighting concentration indices. Groups are differentiated by color: blue for 1990, pink for 2021. Population size is represented by bubble size, ranging from 200 to 1,200 million. The charts illustrate changes over time and inequality in distribution.]

FIGURE 10
 Health inequality analysis for HFs (≥55 years) burden. Health inequality analysis of crude incidence rate (A), crude prevalence rate (B), and crude YLDs rate (C) by SDI rank for 1990 and 2021, with the black label representing the slope index of inequality. Cumulative fraction of population by SDI rank with concentration index for incidence (D), prevalence (E), and YLDs (F) in 1990 and 2021.




3.11 Frontier analysis results for HFs (≥55 years)

Figure 11 further illustrated that from 1990 to 2021, the global ASIR and ASPR of HFs (≥55 years) increased with rising SDI. In contrast, ASYR showed divergent patterns across SDI levels—rising in low SDI countries (SDI < 0.50) and generally declining in middle-to high-SDI countries. The 15 countries with the greatest potential to reduce disease burden were predominantly located in higher SDI countries. For example, regarding ASYR, countries like Bangladesh (SDI < 0.50) showed minimal gaps from the optimal frontier, while higher SDI countries such as Switzerland exhibited the largest gaps, indicating substantial room for reducing disability burden (Figures 11A–C). Detailed data on frontier differences across 204 countries and territories over the past 32 years are presented in Supplementary Tables S8a–c.

[image: Graphs showing ASIR, ASPR, and ASYR per 100,000 against SDI from 1990 to 2021. Each row (A, B, C) includes two graphs: left shows trends over time with a blue gradient, right shows trend changes with blue (decrease) and red (increase) dots, highlighting countries like Somalia and Bangladesh.]

FIGURE 11
 Frontier analysis for HFs (≥55 years) burden. Frontier analysis of ASIR (A), ASPR (B), and ASYR (C) for HFs (≥55 years) from 1990 to 2021. Boundaries are delineated by solid black lines, with countries and territories represented by dots. The top 15 countries with the largest effective difference from the frontier are marked in black. Lower SDI (<0.5) countries with the smallest effective difference from the frontier are highlighted in blue, while higher SDI (>0.85) countries with the largest effective difference are highlighted in red. Red dots indicate an increase in the ASR for HFs (≥55 years) from 1990 to 2021; blue dots indicate a decrease in the ASR for HFs (≥55 years) during the same period.




3.12 Etiology analysis results for HFs (≥55 years)

In 2021, falls remained the leading cause of HFs (≥55 years) globally, accounting for 91.55% of ASIR, 90.77% of ASPR, and 89.47% of ASYR. This proportion was even more pronounced in regions with higher SDI, such as Western Europe and High-income North America. Compared to 1990, the burden attributable to falls further increased by 2021. Detailed data are provided in Figure 12 and Supplementary Table S9.

[image: Chart displaying three sets of horizontal bar graphs titled “ASIR,” “ASPR,” and “ASYR,” comparing data from 1990 and 2021. Each graph represents various causes of injuries across global regions. A color-coded legend identifies causes like interpersonal violence, road injuries, self-harm, and environmental exposure. The bars display percentages of each cause, revealing changes over time.]

FIGURE 12
 Etiology analysis for HFs (≥55 years) burden. Percentage of risk factors influencing ASIR (A), ASPR (B), and ASYR (C) for HFs (≥55 years) in 1990 and 2021, by global, 5 SDI regions, and 21 GBD regions.





4 Discussion

Based on GBD 2021 data, we found that although ASYR declined in certain regions, ASIR, ASPR, and the absolute burden among HFs (≥55 years) continued to increase globally and are projected to rise further over the next 30 years. This trend reflects the complexity of global health inequities shaped by the combined effects of age, sex, region, and social development levels.


4.1 Trends in the burden of HFs (≥55 years) from 1990 to 2021

HFs are among the most disabling and fatal fractures in older adults and have become a major global public health concern (9). Our study shows that the global ASIR, ASPR, and absolute burden of HFs (≥55 years) have continued to rise over the past three decades. According to the BAPC model, this trend is expected to persist in the coming decades. By 2050, the number of new cases is projected to exceed 26 million, while global prevalence may surpass 48 million. Despite the increase in total global cases, the ASYR showed a declining trend. This may reflect advancements in osteoporosis management, broader use of anti-osteoporotic medications, and improvements in postoperative rehabilitation, all of which have contributed to a partial reduction in the disability burden (21). Shen et al. reported that in most middle-to high-income countries, a stable decline in ASYR was achieved through multifaceted interventions, demonstrating the synergistic effects of comprehensive prevention strategies (22). Further decomposition analysis revealed that the recent increase in the burden was primarily driven by population growth (approximately 79%) and aging (around 15%), with the most pronounced increases observed in Asia and Latin America (23, 24). These regions not only have large and rapidly expanding aging populations but also face significant deficiencies in fracture prevention, fall intervention, and rehabilitation systems. As a result, they may become high-risk areas for future increases in global burden, while simultaneously representing critical windows of opportunity for implementing forward-looking intervention strategies (8, 25). Therefore, the current upward trend not only reflects the impact of global demographic shifts in both population size and age structure on HFs (≥55 years) burden, but also underscores the urgent need for prevention-oriented and earlier-stage intervention strategies.



4.2 Socio-demographic development and regional disparities

The burden of HFs (≥55 years) exhibits significant socio-demographic development and regional disparities. Overall, ASIR, ASPR, and ASYR are positively correlated with SDI. In lower SDI regions (SDI < 0.6), the burden remains relatively low, possibly due to limited population aging and gaps in epidemiological data availability (15, 26). However, as socio-demographic development advanced, particularly in regions where SDI exceeded 0.75, the disease burden increases markedly. This reflects the combined influence of a growing aging population and an increasing prevalence of osteoporosis (27). Although High SDI region has historically borne the greatest global burden of disease and experienced marked health inequities, the rate of increase has moderated in recent years, with ASYR showing a downward trend. This suggests sustained advancements in healthcare infrastructure, particularly in areas such as trauma care, postoperative rehabilitation, and integrated osteoporosis management, which have collectively contributed to improved disability outcomes (28, 29). For example, 72% of HFs patients in Germany undergo surgery within 24 h of hospitalization, and 52.8% of patients in the U.S. are seamlessly transferred to rehabilitation institutions for functional recovery (30, 31). Additionally, high-income countries such as those in Northern Europe and Japan have widely implemented population-based screening programs, multidisciplinary preoperative assessment systems, and standardized postoperative rehabilitation pathways, all of which have contributed to improved patient survival and quality of life (32–34). Therefore, High SDI region should continue to focus on secondary prevention through early screening and timely intervention. Integrating osteoporosis management, postoperative rehabilitation, and long-term care at the community level are essential to address the growing fracture burden and the risk of re-fractures associated with aging. In contrast, Low SDI region currently bears a lower overall burden, but the rate of increase is accelerating. In Central Sub-Saharan African countries such as the Democratic Republic of the Congo, weak public health infrastructure, limited medical resources, and frequent social unrest have led to extremely low rates of diagnosis, surgical treatment, and rehabilitation for HFs. As a result, the disease burden continues to rise (35, 36). This highlights the urgent need to strengthen policy interventions and healthcare infrastructure. It is also noteworthy that even within similar SDI levels, management outcomes for HFs (≥55 years) vary across countries and regions. As an illustration, in the High SDI region of Australasia, the disease burden remains high and continues to rise. This is probably associated with significant population aging, advanced diagnostic technologies, and robust health insurance and welfare systems (15).



4.3 Age and sex differences

Age and sex are key demographic drivers of HFs (≥55 years) burden (37). This study shows that individuals aged ≥70 have markedly higher ASIR, ASPR, and ASYR than those aged 55–69, and that women bear a substantially greater overall burden. Although this sex difference is well established, the underlying dynamic trends still warrant further exploration. Specifically, we observed a steeper rise in ASIR and ASPR among men, accompanied by a slower decline in ASYR compared to women. This “sex asymmetry” in the rate of improvement suggests that there are significant gaps in the identification and management of osteoporosis prevention and treatment systems for men. Previous studies have reported that approximately 12% of men over the age of 50 will experience at least one osteoporotic fracture in their lifetime (38). However, the identification and treatment coverage of osteoporosis in men remain substantially lower than in women. While women typically enter primary prevention programs after menopause, most men are not included in intervention pathways until after their first fracture. In addition, men are less likely to receive anti-osteoporotic therapy or participate in postoperative rehabilitation, resulting in higher short-term mortality and poorer functional recovery following HFs (39, 40). In contrast, although older women are at higher risk, established mechanisms for screening, pharmacologic treatment, and lifestyle interventions are more widely available (9). Therefore, public health efforts should not only maintain their focus on older women but also routinely implement osteoporosis screening and fall prevention education for men aged ≥65. Clinical practice also should prioritize enhancing adherence to postoperative rehabilitation and expanding medication coverage to address sex disparities in osteoporosis management.



4.4 Major causes and prevention challenges

Falls represents the leading cause of accidental injury and premature mortality in older adults, accounting for approximately 80% of fall-related disabilities among individuals over the age of 50 (41). Our study confirms that falls remains the leading cause of HFs (≥55 years), accounting for nearly 90% of cases among the 16 injury causes in the GBD framework. This pattern is particularly evident in high-income countries and underscores the growing health challenges associated with population aging (42). The causes of falls are multifactorial, including physiological degeneration, chronic comorbidities, polypharmacy, and socio-economic conditions. However, the core issue is the continued failure to effectively identify and intervene on high-risk factors (43). Currently, insufficient osteoporosis screening, overlooked synergistic effects of polypharmacy and chronic disease, and fragmented older adult rehabilitation services hinder prevention efforts (7). Even in high-income countries, problems such as inconsistent rehabilitation protocols and delayed interventions remain prevalent (9). Therefore, effective prevention strategies should extend beyond traditional medical approaches and adopt a comprehensive model focused on functional maintenance, medication management, environmental optimization, and community support. In regions with large older populations, priority should be given to establishing integrated, cross-sectoral fall prevention systems that ensure closed-loop management from risk identification to intervention (3, 44).



4.5 Limitations

Our study estimates the burden of HFs (≥55 years) using GBD 2021 data; therefore, its limitations are inherently aligned with those of the GBD study itself. While the GBD model plays a critical role in monitoring and comparing disease burden globally, its estimation process is subject to several methodological limitations, particularly in lower SDI regions. First, due to the lack of high-quality epidemiological data in low-income and underreported areas, the GBD model often extrapolates from neighboring regions or global averages. This can lead to a systematic underestimation of the actual disease burden (45). Second, the modeling of multimorbidity in GBD remains relatively simplified and fails to account for complex disease interactions in older populations, limiting its accuracy in reflecting overall health burden (46, 47). Although the GBD reports provide UIs, the transparency regarding model assumptions, sensitivity analyses, and sources of error remains inadequate (45). Moreover, the use of a uniform assumption for disease natural history does not sufficiently reflect cross-country differences in healthcare systems, diagnostic criteria, and cultural contexts, thereby reducing the model’s capacity to capture regional heterogeneity (45, 48).




5 Conclusion

In summary, the global burden of HFs (≥55 years) continues to rise, largely driven by population growth and aging. Although ASYR has declined in some countries, the absolute burden remains high as case numbers increase. Significant disparities exist across socio-demographic levels. High SDI region shows slower growth due to more mature intervention systems, yet still bears a substantial burden given its large aging population. Low SDI region, facing rapid aging and limited healthcare capacity, is experiencing a sharper rise. Sex differences remain evident, with men showing lower rates of screening, treatment, and rehabilitation. Falls continues to be the leading cause of HFs (≥55 years). Thus, High SDI region should enhance system integration and long-term care, while Low SDI region needs to expand screening and early intervention, strengthen primary healthcare systems, and improve access to rehabilitation to contain the future burden.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: http://ghdx.healthdata.org/gbd-results-tool.



Ethics statement

The studies involving humans were approved by the Ethics Committee for Human Studies of the Second Xiangya Hospital, Central South University (2023JJ40833). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

YG: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Supervision, Writing – original draft, Writing – review & editing. YC: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Supervision, Writing – original draft, Writing – review & editing. WL: Conceptualization, Funding acquisition, Investigation, Methodology, Writing – original draft. NC: Data curation, Methodology, Software, Writing – original draft. SD: Conceptualization, Data curation, Funding acquisition, Investigation, Writing – review & editing. YM: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. DX: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Project administration, Resources, Writing – original draft, Writing – review & editing. JQ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported in part by the National Natural Science Foundation of China (31870954), Basic and Applied Basic Research Foundation of Guangdong Province (2022A1515110081), and Natural Science Foundation of Hunan Province, China (2023JJ40833).



Acknowledgments

We would like to express our gratitude to the Global Burden of Disease Study 2021 (GBD 2021) and its collaborators for providing the data utilized in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1600452/full#supplementary-material



Abbreviations


HFs, Hip fractures; HFs (≥55 years), HFs among individuals aged ≥55 years; GBD 2021, Global Burden of Disease 2021; SDI, Sociodemographic index; ASR, Age-standardized rate; ASIR, Age-standardized incidence rate; ASPR, Age-standardized prevalence rate; ASYR, Age-standardized YLDs rate; YLDs, Years lived with disability; UI, Uncertainty interval; CI, Confidence interval; APC, Annual percentage change; AAPC, Average annual percentage change; BAPC, Bayesian age-period-cohort.




References
	 1. Griffiths,R, Babu,S, Dixon,P, Freeman,N, Hurford,D, Kelleher,E , et al. Guideline for the Management of hip Fractures 2020: guideline by the Association of Anaesthetists. Anaesthesia. (2021) 76:225–37. doi: 10.1111/anae.15291 
	 2. Marks,R, Allegrante,JP, Ronald MacKenzie,C, and Lane,JM. Hip fractures among the elderly: causes, consequences and control. Ageing Res Rev. (2003) 2:57–93. doi: 10.1016/s1568-1637(02)00045-4 
	 3. Prestmo,A, Hagen,G, Sletvold,O, Helbostad,JL, Thingstad,P, Taraldsen,K , et al. Comprehensive geriatric Care for Patients with hip fractures: a prospective, randomised Controlled Trial. Lancet. (2015) 385:1623–33. doi: 10.1016/S0140-6736(14)62409-0 
	 4. Cai,Q, Fu,K, Jia,W, Li,X, He,H, Yao,Z , et al. In-hospital waiting time to surgery and functional outcomes in geriatric hip fractures: a directed acyclic graph-based preplanned analysis from a prospective multicenter cohort study. Int J Surg. (2023) 109:1612–9. doi: 10.1097/JS9.0000000000000385 
	 5. Otete,H, Deleuran,T, Fleming,KM, Card,T, Aithal,GP, Jepsen,P , et al. Hip fracture risk in patients with alcoholic cirrhosis: a population-based study using English and Danish data. J Hepatol. (2018) 69:697–704. doi: 10.1016/j.jhep.2018.04.002 
	 6. Osnes,EK, Lofthus,CM, Meyer,HE, Falch,JA, Nordsletten,L, Cappelen,I , et al. Consequences of hip fracture on activities of daily life and residential needs. Osteoporos Int. (2004) 15:567–74. doi: 10.1007/s00198-003-1583-0 
	 7. Stewart Williams,J, Kowal,P, Hestekin,H, O'Driscoll,T, Peltzer,K, Yawson,A , et al. Prevalence, risk factors and disability associated with fall-related injury in older adults in low-and middle-Incomecountries: results from the who study on global ageing and adult health (sage). BMC Med. (2015) 13:147. doi: 10.1186/s12916-015-0390-8 
	 8. Chan,LLY, Ho,YY, Taylor,ME, McVeigh,C, Jung,S, Armstrong,E , et al. Incidence of fragility hip fracture across the Asia-Pacific region: a systematic review. Arch Gerontol Geriatr. (2024) 123:105422. doi: 10.1016/j.archger.2024.105422 
	 9. Sing,CW, Lin,TC, Bartholomew,S, Bell,JS, Bennett,C, Beyene,K , et al. Global epidemiology of hip fractures: secular trends in incidence rate, post-fracture treatment, and all-cause mortality. J Bone Miner Res. (2023) 38:1064–75. doi: 10.1002/jbmr.4821 
	 10. Hoveidaei,AH, Nakhostin-Ansari,A, Heckmann,ND, Hosseini-Asl,SH, Khonji,MS, Razi,M , et al. Increasing burden of lower-extremity fractures in the Middle East and North Africa (Mena): a 30-year epidemiological analysis. J Bone Joint Surg Am. (2024) 106:414–24. doi: 10.2106/jbjs.23.00489 
	 11. Zhang,C, Feng,J, Wang,S, Gao,P, Xu,L, Zhu,J , et al. Incidence of and trends in hip fracture among adults in urban China: a Nationwide retrospective cohort study. PLoS Med. (2020) 17:e1003180. doi: 10.1371/journal.pmed.1003180 
	 12. O'Connor,MI, and Switzer,JA. Aaos clinical practice guideline summary: Management of hip Fractures in older adults. J Am Acad Orthop Surg. (2022) 30:e1291–6. doi: 10.5435/jaaos-d-22-00125 
	 13. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/s0140-6736(24)00933-4
	 14. GBD 2021 Stroke Risk Factor Collaborators. Global, regional, and National Burden of stroke and its risk factors, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet Neurol. (2024) 23:973–1003. doi: 10.1016/s1474-4422(24)00369-7
	 15. Lu,Y, Shang,Z, Zhang,W, Hu,X, Shen,R, Zhang,K , et al. Global, regional, and National Burden of spinal cord injury from 1990 to 2021 and projections for 2050: a systematic analysis for the global burden of disease 2021 study. Ageing Res Rev. (2025) 103:102598. doi: 10.1016/j.arr.2024.102598 
	 16. Cao,F, Xu,Z, Li,X-X, Fu,Z-Y, Han,R-Y, Zhang,J-L , et al. Trends and Cross-country inequalities in the global burden of osteoarthritis, 1990–2019: a population-based study. Ageing Res Rev. (2024) 99:102382. doi: 10.1016/j.arr.2024.102382 
	 17. Zhang,Y, Liu,J, Han,X, Jiang,H, Zhang,L, Hu,J , et al. Long-term trends in the burden of inflammatory bowel disease in China over three decades: a Joinpoint regression and age-period-cohort analysis based on Gbd 2019. Front Public Health. (2022) 10:994619. doi: 10.3389/fpubh.2022.994619 
	 18. Xie,Y, Bowe,B, Mokdad,AH, Xian,H, Yan,Y, Li,T , et al. Analysis of the global burden of disease study highlights the global, regional, and National Trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. (2018) 94:567–81. doi: 10.1016/j.kint.2018.04.011 
	 19. Li,J, Jia,H, Liu,Z, and Xu,K. Global, regional and National Trends in the burden of low bone mineral density from 1990 to 2030: a Bayesian age-period-cohort modeling study. Bone. (2024) 189:117253. doi: 10.1016/j.bone.2024.117253 
	 20. Pan,H, Zhao,Z, Deng,Y, Zheng,Z, Huang,Y, Huang,S , et al. The global, regional, and National Early-Onset Colorectal Cancer Burden and trends from 1990 to 2019: results from the global burden of disease study 2019. BMC Public Health. (2022) 22:1896. doi: 10.1186/s12889-022-14274-7 
	 21. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (Ylds), disability-adjusted life-years (Dalys), and healthy life expectancy (Hale) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/s0140-6736(24)00757-8
	 22. Shen,Y, Tan,B, Zhang,J, Zhang,N, and Wang,Z. Epidemiology and disease burden of fractures in Asia, 1990-2021: an analysis for the global burden of disease study 2021. J Orthop Translat. (2025) 52:281–90. doi: 10.1016/j.jot.2025.04.001 
	 23. Malouf-Sierra,J, Tarantino,U, García-Hernández,PA, Corradini,C, Overgaard,S, Stepan,JJ , et al. Effect of Teriparatide or Risedronate in elderly patients with a recent Pertrochanteric hip fracture: final results of a 78-week randomized clinical trial. J Bone Miner Res. (2017) 32:1040–51. doi: 10.1002/jbmr.3067 
	 24. Elsevier,H, Kiani,S, and Miclau,T. Geriatric hip fracture Care in low-and Middle-Income Countries In: NC Danford, JK Greisberg, CM Jobin, MP Rosenwasser, and MD Walker, editors. Geriatric hip fractures: a practical approach. Cham: Springer International Publishing (2021). 205–37.
	 25. Pouramin,P, Li,CS, Sprague,S, Busse,JW, and Bhandari,M. A multicenter observational study on the distribution of Orthopaedic fracture types across 17 low-and middle-income countries. OTA Int. (2019) 2:e026. doi: 10.1097/oi9.0000000000000026 
	 26. Banerjee,R, Pal,P, Mak,JWY, and Ng,SC. Challenges in the diagnosis and Management of Inflammatory Bowel Disease in resource-limited settings in Asia. Lancet Gastroenterol Hepatol. (2020) 5:1076–88. doi: 10.1016/S2468-1253(20)30299-5 
	 27. Li,J, Cui,HL, Xie,DD, Wang,QY, Luo,C, Tian,L , et al. Global and regional estimates of hip fracture burden associated with type 1 diabetes from 1990 to 2021. Diabetes Obes Metab. (2024) 26:5960–70. doi: 10.1111/dom.15970 
	 28. Ballane,G, Cauley,JA, Luckey,MM, and Fuleihan,GH. Secular trends in hip fractures worldwide: opposing trends east versus West. J Bone Miner Res. (2014) 29:1745–55. doi: 10.1002/jbmr.2218 
	 29. Pedersen,AB, Ehrenstein,V, Szépligeti,SK, Lunde,A, Lagerros,YT, Westerlund,A , et al. Thirty-five-year trends in first-time hospitalization for hip fracture, 1-year mortality, and the prognostic impact of comorbidity: a Danish Nationwide cohort study, 1980-2014. Epidemiology. (2017) 28:898–905. doi: 10.1097/ede.0000000000000729 
	 30. Brauer,CA, Coca-Perraillon,M, Cutler,DM, and Rosen,AB. Incidence and mortality of hip fractures in the United States. JAMA. (2009) 302:1573–9. doi: 10.1001/jama.2009.1462 
	 31. Simunovic,N, Devereaux,PJ, Sprague,S, Guyatt,GH, Schemitsch,E, Debeer,J , et al. Effect of early surgery after hip fracture on mortality and complications: systematic review and Meta-analysis. CMAJ. (2010) 182:1609–16. doi: 10.1503/cmaj.092220 
	 32. Park,H, Yang,H, Heo,J, Jang,HW, Chung,JH, Kim,TH , et al. Bone mineral density screening interval and transition to osteoporosis in Asian women. Endocrinol Metab. (2022) 37:506–12. doi: 10.3803/EnM.2022.1429 
	 33. Nicholson,WK, Silverstein,M, Wong,JB, Chelmow,D, Coker,TR, Davis,EM , et al. Screening for osteoporosis to prevent fractures: us preventive services task force recommendation statement. JAMA. (2025) 333:498–508. doi: 10.1001/jama.2024.27154 
	 34. Kristensen,PK, Röck,ND, Christensen,HC, and Pedersen,AB. The Danish multidisciplinary hip fracture registry 13-year results from a population-based cohort of hip fracture patients. Clin Epidemiol. (2020) 12:9–21. doi: 10.2147/CLEP.S231578 
	 35. Cooper,C, Cole,ZA, Holroyd,CR, Earl,SC, Harvey,NC, Dennison,EM , et al. Secular trends in the incidence of hip and other osteoporotic fractures. Osteoporos Int. (2011) 22:1277–88. doi: 10.1007/s00198-011-1601-6 
	 36. Bauhahn,G, Veen,H, Hoencamp,R, Olim,N, and Tan,E. Malunion of long-bone fractures in a conflict zone in the Democratic Republic of Congo. World J Surg. (2017) 41:2200–6. doi: 10.1007/s00268-017-4008-5 
	 37. Kwan,MM-S, Close,JCT, Wong,AKW, and Lord,SR. Falls incidence, risk factors, and consequences in Chinese older people: a systematic review. J Am Geriatr Soc. (2011) 59:536–43. doi: 10.1111/j.1532-5415.2010.03286.x 
	 38. Melton,LJ, Chrischilles,EA, Cooper,C, Lane,AW, and Riggs,BL. Perspective. How many women have osteoporosis? J Bone Miner Res. (1992) 7:1005–10. doi: 10.1002/jbmr.5650070902
	 39. Vilaca,T, Eastell,R, and Schini,M. Osteoporosis in men. Lancet Diabetes Endocrinol. (2022) 10:273–83. doi: 10.1016/S2213-8587(22)00012-2
	 40. Gagnon,C, Li,V, and Ebeling,PR. Osteoporosis in men: its pathophysiology and the role of Teriparatide in its treatment. Clin Interv Aging. (2008) 3:635–45. doi: 10.2147/cia.s3372 
	 41. Murray,CJL, Vos,T, Lozano,R, Naghavi,M, Flaxman,AD, Michaud,C , et al. Disability-adjusted life years (Dalys) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the global burden of disease study 2010. Lancet. (2012) 380:2197–223. doi: 10.1016/S0140-6736(12)61689-4 
	 42. Grisso,JA, Kelsey,JL, Strom,BL, Chiu,GY, Maislin,G, O'Brien,LA , et al. Risk factors for falls as a cause of hip fracture in women. The northeast hip fracture study group. N Engl J Med. (1991) 324:1326–31. doi: 10.1056/NEJM199105093241905
	 43. Yu,Y, Wang,Y, Hou,X, and Tian,F. Recent advances in the identification of related factors and preventive strategies of hip fracture. Front Public Health. (2023) 11:1006527. doi: 10.3389/fpubh.2023.1006527 
	 44. Patel,JN, Klein,DS, Sreekumar,S, Liporace,FA, and Yoon,RS. Outcomes in multidisciplinary team-based approach in geriatric hip fracture care: a systematic review. J Am Acad Orthop Surg. (2020) 28:128–33. doi: 10.5435/JAAOS-D-18-00425 
	 45. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9
	 46. Vos,T, Flaxman,AD, Naghavi,M, Lozano,R, Michaud,C, Ezzati,M , et al. Years lived with disability (Ylds) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis for the global burden of disease study 2010. Lancet. (2012) 380:2163–96. doi: 10.1016/S0140-6736(12)61729-2 
	 47. GBD 2017 DALYs and HALE Collaborators. Global, regional, and National Disability-Adjusted Life-Years (Dalys) for 359 diseases and injuries and healthy life expectancy (Hale) for 195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392:1859–922. doi: 10.1016/S0140-6736(18)32335-3 
	 48. Murray,CJL, Ezzati,M, Flaxman,AD, Lim,S, Lozano,R, Michaud,C , et al. Gbd 2010: design, definitions, and metrics. Lancet. (2012) 380:2063–6. doi: 10.1016/S0140-6736(12)61899-6 


Copyright
 © 2025 Gu, Chen, Li, Cheng, Deng, Ma, Xu and Qian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Geotemporal disparities in hip fractures burden among individuals aged ≥55 years (1990–2021) with projections to 2050



		1 Introduction



		2 Methods



		2.1 Data source



		2.2 Statistical analysis



		2.3 Joinpoint regression analysis



		2.4 Age-period-cohort model



		2.5 Decomposition analysis



		2.6 Predictive analysis



		2.7 Health inequality analysis



		2.8 Frontier analysis



		2.9 Statistics









		3 Results



		3.1 Global burden of HFs (≥55 years)



		3.2 Regional burden of HFs (≥55 years)



		3.3 National and regional burden of HFs (≥55 years)



		3.4 Age-sex-time trends in HFs (≥55 years) burden



		3.5 Results of the joinpoint regression analysis for HFs (≥55 years)



		3.6 Relationship between HFs (≥55 years) burden and SDI



		3.7 Results of the age-period-cohort analysis for HFs (≥55 years)



		3.8 Results of the decomposition analysis for HFs (≥55 years)



		3.9 Predictive analysis results for HFs (≥55 years)



		3.10 Health inequality analysis results for HFs (≥55 years)



		3.11 Frontier analysis results for HFs (≥55 years)



		3.12 Etiology analysis results for HFs (≥55 years)









		4 Discussion



		4.1 Trends in the burden of HFs (≥55 years) from 1990 to 2021



		4.2 Socio-demographic development and regional disparities



		4.3 Age and sex differences



		4.4 Major causes and prevention challenges



		4.5 Limitations









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-13-1600452-g012.jpg
Location

Location

Location

Global-
High SDI-
High-middle SDI-
Middle SDI

Genlral Europe:
Cental Latin America:
‘Gental Sub-Saharan Afca:
East Asia-

Eastor Europe.

Eastom Sub-Saharan Afca.
High-income Asia Pacifc
High-income North America:
North Affca and Middle East

Global-
High SDI-

High-middle SDI-
Middle SDI
Low-middle SDI

Low SDI

Andean Latin America.
Austalasi
Caribbean-

Contral Asia

Geniral Europo
Cental Latin America:
‘Central Sub-Saharan Afca.
East Asia-

Eastom Europe-

Eastom Sub-Saharan Afca.
Highincome Asia Pacifc
Highincome North America
North Affca and Middle East

‘Southem Sub-Saharan Afca:

Global
High SDI-
High-middle SDI-
Middle SDI

‘Central Sub-Saharan Afca.
EastAsia-

Eastor Europe.

Eastom Sub-Saharan Afica.
High-ncome Asia Pacifc
High-income North America.
North Affica and Middle East-

Western Europe-
Wester Sub-Saharan Afica

ASIR

cause
[
‘Other transport injuries
1l Fosoriess
Road nhres
Il sovram
[ -
[ e—
I contct an tororom
o
-
Foreign body
Exposrato mecharca oo
[ ————
[ L e——
it vl s
Sm—————

cause
I erpesonavierce
Other transport injuries.
Wl Fosorings
Roadinjuries
W sorrem
Il foinelcontat
[ Exposure toforces of nature-
Il Conictond teroriom
W o
Orowring
Foreign body
Exposure to mecharical forces
Adverse offects o medica retment
I Potos conitand xecutons
Fire, hea, and hotsubstances.
Envronmentat heatand cold exposure

cause

B poronavoence
Oertansort s

1l Fosorinss

Rond nhraa

Bl sotvam

[
| [———
[P —
Fals
Orowing
Foreign body
Exposure to mechanical forces
sdhos et cttmdelaakior
[ ——
P o snchssbanense
S L ——






OPS/images/fpubh-13-1600452-g011.jpg
Ao
-
o your
g o
g
g o
Lo
2 a0
2
-

o

T

SDI

B,
-
= yoar
g o
g ano
B
z a0
g
2 1050
-

U R

SDI

c
w0
= yoar
g o
g
g . ano
g
e a0
g
2 -
wo
wo

E PSS

sDI

g

ASIR (per 100,000)
g

3000:

ASPR (per 100,000)
g g

§

H

H

ASYR (per 100,000)

H

60

3 7o

trend
' ® Decresse
ow zo .

3

0 02





OPS/images/fpubh-13-1600452-g010.jpg
>

H

g

Crude Incidence rate (per 100,000)
g ¢

E 8§ &

Crude Prevalence rate (per 100,000) 00

o

§

$

8

Crude YLDs rate (per 100,000)
§

g

g

Cumativ fractonof ncidence O
H

g

o]

Popuiaion
166106

H

Cumative fractionof revalence Tl
g






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Geotemporal disparities in hip
fractures burden among
individuals aged >55 years (1990-
2021) with projections to 2050












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1600452-g005.jpg
o for vt A b

b W st
Loinpomt 3 3008 "o 42008 © Jomsont 52015

"onpoin 1 1985

g Joinpoint 3: 2008 Joinpoint 4: 2008 “Joinpoint 5: 2015
o 0%
¥
2w
Lo g
o o T 1%
- Ed ED o
B Yoar
P

Tompont. 2005

Topa 1 1995

ASR (per 100000)

g

Jompoints: 2015

R ).
]
H
i
g
4

H
:
§
§
2

H

sanpon - 1957 Tanpont 2. 1995 Tonpom 52675

& BanOmened o P02
— con 0109 cs-000

— oon s 20005 100"

— eonzmas 20 c=00

— conzmisaon wceou

Mo Obsamos ot 4P 081
— o 198 1330 A7 180

@ Femte O o, AP 014
— Foms 6801395 2= 021"
— Fose 2002006 2= 060"
— Fema 2052000 22 030

— Fesie 2002015 A7+ 000
— Foms 2t5 2021 AP 052

& BnOvsenos po 891031
— coniss0-10980-008

— eom s 2000A5ce 147

— eonzmsa0mce00

s bt it PG 078
— v 1m0 2 A0 12

— o 108 2000 A7 156

— o208 201047 105

— o 20102021 A5G- 035"

o Femas Cosnsd prs A5G 020
— Fo 1901685 A7C= 004

& omOtsen pom 89 043
R

— o s 00 ncm 058

— son 20002004 20 016"

— sonamezm wceort

Mot s pot A49C 010
— s 19901982 APCe .10

— e 1021005 AP 045"

— e 20002004 AP 071"

— s 202021 A7 022

© Fomat tsaned . PG 043
— Foms 19002000 AP 028"

— Fonsi 208200047+ 02"
— Fomse 20102016 AP 045"





OPS/images/fpubh-13-1600452-g006.jpg
.. Re0508
. “ p<0001

H

ASIR (per 100,000)
§

H

/ASPR (per 100,000}
g

0.

ASYR (per 100,000)
8

R °

Global
Andean Latin America
Australasia

Caribbean

Central Asia

Central Europe

Central Latin America
Central Sub-Saharan Africa
East Asia

Easter Europe

Eastern Sub-Saharan Affica
High-income Asia Pacific
High-income North America
North Africa and Middle East
Oceania

South Asia

Southeast Asia

‘Southern Latin America
‘Southern Sub-Saharan Africa
Tropical Latin America
Wester Europe

Western Sub-Saharan Africa





OPS/images/fpubh-13-1600452-g003.jpg





OPS/images/fpubh-13-1600452-g004.jpg
A Yearot 9%

e B e [l e e R 0501 = rer -

ssbll|

‘Year of 1990

Secorss un [ e B o Sx Rt 5 ) = Fo = e

e
i
i

E
H
B

LL.

C  Yearof 1990
St B e B e e R0 = e

I
.
s

o, S

alv"'fl/."i

RN N

’/l//(’/(’//

& F LA AR A

't’(‘l(‘l(‘ll(‘

A A

L

Voar o 2021 E  veworm F' earoraon

R L. . S . .
e g oy
H !»-a H !:«-
-1 it

AL TIIET Ry Iy TSI

i

i |

i bbb

it

Al L






OPS/images/fpubh-13-1600452-g009.jpg
-
B

Year

o w0

E3

ED

%

O coueo souspout o sauinns

Year

Year

w Sas 5014 o 0N

Em





OPS/images/fpubh-13-1600452-g007.jpg
Ao I Feriod I Canort

5
i
83 g
g H
5 et
2 L
£ M
55 7
32 H
& st o o = = e G R ] |
J e M
5
S5 5
L5 5
3 e
o
PSS IS &
PO R ) 1o9 ";; 10@1"?\1 &

FEEET S 5
B Time
. Ao i Period i Conort
3
g g
£ L O B e M G O I
2
-
5 7
H il Emenan o Co L R R
& e s
&
o8
5 o
&2 H
f e T 5 G S hon L G
3
PP F ST PSS F PSS ST FEEFS
2 o < TS S S ELE S P
P ) T 5 g 5 6

TS E S S E S S S
c e

s I Period i Conort

B
2
21
9
= .

g
H 3%
& e
o Bt
2 i
5
g
2
1
EIRIR JE IR IR IR N A3
e

Effect Type

=+ Ageoh
Period Both
CohortBoth
Age Female
Period Female
Gonort Female
AgeMaie
Period Male
CohortMale

+

Effect Type

=+ AgeBoth

~ Period Both

- CohortBoth

- AgeFemale

~ Perod. Female

- Cohort Female
AgeMaie

o Period Male

- CohortMale

Effect Type
Age 8ol
Period.Both
GohortBoth
‘Age Female
Peiod Female.
Gonort Female
Age Male
Period Male
CohortMale

AELRL

tH





OPS/images/fpubh-13-1600452-g008.jpg
B ntel i it adnas

%
%,
hS

waratio
B

B i

[ o

o .r...'-.'..ola.-n
o ogeesegeegyesgesssese,

E A LA e

Wikie sousds





OPS/images/fpubh-13-1600452-g001.jpg
= Global

High SO — Nidal SDI

* * High-middie SDI = = Low-middie SDI
LowsDl

o

£

ASR (per 100,000)
g

§

1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2075 2020 190 1995 2000 2005 2000 2015 2020

Year

. .ﬂ:.mltlmr_rl

S PSS S
Ll
’

AAPC in ncidence ()

Jf

R

e

&

jDDﬂﬁﬂmmmmmmmmmm+

G
I

L.Juu |

L

é?f&?yx

il

AAPG in provalence (%]

jDDDDDDDDDmDDm%

puyl

S LSS

P

J;

d

&

IS
yc“

TP
7%

el e
4

=

e

L

LT ]

il

S

e

PP
S fff

7y

s

ER IS
i

IRIIIAE AT
¢ ?

&
&5 R gty
& <

fy‘{ s ff;f





OPS/images/fpubh-13-1600452-g002.jpg
= =

e

- e J co o
- 1 Austraasia

o fl o
— e

5,000- I  Central Europe

High-income Asia Paciic:

High-income North America
{21 North Afrca and Middle East
1 Oceania

South Asia

Southeast Asia

§

/ASR (per 100,000)
8 8 3
23 8
m!uu ]
i

£Ege
i
i
P

9550, 2600 2010 2020 1990 2600 200 2020 1990 2000 2610 2620

190 Andean Latin America
Australasia

Caribbean

Contral Asia

1 Central Europe

1] Central Latin America

! Contral Sub-Saharan Africa
East Asa

Eastern Europe

Eastorn Sub-Saharan Africa
High-income Asia Pacic
High-income North America
North Afica and Midde East
Oceania

South Asia

Southeast Asia

‘Southern Latin America
Southern Sub-Saharan Africa
Tiopical Latin Amerca
Western Europe

171 Western Sub-Saharan Afrca






