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Background: Traumatic amputations are serious public health problems with enormous health and economic costs, but to date there has been little research on the epidemiology of traumatic amputations. We aimed to comprehensively analyze the global burden of disease due to traumatic amputations during 1990–2021 and to project trends over the next 15 years.

Method: Global Burden of Disease (GBD) 2021 data were used to demonstrate the burden of traumatic amputations in different populations, including incidence, prevalence, and years lived with disability (YLDs). In-depth analyses and projections were performed using Age-Period-Cohort (APC) model analysis, decomposition analysis, and Autoregressive Integrated Moving Average (ARIMA) models.

Result: There was an increase in the number of traumatic amputations globally in 2021 compared to 1990. However, the change in age-standardized rates from 1990 to 2021 declined significantly. The association between the Socio-demographic Index (SDI) and the burden of amputations in 2021 was not linear. Results of the APC analysis indicated that the burden was lower in the later-born cohort and showed an overall decreasing trend over time. The results of the decomposition analyses indicated that in most cases age change suppressed incidence but promoted increases in prevalence and YLDs. Population changes increased the burden of amputations, while epidemiologic changes did the opposite. The burden was projected to trend downward globally and in most regions over the next 15 years. Finally, mechanical forces and falls were the two most prominent factors.

Conclusion: The global burden of traumatic amputations increased in number from 1990 to 2021, but the age-standardized rate declined significantly and was expected to continue to decline in the future. Population growth is now the main cause of the burden, and more attention needs to be paid to men, youth and the older adult.
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1 Introduction

Amputation is used as a medical treatment in the treatment of severe injuries that are life-threatening or in which the function of the limbs cannot be restored, and results in the loss of a part of the body, such as upper limbs, lower limbs, fingers or toes. Regardless of the type of amputation, it implies a serious loss of mobility and loss of personal image, which brings heavy physical and psychological harm to the patient. Amputation also imposes a huge economic burden on families and society, and is a global public health problem that needs to be addressed urgently (1–5). Common causes of amputation can be categorized into non-traumatic diseases such as diabetes or peripheral vascular disease (6), and traumatic injuries due to a number of causes (1). The etiologic structure of amputations is related to the local level of economic development. For example, trauma is the leading cause of leg amputations in developing countries, whereas in developed countries the most common cause is peripheral vascular disease (1). Rapid economic development will bring more attention to non-traumatic amputations, however, for traumatic ones, the characteristics of younger age and longer life expectancy of the patients dictate that analyzing the epidemiological changes in traumatic amputations is still important (1). However, not much research has been done (7, 8).

The Global Burden of Disease (GBD) database is a database that quantifies the extent to which health issues such as diseases, injuries, and risk factors affect the health of populations at the global, regional, and national levels (9). In conjunction with the above, in this study we focused on all types of traumatic amputations and used the GBD database to obtain comprehensive data, visualize and describe them, and then analyzed them using advanced methods such as age-period-cohort (APC) and decomposition analyses. Future burden was also projected using ARIMA. An attempt was made to update the global understanding of epidemiologic trends in traumatic amputations.

In summary, the aim of our work is to provide a rationale for scrutinizing existing health policies and to motivate policymakers, healthcare providers, and researchers to propose prospective, targeted interventions that will reduce the burden of traumatic amputation and improve the prognosis for patients.



2 Method


2.1 Data sources

The GBD 2021 database provides comprehensive epidemiologic data on 371 diseases and injuries for 204 countries and territories from 1990 to 2021 (9). The resource search, data processing steps and modeling methodology for the GBD database have been described in detail (9). We extracted incidence, prevalence, and years lived with disability (YLDs) data from the GBD results tool 1for 1990–2021 for different countries and regions, gender, and age of traumatic amputation populations. Traumatic amputations here included all categories given within this tool, including unilateral or bilateral amputations of the upper or lower limbs, fingers (except thumbs), thumbs, and toes. 7 total categories.



2.2 Conceptual explanations

YLD is the sum of years of survival to health loss calculated by using the estimated age-sex-location-year-specific (in this study, traumatic amputation) disability weighting of sequelae. Using the GBD standard population structure, we present estimates in terms of number and age- standardized rates per 100,000 population. Socio-demographic Index (SDI) is a quantitative assessment of a society’s level of development based on educational attainment, fertility and income per capita and assigned a value of 0–1, based on which countries are categorized into five SDI regions ranging from low to high. Age standardization is the process of adjusting rates for different population groups to eliminate the interference of differences in age composition, thus providing a fair comparison of relevant rates between groups of people (9).



2.3 Data organization and visualization

The data obtained from the GBD database were organized to present the prevalence, incidence, and YLDs of the population by time, region, gender and age, and cause of injury in multiple tables, and were plotted in R to visualize the data for the above subgroups.

The world map was created using the map_data (‘world’) function of ggplot2 in the R package and colored according to the acquired age-standardized data in numerical segments to show the geographic distribution of the burden of amputation for trauma etiology in different countries and regions around the world.



2.4 Age-period-cohort model

Age-period-cohort (APC) model (10, 11) is a tool used in epidemiology to explain and analyze the influence of age effects, period effects, and cohort effects on specific outcomes or trends. Age effects refer to differences in the burden of disease for amputations in different age groups caused by increasing age. Period effects refer to differences in the burden of disease for amputations due to factors acting simultaneously for all age groups at a given point in time. Cohort effects refer to changes in the burden of disease for amputation due to different risk factors for different birth years.

Dividing age and year into consecutive 5-year intervals (1992–2021 was used for year here because 1990–1991 did not span a 5-year interval), in addition, we summarized 25 birth cohorts from 1893–1901 to 2013–2021 based on the law of birth cohort = period-age. Age, period, and cohort average were chosen as the reference group. The relative risk (RR) values for each age, period, and cohort represent the independent risk compared with the reference group.



2.5 Decomposition analysis

Decomposition analysis (12, 13) is a method of delineating different factors by means of mathematical decomposition and identifying how they affect overall change. To understand the factors driving changes in the burden of traumatic amputations between 1990 and 2021, we used Das Gupta’s decomposition analysis method (12, 13). The specific contributions of the three factors driving changes in the burden of disease (i.e., age, epidemiological trends, and population) were visualized in R. The black dots represented the values resulting from the combined effects of the three factors.



2.6 ARIMA prediction model

Autoregressive Integrated Moving Average (14) (ARIMA) is a statistical model widely used in time series analysis and forecasting, and is a differential integrated moving average autoregressive model. ARIMA consists of an autoregressive (AR) model, a difference (I) and a moving average (MA) model. ARIMA is denoted by (p, d, q), p is the autoregressive order. d is the order of difference. q is the moving average order.

In this study, the ARIMA model was used to analyze the trend of disease incidence of amputation and to predict the burden of disease for the next 15 years globally and in different SDI regions. Auto.arima() function was used to select the best optimized model (14). The normality of model residuals was tested by observing QQ plots, ACF and PACF plots. The residual series were tested for white noise using Ljung-Box.



2.7 Statistical analysis

All statistical analyses and data visualizations were performed using R (version 4.3.2). Statistical results are presented as means and 95% uncertainty intervals (UI) or 95% confidence intervals (CI). For trend analysis, p < 0.05 was considered statistically significant.



2.8 Patient and public involvement statement

The study used a publicly available database with no patient participation.




3 Results


3.1 Overview of the Global Burden of Disease from traumatic amputations

In 2021, there were 445.2 million (95% UI 409.0–485.8) individuals with traumatic amputation globally, 10 million (9.1–12.9) individuals with new cases in 2021 alone, and a YLD for traumatic amputation of 5.9 million (4.0–9.1) years (Table 1). Comparisons with 1990 data are all elevated, with the number of prevalence and YLDs being particularly significant. However, the global age-standardized rate (per 100,000) of incidence, prevalence, and YLDs, declined significantly from 1990 to 2021, to −0.26 (−0.28 to −0.24) per 100,000, −0.24 (−0.26 to −0.22) per 100,000, and −0.32 (−0.37 to −0.28) per 100,000, respectively.



TABLE 1 Number of incidence, prevalence, and YLDs of traumatic amputations at all ages in 2021, and changes in age-standardized rates per 100,000 in countries and areas, 1990 to 2021.
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3.2 Regional and national burden of disease from traumatic amputations

The burden of amputations and changes in the burden vary by region and country. In terms of number of all ages, South Asia has the highest incidence and YLDs, while the highest prevalence is in high-income countries. India and China were the top two countries with the highest incidence, prevalence and YLDs. The lowest regional, national burden of disease numbers are in Oceania and some of the countries in it located in the Western Pacific, such as Tokelau and Niue (Table 1).

When it comes to comparisons, it is important to look at the values of the rates (Figure 1). In 2021, the age-standardized incidence rate was highest in Central Europe (448.4 [95% UI 342.7–575.5] per 100,000) and lowest in East Asia (97.9 [79.1–121.5] per 100,000) (Supplementary Table 1). From 1990 to 2021, the Caribbean had the largest increase and Eastern Sub-Saharan Africa had the largest decrease in prevalence (Table 1). Age-standardized prevalence rates were highest in Central Europe (16129.1 [14704.0–17802.5] per 100,000) and lowest in Oceania (3542.4 [3224.1–3921.5] per 100,000) (Supplementary Table 2). From 1990 to 2021, Caribbean had the largest increase and High-income North America had the largest decrease (Table 1). Age-standardized YLDs rates were highest in Central Europe (145.3 [78.6–262.7] per 100,000) and lowest in High-income North America (38.8 [21.5–66.9] per 100,000) (Supplementary Table 1). From 1990 to 2021, Caribbean had the largest increase and East Asia had the largest decrease (Table 1). Note: The region to which a country belongs follows the rules for the classification of GBD results, as reflected in Table 1 and Supplementary Table 1.

[image: Figure 1]

FIGURE 1
 Global burden of traumatic amputations in countries and regions in 2021. (A) Age-standardized incidence rates; (B) Age-standardized prevalence rates; (C) Age-standardized YLDs rates.


The highest age-standardized incidence rates of traumatic amputation in 2021 were Afghanistan (910.9 [95% UI 596.8–1351.3] per 100,000), Albania (583.0 [439.3–759.7] per 100,000), Slovenia (572.2 [434.4–734.6] per 100,000). Kiribati (58.2 [49.8–68.2] per 100,000), Taiwan (Province of China) (59.3 [49.9–71.2] per 100,000), Tonga (61.2 [51.3–72.5] per 100,000) were the lowest (Figure 1A). From 1990 to 2021, the largest increases in age-standardized incidence rates were in Afghanistan, Yemen, and Central African Republic, and the largest decreases were in Eritrea, Liberia, and Kuwait (Table 1). The highest age-standardized prevalence of traumatic amputation was Afghanistan (20804.2 [13155.6–32892.7] per 100,000), Albania (20596.1 [18827.8–22760.6] per 100,000), Slovenia (20066. 9 [18261.0–22078.6] per 100,000). Taiwan (Province of China) (2203.8 [2035.0–2409.9] per 100,000), Democratic People’s Republic of Korea (2304.0 [2171.2–2465.4] per 100,000), Kiribati (2309.8 [2141.9–2516.6] per 100,000) were the lowest (Figure 1B). The largest rate of increase in age-standardized prevalence was in Burundi, Syrian Arab Republic, and Rwanda, and the largest rate of decrease was in Portugal, Taiwan (Province of China), and Lebanon (Table 1). The highest rates of age-standardized YLDs for traumatic amputations were Afghanistan (620.5 [303.9–1274.8] per 100,000), Eritrea (398.7 [226.9–681.2] per 100,000), Burundi (368.6 [224.6–579.7] per 100,000). Taiwan (Province of China) (25.8 [15.1–42.2] per 100,000), Tonga (37.0 [25.9–53.1] per 100,000), Canada (37.5 [25.9–53.1] per 100,000) were the lowest (Figure 1C). The largest increases in the rates of age-standardized YLDs were in Burundi, Rwanda, and Syrian Arab Republic, and the largest decreases were in Lebanon, El Salvador, and Taiwan (Province of China) (Table 1).



3.3 Regional, national, and SDI association analysis of the burden of traumatic amputation

The age-standardized rate of traumatic amputation burden versus SDI for the 22 GBD regions is shown (Figures 2A–C), with disease burden decreasing at SDI < 0.4 and increasing at SDI > 0.4, with all three measures declining significantly after reaching a peak of 0.7–0.75. All regions showed an overall approximately decreasing trend in burden. Central Europe, Eastern Europe had the greatest decrease in burden over time, but as relatively high SDI regions were much off the curve, with a high amputation burden. The curve of change in burden is flatter in the low SDI and high SDI regions.
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FIGURE 2
 Association of global regional and national burden of traumatic amputations with SDI in 2021. (A,D) Age-standardized incidence rates; (B,E) Age-standardized prevalence rates; (C,F) Age-standardized rates of YLDs.


In the plot of the burden of traumatic amputation in association with the SDI for 204 countries in 2021, the scatter of incidence and YLDs fits the curve better than that of prevalence. There is also an inflection point in the curve as above, around 0.8, and countries with an SDI above this inflection point have a significantly lower burden of disease. The curves for SDI at 0.25–0.5 and 0.5–0.75 have a V-like shape, where only the 0.5–0.75 part of the YLD is flat. It is worth noting that Afghanistan clearly deviates from the other data points and curves due to high burden (Figures 2D–F).



3.4 Gender, age and time trends in the burden of traumatic amputations

The number of prevalence of traumatic amputations in 2021 were 306.6 million (95% UI 281.0–334.8) for males and 138.7 million (125.4–156.5) for females. The number of incidence in 2021 was 7.7 million (6.4–9.1) for males and 3.2 million (2.6–3.9) for females. The number of YLDs with traumatic amputations was 3.9 million (2.6–6.0) years for males and 2.1 million (1.4–3.1) years for females (Supplementary Table 2). Overall, the burden of disease is significantly greater for males than for females. From 1990 to 2021, the burden of disease for traumatic amputation has shown a significant downward trend for both genders (Supplementary Table 2).

The highest number of incidence of traumatic amputations in 2021 was in 15–19 age group (1.2 million [0.9–1.5]) (Supplementary Table 3). It is highest in the 15–19 age group for males and in the 5–9 age group for females, with a decreasing trend in both as age increases (Figure 3A). For the number of prevalence and YLDs, there were similar characteristics, with males and females appearing to have the same peak age ranges of 45–49 and 50–54, and the curves were roughly parabolic (Figures 3B,C). Apparently, the total number for both genders was highest with the number of prevalence in 45–49 age group (40.3 million [36.6–44.5]) and the number of YLDs in 50–54 age group (0.5 million [0.3–0.8] years) (Supplementary Table 3).
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FIGURE 3
 Number of male and female traumatic amputation burden global in 2021. (A) Incidence; (B) Prevalence; (C) YLDs. Rate of male and female traumatic amputation burden global in 2021. (D) Incidence; (E) Prevalence; (F) YLDs. Changes in the number and rate of male and female traumatic amputation burden, 1990–2021. (G) Incidence; (H) Prevalence; (I) YLDs.


For rates of burden, males remain significantly higher than females (Figures 3D–F). Age-standardized incidence peaks in the 15–24 age group for males, and then both genders experience a decline after this age until age 75, when the burden of disease rises significantly again (Figure 3D). The rates of prevalence and YLDs increased with age in both genders (Figures 3E,F).

During 1990–2021, the burden of disease has been significantly greater for males than for females, both in terms of numbers and rates. For numbers, the change of incidence in both genders has tended to be generally stable with little fluctuation (Figure 3G). Both genders showed increasing trends in prevalence and YLDs (Figures 3H,I). For age-standardized rates, both genders showed a decreasing trend in prevalence, incidence, and YLDs over time, with a greater decrease in males than females (Figures 3G–I).



3.5 Age-period-cohort (APC) analysis of traumatic amputations

Prevalence and YLDs are more reflective of the accumulation and burden of disease, whereas incidence represents new cases per year, and is more straightforward for analyzing the three elements affecting the model and the model itself. Therefore, we only list the results of the analysis of incidence.

In terms of age effects, the picture varied by age. The prevalence of amputation showed a fluctuating increase until the age of 20, reached a peak and then began to decline until it reached a minimum around the age of 70 then increased again (Figures 4A–C). Period Deviations were significant for 1997–2001 and 2002–2006 (Figure 4D). For Fitted Temporal Trends, there was an overall downward trend in incidence over time (Figure 4E), here using 2002 to 2006 as the reference group (RR = 1), the RR decreased from 1.076 (95% CI 1.063–1.091) to 0.939 (0.925–0.954) (Figure 4F). Analysis of cohort effects showed less obvious fluctuations in cohort deviation (Figure 4G), with those born after 1957 having a lower incidence of amputation than those born before (RR = 1), with the RR decreasing from 0.86 (95% CI 0.444–1.666) to 0.493 (0.473–0.513), (Figure 4H). From 1990 to 2021, the overall Net Drift (%/year) for incidence was −0.55 (95% CI -0.6 to −0.4), with a general upward trend in the curve and a significant increase after becoming positive after age 77.5 (Figure 4I).

[image: Figure 4]

FIGURE 4
 Age-period-cohort analysis results. (A) Age Deviations; (B) Longitudinal Age Curve; (C) Cross-Sectional Age Curve; (D) Period Deviations; (E) Fitted Temporal Trends; (F) Period RR; (G) Cohort Deviations; (H) Cohort RR; (I) Local Drifts with Net Drift.




3.6 Decomposition analysis of traumatic amputations

Decomposition analyses revealed the age, epidemiological trends, and population contribution to the burden of disease in the five SDI regions, from high to low, globally in 2021 (Figure 5). In incidence, age was a reducing element of burden in most cases (Figures 5A–C), whereas in prevalence and YLDs it was the exact opposite and accounted for more than the incidence burden (Figures 5D–I). In the vast majority of cases, population increased the burden while the epidemiological trend reduced it (Figure 5). In a regional perspective, SDI and burden tended to be distributed in an “S”-like pattern, but in general regions with high SDI did have relatively low burdens. When analyzed by gender, the pattern of results is similar for males and females in different regions compared to the overall decomposition (Figure 5). For the quantification of the figure above, we present the total burden as well as the quantified values and corresponding percentages for the three elements, and the former is also used for comparison with the difference in the number of burdens. There is general agreement from the results presented, as detailed in Supplementary Table 4.

[image: Figure 5]

FIGURE 5
 Decomposition analysis results for global and five SDI regions. (A–C) Incidence; (D–F) Prevalence; (G–I) YLDs.




3.7 Prediction of traumatic amputation

Since the YLDs were calculated using the disability weighting parameters, the confidence in their predicted up results was relatively weak, so we chose to do a 15-year prediction of incidence and prevalence rates using ARIMA (Figures 6A–L). The derived different fitted models (p, d, q) and other parameters using the auto.arima() function are presented in detail in Supplementary Table 5. Except for the incidence in the low SDI region, the rest of the observations are in good agreement with the fitted values. Regarding residence analysis, incidence and prevalence in low SDI region, incidence in low-middle SDI region did not pass the PACF plot test. Incidence in low SDI region, prevalence in high SDI region did not pass the ACF plot test. All data passed the QQ plot test. The above illustrates that there are individual instances in the forecast where the data does not conform to a normal distribution. (Due to space constraints, three plots were not placed in the results as a judgment tool only). All models passed the Ljung-Box test.

Based on these models, we predicted that over the next 15 years, global incidence would fall from 138.5 per 100,000 in 2021 to 113.0 per 100,000 in 2036, and prevalence would fall from 5333.4 per 100,000 in 2021 to 4339.9 per 100,000 in 2036. Higher SDI regions would have significantly lower incidence and prevalence rates (Figures 6B,C,H,I). The rates of incidence and prevalence in the middle and low-middle SDI regions will decrease or remain stable, and the low SDI regions will face higher prevalence rates (Figures 6D–F,J,K).

[image: Figure 6]

FIGURE 6
 ARIMA projections for the globe and the five SDI regions. (A–F) Incidence; (G–L) Prevalence. ASIR, Age-standardized incidence rates; ASPR, Age-standardized prevalence rates.




3.8 Etiologic analysis of traumatic amputations

In 2021, the highest burden of disease for traumatic amputations was due to exposure to mechanical forces and falls and was much higher than other causes (Supplementary Table 6). We performed a curve analysis of time and age-standardized rates for both causes of injury. With the exception of falls in which the curve for incidence tended to flatten out (Figure 7A), the rest of the curves showed a downward trend with occasional fluctuations over time (Figures 7A–C). Notably, the curves of incidence and prevalence of exposure to mechanical forces were both higher than falls, while the opposite was true for YLDs (Figures 7A–C).

[image: Figure 7]

FIGURE 7
 Burden of exposure to mechanical forces and falls for both genders, 1990–2021. (A) Age-standardized incidence rates; (B) Age-standardized prevalence rates; (C) Age-standardized YLDs rates.





4 Discussion

The global incidence number of trauma-related amputations increased by only about 5% from 1990 to 2021, showing mainly numerical fluctuations during this period. However, the number of prevalence and YLDs increased significantly. In contrast, age-standardized rates showed a significant downward trend. Over the past 30 years, the world has experienced population growth and aging (15), with the accumulation of cases implying an increase in prevalence, and the prolonged duration of disability in the older adult has led to a significant increase in the number of prevalence and YLDs. Advances in medical technology have led to more scientific management of amputations in some cases (16) and developments in care and rehabilitation have reduced disability (17, 18) and lowered the age-standardized rate of disease burden. Age-standardized rate measures contributed to this trend by neutralizing population changes.

India and China have large populations with high numbers of amputation burdens, while the opposite is found in some countries in the Western Pacific. Age-standardized rates of amputation burden in 2021 were particularly high in Central and Eastern Europe, the Middle East, the Caribbean, New Zealand, and Australia (Figure 1). Combined with the change from 1990 to 2021 (Table 1) and the association between SDI and amputation burden in different regions and countries (Figure 2), the rising 0.4–0.7 SDI burden curve might be associated with rapid industrial development and road transportation pressures accompanying GDP growth (19, 20).

There are differences in SDI between regions and countries with the highest and lowest burdens, but SDI is not the sole determinant of amputation burden; region-specific policies or events also play a role. Central and Eastern Europe and the Middle East are plagued by conflict and regional instability (21–23). Significant regional inequalities in burden exist in Europe, and since 1990, Central and Eastern European countries have experienced economic transition accompanied by an increase in violence and unintentional injuries, and the existence of an under-appreciated burden of disease from injuries (24–26). Trauma patterns and systems in New Zealand and Australia are similar, with low levels of rural health care, poor transportation design and quality, and geographic issues that often lead to delays in treatment (27, 28). Inadequate urban planning, unsafe neighborhoods and inadequate health care exist in the Caribbean and Latin American regions (29). In addition, it is hypothesized here that the mechanisms for monitoring and reporting epidemiology are better in more developed countries compared to less developed countries. Moreover, there are differences in data collection methods, case definition methods, and so on, in different countries. These may lead to differences in data quality, which in turn may affect the judgment of the relationship between SDI and the burden of traumatic amputations (30).

The burden of traumatic amputation was much heavier for males than for females in the period 1990–2021. This may be due to the fact that males are exposed to more risks on a daily basis, such as strenuous physical labor, traffic accidents, violence, etc. (9, 31, 32). This explains the peak rate of incidence in males aged 15–24 years and the high rate of incidence in young adults (Figures 3D, 4B). The burden for both genders rose significantly and converged at age 75 (Figure 3D), driven by a combination of declining body function and the same external environment. The burden of age-standardized rates declined slightly more for males than for females (Figures 3G–I), which we hypothesize is because of improved economic conditions, population health driven by a steady increase in global SDI over this time period (33), manifested in terms of amputation burden may imply increased labor security, facility safety, and safety awareness. Moreover, the results in Figure 4E are consistent with these observations. The number of prevalence and YLDs is concentrated in young adults, which should be of great concern to health care policy. The high age-standardized rates in the older age groups stem from the cumulative effect of the 1912–1957 birth cohort, a period when the world was at war and medical care was far less developed than today (Figure 4H).

According to Das Gupta’s methodology, (12, 13) the analysis (Figure 5) shows that the patterns of males and females in different regions are basically the same. Changing age structure reduced the burden of incidence but increased prevalence and YLDs, probably due to the combined effect of aging and oligarchic trends (15) in most countries worldwide to reduce the absolute number of amputation incidence, especially in high SDI regions. Older people have greater prevalence of and YLDs than younger people (Figure 3F), allowing changes in age structure to increase prevalence of and YLDs. Increasing population implies increasing burdens, which are more pronounced in lower SDI countries, and the cumulative effect is exacerbated by an increase in the average age of the population (15). Encouragingly, epidemiologic reductions were observed in the vast majority of subgroups, suggesting that global measures to address the burden associated with amputation have been successful, and the projections are consistent with this. However, the high fluctuation in burden in the lower SDI regions limits the reliability of the projections, and some of the residuals do not conform to a normal distribution, but the short-term projections are still informative.

Finger amputation accounts for the largest proportion of traumatic amputations, and in the United States, for example, the cause are often mechanical forces (32). Our results show that the prevalence and incidence of mechanical forces causes are higher than falls, but the opposite is true for YLDs, which implies that falls are more injurious, but less likely to occur. Falls are an important cause of death and disability worldwide, and can even be accompanied by brain, spinal cord, and visceral injuries, which are extremely harmful, yet have not attracted a great deal of attention from healthcare and social policy makers (34). Therefore, the age-standardized prevalence of falls has consistently leveled off (Figure 7A).

In summary, the major risks of traumatic amputation vary by region and age, and health interventions tailored to different populations should be customized to reduce the burden of disease, rather than as a one-size-fits-all package. The limitations of this study are (35), firstly, at present, the latest data in the GBD database is only updated to 2021, which has a certain lag. We chose to use 1990 as the starting year, which is the usual practice in GBD research, because the previous data are indeed somewhat outdated when compared and analyzed with the 2021 data, but it does not mean that they are not meaningful for studies. In addition, there may be bias in the data from less developed regions. Secondly, YLD comparisons need to take into account local levels of social development. Finally, different amputations have different characteristics and burdens, and differences in the proportion of the overall population can interfere with the understanding of the results. Nonetheless, our analyses can provide important information to inform the development of strategies to reduce the burden of traumatic amputations.



5 Conclusion

The global burden of traumatic amputations increased in number from 1990 to 2021, but the age-standardized rate of burden declined significantly and is expected to continue to decline in the future. Population growth is now the main cause of the burden, and more attention needs to be paid to men, youth and the older adult.
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