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Global, regional and national 
burden of traumatic amputations 
from 1990 to 2021: a systematic 
analysis of the Global Burden of 
Disease study 2021
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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 

1 http://ghdx.healthdata.org/gbd-results-tool

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 
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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.

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.

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).
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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.

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Global
10352 (8657, 12308)

10859 (9064, 

12882)

−0.26 (−0.28, 

−0.24)

338099 (310645, 

370807)

445238 (408968, 

485841)

−0.24 (−0.26, 

−0.22)
4988 (3482, 7332) 5936 (3988, 9067)

−0.32 (−0.37, 

−0.28)

Southeast Asia, East Asia, and Oceania 2050 (1740, 2443) 2239 (1838, 2694)
−0.11 (−0.15, 

−0.07)

66841 (60831, 

74500)

99903 (91106, 

110708)

−0.11 (−0.13, 

−0.08)
1238 (898, 1740) 1319 (855, 2070)

−0.39 (−0.49, 

−0.28)

East Asia 1242 (1013, 1512) 1425 (1163, 1751) −0.03 (−0.09, 0.03)
44870 (40642, 

50338)

67249 (60890, 

74989)
−0.08 (−0.1, −0.04) 851 (608, 1168) 820 (499, 1321) −0.44 (−0.57, −0.3)

China 1205 (982, 1467) 1393 (1135, 1716) −0.02 (−0.08, 0.04)
43610 (39485, 

48981)

65819 (59533, 

73489)
−0.07 (−0.1, −0.03) 829 (593, 1137) 798 (485, 1289) −0.44 (−0.57, −0.3)

Democratic People's 

Republic of Korea
15 (13, 18) 18 (15, 21) −0.1 (−0.15, −0.04) 534 (499, 583) 722 (679, 772) −0.15 (−0.2, −0.12) 11 (8, 15) 13 (9, 19)

−0.28 (−0.35, 

−0.22)

Taiwan (Province of 

China)
21 (18, 26) 14 (12, 17)

−0.42 (−0.46, 

−0.39)
726 (664, 804) 708 (658, 770)

−0.41 (−0.44, 

−0.38)
11 (7, 16) 9 (5, 14)

−0.54 (−0.62, 

−0.48)

Southeast Asia 802(675,962) 799 (673, 941) −0.3 (−0.35, −0.26)
21810 (19545, 

26224)

32247 (29274, 

36388)

−0.22 (−0.24, 

−0.19)
384 (263, 587) 492 (344, 741)

−0.32 (−0.39, 

−0.27)

Cambodia 18 (15, 22) 19 (15, 23)
−0.35 (−0.45, 

−0.24)
806 (495, 1513) 1034 (778, 1596)

−0.29 (−0.38, 

−0.19)
25 (10, 62) 23 (12, 45)

−0.48 (−0.56, 

−0.32)

Indonesia 249 (204, 300) 254 (212, 302)
−0.28 (−0.31, 

−0.26)
8088 (7280, 9474)

10773 (9831, 

12038)
−0.29 (−0.3, −0.27) 140 (98, 207) 166 (116, 247)

−0.37 (−0.41, 

−0.32)

Lao People's Democratic 

Republic
9 (7, 14) 7 (6, 9)

−0.54 (−0.69, 

−0.39)
154 (143, 165) 239 (223, 259) −0.28 (−0.3, −0.26) 3 (2, 4) 4 (3, 6)

−0.38 (−0.43, 

−0.33)

Malaysia 20 (17, 25) 32 (27, 38) −0.14 (−0.18, −0.1) 584 (541, 632) 1155 (1071, 1252)
−0.15 (−0.17, 

−0.13)
9 (6, 13) 15 (10, 23)

−0.29 (−0.36, 

−0.22)

Maldives 0 (0, 0) 1 (0, 1)
−0.25 (−0.31, 

−0.19)
8 (8, 9) 23 (21, 26) −0.24 (−0.27, −0.2) 0 (0, 0) 0 (0, 0)

−0.42 (−0.51, 

−0.33)

Mauritius 1 (1, 1) 1 (1, 1)
−0.17 (−0.21, 

−0.13)
38 (35, 41) 50 (46, 54)

−0.16 (−0.19, 

−0.14)
1 (0, 1) 1 (0, 1) −0.25 (−0.32, −0.2)

Myanmar 76 (64, 91) 134 (106, 175) 0.3 (0.07, 0.66) 2371 (1988, 3345) 3411 (2952, 4309)
−0.12 (−0.19, 

−0.03)
46 (30, 80) 60 (40, 90) −0.2 (−0.33, −0.07)

Philippines 116 (97, 141) 112 (95, 131) −0.44 (−0.49, −0.4) 2803 (2408, 3590) 4413 (3883, 5233)
−0.25 (−0.28, 

−0.22)
52 (35, 80) 77 (53, 114)

−0.29 (−0.33, 

−0.25)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Seychelles 0 (0, 0) 0 (0, 0) −0.3 (−0.35, −0.25) 3 (3, 4) 4 (4, 5)
−0.26 (−0.29, 

−0.24)
0 (0, 0) 0 (0, 0)

−0.34 (−0.41, 

−0.29)

Sri Lanka 108 (74, 155) 29 (24, 35)
−0.77 (−0.85, 

−0.67)
1144 (993, 1381) 2261 (1809, 2917) 0.26 (0.09, 0.45) 20 (14, 30) 34 (21, 54) 0.11 (−0.07, 0.28)

Thailand 94 (78, 114) 75 (64, 90) −0.26 (−0.31, −0.2) 2925 (2734, 3145) 3870 (3553, 4208) −0.23 (−0.26, −0.2) 45 (32, 65) 48 (31, 76) −0.41 (−0.5, −0.33)

Timor-Leste 4 (3, 6) 1 (1, 2)
−0.77 (−0.85, 

−0.66)

75 (55, 105) 105 (78, 146) −0.04 (−0.09, 0.01) 2 (1, 4) 3 (2, 4) −0.13 (−0.18, 

−0.07)

Viet Nam 104 (84, 129) 133 (108, 159) −0.14 (−0.21, 

−0.08)

2779 (2565, 3006) 4862 (4508, 5261) −0.14 (−0.16, −0.1) 41 (29, 60) 62 (40, 95) −0.27 (−0.35, 

−0.21)

Oceania 6 (5, 7) 14 (12, 17) 0.07 (0.01, 0.14) 160 (148, 175) 408 (369, 455) 0.07 (0.04, 0.12) 3 (2, 4) 8 (6, 11) 0.09 (0.03, 0.14)

American Samoa 0 (0, 0) 0 (0, 0) −0.21 (−0.25, 

−0.16)

2 (1, 2) 2 (2, 2) −0.1 (−0.14, −0.04) 0 (0, 0) 0 (0, 0) −0.08 (−0.14, 0)

Cook Islands 0 (0, 0) 0 (0, 0) −0.28 (−0.4, −0.17) 1 (0, 1) 1 (1, 1) −0.02 (−0.06, 0.03) 0 (0, 0) 0 (0, 0) −0.27 (−0.38, 

−0.16)

Fiji 1 (1, 1) 1 (1, 1) −0.13 (−0.17, 

−0.08)

19 (18, 21) 25 (23, 27) −0.14 (−0.16, 

−0.11)

0 (0, 0) 0 (0, 1) −0.16 (−0.21, 

−0.11)

Guam 0 (0, 0) 0 (0, 0) −0.22 (−0.26, 

−0.16)

4 (4, 5) 5 (5, 6) −0.18 (−0.2, −0.15) 0 (0, 0) 0 (0, 0) −0.17 (−0.22, 

−0.13)

Kiribati 0 (0, 0) 0 (0, 0) −0.22 (−0.26, 

−0.18)

2 (1, 2) 2 (2, 3) −0.17 (−0.2, −0.14) 0 (0, 0) 0 (0, 0) −0.23 (−0.29, 

−0.17)

Marshall Islands 0 (0, 0) 0 (0, 0) −0.15 (−0.2, −0.11) 1 (1, 1) 2 (1, 2) −0.15 (−0.17, 

−0.13)

0 (0, 0) 0 (0, 0) −0.19 (−0.23, 

−0.15)

Micronesia (Federated 

States of)

0 (0, 0) 0 (0, 0) −0.11 (−0.15, 

−0.06)

3 (3, 3) 3 (3, 4) −0.08 (−0.11, 

−0.05)

0 (0, 0) 0 (0, 0) −0.16 (−0.22, −0.1)

Nauru 0 (0, 0) 0 (0, 0) −0.08 (−0.13, 

−0.02)

0 (0, 0) 0 (0, 0) −0.11 (−0.14, 

−0.09)

0 (0, 0) 0 (0, 0) −0.15 (−0.19, 

−0.11)

Niue 0 (0, 0) 0 (0, 0) −0.15 (−0.2, −0.1) 0 (0, 0) 0 (0, 0) −0.1 (−0.12, −0.06) 0 (0, 0) 0 (0, 0) −0.2 (−0.26, −0.14)

Northern Mariana Islands 0 (0, 0) 0 (0, 0) −0.24 (−0.29, 

−0.17)

2 (2, 2) 2 (2, 2) −0.23 (−0.26, −0.2) 0 (0, 0) 0 (0, 0) −0.24 (−0.28, −0.2)

Palau 0 (0, 0) 0 (0, 0) −0.03 (−0.08, 0.04) 1 (1, 1) 1 (1, 1) −0.03 (−0.05, 0) 0 (0, 0) 0 (0, 0) −0.13 (−0.19, 

−0.07)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Papua New Guinea 4 (3, 5) 11 (9, 14) 0.14 (0.07, 0.21) 96 (88, 106) 306 (276, 344) 0.15 (0.11, 0.21) 2 (1, 3) 6 (4, 8) 0.15 (0.09, 0.23)

Samoa 0 (0, 0) 0 (0, 0) −0.26 (−0.35, 

−0.18)

4 (4, 5) 6 (6, 7) 0 (−0.05, 0.08) 0 (0, 0) 0 (0, 0) −0.06 (−0.14, 0.04)

Solomon Islands 0 (0, 0) 1 (1, 1) 0.01 (−0.06, 0.08) 9 (9, 10) 23 (20, 25) −0.01 (−0.04, 0.03) 0 (0, 0) 0 (0, 1) −0.08 (−0.14, 

−0.02)

Tokelau 0 (0, 0) 0 (0, 0) −0.16 (−0.21, −0.1) 0 (0, 0) 0 (0, 0) −0.16 (−0.18, 

−0.13)

0 (0, 0) 0 (0, 0) −0.29 (−0.36, 

−0.22)

Tonga 0 (0, 0) 0 (0, 0) −0.25 (−0.3, −0.2) 2 (2, 2) 2 (2, 2) −0.19 (−0.22, 

−0.17)

0 (0, 0) 0 (0, 0) −0.27 (−0.33, 

−0.22)

Tuvalu 0 (0, 0) 0 (0, 0) −0.12 (−0.16, 

−0.07)

0 (0, 0) 0 (0, 0) −0.13 (−0.15, −0.1) 0 (0, 0) 0 (0, 0) −0.24 (−0.3, −0.19)

Vanuatu 0 (0, 0) 0 (0, 0) −0.13 (−0.17, 

−0.09)

4 (3, 4) 8 (7, 9) −0.12 (−0.14, −0.1) 0 (0, 0) 0 (0, 0) −0.12 (−0.17, 

−0.08)

Central Europe, Eastern Europe and Central Asia 2064(1646,2544) 1411(1118,1733) −0.29 (−0.31, 

−0.28)

80128 (73869, 

87202)

66548 (61429, 

72593)

−0.28 (−0.29, 

−0.27)

954 (622, 1487) 681 (407, 1148) −0.38 (−0.45, 

−0.33)

Central Asia 219 (176, 273) 233 (187, 290) −0.2 (−0.22, −0.18) 6799 (6249, 7428) 8818 (8154, 9666) −0.19 (−0.21, 

−0.17)

88 (60, 132) 105 (69, 165) −0.26 (−0.3, −0.21)

Armenia 14 (11, 17) 7 (5, 8) −0.39 (−0.43, 

−0.36)

525 (482, 581) 359 (328, 397) −0.35 (−0.39, 

−0.31)

7 (4, 10) 4 (3, 7) −0.41 (−0.49, 

−0.35)

Azerbaijan 20 (16, 25) 23 (18, 29) −0.13 (−0.17, 

−0.09)

633 (580, 696) 1029 (938, 1136) −0.07 (−0.11, 

−0.02)

8 (6, 13) 12 (8, 19) −0.19 (−0.28, 

−0.11)

Georgia 19 (15, 24) 12 (10, 15) 0.09 (0.02, 0.17) 760 (696, 833) 599 (553, 656) 0.07 (0.03, 0.11) 9 (6, 14) 7 (4, 11) 0.02 (−0.05, 0.06)

Kazakhstan 64 (51, 81) 59 (47, 75) −0.18 (−0.23, 

−0.14)

2047 (1881, 2234) 2092 (1928, 2298) −0.2 (−0.22, −0.17) 26 (18, 40) 23 (14, 38) −0.32 (−0.39, 

−0.26)

Kyrgyzstan 13 (11, 16) 15 (12, 18) −0.26 (−0.3, −0.22) 393 (358, 436) 477 (441, 524) −0.28 (−0.31, 

−0.26)

5 (4, 8) 6 (4, 9) −0.39 (−0.45, 

−0.33)

Mongolia 8 (6, 9) 11 (9, 14) 0 (−0.05, 0.06) 190 (175, 209) 371 (340, 408) −0.01 (−0.04, 0.02) 3 (2, 4) 5 (3, 7) −0.18 (−0.27, 

−0.11)

Tajikistan 14 (12, 18) 20 (16, 25) −0.23 (−0.26, −0.2) 381 (345, 422) 779 (691, 881) −0.06 (−0.13, 0.04) 5 (4, 8) 12 (8, 18) 0.05 (−0.08, 0.24)

Turkmenistan 10 (8, 13) 13 (10, 17) 0 (−0.07, 0.08) 284 (257, 317) 464 (426, 513) −0.04 (−0.08, 0) 4 (3, 6) 5 (3, 8) −0.18 (−0.25, −0.1)

Uzbekistan 57 (45, 70) 73 (59, 88) −0.16 (−0.19, 

−0.12)

1585 (1444, 1749) 2649 (2447, 2884) −0.17 (−0.2, −0.15) 20 (14, 31) 32 (21, 50) −0.23 (−0.28, 

−0.19)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Central Europe 733(569,925) 475 (363, 597) −0.25 (−0.27, 

−0.23)

28662 (26343, 

31356)

24196 (22312, 

26546)

−0.23 (−0.24, 

−0.22)

324 (209, 515) 222 (120, 395) −0.38 (−0.49, −0.3)

Albania 27 (21, 36) 15 (11, 19) −0.26 (−0.31, −0.2) 764 (690, 844) 677 (621, 745) −0.23 (−0.26, −0.2) 8 (5, 13) 6 (3, 11) −0.37 (−0.48, 

−0.29)

Bosnia and Herzegovina 37 (29, 49) 13 (10, 16) −0.47 (−0.53, 

−0.41)

1168 (1058, 1296) 785 (708, 875) −0.26 (−0.3, −0.21) 13 (8, 21) 8 (5, 14) −0.3 (−0.39, −0.23)

Bulgaria 49 (38, 61) 32 (24, 42) −0.11 (−0.17, 

−0.06)

2245 (2064, 2450) 1712 (1571, 1879) −0.15 (−0.17, 

−0.12)

25 (16, 40) 17 (10, 29) −0.26 (−0.33, −0.2)

Croatia 27 (21, 34) 16 (13, 20) −0.29 (−0.34, 

−0.23)

1121 (1026, 1229) 845 (773, 927) −0.25 (−0.28, 

−0.21)

11 (6, 19) 8 (4, 14) −0.29 (−0.36, 

−0.25)

Czechia 69 (53, 88) 46 (35, 58) −0.31 (−0.33, 

−0.27)

2797 (2566, 3059) 2410 (2210, 2649) −0.27 (−0.29, 

−0.26)

29 (18, 48) 21 (11, 38) −0.39 (−0.48, 

−0.33)

Hungary 56 (44, 70) 36 (28, 46) −0.24 (−0.28, −0.2) 2308 (2115, 2529) 1904 (1742, 2089) −0.2 (−0.22, −0.18) 27 (17, 42) 17 (9, 31) −0.39 (−0.51, 

−0.29)

North Macedonia 10 (8, 13) 9 (7, 11) −0.11 (−0.17, 

−0.05)

377 (346, 414) 444 (405, 490) −0.13 (−0.16, −0.1) 4 (3, 7) 4 (2, 7) −0.26 (−0.37, 

−0.19)

Montenegro 3 (2, 4) 2 (2, 3) −0.14 (−0.16, −0.1) 119 (109, 131) 120 (109, 132) −0.13 (−0.15, 

−0.12)

1 (1, 2) 1 (1, 2) −0.21 (−0.28, 

−0.17)

Poland 205 (160, 260) 145 (112, 183) −0.26 (−0.29, 

−0.23)

7870 (7232, 8618) 7145 (6581, 7829) −0.25 (−0.27, 

−0.24)

92 (60, 143) 65 (35, 116) −0.43 (−0.54, 

−0.34)

Romania 142 (110, 183) 82 (62, 104) −0.24 (−0.28, −0.2) 5679 (5199, 6231) 4161 (3826, 4558) −0.25 (−0.26, 

−0.23)

68 (45, 106) 39 (21, 68) −0.42 (−0.53, 

−0.33)

Serbia 47 (36, 60) 35 (26, 44) −0.15 (−0.19, 

−0.11)

1974 (1804, 2172) 1837 (1677, 2021) −0.13 (−0.15, −0.1) 22 (14, 35) 17 (9, 30) −0.29 (−0.42, −0.2)

Slovakia 33 (25, 43) 26 (20, 33) −0.19 (−0.22, 

−0.15)

1209 (1109, 1332) 1250 (1144, 1378) −0.17 (−0.19, 

−0.15)

13 (8, 22) 11 (6, 20) −0.33 (−0.45, 

−0.25)

Slovenia 15 (12, 20) 11 (9, 14) −0.27 (−0.32, 

−0.23)

571 (525, 625) 555 (511, 609) −0.22 (−0.24, −0.2) 6 (3, 10) 5 (3, 9) −0.3 (−0.37, −0.26)

Eastern Europe 1112(893,1370) 703 (564, 860) −0.29 (−0.32, 

−0.27)

44667 (41090, 

48724)

33534 (30874, 

36826)

−0.29 (−0.31, 

−0.27)

542 (354, 842) 354 (214, 588) −0.39 (−0.46, 

−0.34)

Belarus 41 (33, 50) 31 (25, 38) −0.12 (−0.16, 

−0.08)

1665 (1526, 1824) 1492 (1362, 1645) −0.14 (−0.16, 

−0.12)

20 (13, 31) 14 (8, 25) −0.31 (−0.43, 

−0.23)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Estonia 8 (6, 9) 4 (3, 5) −0.37 (−0.4, −0.34) 308 (284, 336) 193 (177, 212) −0.34 (−0.36, 

−0.33)

4 (2, 6) 2 (1, 3) −0.5 (−0.59, −0.42)

Latvia 14 (11, 17) 6 (5, 7) −0.36 (−0.4, −0.32) 557 (513, 608) 294 (272, 322) −0.35 (−0.36, 

−0.34)

7 (5, 11) 3 (2, 5) −0.48 (−0.56, 

−0.42)

Lithuania 17 (13, 20) 8 (7, 10) −0.29 (−0.32, 

−0.25)

657 (604, 719) 419 (385, 458) −0.29 (−0.3, −0.27) 8 (5, 12) 4 (3, 7) −0.4 (−0.47, −0.34)

Republic of Moldova 18 (15, 23) 9 (7, 10) −0.37 (−0.4, −0.34) 693 (637, 755) 454 (419, 495) −0.35 (−0.37, 

−0.34)

9 (6, 13) 5 (3, 8) −0.46 (−0.52, −0.4)

Russian Federation 805 (643, 992) 499 (400, 612) −0.35 (−0.38, 

−0.31)

31598 (29141, 

34404)

23201 (21350, 

25470)

−0.34 (−0.36, 

−0.31)

382 (248, 592) 240 (143, 403) −0.44 (−0.51, 

−0.38)

Ukraine 210 (167, 258) 146 (118, 178) −0.11 (−0.15, 

−0.07)

9190 (8358, 10147) 7480 (6875, 8225) −0.14 (−0.17, 

−0.11)

113 (75, 176) 85 (53, 137) −0.21 (−0.26, 

−0.16)

High-income 1664(1278,2128) 1385 (1062, 1769) −0.25 (−0.27, 

−0.23)

74999 (68636, 

82493)

77304 (70766, 

84896)

−0.24 (−0.25, 

−0.23)

729 (406, 1279) 731 (396, 1288) −0.26 (−0.29, 

−0.25)

High-income Asia Pacific 343(264,444) 217 (166, 278) −0.32 (−0.34, 

−0.29)

14544 (13319, 

15966)

13892 (12757, 

15213)

−0.28 (−0.29, 

−0.26)

143 (79, 247) 127 (68, 224) −0.32 (−0.37, 

−0.29)

Brunei Darussalam 1 (0, 1) 1 (1, 1) −0.16 (−0.2, −0.13) 16 (15, 18) 31 (28, 34) −0.17 (−0.19, 

−0.15)

0 (0, 0) 0 (0, 1) −0.28 (−0.36, 

−0.22)

Japan 219 (166, 283) 137 (105, 175) −0.28 (−0.3, −0.26) 10392 (9544, 

11402)

9327 (8578, 10225) −0.25 (−0.27, 

−0.24)

96 (51, 169) 85 (45, 149) −0.26 (−0.28, 

−0.25)

Republic of Korea 117 (91, 151) 72 (55, 93) −0.39 (−0.43, 

−0.34)

3910 (3562, 4333) 4066 (3720, 4489) −0.36 (−0.38, 

−0.35)

45 (28, 73) 38 (20, 67) −0.48 (−0.57, 

−0.42)

Singapore 6 (5, 8) 8 (6, 10) −0.17 (−0.22, 

−0.13)

227 (206, 251) 469 (425, 519) −0.12 (−0.14, 

−0.11)

2 (1, 4) 4 (2, 8) −0.21 (−0.3, −0.15)

Australasia 80 (59, 107) 89 (66, 118) −0.2 (−0.24, −0.16) 3483 (3116, 3928) 4834 (4327, 5434) −0.18 (−0.2, −0.16) 30 (15, 56) 42 (21, 78) −0.17 (−0.19, 

−0.14)

Australia 65 (48, 87) 71 (52, 94) −0.21 (−0.26, 

−0.17)

2836 (2528, 3206) 3912 (3496, 4402) −0.19 (−0.21, 

−0.16)

24 (12, 46) 34 (17, 63) −0.18 (−0.2, −0.15)

New Zealand 15 (11, 20) 18 (13, 24) −0.15 (−0.2, −0.09) 647 (576, 728) 923 (829, 1039) −0.15 (−0.18, 

−0.11)

6 (3, 10) 8 (4, 15) −0.15 (−0.19, 

−0.11)

Western Europe 641(495,818) 514 (395, 664) −0.22 (−0.25, 

−0.19)

31941 (28990, 

35419)

32071 (28855, 

36153)

−0.19 (−0.22, 

−0.16)

316 (177, 552) 308 (167, 548) −0.22 (−0.25, 

−0.19)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Andorra 0 (0, 0) 0 (0, 0) −0.05 (−0.09, 

−0.02)

4 (4, 5) 7 (7, 8) −0.07 (−0.08, 

−0.05)

0 (0, 0) 0 (0, 0) −0.06 (−0.09, 

−0.03)

Austria 17 (13, 23) 12 (9, 16) −0.33 (−0.38, 

−0.29)

817 (742, 906) 738 (666, 831) −0.29 (−0.32, 

−0.25)

8 (4, 14) 7 (4, 13) −0.28 (−0.32, 

−0.25)

Belgium 17 (13, 22) 16 (12, 21) −0.14 (−0.18, −0.1) 875 (789, 986) 940 (844, 1058) −0.13 (−0.15, 

−0.12)

9 (5, 15) 9 (5, 16) −0.15 (−0.18, 

−0.12)

Cyprus 2 (1, 2) 2 (1, 2) −0.23 (−0.28, 

−0.17)

62 (56, 69) 104 (94, 118) −0.18 (−0.2, −0.14) 1 (0, 1) 1 (1, 2) −0.24 (−0.31, −0.2)

Denmark 8 (6, 10) 7 (5, 9) −0.18 (−0.22, 

−0.13)

401 (363, 447) 415 (371, 471) −0.13 (−0.16, 

−0.09)

4 (2, 7) 4 (2, 7) −0.17 (−0.23, 

−0.11)

Finland 10 (8, 13) 8 (6, 11) −0.19 (−0.23, 

−0.15)

505 (449, 569) 527 (469, 603) −0.14 (−0.17, 

−0.11)

5 (3, 9) 5 (3, 9) −0.19 (−0.24, 

−0.15)

France 109 (85, 140) 93 (71, 120) −0.2 (−0.24, −0.16) 5074 (4604, 5624) 5308 (4779, 5960) −0.18 (−0.21, 

−0.15)

51 (29, 89) 51 (28, 92) −0.21 (−0.25, 

−0.18)

Germany 115 (89, 148) 97 (75, 126) −0.13 (−0.17, 

−0.09)

6145 (5546, 6868) 6354 (5732, 7172) −0.1 (−0.13, −0.08) 63 (35, 109) 61 (33, 108) −0.16 (−0.21, 

−0.12)

Greece 16 (13, 21) 12 (9, 16) −0.15 (−0.2, −0.11) 852 (771, 949) 801 (725, 890) −0.17 (−0.19, 

−0.14)

8 (5, 15) 8 (4, 13) −0.19 (−0.23, 

−0.16)

Iceland 0 (0, 1) 0 (0, 1) −0.22 (−0.26, 

−0.17)

20 (18, 22) 26 (23, 29) −0.18 (−0.21, 

−0.16)

0 (0, 0) 0 (0, 0) −0.18 (−0.21, 

−0.14)

Ireland 7 (5, 8) 6 (5, 8) −0.21 (−0.26, 

−0.14)

274 (247, 306) 357 (319, 405) −0.17 (−0.21, 

−0.14)

3 (1, 5) 3 (2, 6) −0.18 (−0.22, 

−0.14)

Israel 9 (7, 12) 14 (11, 17) −0.19 (−0.24, 

−0.12)

346 (311, 390) 607 (540, 701) −0.16 (−0.2, −0.09) 3 (2, 6) 6 (3, 11) −0.16 (−0.22, 

−0.09)

Italy 104 (80, 133) 65 (50, 83) −0.31 (−0.36, 

−0.24)

5427 (4880, 6056) 4556 (4038, 5268) −0.28 (−0.32, 

−0.23)

53 (29, 93) 45 (24, 79) −0.27 (−0.31, 

−0.22)

Luxembourg 1 (1, 1) 1 (1, 1) −0.25 (−0.3, −0.21) 37 (34, 41) 52 (46, 58) −0.22 (−0.24, 

−0.19)

0 (0, 1) 0 (0, 1) −0.25 (−0.3, −0.22)

Malta 1 (0, 1) 1 (0, 1) −0.1 (−0.15, −0.06) 29 (26, 32) 38 (34, 43) −0.07 (−0.09, 

−0.06)

0 (0, 1) 0 (0, 1) −0.12 (−0.17, 

−0.08)

Monaco 0 (0, 0) 0 (0, 0) −0.05 (−0.09, 

−0.01)

2 (2, 3) 3 (3, 3) −0.04 (−0.05, 

−0.02)

0 (0, 0) 0 (0, 0) −0.04 (−0.07, 

−0.01)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Netherlands 19 (14, 24) 18 (14, 24) −0.09 (−0.13, 

−0.06)

919 (839, 1021) 1079 (983, 1206) −0.09 (−0.11, 

−0.07)

9 (5, 16) 10 (5, 18) −0.09 (−0.12, 

−0.06)

Norway 8 (6, 11) 7 (5, 9) −0.32 (−0.35, 

−0.28)

394 (359, 437) 382 (346, 426) −0.28 (−0.3, −0.26) 4 (2, 7) 4 (2, 6) −0.29 (−0.31, 

−0.26)

Portugal 19 (15, 24) 9 (7, 12) −0.44 (−0.48, −0.4) 907 (828, 1000) 647 (590, 724) −0.43 (−0.44, −0.4) 10 (6, 16) 6 (3, 11) −0.49 (−0.55, 

−0.45)

San Marino 0 (0, 0) 0 (0, 0) −0.08 (−0.12, 

−0.05)

2 (2, 2) 3 (3, 3) −0.08 (−0.1, −0.06) 0 (0, 0) 0 (0, 0) −0.08 (−0.11, 

−0.04)

Spain 67 (52, 85) 50 (38, 64) −0.25 (−0.31, 

−0.18)

3076 (2814, 3391) 3334 (2996, 3769) −0.2 (−0.24, −0.14) 30 (16, 52) 32 (17, 57) −0.2 (−0.24, −0.14)

Sweden 14 (11, 18) 13 (9, 16) −0.24 (−0.27, 

−0.21)

755 (685, 836) 737 (666, 828) −0.22 (−0.24, −0.2) 7 (4, 13) 7 (4, 12) −0.22 (−0.24, 

−0.19)

Switzerland 18 (14, 23) 14 (10, 18) −0.36 (−0.41, 

−0.31)

872 (784, 969) 831 (741, 939) −0.32 (−0.35, 

−0.29)

8 (4, 15) 8 (4, 14) −0.3 (−0.33, −0.27)

United Kingdom 79 (61, 100) 70 (53, 89) −0.22 (−0.24, 

−0.19)

4119 (3732, 4567) 4197 (3790, 4681) −0.2 (−0.21, −0.18) 40 (22, 71) 40 (21, 71) −0.22 (−0.25, −0.2)

Latin America and Caribbean 1132(932,1385) 1188(973,1436) −0.26 (−0.28, 

−0.23)

33055 (30077, 

36592)

49068 (45013, 

53828)

−0.23 (−0.24, 

−0.22)

499 (353, 723) 632 (426, 957) −0.35 (−0.41, −0.3)

Southern Latin America 149(110,199) 174 (129, 234) −0.1 (−0.14, −0.05) 5355 (4822, 5988) 7726 (6998, 8610) −0.09 (−0.1, −0.07) 54 (32, 91) 70 (39, 126) −0.17 (−0.24, 

−0.12)

Argentina 100 (74, 135) 114 (84, 152) −0.14 (−0.18, 

−0.09)

3660 (3289, 4121) 4927 (4442, 5488) −0.13 (−0.15, 

−0.11)

37 (22, 63) 46 (26, 81) −0.19 (−0.24, 

−0.15)

Chile 35 (26, 47) 50 (37, 67) 0.12 (0.04, 0.2) 1172 (1062, 1304) 2328 (2101, 2600) 0.13 (0.09, 0.16) 12 (7, 20) 20 (10, 38) −0.05 (−0.2, 0.05)

Uruguay 14 (10, 19) 10 (7, 14) −0.28 (−0.35, −0.2) 523 (468, 588) 471 (427, 524) −0.26 (−0.28, 

−0.24)

5 (3, 9) 4 (2, 8) −0.28 (−0.33, 

−0.25)

High-income North America 451(346,572) 390 (308, 490) −0.34 (−0.37, 

−0.31)

19677 (18106, 

21680)

18780 (17391, 

20367)

−0.37 (−0.39, 

−0.35)

187 (102, 331) 183 (103, 315) −0.36 (−0.38, 

−0.34)

Canada 38 (30, 49) 38 (29, 48) −0.25 (−0.29, 

−0.21)

1594 (1467, 1755) 1936 (1785, 2121) −0.25 (−0.27, 

−0.23)

15 (8, 27) 19 (10, 32) −0.24 (−0.27, 

−0.21)

Greenland 0 (0, 0) 0 (0, 0) −0.29 (−0.33, 

−0.25)

4 (3, 4) 3 (3, 4) −0.28 (−0.3, −0.26) 0 (0, 0) 0 (0, 0) −0.38 (−0.44, 

−0.33)
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https://doi.org/10.3389/fpubh.2025.1583523
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


W
ei et al. 

10
.3

3
8

9
/fp

u
b

h
.2

0
2

5.158
3

52
3

Fro
n

tie
rs in

 P
u

b
lic H

e
alth

11
fro

n
tie

rsin
.o

rg

TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

United States of America 412 (316, 523) 352 (279, 442) −0.35 (−0.38, 

−0.32)

18078 (16620, 

19924)

16841 (15611, 

18246)

−0.38 (−0.4, −0.36) 172 (94, 303) 165 (92, 282) −0.37 (−0.39, 

−0.35)

Caribbean 71 (58, 87) 107 (88, 130) 0.18 (0.13, 0.26) 2304 (2134, 2512) 4061 (3751, 4420) 0.1 (0.07, 0.14) 31 (21, 45) 56 (39, 84) 0.13 (0.02, 0.33)

Antigua and Barbuda 0 (0, 0) 0 (0, 0) 0.07 (−0.02, 0.16) 6 (5, 6) 11 (10, 12) 0.09 (0.06, 0.12) 0 (0, 0) 0 (0, 0) −0.05 (−0.13, 0.03)

Bahamas 0 (0, 1) 1 (0, 1) 0 (−0.04, 0.04) 13 (12, 15) 26 (24, 28) 0.05 (0.02, 0.08) 0 (0, 0) 0 (0, 0) −0.06 (−0.13, 0.01)

Barbados 0 (0, 0) 0 (0, 1) 0.01 (−0.04, 0.06) 16 (14, 17) 22 (21, 25) 0.01 (−0.01, 0.03) 0 (0, 0) 0 (0, 0) −0.12 (−0.22, 

−0.06)

Belize 0 (0, 1) 1 (1, 1) 0.05 (−0.05, 0.14) 11 (10, 12) 34 (31, 38) 0.12 (0.09, 0.16) 0 (0, 0) 0 (0, 1) 0.04 (−0.02, 0.09)

Bermuda 0 (0, 0) 0 (0, 0) −0.04 (−0.08, 0.01) 4 (4, 5) 5 (5, 6) −0.01 (−0.03, 0.02) 0 (0, 0) 0 (0, 0) −0.23 (−0.37, 

−0.12)

Cuba 22 (18, 26) 22 (18, 26) 0.06 (0.01, 0.1) 812 (752, 883) 1098 (1013, 1194) 0.05 (0.02, 0.07) 10 (6, 15) 11 (7, 19) −0.14 (−0.26, 

−0.06)

Dominica 0 (0, 0) 0 (0, 0) 0.04 (−0.01, 0.1) 4 (3, 4) 5 (4, 5) 0.11 (0.08, 0.14) 0 (0, 0) 0 (0, 0) 0.02 (−0.05, 0.09)

Dominican Republic 12 (10, 15) 21 (17, 26) 0.22 (0.16, 0.29) 342 (316, 373) 772 (715, 840) 0.17 (0.14, 0.19) 5 (3, 7) 10 (7, 15) 0.01 (−0.08, 0.08)

Grenada 0 (0, 0) 0 (0, 0) 0.07 (−0.02, 0.16) 7 (6, 7) 10 (9, 11) 0 (−0.05, 0.05) 0 (0, 0) 0 (0, 0) −0.23 (−0.33, 

−0.12)

Guyana 1 (1, 2) 2 (1, 2) 0.16 (0.1, 0.21) 41 (38, 45) 55 (51, 60) 0.11 (0.09, 0.14) 1 (0, 1) 1 (1, 1) 0 (−0.06, 0.06)

Haiti 16 (13, 20) 40 (32, 50) 0.22 (0.1, 0.41) 427 (394, 465) 1151 (1027, 1309) 0.15 (0.05, 0.28) 7 (5, 9) 23 (16, 35) 0.4 (0.13, 0.89)

Jamaica 6 (5, 8) 7 (5, 9) −0.04 (−0.12, 0.03) 178 (163, 195) 244 (224, 268) −0.1 (−0.11, −0.08) 2 (1, 3) 3 (2, 4) −0.15 (−0.21, 

−0.11)

Puerto Rico 6 (5, 8) 6 (5, 7) 0.08 (0.03, 0.13) 254 (232, 277) 308 (282, 338) 0.03 (0, 0.07) 3 (2, 5) 3 (2, 5) −0.19 (−0.34, 

−0.08)

Saint Kitts and Nevis 0 (0, 0) 0 (0, 0) 0.03 (−0.06, 0.11) 3 (3, 4) 7 (6, 7) 0.09 (0.05, 0.13) 0 (0, 0) 0 (0, 0) −0.12 (−0.23, 

−0.02)

Saint Lucia 0 (0, 0) 0 (0, 0) 0.05 (−0.02, 0.13) 7 (7, 8) 15 (14, 17) 0.09 (0.06, 0.11) 0 (0, 0) 0 (0, 0) −0.1 (−0.19, −0.02)

Saint Vincent and the 

Grenadines

0 (0, 0) 0 (0, 0) 0.07 (0, 0.14) 6 (6, 7) 10 (9, 11) 0.08 (0.05, 0.11) 0 (0, 0) 0 (0, 0) −0.03 (−0.1, 0.02)

Suriname 1 (1, 1) 1 (1, 1) 0.06 (0.01, 0.12) 23 (20, 33) 41 (37, 50) −0.01 (−0.11, 0.03) 0 (0, 1) 1 (0, 1) −0.16 (−0.29, 

−0.07)

Trinidad and Tobago 2 (2, 3) 2 (2, 3) 0 (−0.06, 0.07) 66 (60, 72) 102 (94, 112) 0.03 (0, 0.07) 1 (1, 1) 1 (1, 2) −0.06 (−0.14, 0.02)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

United States Virgin 

Islands

0 (0, 0) 0 (0, 0) −0.07 (−0.11, 

−0.03)

7 (7, 8) 7 (7, 8) −0.1 (−0.12, −0.08) 0 (0, 0) 0 (0, 0) −0.23 (−0.3, −0.17)

Andean Latin America 105(86,130) 118 (96, 146) −0.31 (−0.42, 

−0.23)

2464 (2246, 2732) 4526 (4155, 4955) −0.13 (−0.15, 

−0.11)

39 (27, 55) 54 (36, 85) −0.34 (−0.42, 

−0.25)

Bolivia (Plurinational 

State of)

13 (11, 16) 21 (16, 26) −0.15 (−0.2, −0.1) 358 (332, 389) 685 (636, 744) −0.17 (−0.18, 

−0.15)

6 (4, 8) 9 (6, 13) −0.3 (−0.36, −0.24)

Ecuador 20 (17, 25) 32 (26, 39) −0.1 (−0.15, −0.06) 596 (554, 647) 1188 (1101, 1300) −0.11 (−0.13, 

−0.09)

9 (6, 13) 15 (10, 23) −0.27 (−0.35, 

−0.19)

Peru 71 (57, 91) 66 (53, 82) −0.41 (−0.53, 

−0.29)

1509 (1347, 1736) 2654 (2416, 2952) −0.13 (−0.16, −0.1) 24 (16, 35) 30 (19, 49) −0.37 (−0.48, 

−0.27)

Central Latin America 583(472,726) 543 (436, 677) −0.34 (−0.37, 

−0.32)

16705 (15044, 

18708)

22815 (20713, 

25324)

−0.31 (−0.31, 

−0.29)

253 (176, 364) 285 (189, 438) −0.43 (−0.49, 

−0.38)

Colombia 121 (99, 150) 92 (75, 113) −0.43 (−0.47, 

−0.39)

3380 (3063, 3750) 4457 (4000, 4991) −0.32 (−0.35, 

−0.28)

48 (33, 70) 52 (33, 83) −0.45 (−0.53, 

−0.38)

Costa Rica 7 (5, 9) 8 (7, 10) −0.11 (−0.14, 

−0.08)

212 (188, 241) 379 (341, 426) −0.11 (−0.12, 

−0.09)

3 (2, 4) 4 (2, 7) −0.24 (−0.33, 

−0.17)

El Salvador 25 (19, 34) 12 (10, 15) −0.53 (−0.64, 

−0.39)

755 (582, 1016) 677 (567, 832) −0.3 (−0.35, −0.26) 20 (12, 31) 11 (7, 17) −0.54 (−0.61, 

−0.46)

Guatemala 33 (25, 43) 50 (40, 64) −0.12 (−0.33, 0.06) 853 (711, 1079) 1763 (1570, 2008) −0.04 (−0.11, 0.02) 18 (11, 29) 25 (17, 37) −0.34 (−0.43, 

−0.22)

Honduras 13 (11, 17) 22 (18, 27) −0.17 (−0.2, −0.13) 339 (305, 377) 732 (667, 815) −0.17 (−0.2, −0.14) 5 (4, 7) 10 (7, 15) −0.2 (−0.25, −0.15)

Mexico 307 (241, 384) 271 (216, 335) −0.37 (−0.39, 

−0.35)

8680 (7853, 9691) 10741 (9800, 

11841)

−0.38 (−0.39, 

−0.37)

120 (83, 176) 131 (86, 202) −0.47 (−0.52, 

−0.43)

Nicaragua 10 (8, 13) 12 (9, 15) −0.23 (−0.28, 

−0.19)

502 (371, 708) 627 (518, 787) −0.32 (−0.37, 

−0.27)

13 (7, 22) 10 (6, 17) −0.51 (−0.57, 

−0.43)

Panama 5 (4, 7) 8 (6, 10) −0.13 (−0.16, −0.1) 186 (164, 213) 336 (301, 378) −0.13 (−0.16, −0.1) 2 (2, 4) 4 (2, 6) −0.29 (−0.39, 

−0.21)

Venezuela (Bolivarian 

Republic of)

62 (49, 78) 68 (54, 86) −0.09 (−0.14, 

−0.04)

1797 (1608, 2011) 3101 (2824, 3414) −0.05 (−0.08, 

−0.02)

24 (16, 35) 37 (24, 58) −0.17 (−0.24, 

−0.11)

Tropical Latin America 373(303,463) 420 (345, 510) −0.19 (−0.22, 

−0.16)

11582 (10396, 

13003)

17666 (16008, 

19673)

−0.21 (−0.23, 

−0.18)

177 (125, 253) 237 (160, 355) −0.33 (−0.39, 

−0.27)

(Continued)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Brazil 365 (296, 453) 407 (334, 493) −0.2 (−0.23, −0.16) 11342 (10178, 

12735)

17208 (15586, 

19181)

−0.21 (−0.23, 

−0.18)

174 (123, 248) 232 (156, 346) −0.33 (−0.39, 

−0.27)

Paraguay 8 (7, 10) 13 (11, 16) −0.07 (−0.11, 

−0.03)

240 (215, 273) 458 (417, 510) −0.13 (−0.15, 

−0.11)

3 (2, 5) 6 (4, 9) −0.21 (−0.27, 

−0.16)

North Africa and Middle East 869(742,1016) 1463(1208,1767) −0.05 (−0.15, 0.08) 24093 (21583, 

27696)

48250 (42179, 

56635)

−0.11 (−0.15, 

−0.05)

445 (301, 690) 720 (472, 1107) −0.26 (−0.36, 

−0.18)

North Africa and Middle East 869(742,1016) 1463 (1208, 1767) −0.05 (−0.15, 0.08) 24093 (21583, 

27696)

48250 (42179, 

56635)

−0.11 (−0.15, 

−0.05)

445 (301, 690) 720 (472, 1107) −0.26 (−0.36, 

−0.18)

Afghanistan 30 (24, 39) 298 (196, 444) 2.2 (1.37, 3.16) 1802 (870, 3591) 4413 (2888, 6681) −0.04 (−0.28, 0.41) 67 (20, 191) 122 (64, 229) −0.25 (−0.46, 0.4)

Algeria 53 (44, 64) 61 (51, 74) −0.3 (−0.34, −0.26) 1427 (1331, 1544) 2489 (2286, 2728) −0.25 (−0.28, 

−0.21)

22 (15, 32) 31 (20, 48) −0.4 (−0.48, −0.33)

Bahrain 1 (1, 1) 2 (2, 2) −0.09 (−0.13, 

−0.04)

25 (23, 27) 89 (82, 98) −0.08 (−0.1, −0.05) 0 (0, 1) 1 (1, 2) −0.36 (−0.49, 

−0.24)

Egypt 99 (82, 119) 138 (115, 168) −0.24 (−0.28, 

−0.19)

2822 (2600, 3058) 4459 (4075, 4960) −0.24 (−0.27, 

−0.18)

46 (33, 64) 61 (41, 94) −0.36 (−0.43, 

−0.28)

Iran (Islamic Republic of) 184 (154, 226) 139 (115, 167) −0.47 (−0.55, 

−0.39)

4494 (3997, 5155) 6399 (5819, 7108) −0.31 (−0.34, 

−0.29)

80 (55, 115) 78 (49, 124) −0.53 (−0.61, 

−0.44)

Iraq 82 (67, 100) 127 (103, 155) −0.32 (−0.37, 

−0.26)

2817 (2367, 3358) 6570 (5251, 8406) −0.09 (−0.16, 

−0.01)

68 (43, 104) 107 (65, 170) −0.32 (−0.4, −0.23)

Jordan 6 (5, 7) 14 (12, 18) −0.26 (−0.3, −0.22) 155 (142, 170) 515 (470, 566) −0.24 (−0.26, 

−0.22)

2 (1, 3) 5 (3, 9) −0.41 (−0.5, −0.33)

Kuwait 11 (8, 16) 6 (5, 8) −0.79 (−0.86, 

−0.67)

101 (92, 111) 332 (295, 380) −0.09 (−0.13, 

−0.04)

1 (1, 2) 3 (2, 6) −0.23 (−0.34, 

−0.15)

Lebanon 12 (9, 18) 7 (6, 9) −0.66 (−0.75, 

−0.55)

401 (273, 636) 510 (384, 734) −0.4 (−0.46, −0.34) 10 (5, 21) 7 (4, 13) −0.66 (−0.74, 

−0.54)

Libya 8 (6, 9) 12 (10, 14) 0.05 (−0.07, 0.19) 231 (212, 254) 630 (538, 752) 0.2 (0.08, 0.36) 3 (2, 5) 9 (6, 14) 0.16 (0.02, 0.3)

Morocco 56 (46, 68) 61 (49, 73) −0.24 (−0.28, −0.2) 1653 (1537, 1789) 2298 (2126, 2490) −0.26 (−0.29, 

−0.24)

25 (18, 36) 30 (20, 45) −0.37 (−0.42, 

−0.31)

Palestine 7 (5, 10) 10 (8, 12) −0.44 (−0.52, 

−0.35)

190 (146, 256) 566 (423, 783) 0.15 (−0.01, 0.3) 5 (3, 7) 10 (6, 15) −0.14 (−0.27, 

−0.01)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Oman 5 (4, 6) 8 (7, 10) −0.32 (−0.36, 

−0.26)

133 (124, 143) 295 (270, 325) −0.29 (−0.32, 

−0.27)

2 (1, 3) 3 (2, 5) −0.5 (−0.59, −0.41)

Qatar 1 (1, 2) 7 (5, 8) −0.24 (−0.29, 

−0.18)

36 (33, 40) 238 (214, 265) −0.22 (−0.25, 

−0.19)

0 (0, 1) 2 (1, 4) −0.43 (−0.55, 

−0.33)

Saudi Arabia 59 (48, 73) 140 (112, 176) −0.08 (−0.15, 0) 1523 (1393, 1667) 4730 (4249, 5286) −0.09 (−0.13, 

−0.05)

21 (14, 31) 51 (31, 83) −0.29 (−0.4, −0.2)

Sudan 75 (57, 103) 68 (57, 82) −0.57 (−0.68, 

−0.45)

1085 (978, 1225) 2459 (2097, 2958) 0 (−0.08, 0.1) 19 (14, 27) 40 (26, 59) −0.07 (−0.17, 0.02)

Syrian Arab Republic 19 (16, 24) 28 (22, 36) 0.4 (0.14, 0.8) 570 (490, 719) 2085 (1506, 2947) 1.48 (0.89, 2.27) 9 (6, 15) 39 (22, 65) 1.95 (1.12, 3.09)

Tunisia 21 (17, 27) 23 (18, 29) −0.21 (−0.26, 

−0.16)

628 (577, 689) 933 (862, 1024) −0.23 (−0.25, 

−0.21)

8 (5, 12) 10 (6, 16) −0.37 (−0.46, −0.3)

Turkey 109 (90, 131) 107 (88, 131) −0.27 (−0.33, 

−0.22)

3193 (2946, 3476) 4853 (4473, 5325) −0.2 (−0.23, −0.16) 44 (30, 65) 52 (31, 86) −0.39 (−0.49, −0.3)

United Arab Emirates 5 (4, 6) 20 (16, 25) −0.17 (−0.21, 

−0.12)

140 (129, 152) 925 (835, 1026) −0.13 (−0.15, −0.1) 2 (1, 3) 11 (7, 17) −0.29 (−0.38, 

−0.22)

Yemen 24 (20, 29) 184 (124, 272) 1.96 (0.98, 3.64) 651 (592, 737) 2417 (1928, 3075) 0.2 (0.06, 0.4) 12 (9, 17) 48 (32, 74) 0.25 (0.07, 0.43)

South Asia 1547(1291,1885) 1906 (1588, 2284) −0.25 (−0.3, −0.21) 41490 (37629, 

46287)

68908 (62351, 

77093)

−0.19 (−0.21, 

−0.16)

769 (568, 1037) 1180 (848, 1638) −0.27 (−0.32, 

−0.23)

South Asia 1547 (1291, 1885) 1906 (1588, 2284) −0.25 (−0.3, −0.21) 41490 (37629, 

46287)

68908 (62351, 

77093)

−0.19 (−0.21, 

−0.16)

769 (568, 1037) 1180 (848, 1638) −0.27 (−0.32, 

−0.23)

Bangladesh 94 (79, 111) 118 (96, 143) −0.1 (−0.16, −0.04) 2482 (2269, 2736) 5148 (4594, 5794) 0.04 (−0.01, 0.11) 45 (33, 62) 76 (53, 111) −0.18 (−0.28, 

−0.07)

Bhutan 1 (1, 1) 1 (1, 1) 0.07 (0, 0.16) 21 (20, 23) 37 (34, 40) 0.04 (0.01, 0.07) 0 (0, 0) 0 (0, 1) −0.11 (−0.19, 

−0.03)

India 1326 (1100, 1631) 1553 (1282, 1880) −0.28 (−0.34, 

−0.23)

35658 (32211, 

39959)

55389 (50126, 

61979)

−0.23 (−0.25, 

−0.21)

663 (488, 898) 946 (676, 1313) −0.32 (−0.36, 

−0.27)

Nepal 24 (19, 29) 35 (28, 44) −0.05 (−0.1, 0) 670 (599, 750) 1470 (1281, 1699) 0.11 (0.03, 0.22) 12 (9, 17) 26 (18, 36) 0.04 (−0.08, 0.18)

Pakistan 101 (85, 120) 200 (170, 233) −0.07 (−0.1, −0.02) 2660 (2461, 2903) 6864 (6080, 7876) 0.05 (−0.02, 0.16) 48 (35, 66) 132 (92, 183) 0.08 (−0.03, 0.21)

Sub-Saharan Africa 1027(816,1321) 1267 (1059, 1533) −0.44 (−0.53, 

−0.36)

17494 (15645, 

19967)

35257 (31163, 

41030)

−0.12 (−0.15, 

−0.07)

353 (246, 510) 672 (460, 986) −0.13 (−0.18, 

−0.07)

Central Sub-Saharan Africa 78(65,95) 150 (127, 178) −0.2 (−0.24, −0.16) 1855 (1648, 2117) 4568 (3860, 5590) 0.02 (−0.07, 0.14) 39 (27, 54) 95 (64, 139) 0.03 (−0.07, 0.15)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Angola 31 (22, 43) 29 (24, 35) −0.68 (−0.77, 

−0.58)

669 (511, 898) 1305 (1032, 1713) −0.19 (−0.23, 

−0.16)

18 (11, 27) 28 (18, 43) −0.29 (−0.34, 

−0.24)

Central African Republic 3 (2, 4) 14 (11, 19) 1.25 (0.7, 2.17) 76 (70, 81) 226 (190, 280) 0.29 (0.13, 0.54) 1 (1, 2) 6 (4, 8) 0.56 (0.31, 0.9)

Congo 2 (2, 3) 4 (4, 5) −0.19 (−0.22, 

−0.15)

63 (58, 68) 205 (170, 258) 0.23 (0.04, 0.52) 1 (1, 2) 5 (3, 7) 0.43 (0.1, 0.89)

Democratic Republic of 

the Congo

41 (34, 49) 100 (84, 119) 0.07 (−0.02, 0.22) 1004 (920, 1089) 2751 (2367, 3278) 0.09 (−0.03, 0.28) 18 (13, 24) 55 (38, 79) 0.2 (0.03, 0.45)

Equatorial Guinea 0 (0, 1) 1 (1, 1) −0.28 (−0.31, 

−0.23)

12 (11, 13) 32 (29, 35) −0.3 (−0.31, −0.28) 0 (0, 0) 0 (0, 1) −0.44 (−0.5, −0.37)

Gabon 1 (1, 1) 2 (1, 2) −0.18 (−0.21, 

−0.15)

30 (28, 32) 48 (45, 52) −0.19 (−0.2, −0.18) 1 (0, 1) 1 (1, 1) −0.28 (−0.33, 

−0.23)

Eastern Sub-Saharan Africa 631(460,883) 520 (420, 653) −0.61 (−0.7, −0.51) 7734 (6565, 9567) 14681 (12496, 

18077)

−0.11 (−0.14, 

−0.06)

176 (117, 267) 308 (204, 471) −0.11 (−0.17, 

−0.05)

Burundi 6 (5, 8) 14 (12, 17) −0.06 (−0.11, 0.01) 156 (143, 168) 1124 (810, 1603) 1.91 (1.12, 2.98) 3 (2, 4) 35 (21, 55) 4.05 (2.36, 6.64)

Comoros 1 (0, 1) 1 (1, 1) −0.14 (−0.17, 

−0.11)

13 (12, 14) 24 (22, 26) −0.11 (−0.13, 

−0.08)

0 (0, 0) 0 (0, 1) −0.14 (−0.2, −0.09)

Djibouti 1 (1, 1) 1 (1, 1) −0.45 (−0.58, 

−0.32)

12 (11, 13) 44 (40, 48) −0.02 (−0.06, 0.05) 0 (0, 0) 1 (0, 1) −0.04 (−0.12, 0.07)

Eritrea 53 (33, 83) 7 (6, 8) −0.93 (−0.96, 

−0.88)

550 (367, 810) 560 (395, 838) −0.3 (−0.35, −0.22) 22 (13, 38) 17 (10, 30) −0.43 (−0.49, 

−0.32)

Ethiopia 372 (247, 553) 193 (137, 297) −0.76 (−0.83, 

−0.66)

2191 (1950, 2528) 3681 (3129, 4799) −0.22 (−0.28, 

−0.07)

47 (33, 66) 67 (44, 108) −0.3 (−0.4, −0.1)

Kenya 25 (20, 31) 47 (39, 56) −0.09 (−0.11, 

−0.06)

603 (548, 652) 1371 (1260, 1483) −0.11 (−0.13, 

−0.08)

9 (7, 13) 22 (16, 31) −0.1 (−0.13, −0.07)

Madagascar 13 (11, 16) 26 (22, 31) −0.16 (−0.2, −0.12) 345 (316, 372) 674 (619, 731) −0.23 (−0.24, 

−0.21)

6 (4, 8) 10 (7, 15) −0.24 (−0.28, −0.2)

Malawi 10 (8, 12) 16 (13, 19) −0.15 (−0.18, 

−0.11)

253 (229, 274) 422 (385, 460) −0.19 (−0.2, −0.17) 4 (3, 6) 7 (5, 9) −0.22 (−0.27, 

−0.17)

Mozambique 27 (19, 40) 36 (30, 43) −0.41 (−0.55, 

−0.24)

910 (634, 1433) 1104 (900, 1440) −0.28 (−0.34, 

−0.21)

27 (15, 49) 25 (16, 39) −0.4 (−0.46, −0.31)

Rwanda 26 (18, 39) 11 (9, 13) −0.75 (−0.83, 

−0.63)

209 (192, 225) 825 (638, 1063) 0.99 (0.55, 1.56) 4 (3, 5) 32 (19, 54) 2.97 (1.44, 5.04)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Somalia 27 (19, 41) 40 (32, 50) −0.46 (−0.57, 

−0.32)

296 (227, 545) 985 (790, 1338) 0.25 (0.01, 0.51) 7 (4, 18) 23 (15, 36) 0.35 (−0.12, 0.8)

South Sudan 7 (6, 8) 16 (13, 20) 0.4 (0.2, 0.71) 252 (215, 302) 493 (392, 647) 0.26 (0.13, 0.42) 5 (3, 7) 10 (7, 16) 0.35 (0.2, 0.5)

United Republic of 

Tanzania

29 (24, 35) 54 (45, 65) −0.13 (−0.16, −0.1) 715 (649, 773) 1491 (1358, 1621) −0.14 (−0.15, 

−0.12)

12 (8, 16) 23 (16, 33) −0.17 (−0.22, 

−0.13)

Uganda 24 (20, 29) 40 (33, 48) −0.3 (−0.4, −0.22) 1014 (723, 1495) 1405 (1156, 1775) −0.27 (−0.32, 

−0.22)

26 (15, 45) 27 (18, 43) −0.38 (−0.44, 

−0.31)

Zambia 9 (7, 10) 18 (15, 21) −0.1 (−0.15, −0.06) 207 (188, 223) 464 (423, 506) −0.13 (−0.14, 

−0.11)

4 (3, 5) 7 (5, 10) −0.17 (−0.22, 

−0.13)

Southern Sub-Saharan Africa 79(66,93) 87 (73, 103) −0.28 (−0.3, −0.25) 2295 (2106, 2548) 2981 (2761, 3234) −0.29 (−0.3, −0.28) 43 (31, 60) 51 (36, 71) −0.37 (−0.4, −0.34)

Botswana 2 (1, 2) 3 (2, 3) −0.02 (−0.07, 0.04) 38 (35, 41) 90 (83, 96) −0.01 (−0.03, 0.02) 1 (0, 1) 1 (1, 2) −0.04 (−0.09, 0.02)

Lesotho 2 (1, 2) 2 (2, 3) 0.21 (0.15, 0.28) 43 (39, 46) 68 (64, 73) 0.18 (0.16, 0.21) 1 (1, 1) 1 (1, 2) 0.26 (0.19, 0.33)

Namibia 2 (1, 2) 3 (2, 3) −0.06 (−0.1, −0.02) 71 (57, 92) 96 (86, 110) −0.21 (−0.26, 

−0.17)

2 (1, 2) 2 (1, 2) −0.37 (−0.44, −0.3)

South Africa 63 (52, 75) 64 (53, 75) −0.34 (−0.36, 

−0.31)

1870 (1712, 2101) 2302 (2134, 2517) −0.35 (−0.36, 

−0.33)

35 (25, 49) 39 (27, 55) −0.43 (−0.46, −0.4)

Eswatini 1 (1, 1) 2 (1, 2) 0.3 (0.12, 0.61) 23 (21, 25) 38 (35, 41) −0.06 (−0.08, 

−0.04)

0 (0, 1) 1 (0, 1) −0.12 (−0.17, 

−0.08)

Zimbabwe 10 (8, 12) 14 (12, 17) −0.06 (−0.09, 

−0.02)

251 (231, 271) 387 (359, 416) −0.08 (−0.09, 

−0.07)

4 (3, 6) 7 (5, 9) −0.05 (−0.09, 0)

Western Sub-Saharan Africa 240(202,286) 510 (432, 612) −0.14 (−0.17, 

−0.11)

5610 (5113, 6045) 13027 (11739, 

14395)

−0.09 (−0.12, 

−0.04)

95 (70, 131) 219 (157, 304) −0.09 (−0.14, 

−0.04)

Benin 6 (5, 7) 14 (12, 17) −0.06 (−0.1, −0.02) 134 (122, 144) 342 (313, 371) −0.11 (−0.12, 

−0.09)

2 (2, 3) 5 (4, 7) −0.16 (−0.21, 

−0.11)

Burkina Faso 10 (8, 12) 31 (26, 39) 0.33 (0.15, 0.63) 247 (225, 269) 595 (540, 651) −0.02 (−0.04, 0) 4 (3, 6) 10 (8, 14) −0.04 (−0.09, 0.01)

Cameroon 10 (8, 12) 36 (30, 43) 0.17 (0.06, 0.34) 264 (240, 288) 841 (757, 934) −0.01 (−0.04, 0.03) 4 (3, 6) 14 (10, 20) −0.04 (−0.1, 0.03)

Cabo Verde 0 (0, 1) 1 (0, 1) −0.07 (−0.11, 

−0.03)

11 (11, 12) 20 (19, 22) −0.12 (−0.14, −0.1) 0 (0, 0) 0 (0, 0) −0.23 (−0.29, 

−0.17)

Chad 11 (9, 15) 26 (21, 31) −0.21 (−0.28, 

−0.13)

254 (211, 318) 581 (504, 686) −0.01 (−0.03, 0.01) 6 (4, 9) 11 (8, 16) −0.09 (−0.14, 

−0.03)
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TABLE 1 (Continued)

Incidence Prevalence YLDs

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

1990 
(thousands)

2021 
(thousands)

Change in 
age-

standardized 
rate (per 
100000)

Côte d'Ivoire 13 (11, 16) 27 (22, 32) −0.09 (−0.12, 

−0.06)

327 (297, 354) 775 (706, 849) −0.07 (−0.09, 

−0.04)

5 (4, 7) 12 (9, 17) −0.11 (−0.16, 

−0.06)

Gambia 1 (1, 1) 2 (2, 3) −0.09 (−0.12, 

−0.05)

29 (26, 33) 59 (54, 65) −0.16 (−0.19, 

−0.14)

1 (0, 1) 1 (1, 1) −0.22 (−0.28, 

−0.17)

Ghana 14 (11, 17) 29 (24, 35) −0.04 (−0.08, 0) 358 (326, 388) 847 (776, 926) −0.07 (−0.09, 

−0.05)

6 (4, 8) 13 (9, 18) −0.14 (−0.2, 

−0.08)

Guinea 7 (6, 9) 14 (12, 17) −0.04 (−0.08, 0) 187 (171, 202) 383 (347, 415) −0.04 (−0.07, 

−0.01)

3 (2, 4) 6 (5, 9) −0.03 (−0.09, 

0.04)

Guinea-Bissau 1 (1, 2) 2 (2, 2) −0.18 (−0.21, 

−0.16)

32 (29, 34) 56 (51, 61) −0.15 (−0.18, 

−0.1)

1 (0, 1) 1 (1, 1) −0.13 (−0.19, 

−0.06)

Liberia 23 (15, 34) 4 (4, 5) −0.9 (−0.94, 

−0.85)

81 (73, 90) 254 (200, 332) 0.41 (0.17, 0.71) 2 (1, 2) 6 (4, 8) 0.7 (0.35, 1.1)

Mali 14 (12, 17) 33 (28, 39) −0.16 (−0.22, 

−0.1)

259 (236, 281) 858 (743, 1008) 0.26 (0.13, 0.46) 5 (3, 6) 16 (11, 23) 0.33 (0.14, 0.6)

Mauritania 2 (2, 3) 4 (3, 4) −0.24 (−0.27, 

−0.2)

58 (54, 63) 105 (96, 114) −0.19 (−0.2, 

−0.17)

1 (1, 1) 2 (1, 2) −0.32 (−0.38, 

−0.27)

Niger 11 (9, 13) 32 (27, 40) −0.01 (−0.06, 

0.05)

223 (202, 245) 622 (561, 690) −0.09 (−0.12, 

−0.05)

4 (3, 5) 11 (8, 15) −0.11 (−0.16, 

−0.05)

Nigeria 99 (82, 120) 226 (191, 272) −0.1 (−0.15, 

−0.03)

2727 (2488, 

2935)

5710 (5158, 

6273)

−0.17 (−0.2, 

−0.14)

45 (33, 63) 93 (67, 131) −0.18 (−0.22, 

−0.14)

Sao Tome and Principe 0 (0, 0) 0 (0, 0) 0.13 (0.05, 0.27) 4 (4, 5) 7 (7, 8) −0.07 (−0.1, 

−0.03)

0 (0, 0) 0 (0, 0) −0.12 (−0.19, 

−0.07)

Senegal 9 (7, 10) 14 (11, 17) −0.16 (−0.21, 

−0.11)

197 (178, 213) 399 (363, 435) −0.1 (−0.13, 

−0.07)

3 (2, 4) 6 (4, 9) −0.13 (−0.2, 

−0.08)

Sierra Leone 4 (4, 5) 8 (7, 9) −0.11 (−0.14, 

−0.08)

121 (110, 132) 356 (297, 438) 0.41 (0.19, 0.73) 2 (1, 3) 7 (5, 11) 0.76 (0.37, 1.28)

Togo 4 (3, 5) 7 (6, 9) −0.11 (−0.14, 

−0.08)

95 (86, 103) 214 (196, 234) −0.14 (−0.15, 

−0.12)

2 (1, 2) 4 (3, 5) −0.15 (−0.2, −0.1)
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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.

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).

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).

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 
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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.
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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.

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.
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general agreement from the results presented, as detailed in 
Supplementary Table 4.

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).

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 

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.
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FIGURE 5

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

exposure to mechanical forces were both higher than falls, while the 
opposite was true for YLDs (Figures 7A–C).

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.

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.
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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).

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.
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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.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of China-Japan Union Hospital of Jilin University. 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.

https://doi.org/10.3389/fpubh.2025.1583523
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wei et al. 10.3389/fpubh.2025.1583523

Frontiers in Public Health 25 frontiersin.org

Author contributions

BW: Conceptualization, Data curation, Methodology, Writing – 
original draft, Writing – review & editing. JZ: Data curation, Writing – 
review & editing. YC: Methodology, Writing – review & editing. HW: 
Conceptualization, Methodology, Project administration, Resources, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

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.

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.2025.1583523/
full#supplementary-material

References
 1. Perkins ZB, De'Ath HD, Sharp G, Tai NR. Factors affecting outcome after traumatic 

limb amputation. Br J Surg. (2012) 99:75–86. doi: 10.1002/bjs.7766

 2. MacKenzie EJ, Jones AS, Bosse MJ, Castillo RC, Pollak AN, Webb LX, et al. Health-
care costs associated with amputation or reconstruction of a limb-threatening injury. J 
Bone Joint Surg Am. (2007) 89:1685–92. doi: 10.2106/JBJS.F.01350

 3. Graz H, D'Souza VK, Alderson DEC, Graz M. Diabetes-related amputations create 
considerable public health burden in the UK. Diabetes Res Clin Pract. (2018) 135:158–65. 
doi: 10.1016/j.diabres.2017.10.030

 4. Al-Thani H, Sathian B, El-Menyar A. Assessment of healthcare costs of amputation 
and prosthesis for upper and lower extremities in a Qatari healthcare institution: a 
retrospective cohort study. BMJ Open. (2019) 9:e024963. doi: 
10.1136/bmjopen-2018-024963

 5. Maguire P, Parkes CM. Surgery and loss of body parts. BMJ. (1998) 316:1086–8. 
doi: 10.1136/bmj.316.7137.1086

 6. Behrendt CA, Sigvant B, Szeberin Z, Beiles B, Eldrup N, Thomson IA, et al. 
International variations in amputation practice: a VASCUNET report. Eur J Vasc 
Endovasc Surg. (2018) 56:391–9. doi: 10.1016/j.ejvs.2018.04.017

 7. Yuan B, Hu D, Gu S, Xiao S, Song F. The global burden of traumatic amputation in 
204 countries and territories. Front Public Health. (2023) 11:1258853. doi: 
10.3389/fpubh.2023.1258853

 8. Crowe CS, Massenburg BB, Morrison SD, Chang J, Friedrich JB, Abady GG, et al. 
Global trends of hand and wrist trauma: a systematic analysis of fracture and digit 
amputation using the Global Burden of Disease 2017 study. Inj Prev. (2020) 26:i115–24. 
doi: 10.1136/injuryprev-2019-043495

 9. Diseases GBD, Injuries C. 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

 10. Luo L. Assessing validity and application scope of the intrinsic estimator approach 
to the age-period-cohort problem. Demography. (2013) 50:1945–67. doi: 
10.1007/s13524-013-0243-z

 11. Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis 
of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev. (2014) 
23:2296–302. doi: 10.1158/1055-9965.EPI-14-0300

 12. Das GP. Standardization and decomposition of rates from cross-classified data. 
Genus. (1994) 50:171–96.

 13. Chevan A, Sutherland M. Revisiting Das Gupta: refinement and extension of 
standardization and decomposition. Demography. (2009) 46:429–49. doi: 
10.1353/dem.0.0060

 14. Nguyen HV, Naeem MA, Wichitaksorn N, Pears R. A smart system for short-term 
price prediction using time series models. Comp Electric Eng. (2019) 76:339–52. doi: 
10.1016/j.compeleceng.2019.04.013

 15. Collaborators GBDD. Global age-sex-specific mortality, life expectancy, and 
population estimates in 204 countries and territories and 811 subnational locations, 
1950-2021, and the impact of the COVID-19 pandemic: a comprehensive demographic 
analysis for the Global Burden of Disease study 2021. Lancet. (2024) 403:1989–2056. 
doi: 10.1016/S0140-6736(24)00476-8

 16. Stahel PF, Kaufman AM. Contemporary management of open extremity fractures: 
what you  need to know. J Trauma Acute Care Surg. (2024) 97:11–22. doi: 
10.1097/TA.0000000000004288

 17. Geary M, Gaston RG, Loeffler B. Surgical and technological advances in the 
management of upper limb amputees. Bone Joint J. (2021) 103-B:430–9. doi: 
10.1302/0301-620X.103B3.BJJ-2020-1184.R1

 18. Pasquina PF, Bryant PR, Huang ME, Roberts TL, Nelson VS, Flood KM. Advances 
in amputee care. Arch Phys Med Rehabil. (2006) 87:34. doi: 10.1016/j.apmr.2005.11.026

 19. Ou Z, Wu K, Ruan Y, Zhang Y, Zhu S, Cui J, et al. Global burden and trends of 
three common road injuries from 1990 to 2019 and the implications for prevention and 
intervention. Accid Anal Prev. (2023) 193:107266. doi: 10.1016/j.aap.2023.107266

 20. GBD 2019 Injuries Collaborators. Global, regional, and national burden of injuries, 
and burden attributable to injuries risk factors, 1990 to 2019: results from the Global Burden 
of Disease study 2019. Public Health. (2024) 237:212–31. doi: 10.1016/j.puhe.2024.06.011

 21. 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

 22. Haagsma JA, Charalampous P, Ariani F, Gallay A, Moesgaard Iburg K, Nena E, 
et al. The burden of injury in central, eastern, and Western European sub-region: a 
systematic analysis from the Global Burden of Disease 2019 study. Arch Public Health. 
(2022) 80:142. doi: 10.1186/s13690-022-00891-6

 23. Krueger CA, Wenke JC, Ficke JR. Ten years at war: comprehensive analysis of 
amputation trends. J Trauma Acute Care Surg. (2012) 73:S438–44. doi: 
10.1097/TA.0b013e318275469c

 24. McKee M, Zwi A, Koupilova I, Sethi D, Leon D. Health policy-making in central 
and eastern Europe: lessons from the inaction on injuries? Health Policy Plan. (2000) 
15:263–9. doi: 10.1093/heapol/15.3.263

 25. Hyder AA, Aggarwal A. The increasing burden of injuries in Eastern Europe and 
Eurasia: making the case for safety investments. Health Policy. (2009) 89:1–13. doi: 
10.1016/j.healthpol.2008.05.001

 26. Sethi D, Racioppi F, Baumgarten I, Bertollini R. Reducing inequalities from 
injuries in Europe. Lancet. (2006) 368:2243–50. doi: 10.1016/S0140-6736(06)68895-8

 27. Paice R. An overview of New Zealand's trauma system. J Trauma Nurs. (2007) 
14:211–3. doi: 10.1097/01.JTN.0000318926.13498.a8

 28. Curtis K, Caldwell E, Delprado A, Munroe B. Traumatic injury in Australia and 
New Zealand. Australas Emerg Nurs J. (2012) 15:45–54. doi: 10.1016/j.aenj.2011.12.001

 29. Migeot J, Panesso C, Duran-Aniotz C, Avila-Rincon C, Ochoa C, Huepe D, et al. 
Allostasis, health, and development in Latin America. Neurosci Biobehav Rev. (2024) 
162:105697. doi: 10.1016/j.neubiorev.2024.105697

https://doi.org/10.3389/fpubh.2025.1583523
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1583523/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1583523/full#supplementary-material
https://doi.org/10.1002/bjs.7766
https://doi.org/10.2106/JBJS.F.01350
https://doi.org/10.1016/j.diabres.2017.10.030
https://doi.org/10.1136/bmjopen-2018-024963
https://doi.org/10.1136/bmj.316.7137.1086
https://doi.org/10.1016/j.ejvs.2018.04.017
https://doi.org/10.3389/fpubh.2023.1258853
https://doi.org/10.1136/injuryprev-2019-043495
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1007/s13524-013-0243-z
https://doi.org/10.1158/1055-9965.EPI-14-0300
https://doi.org/10.1353/dem.0.0060
https://doi.org/10.1016/j.compeleceng.2019.04.013
https://doi.org/10.1016/S0140-6736(24)00476-8
https://doi.org/10.1097/TA.0000000000004288
https://doi.org/10.1302/0301-620X.103B3.BJJ-2020-1184.R1
https://doi.org/10.1016/j.apmr.2005.11.026
https://doi.org/10.1016/j.aap.2023.107266
https://doi.org/10.1016/j.puhe.2024.06.011
https://doi.org/10.2106/JBJS.23.00489
https://doi.org/10.1186/s13690-022-00891-6
https://doi.org/10.1097/TA.0b013e318275469c
https://doi.org/10.1093/heapol/15.3.263
https://doi.org/10.1016/j.healthpol.2008.05.001
https://doi.org/10.1016/S0140-6736(06)68895-8
https://doi.org/10.1097/01.JTN.0000318926.13498.a8
https://doi.org/10.1016/j.aenj.2011.12.001
https://doi.org/10.1016/j.neubiorev.2024.105697


Wei et al. 10.3389/fpubh.2025.1583523

Frontiers in Public Health 26 frontiersin.org

 30. GBD Spinal Cord Injuries Collaborators. Global, regional, and national  
burden of spinal cord injury, 1990-2019: a systematic analysis for the Global Burden 
of Disease study 2019. Lancet Neurol. (2023) 22:1026–1047. doi: 10.1186/s12889-022- 
13271-0

 31. Yi Y, He X, Wu Y, Wang D. Global, regional, and national burden of incidence, 
prevalence, and years lived with disability for facial fractures from 1990 to 2019: a 
systematic analysis for the Global Burden of Disease study 2019. BMC Oral Health. 
(2024) 24:435. doi: 10.1186/s12903-024-04206-9

 32. Sadoma BR, Sheets NW, Plurad DS, Dubina ED. Traumatic amputations treated 
in US emergency departments: a review of the NEISS database. Am Surg. (2023) 
89:4123–8. doi: 10.1177/00031348231177947

 33. Collaborators GBDD. Global age-sex-specific fertility, mortality, healthy life 
expectancy (HALE), and population estimates in 204 countries and territories, 
1950-2019: a comprehensive demographic analysis for the Global Burden of Disease 
study 2019. Lancet. (2020) 396:1160–203. doi: 10.1016/S0140-6736(20)30977-6

 34. James SL, Lucchesi LR, Bisignano C, Castle CD, Dingels ZV, Fox JT, et al. The 
global burden of falls: global, regional and national estimates of morbidity and mortality 
from the Global Burden of Disease Study 2017. Inj Prev. (2020) 26:i3–i11. doi: 
10.1136/injuryprev-2019-043286

 35. Collaborators GBDSCI. Global, regional, and national burden of spinal cord 
injury, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. 
Lancet Neurol. (2023) 22:1026–47. doi: 10.1016/S1474-4422(23)00287-9

https://doi.org/10.3389/fpubh.2025.1583523
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12889-022-13271-0
https://doi.org/10.1186/s12889-022-13271-0
https://doi.org/10.1186/s12903-024-04206-9
https://doi.org/10.1177/00031348231177947
https://doi.org/10.1016/S0140-6736(20)30977-6
https://doi.org/10.1136/injuryprev-2019-043286
https://doi.org/10.1016/S1474-4422(23)00287-9

	Global, regional and national burden of traumatic amputations from 1990 to 2021: a systematic analysis of the Global Burden of Disease study 2021
	1 Introduction
	2 Method
	2.1 Data sources
	2.2 Conceptual explanations
	2.3 Data organization and visualization
	2.4 Age-period-cohort model
	2.5 Decomposition analysis
	2.6 ARIMA prediction model
	2.7 Statistical analysis
	2.8 Patient and public involvement statement

	3 Results
	3.1 Overview of the Global Burden of Disease from traumatic amputations
	3.2 Regional and national burden of disease from traumatic amputations
	3.3 Regional, national, and SDI association analysis of the burden of traumatic amputation
	3.4 Gender, age and time trends in the burden of traumatic amputations
	3.5 Age-period-cohort (APC) analysis of traumatic amputations
	3.6 Decomposition analysis of traumatic amputations
	3.7 Prediction of traumatic amputation
	3.8 Etiologic analysis of traumatic amputations

	4 Discussion
	5 Conclusion

	 References

