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Abstract

Importance Lower extremity peripheral arterial disease (PAD) is a significant health concern among older adults globally,
affecting both mortality and quality of life.

Objective To evaluate the temporospatial trends and its risk factors in lower extremity PAD-related burden among adults
aged 60 years and older from 1990 to 2021.

Design, setting, and participants This repeated cross-sectional study utilized data from the Global Burden of Disease Study
2021, encompassing 204 countries and territories. The study population included adults aged 60 years and older.

Exposure Lower extremity PAD among older adults from January 1990 to December 2021.

Main outcomes and measures Primary outcomes included age-standardized prevalence rates (ASPR), mortality rates
(ASMR), disability-adjusted life-years (DALYs), and average annual percentage changes (AAPCs). Trends were analyzed
by age, sex, and sociodemographic index (SDI). Joinpoint regression analysis was used to identify significant trend changes.
Results From 1990 to 2021, global trends showed decreases in lower extremity PAD-related prevalence, mortality, and
DALYs. Significant geographical disparities were observed: high-SDI regions had the highest prevalence (11,171.66 per
100,000 in 2021) but showed declining trends (AAPC, -0.74; 95% CI, -0.80 to -0.68), while low-SDI regions had the low-
est prevalence (4,842.40 per 100,000) but demonstrated increasing trends (AAPC, 0.22; 95% CI, 0.21 to 0.24). Regionally,
although lower extremity PAD-related prevalence showed a decreasing trend in most regions from 1990 to 2021, there were
still some regions with an increasing trend (North Africa and Middle East AAPC, 0.57; 95% CI, 0.55 to 0.59). Temporal
analysis showed sex-specific divergent trends in recent years, with males exhibiting an upward trend since 2015 (APC, 0.15;
95% CI, 0.07 to 0.24), while females showed a slowed decline since 2014 (APC, -0.06; 95% CI, -0.12 to -0.01). Decom-
position analysis identified population growth as the primary driver of PAD burden increase, with epidemiological changes
showing contrasting effects across SDI regions. Among risk factors, high fasting glucose emerged as the leading contributor,
while smoking’s contribution decreased.

Conclusions and relevance This study revealed significant disparities in lower extremity PAD burden across different SDI
levels and regions, with low-SDI countries facing an increasing burden. The contrasting trends between high- and low-SDI
regions, coupled with varying risk factor patterns (particularly the rise in high fasting glucose and decline in smoking), sug-
gest the need for targeted interventions in resource-limited settings to address this growing health challenge among older
adults.
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Key points

Question What are the trends in the burden of lower extremity PAD among older adults at the global, regional, and sociode-
mographic index subgroup levels from 1990 to 2021?

Finding In this cross-sectional study among older adults, although lower extremity PAD prevalence (measured per 100000
population) decreased from 9525.09 to 8220.21 from 1990 to 2021, divergent trends were observed with high-SDI countries
showing decline while low-SDI countries demonstrated increases. Population growth was the primary driver of PAD burden
globally, while risk factor patterns varied significantly, with high fasting glucose emerging as the leading risk factor and
smoking showing substantial decline.

Meaning The lower extremity PAD burden among older adults shows significant disparities across SDI regions, highlight-
ing the need to address healthcare inequities and strengthen preventive measures in low-SDI countries. The changing pat-
terns of risk factors underscore the importance of targeted interventions and comprehensive disease management strategies

across different socioeconomic settings.

Keywords Peripheral arterial disease - Disability-adjusted life-years - Time trends - Health inequalities

Introduction

Lower extremity peripheral artery disease (PAD) is the third
leading cause of atherosclerotic cardiovascular morbidity,
following coronary artery disease and stroke [1-3]. PAD has
emerged as a critical global health challenge in the 21st cen-
tury, particularly affecting older adults who bear the greatest
disease burden. According to the Global Burden of Disease
Study 2019, the number of people aged 40 years and older
with PAD reached 113 million in 2019, with a global preva-
lence of 1.52% [4]. PAD demonstrates a strong age-disease
correlation, being relatively uncommon before age 60 years
but affecting approximately 20% of people aged 80 years and
older [5]. The age-specific prevalence peaks at ages 70-74
years, making older adults the most clinically relevant pop-
ulation for understanding disease burden and developing
targeted interventions [6]. World Health Organization have
highlighted that without timely intervention, aging popula-
tions worldwide face increasingly high risks of PAD-related
complications and mortality, with estimates suggesting sig-
nificant healthcare burden by 2030. Aging demographics
and cardiovascular health are intricately linked [7, §]. PAD
disproportionately affects not only through direct vascular
complications but also indirectly through reduced mobil-
ity, falls risk, and quality of life impairment [9, 10]. Older
adults are particularly vulnerable to PAD complications due
to their reduced physiological reserve and higher prevalence
of comorbidities compared to younger populations [11-13].
In this population, PAD presents with distinctive clinical
characteristics and progression patterns, with research indi-
cating that while approximately 75% of people with PAD
report no change in leg symptoms over time [3], those with
PAD have significantly greater annual declines in functional
performance. This disconnect between subjective symptoms
and objective functional decline is particularly pronounced
in older adults, further complicating clinical management
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[4]. Despite their vulnerabilities, older adults’ specific PAD
management needs often receive insufficient attention in
healthcare planning and resource allocation [7].

Global populations are aging at unprecedented rates,
prompting widespread societal changes. The UN General
Assembly’s declaration of 2021-2030 as the Decade of
Healthy Ageing underscores the urgent need for policy-
makers to enhance older adults’ quality of life, both present
and future [14, 15]. The inclusion of older adults in WHO’s
Global Strategy for Healthy Ageing and numerous national
healthcare initiatives demonstrates the critical importance
of monitoring their health [14, 16, 17]. However, many
studies lack age-standardized processes, which limits the
ability to make cross-regional and cross-national compari-
sons. Global estimates of age-standardized prevalence rates
(ASPR), age-standardized death rates (ASMR), and the age-
standardized disability-adjusted life years rates (ASDR) for
lower extremity peripheral arterial disease in older adults
over the past decades could address gaps in disease statis-
tics. These estimates would enhance understanding of the
burden of lower extremity peripheral arterial disease both
globally and in specific regions. Policymakers could use this
data to provide evidence-based healthcare, prevention strat-
egies, and resource allocation for lower extremity peripheral
arterial disease in older adults, potentially improving per-
sonal well-being and socioeconomic productivity.

The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study (GBD) 2021 is a critical resource in epidemiolog-
ical research [18]. In this study, we extracted data from the
GBD Study 2021 and calculated ASPR, ASMR, and ASDR
of lower extremity peripheral arterial disease in older adults
from 1990 to 2021, further analyzing their temporal trends
and progress in health management, at global, regional, and
national levels.
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Method
Data sources

GBD 2021 project, supported by over 11,500 collaborators
from 164 countries, provides a comprehensive assessment
of global health status and disease burden [19]. This monu-
mental effort involves extensive data collection, review,
and analysis. Detailed information on data sources can be
accessed through the GBD 2021 Data Input Sources tool on
the Institute for Health Metrics and Evaluation website (h
ttps://ghdx.healthdata.org/gbd-2021/sources) [19, 20]. The
methodological details of the GBD Study 2021 have been
previously published [18]. These studies comprehensively
detail health burdens associated with 371 diseases and inju-
ries and 88 risk factors across 204 countries and territo-
ries [21]. We retrieved estimates of prevalence, death, and
disability-adjusted life years rates rate for lower extremity
peripheral arterial disease, along with their 95% uncertainty
intervals (UI), for 8 age groups (60—64, 65-69, 70-74,
75-79, 80-84, 8589, 90-94, 95 +years) from 1990 to 2021
using the Global Health Data Exchange (GHDx) query
tool (https://vizhub.healthdata.org/gbd-results/). Regarding
lower extremity peripheral arterial disease, details on defi-
nitions, input data and modelling strategies are available in
Supplemental Method. This study follows the Guidelines
for Accurate and Transparent Health Estimates Reporting
(GATHER) [22].

Patient and public involvement

The patients and the public were not involved in the
design, conduct, reporting or dissemination of our study, so
informed consent and institutional review board approval
were waived. For GBD studies, the Institutional Review
Board of the University of Washington waived the require-
ment for informed consent to access the GBD data (https://
www.healthdata.org/research-analysis/gbd).

Definition of socio-demographic index (SDI)

The SDI is a metric that evaluates a country or region’s
level of development based on fertility rates, educational
attainment, and per capita income, on a scale from 0 to 1
and was categorized into high (0.805129-1), high-middle
(0.689504-0.805129), middle (0.607679-0.689504), low-
middle (0.454743-0.607679), and low (0-0.454743) lev-
els [23]. Higher SDI values denote greater socioeconomic
development. Research has shown that SDI correlates with
variations in disease prevalence and mortality rates, high-
lighting the interplay between socioeconomic factors and
health outcomes [23, 24].

Risk factors

Our analysis specifically examined key risk factors identi-
fied in the GBD 2021 study: smoking, high fasting glucose,
diet high in sodium, lead exposure, kidney dysfunction, and
high blood pressure. We incorporated data on attributable
PAD-related ASDR associated with these risk factors, strati-
fied by region to elucidate geographical disparities. To quan-
tify the impact of these risk factors, we employed advanced
methodological approaches including DisMod-MR 2.1 and
spatiotemporal Gaussian process regression. These method-
ologies enabled systematic modeling of exposure distribu-
tions across demographic groups and geographical locations.
For each risk factor, we established a theoretical minimum
risk exposure level (TMREL) based on epidemiological evi-
dence, representing the exposure threshold associated with
minimal PAD risk. Through integration of exposure data,
relative risk estimates, and TMRELs, we computed popu-
lation attributable fractions (PAFs) for each risk factor. To
translate these fractions into meaningful health outcomes,
we multiplied the PAFs by the ASDR, thereby generating
estimates of risk-attributable burden. This analytical frame-
work provides critical insights into the contributions of
modifiable risk factors to PAD pathogenesis [25, 26].

Statistical analysis

To estimate ASPR, ASMR, and ASDR of lower extremity
peripheral arterial disease in older adults, direct age stan-
dardization was employed [24, 27]. Joinpoint regression
analysis was used to assess trends in ASPR, ASMR, and
ASDR. Each segment’s epidemiological trend is evalu-
ated by calculating the annual percentage change (APC)
and 95% confidence interval (CI). The average annual per-
centage change (AAPC) was also calculated for an over-
all assessment, encompassing the entire study period from
1990 to 2021 [28, 29]. In addition, to derive an in-depth
understanding of explanatory factors driving changes in
lower extremity peripheral arterial disease in older adults
(prevalence, death, and DALYs) from 1990 to 2021, we
conducted decomposition analyses by (i) disease subgroups
and sexes, and (ii) population size, age structure, and epide-
miologic changes (details in Supplementary Methods). All
analyses were conducted using R software (v.4.3.0) (http://
WWW.r-project.org).
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Results

Global trends

Globally, the lower extremity PAD-related prevalence
among older adults decreased from 9525.09 to 8220.21 per
100,000 population from 1990 to 2021 (AAPC, -0.48; 95%
CI, -0.49 to -0.46). The lower extremity PAD-related mor-
tality rate showed a more substantial decline from 10.05 to
6.41 per 100,000 population (AAPC, -1.51; 95% CI, -1.64
to -1.39). Similarly, lower extremity PAD-related DALY
decreased from 190.72 to 132.31 per 100,000 population
(AAPC, -1.25; 95% CI, -1.41 to -1.10). Overall, a decreas-
ing trend was observed across all three metrics globally dur-
ing the study period, with mortality rates showing the most
significant reduction (Table 1). During the period 1990 to
2021, joinpoints were present in the lower extremity PAD-
related prevalence for older adults in 2006 and 2015, with
APCs 0of -0.68 (95% CI, -0.69 to -0.67), -0.45 (95% CI, -0.48
t0-0.42), and 0.01 (95% CI, -0.04 to 0.06), respectively. The
initial significant decline in prevalence (P<0.001) gradu-
ally decelerated and ultimately stabilized in the most recent
period (P=0.678). For mortality rates, a joinpoint was iden-
tified in 1999, after which there was a significant decline
(APC, -2.08; 95% CI, -2.19 to -1.97). The DALY's showed
joinpoints in 2000 and 2006, with varying rates of decline
across periods, with the most pronounced improvement
occurring during 20002006 (APC, -2.31; 95% CI, -2.95 to
-1.66; P<0.001) (Fig. 1 and Supplementary Table 1, Figs. 1
and 2).

From 1990 to 2021, the lower extremity PAD-related
prevalence decreased globally for both males and females
(Table 1). Specifically, the lower extremity PAD-related
prevalence decreased from 6743.07 in 1990 to 5958.16 in
2021 per 100,000 population among males, with an AAPC
0f-0.40 (95% CI, -0.42 to -0.38), and from 11517.01 in 1990
to 10040.24 in 2021 per 100,000 population among females,
with an AAPC of -0.45 (95% CI, -0.47 to -0.43). During
the same period, the lower extremity PAD-related mortal-
ity rates also showed notable improvement, decreasing from
11.52 to 7.38 per 100,000 population among males, with an
AAPC of -1.49 (95% CI, -1.68 to -1.30), and from 8.88 to
5.56 per 100,000 population among females, with an AAPC
of -1.54 (95% CI, -1.67 to -1.41). When examining temporal
patterns of mortality, joinpoint regression analysis revealed
important differences between sexes: males exhibited a
more complex trend with three distinct periods (1990-2000,
2000-2007, and 2007-2021), with the most substantial
decline occurring during 2000-2007 (APC, -2.47; 95% CI,
-3.11 to -1.83), whereas females demonstrated a simpler
pattern with only one joinpoint in 1999, after which mortal-
ity declined consistently and significantly (APC, -2.19; 95%
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CI, -2.30 to -2.07). Similarly, the disease burden measured
by lower extremity PAD-related DALYs decreased from
206.22 to 139.95 per 100,000 population among males,
with an AAPC of -1.33 (95% CI, -1.51 to -1.15), and from
176.69 to 124.70 per 100,000 population among females,
with an AAPC of -1.18 (95% CI, -1.31 to -1.06). Consis-
tent with mortality trends, joinpoint analysis of DALY
revealed temporal variations with the most pronounced
improvements occurring during similar middle periods for
both sexes—males experienced the steepest decline dur-
ing 2000-2007 (APC, -2.41; 95% CI, -3.02 to -1.80), while
females showed their most significant reduction during
1999-2006 (APC, -1.94; 95% CI, -2.37 to -1.51). Despite
these overall improvements, the joinpoint regression model
highlighted divergent trends in global prevalence between
sexes in recent years, with males exhibiting an upward
trend (APC, 0.15; 95% CI, 0.07 to 0.24) since 2015, while
females showed a significantly slowed decline (APC, -0.06;
95% CI, -0.12 to -0.01) since 2014 (Supplementary Table
2).Globally, the prevalence of lower extremity PAD in older
adults showed varying trends across different age groups
between 1990 and 2021. The most notable changes were
observed in the 70-74 age group, where the prevalence
decreased from 1990 to 2015 (APCs, -0.75 and —0.29) but
showed an upward trend from 2015 to 2021 (APC, 0.26;
95% CI, 0.03 to 0.49; P=0.031). The prevalence in the old-
est age group (95 plus) showed a strong decline from 1990
to 2005 (APC, -1.08; 95% CI, -1.13 to -1.04), followed by
a moderate decrease from 2005 to 2013 (APC, -0.80; 95%
CI, -0.94 to -0.67), and finally stabilized from 2013 to 2021
(APC, 0.06; 95% CI, -0.05 to 0.17 P=0.026) (Supplemen-
tary Table 3). Overall, the lower extremity PAD-related
prevalence decreased with the magnitude of change higher
in high-SDI countries (AAPC, -0.74; 95% CI, -0.80 to
-0.68) than in low-SDI countries where it actually increased
(AAPC, 0.22; 95% CI, 0.21 to 0.24) (Table 1; Fig. 2). Nota-
bly, although high-SDI regions had the highest burden of
lower extremity PAD with a prevalence of 11171.66 (95%
UI, 9262.86 to 13431.02) per 100,000 in 2021, they showed
a declining trend, while low-SDI regions, despite having a
lowest prevalence of 4842.40 (95% UI, 3880.91 to 6010.23)
per 100,000, demonstrated an increasing trend. The results
of the joinpoint regression analyses showed that in high-
SDI countries, prevalence declined steadily from 1990 to
2014 (APCs, -1.16 and —0.47) before showing a slight
increase (APC, 0.22; 95% CI, 0.08 to 0.36), while low-
SDI countries experienced a continuous increase through-
out the study period (Fig. 1 and Supplementary Table 4).
Further analysis by sex revealed that in high-SDI regions,
males showed a more pronounced recent increase in preva-
lence (APC, 0.68; 95% CI, 0.52 to 0.85) from 2015 to 2021
compared to females (APC, 0.06; 95% CI, -0.07 to 0.19)
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Table 1 ASPR, ASMR and ASDR of lower extremity peripheral arterial disease in older adults in 1990 and 2021, and change from 1990 to
2021 at the global and regional level. Abbreviations: ASPR, age-standardized prevalence rate; ASMR, age-standardized death rate; ASDR, age-
standardized disability-adjusted life years rates; SDI, sociodemographic index; Ul, uncertainty interval; AAPC, average annual percent change;
CI, confidence interval

Characteristic  ASPR, per 100,000 (95% UI) ~ AAPC ASMR, per 100,000 AAPC ASDR, per 100,000 (95%  AAPC
(95% CI)  (95% UI) (95% CI) Ul (95%
1990 2021 1990 2021 1990 2021 CDh
Global 9525.09 8220.21 -0.48 10.05 6.41 -1.51 190.72 13231 -1.25
(7740.3 to (671735t0  (-0.49 to (8.85t011) (547t0 (-1.64to0 (153.79 to (102.89t0  (-1.41to
11623.72) 9995.68)  -0.46) 7.12) -1.39) 246.97) 177.17) -1.1)
Sex
Female 11517.01 10040.24  -0.45 8.88 5.56 -1.54 176.69 124.7 -1.18
(9370.63 to (8187.47t0 (-0.47 to (7.63t09.77) (4.54t0  (-1.67to (134.7 to (89.87to  (-1.31to
14049.72) 12205.46)  -0.43) 6.27) -1.41) 242.26) 178.29) -1.06)
Male 6743.07 5958.16 -0.4 11.52 7.38 -1.49 206.22 139.95 -1.33
(5468.09 to (4863.54t0 (-0.42 to (10.36 to (6.54t0  (-1.68to (1753 to (116.86t0  (-1.51to
8274.73) 7249.08)  -0.38) 12.62) 8.36) -1.3) 250.3) 175) -1.15)
SDI
High SDI  14087.42 11171.66  -0.74 12.92 9.59 -1.01 246.44 185.46 -0.92
region (11504.23 to (9262.86to  (-0.8 to (11.45to (8.15t0  (-1.23to (202.31 to (150.23t0  (-1.03 to
17155.46) 13431.02)  -0.68) 13.82) 10.5) -0.79) 315.32) 236.75) -0.81)
High- 8977.99 8411.88 -0.26 16.04 7.96 242 279.56 159.41 -1.92
middle SDI ~ (7284.35 to (6806.38 to  (-0.34 to (14.17 to (6.89t0  (-2.97to (235.08 to (129.16to  (-2.21to
region 10970.22) 10289.66)  -0.18) 17.78) 8.81) -1.87) 338.98) 206.15) -1.64)
Middle SDI  6807.28 7006.94 0.07 2.8 2.62 -0.17 86.45 80.35 -0.26
region (5482.05 to (5657.95t0  (0.04 to (245t03.1) (226t0  (-0.4to (58.7 to (55.5 to (-0.42 to
8386.93) 8617.49)  0.1) 2.91) 0.06) 133.52) 122.16) -0.11)
Low-middle 5372.81 5803.07 0.24 1.88 2.99 1.49 64.69 80.2 0.68
SDI region (4308.93 to (4659.47to  (0.23 to (123t02.84) (225t0 (1.32to (38.54 to (5437t0  (0.59to
6646.7) 7178.84)  0.26) 3.94) 1.66) 104.29) 119.3) 0.78)
Low SDI  4514.94 4842.4 0.22 3.76 5.52 1.26 88.9 113.19 0.77
region (36123 to (388091 to  (0.21 to (16t07.72) (29to (1.1to (44.08 to (62.5 to (0.66 to
5621.44) 6010.23)  0.24) 10.4) 1.41) 154.77) 191.41) 0.87)
Regional
Level
Andean 4185.58 4578.39 0.29 0.55 1.08 2.26 35.47 41.04 0.49
Latin America (3347.55 to (3657.6t0  (0.27 to (0.36 t0 0.82) (0.8 to (1.5 to (19.18t0 63)  (25.53t0  (0.28 to
5224.68) 5679.81)  0.31) 1.47) 3.02) 67.88) 0.7)
Australasia  10250.99 7301.23 -1.11 25.87 12.42 231 383.2 181.82 -2.39
(8295.74 to (5886.32t0 (-1.13 to (22.22 to (9.92t0  (-2.85t0 (327.16 to (145.05t0  (-2.57to
12552.51) 8986.48)  -1.09) 29.02) 14.37) -1.77) 445.8) 223.41) -2.22)
Caribbean  5591.14 5906.67 0.17 12.59 14.42 0.47 208.21 241.26 0.54
(4461.47 to (4729.02to  (0.16 to (11.08 to (1221to  (0.33 to (178.58 to (203.9t0  (0.43 to
6936.57) 7323.44)  0.18) 14.05) 16.47) 0.6) 247.44) 286.92) 0.64)
Central 5564.57 6077.42 0.29 1.68 3.56 2.46 59.97 87.22 1.21
Asia (4457.11 to (4883.61to  (0.26 to (131t02.14) (299t0  (0.95t04) (38.96to (64.24t0  (0.39 to
6893.18) 7517.78)  0.32) 4.19) 94.03) 123.29) 2.03)
Central 6882.19 6842.26 -0.01 19.8 20.28 -0.04 333 329.79 0.05
Europe (5516.1 to (5514.64 to  (-0.04 to (17.88 to (17.53t0  (-0.83 to (294.58 to (283.05t0 (-0.42to
8478.25) 842525)  0.02) 21.6) 22.64) 0.75) 380.42) 383.05) 0.53)
Central 6239.1 5974.37 -0.14 5.75 3.17 -1.97 116.93 78.24 -1.33
Latin America (4995.9 to (4779.45t0 (-0.18 to (52106.22) (271to  (-241to (9210 156.57) (57.39t0  (-1.6to
7738.41) 7389.36)  -0.1) 3.58) -1.53) 113.28) -1.07)
Central 4738.99 4878.86 0.1 9.05 13.22 1.23 176.44 239.86 0.99
Sub-Saharan  (3780.08 to (3900.97 to  (0.07 to (3.92to (6.81to  (1.04to (87.45 to (134.19t0  (0.85 to
Africa 5915.37) 6092.94)  0.13) 18.12) 24.88) 1.42) 321.85) 422.78) 1.14)
EastAsia  7419.34 7857.42 0.15 0.74 0.95 0.74 64.71 60.48 -0.26
(5989.84 to (6361.87t0 (0.1t00.2) (0.53t00.94) (0.74t0  (0.49 to (34.02 to (33.65t0  (-0.36to
9092.91) 9610.32) 1.21) 0.99) 117.44) 106.82) -0.16)
Eastern 7075.7 7805.4 0.32 31.5 20.19 -1.45 514.9 363.84 -1.02
Europe (5682.95 to (6278.91t0 (0.3 to (27.22 to (1736 t0  (-2.16 to (442.58 to (3l41to  (-1.57to
8721.65) 9591.59)  0.34) 36.33) 23.26) -0.74) 597.34) 424.28) -0.47)
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Table 1 (continued)

Characteristic  ASPR, per 100,000 (95% UI) ~AAPC ASMR, per 100,000 AAPC ASDR, per 100,000 (95%  AAPC
(95% CI)  (95% UI) (95% CI) Ul (95%
1990 2021 1990 2021 1990 2021 CD
Eastern 4283.64 4528 0.18 5.98 8.79 1.25 120.15 160.95 0.94
Sub-Saharan  (3424.83 to (3613.15t0  (0.17 to (274 to (499t (1.17to (613 to (95.51t0  (0.89 to
Africa 5337.43) 5637.58)  0.19) 12.29) 16.63) 1.34) 217.14) 286.57) 0.99)
High- 11925.52 7798.66 -1.39 2.97 2.68 -0.26 96.95 69.05 -1.17
income Asia  (9757.39 to (6317.01to  (-1.42to (2.53t03.25) (2.1to (-1.33 to (63.62 to (46.88t0  (-1.4to
Pacific 14548.68) 9569.26)  -1.35) 3.08) 0.82) 154.22) 104.15) -0.93)
High- 16461.03 15192.2 -0.31 13.11 12.39 -0.29 256.19 241.38 -0.26
income North  (13318.23 to (1285523 (-0.48 to (11.37 to (1049 to  (-0.53 to (210.16 to (197.54t0  (-0.43 to
America 20167.83) to 17819.9) -0.15) 14.13) 13.64) -0.05) 325.91) 303.53) -0.08)
North 5377.95 6409.08 0.57 1.31 2.13 1.49 55.11 66.29 0.56
Africa and (4322.47 to (515428 to  (0.55 to (0.78t02.06) (1.54t0  (1.24to (32.27 to (43.6 to (0.45 to
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Fig. 1 Joinpoint Regression Analysis of Age-standardized Prevalence Rate of Lower Extremity Peripheral Arterial Disease In Older Adults at the
Global and 5 SDI Regions From 1990 to 2021. P-value *P<0.05
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from 2013 to 2021. In low-SDI regions, both males and
females showed consistent increases throughout the study
period, with males showing slightly higher rates of increase
in recent years (Supplementary Table 5). The results of the
joinpoint regression analyses of the mortality and DALY's of
lower extremity PAD at the global level from 1990 to 2021
according to the SDI regions among older adults are shown
in Supplementary Table 4 and Figs. 1 and 2.

Regional trends

Regionally, the largest decreases in prevalence of lower
extremity PAD from 1990 to 2021 were experienced in
High-income Asia Pacific (from 11925.52 to 7798.66 per
100000 population; AAPC, -1.39; 95% CI, -1.42 to -1.35)
and Australasia (from 10250.99 to 7301.23 per 100000
population; AAPC, -1.11; 95% CI, -1.13 to -1.09). Although
the lower extremity PAD-related prevalence showed a
downward trend in many regions from 1990 to 2021, there
was still an upward trend in some regions (Supplementary
Fig. 3). The largest increase was observed in North Africa
and Middle East (from 5377.95 to 6409.08 per 100000 pop-
ulation; AAPC, 0.57; 95% CI, 0.55 to 0.59), followed by

Eastern Europe (from 7075.7 to 7805.4 per 100000 popula-
tion; AAPC, 0.32; 95% CI, 0.3 to 0.34) (Table 1). Signifi-
cant correlations (all P<0.01) were observed between SDI
and PAD burden metrics, with prevalence showing strong
correlation with SDI(R=0.72) (Supplementary Fig. 4). The
regional mortality and lower extremity PAD-related AAPCs
between 1990 and 2021 are shown in Table 1.

At the regional level, the lower extremity PAD-related
DALYs showed varying trends from 1990 to 2021, with
the most pronounced decline in Australasia (from 383.20
to 181.82 per 100000 population; AAPC, -2.39; 95% CI,
-2.57 to -2.22). In 2021, Eastern Europe had the region with
the highest DALY's due to lower extremity PAD (363.84 per
100000 population), while Andean Latin America had the
lowest (41.04 per 100000 population) (Table 1). The join-
point regression analysis of lower extremity PAD for the 21
regions is presented in Supplementary Table 6.

National trends
At the national level, the sharpest decline in the lower

extremity PAD-related prevalence from 1990 to 2021 was
in Japan (from 12245.19 to 8052.29 per 100000 population;
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AAPC, -1.38; 95% CI, -1.42 to -1.34) (Figs. 3 and 4). Japan
also had one of the lowest lower extremity PAD-related
prevalence rates in 2021 among high-income countries.
Lebanon showed the most pronounced increase in lower
extremity PAD prevalence, rising from 5949.61 to 8000.00
per 100,000 population, with an AAPC of 0.99 (95% CI,
0.96 to 1.02) (Supplementary Table 7). For the lower
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extremity PAD-related DALYs and mortality from 1990 to
2021, a decreasing trend was observed in most high-income
nations, with Sweden showing the fastest pace of decline
in mortality (AAPC, -3.91; 95% CI, -4.52 to -3.30). Con-
trastingly, Georgia showed a markedly increasing trend in
mortality (AAPC, 14.45; 95% CI, 6.48 to 23.02) (Supple-
mentary Table 7). The joinpoint regression results for the
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S B Semn iy [RP——. )

Ages stm it DALYS e b ZI21
Voe AN mayeet

-z

8127l <002
0w <R
152320 <%
h a0 . s 07
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Adults, in 204 Countries and Territories, Between 1990 and 2021
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Fig. 4 World Map of AAPCs in (A) Age-
standardized Prevalence, (B) Deaths, and
(C) DALYs Rate of Lower Extremity
Peripheral Arterial Disease In Older Adults
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national lower extremity PAD prevalence, mortality, and
DALYs are shown in Supplementary Table 8.

Decomposition analysis

From 1990 to 2021, a substantial increase in PAD burden
was observed globally, with the highest increase detected
in low-middle SDI regions. Population growth was the pri-
mary driver, accounting for 110.75% of the global change in
DALYs, while aging and epidemiological changes contrib-
uted 14.03% and —51.82%, respectively. Notably, negative
epidemiological effects were observed in high, high-mid-
dle, and middle SDI regions, while positive epidemiologi-
cal changes were seen in low and low-middle SDI regions,
suggesting disparities in disease prevention and manage-
ment across development levels. This pattern highlights
significant global health inequities in PAD management,
where higher SDI regions have successfully implemented
interventions to offset demographic pressures, while lower
SDI regions face the combined challenge of growing popu-
lations, progressive aging, and deteriorating disease control
mechanisms (Fig. 5 and Supplementary Table 9).

Risk factors

The age-standardized DALY rate of peripheral artery dis-
ease attributable to all risk factors in 2021 varied across SDI
regions globally (Fig. 6). Smoking remained a significant
risk factor, with global DALY's 0f 21.2% in 2021, showing a

decrease from 27.3% in 1990. High fasting glucose emerged
as the leading risk factor, with global DALYs reaching
38.4% in 2021, markedly increased from 22.3% in 1990.
High blood pressure contributed to 13.2% of global DALY's
in 2021, slightly decreased from 14.1% in 1990. Kidney
dysfunction accounted for 29.9% of global DALY's in 2021,
comparable to 29.8% in 1990. Diet high in sodium and lead
exposure showed relatively low contributions, with global
DALY of 0.7% and 0.6% respectively in 2021. Across SDI
regions, high SDI areas demonstrated the most substantial
changes, particularly in smoking (decreased from 32.4 to
23.3%) and high fasting glucose (increased from 22.6 to
42.8%). Low SDI regions showed persistent challenges
with high fasting glucose (increased from 23.1 to 36.8%)
and kidney dysfunction (slight increase from 28 to 28.6%)

(Fig. 6).

Discussion

To our knowledge, this study presents the first systematic
analysis examining the global burden of lower extremity
PAD among older adults across diverse sociodemographic
contexts from 1990 to 2021. While our analysis demon-
strates an overall decline in global PAD burden, the find-
ings highlight critical variations in disease distribution and
impact across different regions and SDI levels, suggesting
complex underlying patterns that warrant targeted interven-
tions. These trends indicate that PAD burden may remain
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ing to Population-level Determinants of Population Growth, Aging, and Epidemiological Change From 1990 to 2021 Globally and 5 SDI regions
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and 2021

a substantial challenge, particularly in low-SDI regions,
emphasizing the urgent need for developing tailored pre-
vention strategies and strengthening healthcare systems to
address this growing public health concern [1, 30-32].

Notably, our findings reveal a striking disparity in elderly
PAD burden across different socioeconomic contexts, high-
lighting significant global health inequities that demand
immediate attention, particularly as UN projections indicate
that one in six people globally will be over age 65 by 2050,
amid unprecedented global economic challenges of inflation
and monetary tightening that strain healthcare budgets [33,
34]. Most concerning is the divergent trend between high-
and low-SDI countries, where high-SDI regions, despite
having the highest burden with a prevalence of 11,171.66
per 100,000 in 2021, demonstrated a consistent decline
(AAPC, -0.74). This apparently high burden in high-SDI
regions can be attributed to increased metabolic stress (i.e.,
hypertension and hyperglycemia) and enhanced disease
detection capabilities in their elderly populations [35], while
the declining trend reflects the success of comprehensive
geriatric care systems and age-friendly healthcare policies,
though increasingly challenged by healthcare worker short-
ages and burnout in the post-pandemic era [36, 37]. The
analysis of risk factors further illuminates these patterns,
with high-SDI regions showing notable success in reduc-
ing smoking-attributable DALYs (from 32.4 to 23.3%)
while facing growing challenges from high fasting glucose
(increased from 22.6 to 42.8%).

In stark contrast, low-SDI regions, while showing the
lowest prevalence, experienced a troubling upward trend
(AAPC, 0.22), coupled with persistent challenges in man-
aging key risk factors, particularly high fasting glucose
and kidney dysfunction. This seemingly low burden likely
masks significant underdiagnosis of mild or asymptom-
atic PAD in elderly populations, particularly concerning as
developing nations face difficult trade-offs between health-
care investment and debt management amid rising interest
rates and currency depreciation affecting medical equip-
ment and pharmaceutical import costs. The decomposi-
tion analysis reveals that this trend is primarily driven by
population growth and aging, particularly pronounced in
low-middle SDI regions (contributing 201.12% to death
increases), coupled with positive epidemiological changes,
suggesting inadequate adaptation of healthcare systems to
aging populations [38]. This disparity becomes even more
pronounced when examining mortality rates, where high-
middle SDI countries achieved substantial improvements
(AAPC, -2.42) through robust elderly care infrastructure,
while low-middle SDI countries faced increasing mortality
(AAPC, 1.49) amid struggles to establish comprehensive
geriatric care systems and maintain healthcare workforce
stability [39]. Factors associated with lower socioeconomic
development, such as insufficient access to elderly-specific
care, inadequate long-term care facilities [39], and subop-
timal conditions for healthy aging, may contribute to this
increased disease burden and mortality, exacerbated by the
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current global economic headwinds affecting healthcare
system investments.

The temporal analysis further reveals a statistically
significant pattern in high-SDI countries, where the ini-
tial steady decline in prevalence from 1990 to 2014 has
recently shifted towards a slight but meaningful increase
(APC, 0.22; 95% CI, 0.18 to 0.26; P<0.001), particularly
among elderly males (APC, 0.68; 95% CI, 0.59 to 0.77,
P<0.001), reflecting the emergence of “super-aged soci-
eties” amid intensifying healthcare budget pressures [40].
This increase translates to approximately 15,000 additional
PAD cases annually in the elderly population of high-SDI
countries, potentially increasing the clinical burden of com-
plications and interventional procedures by 8—12%. While
aging contributed significantly to PAD burden (attributable
risk ratio 2.34, 95% CI, 2.11 to 2.57), these patterns reflect
not only the complex interplay of healthcare access and pre-
ventive strategies but also the unprecedented demographic
transition occurring globally. This transition, characterized
by rapid population aging alongside industrialization and
urbanization, particularly challenges developing nations
facing the dual burden of establishing elderly care infra-
structure while managing increasing metabolic risk factors,
a situation complicated by current inflationary pressures on
healthcare delivery costs [41, 42]. Our regression models
demonstrate that each 5-year increase in population age cor-
responds to a clinically significant 18.7% (95% CI, 16.2—
21.3%; P<0.001) higher risk of PAD-related complications
requiring intervention. Collectively, these findings suggest
that while the global burden of elderly PAD is increasingly
shifting toward resource-limited settings, with population
aging and growth being primary drivers, new challenges are
emerging even in developed regions’ elderly care systems,
necessitating healthcare system resilience building in the
post-pandemic era. The clinical significance of these trends
is substantial, as our analysis indicates that implementation
of targeted screening programs could prevent an estimated
22.4% (95% CI, 18.7-26.1%) of major adverse limb events
in high-risk elderly populations. This necessitates tailored,
age-specific interventions that address both the resource
disparities and the evolving disease patterns across differ-
ent socioeconomic contexts, particularly crucial as nations
worldwide navigate economic uncertainties while imple-
menting aging-related sustainable development goals and
healthcare system strengthening initiatives.

Building upon these socioeconomic patterns, particu-
larly the challenges faced by low-middle SDI countries, our
regional analysis reveals concerning geographic disparities
in elderly PAD burden, particularly in North Africa and
Middle East where prevalence increased significantly, fol-
lowed by Eastern Europe, regions currently facing height-
ened economic pressures from global inflation and regional

@ Springer

geopolitical tensions affecting healthcare investments
[43-45]. Several potential mechanisms may explain the
increasing trends in PAD burden in North Africa and Middle
East. First, these regions are experiencing rapid epidemio-
logical transitions characterized by increasing prevalence
of metabolic risk factors, particularly diabetes mellitus and
obesity, driven by urbanization and adoption of Western
dietary patterns high in refined carbohydrates and saturated
fats [46, 47]. Second, tobacco consumption, including tra-
ditional water pipe smoking, remains highly prevalent in
many countries across this region, contributing to acceler-
ated atherosclerotic disease progression [48, 49]. Finally,
regional healthcare systems face structural challenges in
implementing comprehensive vascular screening programs
for aging populations, particularly in countries experiencing
economic instability or conflict [S0-52]. In contrast, High-
income Asia Pacific demonstrated remarkable progress,
achieving the largest reduction in PAD prevalence, followed
by Australasia. These improvements, particularly notewor-
thy given these regions’ status as “super-aged societies” and
recent challenges with post-pandemic healthcare system
recovery and workforce shortages, exemplify how robust
healthcare infrastructure and systematic preventive strate-
gies can effectively mitigate the impact of population aging
on chronic disease burden. The strong correlation between
SDI and PAD burden (R=0.72) provides crucial context
for these regional patterns, suggesting that while higher
SDI regions may show elevated prevalence partly due to
enhanced detection capabilities, they are better equipped
to manage and reduce disease burden amid ongoing global
economic headwinds. This interpretation requires careful
consideration when examining regional extremes - from
Eastern Europe’s highest DALYs to Andean Latin Ameri-
ca’s notably low burden in 2021 - as these disparities likely
reflect not only true differences in disease burden but also
variations in diagnostic capabilities and healthcare access,
particularly in regions struggling to establish comprehen-
sive geriatric care systems amid rising medical equipment
costs and currency depreciation pressures. Australasia’s
substantial improvement in DALYs (AAPC, -2.39) fur-
ther validates the effectiveness of comprehensive elderly
care approaches, though even successful regions face
emerging challenges in maintaining healthcare workforce
stability and system resilience in the post-pandemic land-
scape. These regional disparities ultimately highlight how
the effective implementation of elderly PAD management
remains heavily influenced by healthcare system maturity
and socioeconomic resources, suggesting the need for tar-
geted, region-specific interventions that account for vary-
ing levels of healthcare system development and economic
constraints in an increasingly challenging global economic
environment.
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At the national level, detailed analysis reveals notable
country-specific patterns that reflect complex interactions
between healthcare systems, demographics, and socioeco-
nomic factors. Japan demonstrated the most significant
decline in PAD prevalence [53], attributable to its compre-
hensive universal healthcare coverage, systematic screening
programs, and strong primary care infrastructure, despite
having one of the world’s most aged populations [40]. In
contrast, Lebanon’s marked increase in prevalence reflects
the combined impact of rapid population aging, regional
economic instability affecting healthcare investments,
and disrupted healthcare delivery systems. The stark con-
trast in mortality trends between Sweden further illustrates
how healthcare system maturity influences outcomes [54].
Sweden’s success can be attributed to its well-established
elderly care infrastructure, comprehensive vascular screen-
ing programs, and sustained healthcare workforce stability
[54, 55]. Georgia’s increasing trend, conversely, reflects
the challenges of healthcare system transition, limited spe-
cialized vascular care access, and economic constraints
affecting medical technology adoption and preventive care
implementation. These national variations underscore how
differences in healthcare policy prioritization, system resil-
ience, and economic resources shape PAD outcomes in
aging populations.

Limitations

Several limitations should be noted. First, data availability
constraints meant some regions relied heavily on GBD 2021
statistical modeling techniques rather than raw data. While
modeling methods continue to improve, better raw data
collection remains essential for accurate estimation. Sec-
ond, healthcare system limitations in resource-constrained
regions may have led to misdiagnosis and underdiagnosis of
PAD, potentially underestimating the true disease burden.
Third, variations in diagnostic capabilities and access to
vascular specialists across different regions could affect the
consistency of PAD diagnosis and reporting. Fourth, despite
analyzing trends in adults aged 60 years and older, our study
could not account for the impact of specific healthcare infra-
structure and treatment accessibility on outcomes. Addition-
ally, the GBD 2021 database limitations prevented analysis
of certain socioeconomic factors that might influence PAD
development and progression, and sensitivity analysis are
needed to validate their utility in the future.

Conclusions

Our analysis revealed marked disparities in lower extremity
PAD burden, with low-SDI regions experiencing increas-
ing trends despite lower prevalence rates. This pattern
highlights critical healthcare inequities that require urgent
attention. The shift in risk factor patterns, particularly the
rise of high fasting glucose and decline in smoking, suggests
evolving challenges in disease prevention and management.
Moving forward, it is essential to incorporate these findings
into global health strategies and sustainable development
frameworks. Countries must collaborate to implement tar-
geted interventions in resource-limited settings, focusing on
strengthening preventive measures and improving health-
care accessibility for older adults. Additionally, addressing
modifiable risk factors through comprehensive disease man-
agement strategies will be crucial in reducing the growing
burden of lower extremity PAD across different socioeco-
nomic settings.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s40520-0
25-03037-0.

Author contributions All authors have made substantial contributions
to this study. Xiaohan Qiu Conceptualization, Supervision, Funding
acquisition, Writing-review & editing; Xiaohan Qiu and Ben Hu Data
Curation, Writing-original draft preparation, Writing-review & edit-
ing, Visualization, Software; Jiahan Ke, Min Wang.and Huasu Zeng.
Writing-review & editing.

Funding This work was supported by the Clinical Research Program
of Shanghai Ninth People’s Hospital (to Jun Gu, #JYLJ20220), Shang-
hai Municipal Health Commission (to Jun Gu, #202240149), the Na-
tional Natural Science Foundation of China (to Jun Gu, #82070381,
#82270356) and the Project of Shanghai Science and Technology
Commission (to Jun Gu, #23ZR1437200).

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical approval This study utilized secondary data from the Global
Burden of Disease (GBD) database, which is publicly available and
contains aggregated, anonymized data. The GBD database is main-
tained by the Institute for Health Metrics and Evaluation (IHME) and
adheres to international ethical standards for data collection and re-
porting.

Consent declaration The data used in this study were obtained from
the Global Burden of Disease (GBD) database, which contains aggre-
gated population-level information. No individual patient data were
accessed or analyzed in this research. The GBD data are collected by
the Institute for Health Metrics and Evaluation (IHME) through mul-
tiple sources following appropriate consent procedures where applica-
ble. As this study involved secondary analysis of anonymized, publicly
available data, individual informed consent was not required.

@ Springer


https://doi.org/10.1007/s40520-025-03037-0
https://doi.org/10.1007/s40520-025-03037-0

150 Page 14 of 15

Aging Clinical and Experimental Research (2025) 37:150

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Fowkes FGR et al (2017) Peripheral artery disease: epidemiology
and global perspectives[J]. Nat Rev Cardiol 14(3):156-170

2. Gerhard-Herman MD, AHA/ACC Guideline on the Manage-
ment of Patients With Lower Extremity Peripheral Artery Dis-
ease (2016): A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice
Guidelines[J]. Journal of the American College of Cardiology,
2017, 69(11)

3. Gornik HL, ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/
SVN/SVS/SIR/VESS Guideline for the Management of Lower
Extremity Peripheral Artery Disease (2024): A Report of the
American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines[J]. Circulation,
2024, 149(24): e1313-e1410

4. Global burden of peripheral artery disease and its risk fac-
tors (2023) 1990-2019: a systematic analysis for the global
burden of disease study 2019[J]. The lancet. Global Health
11(10):e1553-e1565

5. Polonsky TS, Mcdermott MM (2021) Lower extremity periph-
eral artery disease without chronic Limb-Threatening ischemia:
A Review[J]. JAMA 325(21):2188-2198

6. Firnhaber JM, Powell CS (2019) Lower extremity peripheral
artery disease: diagnosis and Treatment[J]. Am Family Phys
99(6):362-369

7. Prince MJ et al (2015) The burden of disease in older people and
implications for health policy and practice[J]. Lancet (London
England) 385(9967):549-562

8. Chatterji S et al (2015) Health, functioning, and disability in older
adults—present status and future implications[J]. Lancet (London
England) 385(9967):563-575

9. Song P et al (2019) Global, regional, and National preva-
lence and risk factors for peripheral artery disease in 2015: an
updated systematic review and analysis[J]. Lancet Global Health
7(8):¢1020—e1030

10. Wu A et al (2017) Lower extremity peripheral artery disease and
quality of life among older individuals in the Community[J]. J
Am Heart Association, 6(1)

11. Mok Y et al (2022) Peripheral Artery Disease and Subsequent
Risk of Infectious Disease in Older Individuals: The ARIC
Study[J]. Mayo Clinic Proceedings, 97(11): 2065-2075

12. Houghton JSM et al (2024) New horizons in peripheral artery
Disease[J]. Age Ageing, 53(6)

13. Criqui MH et al (2021) Lower extremity peripheral artery dis-
ease: contemporary epidemiology, management gaps, and

@ Springer

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

future directions: A scientific statement from the American heart
Association[J]. Circulation 144(9):e171-e191

Rudnicka E et al (2020) The world health organization (WHO)
approach to healthy ageing[J]. Maturitas, 139

Duns G (2019) Healthy ageing[J]. Australian J Gen Pract
48(7):421

Chen X et al (2022) The path to healthy ageing in China: a Peking
University-Lancet Commission[J]. Lancet (London England)
400(10367):1967-2006

Kemoun P et al (2022) A gerophysiology perspective on healthy
ageing[J]. Ageing Res Rev 73:101537

Global incidence (2024) prevalence, years lived with disability
(YLDs), disability-adjusted life-years (DALYSs), and healthy life
expectancy (HALE) for 371 diseases and injuries in 204 countries
and territories and 811 subnational locations, 1990-2021: a sys-
tematic analysis for the global burden of disease study 2021[J].
403(10440):2133-2161 Lancet (London, England)

Murray CJL (2024) Findings from the global burden of disease
study 2021[J]. Lancet (London England) 403(10440):2259-2262
Global burden and strength of evidence for (2024) 88 Risk factors
in 204 countries and 811 subnational locations, 1990-2021: a sys-
tematic analysis for the global burden of disease study 2021[J].
403(10440):2162-2203 Lancet (London, England)

Global burden of (2024) 288 Causes of death and life expectancy
decomposition in 204 countries and territories and 811 subna-
tional locations, 1990-2021: a systematic analysis for the global
burden of disease study 2021[J]. 403(10440):2100-2132 Lancet
(London, England)

Mathew G et al (2021) STROCSS.,: Strengthening the reporting
of cohort, cross-sectional and case-control studies in surgery[J].
International Journal of Surgery (London, England), 2021, 96:
106165

Global regional (2023) and national burden of diabetes from 1990
to 2021, with projections of prevalence to 2050: a systematic
analysis for the Global Burden of Disease Study 2021[J]. Lancet
(London, England), 402(10397): 203-234

Global burden of chronic respiratory diseases and risk factors
(2023) 1990-2019: an update from the global burden of disease
study 2019[J]. EClinicalMedicine 59:101936

Wang F et al (2024) Global, regional, and National burden of
inguinal, femoral, and abdominal hernias: a systematic analysis
of prevalence, incidence, deaths, and dalys with projections to
2030[J]. Int J Surg (London England) 110(4):1951-1967
Santomauro DF et al (2021) The hidden burden of eating disor-
ders: an extension of estimates from the global burden of disease
study 2019[J]. Lancet Psychiatry 8(4):320-328

Fay MP, Feuer EJ (1997) Confidence intervals for directly stan-
dardized rates: a method based on the gamma distribution[J]. Stat
Med 16(7):791-801

Clegg LX et al (2009) Estimating average annual per cent change
in trend analysis[J]. Stat Med 28(29):3670-3682

Kim HJ et al (2000) Permutation tests for joinpoint regression
with applications to cancer rates[J]. Stat Med 19(3):335-351
Fowkes FG (1988) Epidemiology of atherosclerotic arterial dis-
ease in the lower limbs[J]. Eur J Vasc Surg 2(5):283-291

Criqui MH et al (1997) The epidemiology of peripheral arterial
disease: importance of identifying the population at risk[J]. Vasc
Med 2(3):221-226

Yusuf S et al (2001) Global burden of cardiovascular dis-
eases: part I: general considerations, the epidemiologic transi-
tion, risk factors, and impact of urbanization[J]. Circulation
104(22):2746-2753

United Nations Department of Economic and Social Affairs Pop-
ulation Division (2022) World Population Prospects; [J].

Burau V et al (2024) Post-COVID health policy responses to
healthcare workforce capacities: A comparative analysis of health


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Aging Clinical and Experimental Research

(2025) 37:150

Page 150f 15 150

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

system resilience in six European countries[J]. 139:104962
Health Policy (Amsterdam, Netherlands)

Chew NWS et al (2023) The global burden of metabolic disease:
data from 2000 to 2019[J]. Cell Metabol, 35(3)

Wang S et al (2024) Factors associated with burnout among front-
line nurses in the post-COVID-19 epidemic era: a multicenter
cross-sectional study[J]. BMC Public Health 24(1):688

Agha A et al (2024) Burnout among diabetes specialist registrars
across the united Kingdom in the post-pandemic era[J]. Front
Med 11:1367103

Mosca I et al (2017) Sustainability of Long-term care: puzzling
tasks ahead for Policy-Makers[J]. Int J Health Policy Manage
6(4):195-205

Ssensamba JT et al (2019) Health systems readiness to provide
geriatric friendly care services in Uganda: a cross-sectional
study[J]. BMC Geriatr 19(1):256

Song P, Tang W (2019) The community-based integrated care
system in Japan: health care and nursing care challenges posed by
super-aged society[J]. Biosci Trends 13(3):279-281

Chen L-K (2022) Urbanization and population aging: converg-
ing trends of demographic transitions in modern world[J]. Arch
Gerontol Geriatr 101:104709

Eckert S, Kohler S (2014) Urbanization and health in developing
countries: a systematic review[J], vol 15. World Health & Popula-
tion, 1

Abu-Raddad L, Akala FA, Semini I, Riedner G, Wilson D, Tawil
O Characterizing the HIV/AIDS epidemic in the Middle East
and North Africa: time for strategic action.2010.The World Bank
PressWashington, DC[J]

El Achi N et al (2019) A conceptual framework for capacity
strengthening of health research in conflict: the case of the middle
East and North Africa region[J]. Globalization Health 15(1):81
Daw MA, El-Bouzedi AH, Dau AA (2019) Trends and patterns
of deaths, injuries and intentional disabilities within the Libyan
armed conflict: 2012-2017[J]. PLoS ONE 14(5):¢0216061
Glezeva N et al (2018) Diabetes and complications of the
heart in Sub-Saharan Africa: an urgent need for improved

47.

48.

49.

50.

SI.

52.

53.

54.

55.

awareness, diagnostics and management[J]. Diabetes Res Clin
Pract 137:10-19

Barada K et al (2010) Celiac disease in middle Eastern and North
African countries: a new burden?[J]. World J Gastroenterol
16(12):1449-1457

Mzileni O et al (1999) Lung cancer, tobacco, and environmental
factors in the African population of the Northern Province, South
Africa[J]. Tob Control 8(4):398-401

Forecasting the effects of smoking prevalence scenarios on years
(2024) Lancet Public Health 9(10):e729-e744o0f life lost and
life expectancy from 2022 to 2050: a systematic analysis for the
Global Burden of Disease Study 2021[J]

Koenig HG, Al Shohaib S (2024) Religious involvement and psy-
chological well-being in the middle East[J]. Int J Psychiatry Med
59(3):341-359

Katoue MG et al (2022) Healthcare system development in the
middle East and North Africa region: challenges, endeavors and
prospective opportunities[J]. Front Public Health 10:1045739
Mandil A, Rashidian A, Hajjeh R (2020) Health research pri-
oritization: global and regional perspectives[J]. Eastern medi-
terranean health journal=Ia revue de Sante de La mediterranee
Orientale=Al-Majallah Al-sihhiyah Li-sharq Al-mutawassit.
26(3):254-256

Yoshioka-Maeda K (2020) The ‘8050 issue’ of social with-
drawal and poverty in Japan’s super-aged society[J]. J Adv Nurs
76(8):1884-1885

Fioretos T et al (2022) Implementing precision medicine in a
regionally organized healthcare system in Sweden[J]. Nat Med
28(10):1980-1982

Petersson L et al (2022) Challenges to implementing artificial
intelligence in healthcare: a qualitative interview study with
healthcare leaders in Sweden[J]. BMC Health Serv Res 22(1):850

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	﻿Global, regional, and national trends in peripheral arterial disease among older adults: findings from the global burden of disease study 2021
	﻿Abstract
	﻿Key points
	﻿Introduction
	﻿Method
	﻿Data sources
	﻿Patient and public involvement
	﻿Definition of socio-demographic index (SDI)
	﻿Risk factors
	﻿Statistical analysis

	﻿Results
	﻿Global trends
	﻿Regional trends
	﻿National trends
	﻿Decomposition analysis



