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Aims The epidemiology of lower extremity artery disease (LEAD) is evolving. This meta-analysis of aggregate data aimed to 
(i) determine the global prevalence of LEAD and by regions in the 21st century and (ii) update the associated risk factors 
in this period.  

Methods 
and results 

A systematic literature review was performed through PubMed, Cochrane, Scopus, Science Direct, and Google Scholar da-
tabases, restricted to general population studies between January 2000 and September 2021, with LEAD defined by a low 
(</≤0.90) ankle–brachial index. The Newcastle–Ottawa Scale was used to evaluate the quality of the articles before data 
extraction. Due to high heterogeneity, the random effect model was applied to this meta-analysis. Among 1418 references, 
38 studies (127 961 participants) were retained. The global prevalence in adults, mostly ≥40 years, was estimated at 9.7% 
[95% confidence interval (CI): 7.1–12.4], higher in women (10.2%) than in men (8.8%), increasing sharply with age. The high-
est prevalence was found in South–Central Asia (14.5%) and the lowest in North America (5.6%). Significant associations 
were found between LEAD and current [odds ratio (OR) = 1.9, 95% CI: 1.4–2.5] and past smoking (OR = 1.6, 95% CI: 
1.3–1.9) and between LEAD and diabetes (OR = 2.3, 95% CI: 2.0–2.8). Hypertension was significantly associated with 
LEAD (OR = 2.3, 95% CI: 1.9–2.8) and in particular in South America (OR = 4.0). Obesity (OR = 1.5, 95% CI: 1.2–1.8) 
and hypercholesterolaemia ≥200 mg/dL (OR = 1.9, 95% CI: 1.3–2.8) were also significantly associated with LEAD.  

Conclusion This meta-analysis highlights a currently high prevalence of LEAD worldwide, with substantial differences in global regions 
and between sexes. The strongest associations were found with metabolic risk factors. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Lay summary   • The global epidemiology of lower extremity artery disease has evolved since the 21st century as has its association with 
cardiovascular risk factors.  

• High overall prevalence (9.7%) in men and women, increasing with age.  

• It is associated with traditional risk factors (tobacco, dyslipidaemia) but also diabetes, hypertension, and obesity in all re-
gions of the world.  
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Graphical Abstract   
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Introduction 
Along with coronary arteries and cerebrovascular diseases, lower ex-
tremity artery disease (LEAD) is one of the most frequent presenta-
tions of atherosclerosis. It encompasses for all arteries affected by 
atherosclerosis, from the termination of the aorta to the feet arteries.1 

This condition has a long period of subclinical progression prior to its 
clinical presentations, from intermittent claudication or atypical pains 
up to chronic limb–threatening ischaemia, which can lead to amputa-
tion. As soon as its subclinical period, patients affected by this condition 
are at increased risk of cardiovascular events and death.1 On top of its 
vital prognosis, LEAD is a source of disability, loss of autonomy, and al-
teration of quality of life. 

The easiest way to detect LEAD (symptomatic or not) is to measure 
the ankle–brachial index (ABI). This is a non-invasive and inexpensive 
method widely available and hence highly favourable for population 
studies.2,3 An ABI < 0.90 is diagnostic for LEAD with reasonably high 
specificity (83–99%) and acceptable sensitivity (69–79%).2 

With the population aging and evolution of several cardiovascular 
risk factors [e.g. tobacco smoking decreases especially among men in 
high-income countries (HICs) and the development of obesity and 
metabolic syndrome worldwide], it is expected to observe some evo-
lutions in the epidemiology of LEAD. Through data collection along 
with modelling, the Global Burden Disease estimated that 202 million 
individuals were living with LEAD in 20104 with a new estimation in 
2015 rising to 236 million.5 These estimations are of paramount im-
portance as they have underscored the higher burden in low– 
middle-income countries (LMICs) and especially in women and 

surprisingly showed high numbers of young or even very young indivi-
duals with this disease. These estimations resulting from modelling can 
be challenged especially as the performance of ABI to detect LEAD in 
youth (and especially in women) is debatable6 and might have overes-
timated the prevalence of this disease. Because many studies have been 
performed on LEAD epidemiology these last decades including in popu-
lations in LMICs, a review of available data and meta-analysis (without 
modelling) is also necessary to estimate the actual prevalence of the dis-
ease in global regions and to reassess the association between cardio-
vascular risk factors and LEAD in the current setting, with special 
attention to gender disparities. 

We therefore conducted a systematic review and meta-analysis of all 
population-based studies on LEAD epidemiology, from 2000 to 2021. 
Our primary objective was to determine the prevalence of LEAD in the 
general population worldwide and by regions in the 21st century. Our 
second objective was to describe the risk factors associated with LEAD 
in the general population and by regions based on studies exclusively 
performed in the current century. 

Methods 
Study design 
The method was carried out as follows: (i) literature search for studies of 
prevalence and incidence of peripheral artery disease; (ii) selection of stud-
ies according to inclusion criteria; (iii) data extraction; (iv) aggregating data 
of prevalence by region and then by age in men and women; and (v) iden-
tification of univariate associations between LEAD prevalence and risk fac-
tors by region.  
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Search strategy and inclusion criteria 
We conducted a systematic review of the literature published from 1 
January 2000 onward in the following databases: PubMed, Cochrane, 
Scopus, Science Direct, and Google Scholar with the keywords ‘preva-
lence/epidemiology and peripheral disease/lower extremity disease or 
intermittent claudication/critical limb ischemia or Ankle-Brachial Index’ in-
cluding studies published between 2000 and 2021 in English and French. 
We contacted the authors of articles that were not in full text and searched 
the references of the articles found. 

The articles found in non-English languages were not available in full text, 
and the authors did not reply. We only included studies with data collection 
performed after 2000 that had a definition of LEAD based on the ABI 
</≤0.90. Papers published after 1 January 2000 but reporting on data be-
fore that date were excluded. The selection was performed using Zotero 
5.0, and the protocol was registered on PROSPERO (CRD42022376447). 

The selected reports were also included in the risk factor association ana-
lysis if any of the following criteria were met: 

• Hypertension: taking anti-hypertensive treatment, history of hyperten-
sion, systolic blood pressure ≥140 mmHg, and diastolic blood pressure 
≥90 mmHg. 

• Diabetes: taking anti-diabetes treatment, history of disease, and fasting 
blood glucose ≥7 mmol/L (1.26 g/L). 

• Obesity: body mass index (BMI) ≥30 kg/m2. 
• Dyslipidaemia: hypercholesterolaemia (≥200 or ≥240 mg/dL), hypertri-

glyceridaemia (≥150 mg/dL), or total cholesterol/HDL cholesterol ratio  
> 5. 

• Tobacco consumption as defined by the categories current, former, 
and/or never. 

• Cerebrovascular disease: history of stroke and/or transient ischaemic 
attack. 

• Coronary artery disease: history of myocardial infarction and/or angina. 
• Chronic kidney disease (CKD): estimated Glomerular Filtration Rate 

(eGFR) < 60 mL/min/1.73 m2.  

The choices for the definitions of dyslipidaemia and smoking were made 
on the basis of the most consensual ones, given a big variety of definitions, 
summarized in the appendices (see Supplementary material online, Tables 
S1 and S2, respectively). 

No selection was made on the basis of sample size. A low score (<7) 
on the Newcastle–Ottawa Scale (NOS) led to exclusion from the study 
(see Supplementary material online, Table S3). 

Study selection 
We first selected the studies on the basis of the titles and then abstracts. 
After triage of the abstracts, we read the full texts and checked which stud-
ies met the different inclusion criteria. The selection was subsequently 
checked by two reviewers (V.A. and J.M.). We were careful not to include 
studies from similar cohorts. 

Data extraction 
We extracted the prevalence data by age and gender from each study as 
well as the socio-demographic data and the study information (inclusion 
period, duration of the study, name of the cohort, country, etc.) and en-
tered them in an Excel sheet. For the studies included in the analysis of 
risk factor associations, we extracted the prevalence of people with or 
without LEAD and with or without these risk factors. We also extracted 
the diagnostic criteria for each of the risk factors according to the study. 

Statistical analyses 
We have described continuous variables as mean/median and standard de-
viation (SD) or interquartile range (IQR) and categorical variables as num-
ber and percentages. We first examined potential publication bias using 
funnel plot (Begg’s) and Egger’s test. We conducted a meta-analysis based 
on prevalence and odds ratio (OR) and calculated pooled summary esti-
mates by using random effects to further explore heterogeneity among 
studies, and we calculated I2 statistics and used forest plots visualizing study- 
specific estimates and the pooled random effect estimators. If sufficient 
studies were available, we conducted subgroup analyses by regions or 
age. The results were presented as stratified forest plot, and a P ≤ 0.05 

was considered significant. All statistical analyses were performed using 
Stata 11.1 and R Studio 4.1.1. 

Results 
From the 1418 original hits, we finally included 38 studies7–44 in this 
meta-analysis (Figure 1). Overall, the studies represent 127 961 indivi-
duals (48.1% being women) with an average age of 60.4 ± 8.5 years. 
Among these studies, 25 included exclusively individuals ≥40 years of 
age, among whom 10 included exclusively individuals ≥60 years. All 
continents were represented except Oceania. The characteristics of 
the studies are summarized in Supplementary material online, 
Table S4. Publication bias was assessed using Begg’s funnel plot and 
Egger’s test and was found to be high (P < 0.001). Heterogeneity due 
to continent was evaluated via meta-regression and was found to be 
not significant. 

The overall prevalence of LEAD was 9.7% [95% confidence interval 
(CI): 7.1–12.4], P < 0.001, for all sexes combined. The prevalence was 
higher among women than in men (10.2%, 95% CI: 7.0–13.5 vs. 8.8%, 
95% CI: 6.3–11.3). The highest prevalence (in men and women com-
bined) was found in South–Central Asia (14.5%, 95% CI: 0.0–159.8, 
P < 0.01) and the lowest in North America (5.6%, 95% CI: 2.5–8.6, 
P < 0.01; see Supplementary material online, Figure S1). While in men 
the prevalence of LEAD raised with age, this prevalence appeared to 
decrease between 50 and 59 years in women prior to increasing stead-
ily at older ages (Figure 2A and B). Ultimately, when considering preva-
lence rates separately for men and women based on LMICs and HICs, 
we found a higher prevalence among women in LMICs (11.7%, 95% CI: 
7.7–15.7) and a higher prevalence among men in HICs (9.5%, 95% CI: 
5.5–13.4; see Supplementary material online, Figure S2A and B). 

Association with risk factors 
Diabetes was found significantly associated with LEAD (29 studies, 
n = 111 175, OR = 2.3; 95% CI: 2.0–2.8). This association was the 
strongest in South–Central Asia (one study, n = 2779, OR =  12.7, 
95% CI: 7.5, 19.4) and South America (three studies, n = 11 420, 
OR =  3.0, 95% CI: 1.0–9.0) and the weakest in sub-Saharan Africa 
(three studies, n = 5022, OR =  1.3, 95% CI: 1.0–1.7; Figure 3). 

We found similar strength of association between hypertension and 
LEAD (29 studies, n = 111 175, OR = 2.3, 95% CI: 1.9–2.8). Similarly, 
the highest associations were found in South America (three studies, 
n = 11 420, OR = 4.0, 95% CI: 0.9–18.0) and even more so in South– 
Central Asia (one study, n = 2779, OR = 14.6, 95% CI: 8.7–24.4) and 
the lowest in sub-Saharan Africa (three studies, n = 5022, OR = 1.4, 
95% CI: 1.2–1.7; Figure 4). 

In terms of the association of LEAD with CKD, a statistically signifi-
cant association was observed overall (10 studies, n = 18 161, OR =  
2.0, 95% CI: 1.3–3.2). The strongest association was found in Eastern 
Asia (two studies, n = 4446, OR = 3.6, 95% CI: 1.8–6.9), while the 
weakest association was observed in sub-Saharan Africa (one study, 
n = 771, OR = 0.6, 95% CI: 0.3–1.2; see Supplementary material 
online, Figure S3). 

Figure 5 shows the association between tobacco smoking and LEAD, 
according to smoking status. The association between LEAD and cur-
rent and past smokers was close (15 studies, n = 51 280, OR = 1.9, 
95% CI: 1.4–2.5 for current smokers and OR = 1.6, 95% CI: 1.3–1.9 
for past smokers). However, it should be underscored considerable 
heterogeneity among studies. 

The association of LEAD with obesity was significant (10 studies, n =  
27 873, OR =  1.5; 95% CI: 1.2–1.8). Heterogeneity between studies 
was more moderate compared with other risk factors (I2 = 75.2%), 
but some regions were not included (East and South–Central Asia 
and North America). The strongest association was found in a single 
study in sub-Saharan Africa (n = 1815, OR = 2.0, 95% CI: 1.2–3.4) while  
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Figure 1 Flowchart of the literature review.  

A B

Figure 2 (A) Prevalence of lower extremity artery disease in women according to age. (B) Prevalence of lower extremity artery disease in men ac-
cording to age.   
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the strength of association was the lowest in Europe (four studies, 
n = 12 894, OR = 1.3, 95% CI: 0.9–1.8, P = 0.002; see Supplementary 
material online, Figure S4). 

Regarding dyslipidaemia, the association with LEAD varied according 
to different definitions. If we considered hypercholesterolaemia as a to-
tal cholesterol ≥200 mg/dL, the association was significant (one study, 
n = 1815, OR = 1.9, 95% CI: 1.3–2.8). The association was slightly the 
same for cholesterol above 240 mg/dL (one study, n = 261, OR = 1.4, 
95% CI: 0.7–2.8) but not significant. When dyslipidaemia was defined 
as a total cholesterol/HDL cholesterol ratio > 5, the OR for the asso-
ciation with LEAD was 1.2 (two studies, n = 16 301, 95% CI: 0.6– 
2.4). Regarding hypertriglyceridaemia (≥150 mg/dL), only one study 
assessed its association with LEAD distinctly from high cholesterol 
(n = 3,551, OR = 1.8, 95% CI: 1.4–2.3; see Supplementary material 
online, Figure S5). 

The association between a history of cerebrovascular diseases and 
LEAD was found to be globally significant, with an OR of 3.8 (95% 
CI: 2.5–5.8). Concerning the history of coronary artery disease, the 
OR was 3.4 (95% CI: 2.5–4.6). For both disease histories, the weakest 
association was observed in Eastern Asia. 

Discussion 
To our knowledge, this is the first meta-analysis assessing the global epi-
demiology of LEAD. Because the risk factor profiles and management 
are evolving, we decided to limit our review to studies performed in 
the 21st century. Also, more studies have also been performed in 

LMICs these last 20 years. Our meta-analysis confirms the high preva-
lence of LEAD globally, with almost 1 in 10 adults >20 years of age af-
fected by this condition. It also highlights remarkable disparities among 
global regions. Our data support a higher prevalence of LEAD among 
women than in men. We found strong association with many known 
cardiovascular risk factors, with similar results in both genders but sub-
stantial disparities among global regions associated with high hetero-
geneity, even sometimes among studies in a similar global region. 

We found an overall prevalence of 9.7% of LEAD in a population on 
average at age of 60. Overall, the sex ratio was balanced with an average 
age of study participants comparable in women and men, but this result 
needs to be split by sex because of significant differences, with a preva-
lence of 10.2% in women and 8.8% in men, which cannot be explained 
by difference on age. Besides potential differences in risk factors in both 
sexes, this difference in prevalence could partly be explained by an in-
trinsically lower ABI in women in the absence of any traditional risk 
factor.45 The ‘J-shaped’ curve of LEAD prevalence according to age 
bands in women has been observed in several other studies46 and sug-
gests an overestimation of LEAD in younger women who could natur-
ally have lower ABI without being related to occlusive disease. This 
highlights a drawback of ABI when used as the sole diagnostic criterion 
for LEAD at a similar threshold in both sexes and different ages. 

Our results are consistent with estimates provided in global burden 
of disease reports (1401.8 per 100,000, 95% CI: 1228.5–1589.4)47,48 of 
LEAD. The prevalence of LEAD was found more than double in Europe 
(12.9%) as compared with North America (5.6%). These differences 
may be related to different study characteristics but more plausibly re-
lated to risk factor expositions and genetic factors. 
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Our study included 25 studies from HICs (Europe, North America, 
and Eastern Asia) and 13 from LMICs (sub-Saharan Africa, Middle East 
and North Africa, South America, and South–Central Asia). The 
prevalence was diverse in these two groups, ranging from 5.6 to 
12.9% in HICs and 11.0 to 14.5% in LMICs. These results were in 
agreement with those found in the study by Lin et al.,49 where, al-
though the percentage change between 1990 and 2019 in the overall 
number of cases was 72.5%, it ranged from 126.3 to 160.8% in LMICs 
and only 20.4 to 70.8% in HICs. Thus, even though low prevalence 
was found in LMICs, the increase in prevalence in these regions has 
been and is likely to continue to be much higher than in HICs, high-
lighting the importance of studying LEAD prevalence considering 
inter-regional differences. 

Our data confirm the association between LEAD and diabetes, with 
an OR = 2.3 as compared with a two- to four-fold risk increase in stud-
ies performed in the previous century.50 This global result is in agree-
ment with the Global Burden Study.51 The weakest association 
between diabetes and LEAD was found in Africa (OR = 1.3), and inter-
estingly, a similar result was reported in African-Americans in the 
Jackson Heart Study.40 Data regarding different susceptibility of diabetic 
Blacks to present LEAD are debated with contradictory results: while in 
a previous multiethnic study in the USA,52 stronger association was 
found in African-Americans as compared with other ethnicities, an-
other US study found no interaction regarding the association between 
diabetes and LEAD according ethnicity.53 However, major differences 
in socio-economic status, including access to care, are underlying con-
founders when comparing different ethnic groups in different countries, 

and the results found in Africa cannot be transposable to 
African-Americans. In turn, the strongest association (OR = 12.1) in 
Sri Lanka appears as an outlier and requires confirmation. Finally, it 
should be born in mind that the performances of ABI to detect 
LEAD are poorer in diabetic vs. non-diabetic subjects because of in-
creased arterial stiffening in the former, so the actual association be-
tween diabetes and LEAD might be under-estimated when ABI is 
used as the sole diagnostic criteria.54 

With regard to hypertension, our results also point to a similar 
strength of association than in diabetes. Given the much higher preva-
lence of hypertension, the population attributable risk (PAR) of hyper-
tension in the global LEAD prevalence is substantial. This observation 
has been supported by a population study in the USA where the 
PAR related to hypertension has been estimated at 41%.55 

The observed associations between LEAD and CKD in our study, in-
dicating an OR of ∼2.0, align with the findings from O’Hare’s study,56 

where they reported an association of around 3.0. Despite the disparity 
in associations between the two studies, both reveal a consistent and 
noteworthy positive association between lead exposure and the risk 
of CKD. The findings across these studies reinforce the concept that 
CKD might serve as a significant risk factor contributing to the develop-
ment or exacerbation of LEAD. 

Several factors might explain the divergence in the reported effect 
sizes. Variances in sample characteristics, methodologies employed 
for CKD assessment, different population demographics (US vs. global), 
and adjustments made for potential confounding variables could con-
tribute to these slight discrepancies in effect magnitude. 

NOTE: Weights are from random effects analysis
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Smoking is the best known risk factor for LEAD since many decades,3 

and this association is maintained in the 21st century studies globally, 
both for current (OR = 1.9) and former (OR = 1.6) smokers. In our re-
view, we should underscore the high variability in categorization of 
smoking status (current vs. former/never or current/former vs. never) 
and definitions associated with smoking and smoking cessation (cessa-
tion > 1 year, <100 cigarettes per year, etc.). In the study by He et al.,20 

it was found that although the association ratio was the same as in our 
study when considering consumption by status (current, former, etc.), 
the association taking into account the number of packets smoked per 
year highlighted the importance of this factor with very different ORs 
(for example, 2.71 for >40 packets per year, i.e. approximately more 
than two cigarettes per day). 

The association of obesity with LEAD was found to be significant in 
our study. Previous reviews on studies mostly performed in the 20th 
century were unable to draw definite conclusions on such association.3 

However, data are lacking in several global regions. It is difficult to esti-
mate the actual PAR related to obesity, which this condition is strongly 
associated with hypertension, diabetes, and low physical activity. Also, 
one study in Africa suggests that the association between BMI and 
LEAD is not linear, as under-nutrition was also found associated with 
low ABI in a Central African study.14 

Among all the risk factors, we found a strong association between all 
definitions of dyslipidaemia and LEAD, but these analyses included only 
a few studies, because of a wide variety of definitions of dyslipidaemia in 
the different studies (see Supplementary material online, Table S1),and 
the necessity to exclude from this analysis study mixing hypercholester-
olaemia and high triglycerides and/or high HDL or LDL level (qualified 
overall as dyslipidaemia).9,17,22,24,26,29,34,38,39,41 Despite the small num-
ber of studies included, the results of our analyses remain consistent 

with the literature50 and support the significant association between 
dyslipidaemia and the prevalent LEAD. 

In this study, which encompasses research conducted in the 21st 
century, we have demonstrated a shift in the epidemiology of LEAD. 
Consequently, the prevalence of LEAD appears to remain consistently 
high or even higher when compared with the previous century (Stoffers 
et al.’s57) study reported a prevalence of 6.9% in the Netherlands, while 
the European prevalence derived from our study was nearly doubled). 
Established risk factors for LEAD, such as gender, known since the 20th 
century, continue to be associated with this disease. However, whereas 
Fowkes et al.’s58 study previously suggested a slightly higher risk of 
LEAD among women compared with men, the prevalence data from 
our 21st-century study demonstrate a greater disparity in risk between 
the sexes. Furthermore, when examining other atherosclerotic dis-
eases, Fowkes et al.’s58 study revealed that cardiovascular risk factors 
(in this case, tobacco consumption) were more strongly associated 
with LEAD than with angina. This underscores the importance of study-
ing the epidemiology of LEAD in the 21st century, as its overall preva-
lence has been observed to increase since the early 2000s. 

Limitations 
This systematic review and meta-analysis provide an estimate of the 
overall prevalence of LEAD according to region, sex, and associated 
risk factors. However, all analyses showed considerable heterogeneity 
owing to the diversity of existing definitions of risk factors and inter- 
regional differences in studies. 

It should also be noted that some studies could not be included be-
cause LEAD was sometimes defined as ABI < 0.90 and/or >1.40 or by a 
hospitalization criterion. 

NOTE: Weights are from random effects analysis
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In addition, we were unable to control for other risk factors that may 
be strongly associated with LEAD, such as a sedentary lifestyle and 
socioeconomic status.3 

Last, we have been able to identify population studies on LEAD in all 
continents except for Oceania where the last population study was 
performed in 1996–98, only in men ≥65 years, with a reported crude 
prevalence of 16.6%, which fits within our global estimation in this age 
category.47 

Conclusions 
This meta-analysis highlights and quantifies the high prevalence of LEAD 
in the 21st century in all regions in men and women and presents also 
the current association of LEAD with different risk factors globally. The 
disparity in the number of studies by region as well as in the definitions 
of different risk factors underlines the necessity of standardization of 
variables and the need for joint effort to undertake a large international 
study to better understand the current epidemiology of LEAD, both in 
its asymptomatic and symptomatic forms. Meanwhile, an individual par-
ticipant data meta-analysis could overcome some of these pitfalls by at-
tempting variable homogenization. 

Supplementary material 
Supplementary material is available at European Journal of Preventive 
Cardiology. 

Author contributions 
C.A., N.G., M.A., L.C., J.M., and V.A.: systematic review. C.A., J.M., and V.A.: 
meta-analysis on aggregated data. 

Funding 
C.A. was awarded a doctoral research grant (“Contrat d’engagament en 
qualité de doctorant contractuel”, Réf: 2021-10; Centre financier: 
907DOCT; Convention: R21E; Destination: D106). N.G. has received a 
research grant from the Association limousine de Recherche et 
Développement en Cardiologie Interventionelle (ALRDCI). 

Conflict of interest: C.A., N.G., M.A., L.C., and J.M.: none. V.A.: Amarin, 
AstraZeneca, Bayer, Boehringer-Ingelheim, and Novo Nordisk. 

Data availability 
This is a review of existing literature; data related to this analysis are avail-
able upon request and after validation of the scientific committee. 

References 
1. Aboyans V, Ricco JB, Bartelink MEL, Björck M, Brodmann M, Cohnert T, et al. 2017 ESC 

guidelines on the diagnosis and treatment of peripheral arterial diseases, in collaboration 
with the European Society for Vascular Surgery (ESVS): document covering athero-
sclerotic disease of extracranial carotid and vertebral, mesenteric, renal, upper and low-
er extremity arteries Endorsed by: the European Stroke Organization (ESO) The Task 
Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of the European 
Society of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). 
Eur Heart J 2018;39:763–816. 

2. Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, Diehm C, et al. 
Measurement and interpretation of the ankle-brachial index: a scientific statement 
from the American Heart Association. Circulation 2012;126:2890–2909. 

3. Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res 2015;116: 
1509–1526. 

4. Song P, Rudan D, Zhu Y, Fowkes FJI, Rahimi K, Fowkes FGR, et al. Global, regional, and 
national prevalence and risk factors for peripheral artery disease in 2015: an updated 
systematic review and analysis. Lancet Glob Health 2019;7:e1020–e1030. 

5. Song P, Rudan D, Wang M, Chang X, Rudan I. National and subnational estimation of the 
prevalence of peripheral artery disease (PAD) in China: a systematic review and 
meta-analysis. J Glob Health 2019;9:010601. 

6. Kapoor R, Ayers C, Visotcky A, Mason P, Kulinski J. Association of sex and height with a 
lower ankle brachial index in the general population. Vasc Med 2018;23:534–540. 

7. Allison MA, Criqui MH, McClelland RL, Scott JM, McDermott MM, Liu K, et al. The effect 
of novel cardiovascular risk factors on the ethnic-specific odds for peripheral arterial 
disease in the Multi-Ethnic Study of Atherosclerosis (MESA). J Am Coll Cardiol 2006; 
48:1190–1197. 

8. Allison MA, Gonzalez F, Raij L II, Kaplan R, Ostfeld RJ, Pattany MS, et al. Cuban 
Americans have the highest rates of peripheral arterial disease in diverse Hispanic/ 
Latino communities. J Vasc Surg 2015;62:665–672. 

9. Alzamora MT, Forés R, Baena-Díez JM, Pera G, Toran P, Sorribes M, et al. The periph-
eral arterial disease study (PERART/ARTPER): prevalence and risk factors in the general 
population. BMC Public Health 2010;10:38. 

10. Amidou SA, Houehanou YC, Houinato SD, Aboyans V, Sonou A, Saka D, et al. 
Epidemiology of lower extremity artery disease in a rural setting in Benin, West 
Africa: the TAHES study. Int J Cardiol 2018;267:198–201. 

11. Cho S, Lee SH, Joh JH. Risk factors for asymptomatic peripheral arterial disease in 
Korean population: lessons from a community-based screening. Ann Surg Treat Res 
2019;97:210–216. 

12. Cornejo Del Río V, Mostaza J, Lahoz C, Sánchez-Arroyo V, Sabín C, López S, et al. 
Prevalence of peripheral artery disease (PAD) and factors associated: an epidemiologic-
al analysis from the population-based Screening PRE-diabetes and type 2 DIAbetes 
(SPREDIA-2) study. PLoS One 2017;12:e0186220. 

13. Del Brutto OH, Sedler MJ, Zambrano M, Mera RM, Phelan KJ, Gruen JA, et al. 
Comparison of field questionnaires with the ankle-brachial index for the detection of 
peripheral artery disease. A population-based study in rural Ecuador. Int J Cardiol 
2014;177:703–704. 

14. Desormais I, Aboyans V, Guerchet M, Ndamba-Bandzouzi B, Mbelesso P, Magne J, et al. 
Body mass index and peripheral arterial disease, a “U-shaped” relationship in elderly 
African population—the EPIDEMCA study. Vasa 2020;49:50–56. 

15. Félix-Redondo FJ, Fernández-Bergés D, Grau M, Baena-Diez JM, Mostaza JM, Vila J. 
Prevalence and clinical characteristics of peripheral arterial disease in the study popula-
tion Hermex. Rev Esp Cardiol (Engl Ed) 2012;65:726–733. 

16. Fowkes FG, Thorogood M, Connor MD, Lewando-Hundt G, Tzoulaki I, Tollman SM. 
Distribution of a subclinical marker of cardiovascular risk, the ankle brachial index, in 
a rural African population: SASPI study. Eur J Cardiovasc Prev Rehabil 2006;13:964–969. 

17. Gonçalves-Martins G, Gil-Sala D, Tello-Díaz C, Tenezaca-Sari X, Marrero C, Puig T, 
et al. Prevalence of peripheral arterial disease and associated vascular risk factors in 
65-years-old people of northern Barcelona. J Clin Med 2021;10:4467. 

18. Hagos AFS, Allison T, Wondafrash M, Workicho A, Abera Mulatu H. The prevalence of 
peripheral arterial disease and associated factors among adults in Jimma town, south- 
west Ethiopia: a community based survey. J Clin Exp Cardiol 2017;8:534. 

19. Hayfron-Benjamin CF, van den Born BJ, Maitland-van der Zee AH, Amoah AGB, van der 
Linden EL, Stronks K, et al. Higher prevalence of peripheral arterial disease in Ghana 
compared to Ghanaian migrants in Europe: the RODAM study. Int J Cardiol 2020; 
305:127–134. 

20. He Y, Jiang Y, Wang J, Fan L, Li XY, Hu FB. Prevalence of peripheral arterial disease and 
its association with smoking in a population-based study in Beijing, China. J Vasc Surg 
2006;44:333–338. 

21. Huang S, Sun H, Yu J, Shi H, Ren L, He Y, et al. The interaction between self-reported 
sleep duration and physical activity on peripheral artery disease in Chinese adults: a 
cross-sectional analysis in the Tianning Cohort study. Risk Manag Healthc Policy 2021; 
14:4063–4072. 

22. Ishida A, Miyagi M, Kinjo K, Ohya Y. Age- and sex-related effects on ankle-brachial index 
in a screened cohort of Japanese: the Okinawa Peripheral Arterial Disease Study 
(OPADS). Eur J Prev Cardiol 2014;21:712–718. 

23. Jacobi N, Walther C, Borof K, Heydecke G, Seedorf U, Lamprecht R, et al. The associ-
ation of periodontitis and peripheral arterial occlusive disease in a prospective 
population-based cross-sectional cohort study. J Clin Med 2021;10:2048. 

24. Jamee A, Aboyans V, Magne J, Elhendy M, Marie Preux P, Lacroix P. Epidemiology of per-
ipheral artery disease in palestine. Vasa 2020;49:323–329. 

25. Kojima I, Ninomiya T, Hata J, Fukuhara M, Hirakawa Y, Mukai N, et al. A low ankle bra-
chial index is associated with an increased risk of cardiovascular disease: the Hisayama 
study. J Atheroscler Thromb 2014;21:966–973. 

26. Krishnan MN, Geevar Z, Mohanan PP, Venugopal K, Devika S. Prevalence of peripheral 
artery disease and risk factors in the elderly: a community based cross-sectional study 
from northern Kerala, India. Indian Heart J 2018;70:808–815. 

27. Królczyk J, Piotrowicz K, Chudek J, Puzianowska-Kuźnicka M, Mossakowska M, 
Szybalska A, et al. Clinical examination of peripheral arterial disease and ankle-brachial  

8                                                                                                                                                                                                   C. Adou et al. 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ad381/7469082 by guest on 11 January 2024

http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwad381#supplementary-data


index in a nationwide cohort of older subjects: practical implications. Aging Clin Exp Res 
2019;31:1443–1449. 

28. Kuzawa CW, Barrett TM, Borja JB, Lee NR, Aquino CT, Adair LS, et al. Ankle brachial 
index (ABI) in a cohort of older women in the Philippines: prevalence of peripheral ar-
tery disease and predictors of ABI. Am J Hum Biol 2019;31:e23237. 

29. Liang Y, Yan Z, Sun B, Cai C, Jiang H, Song A, et al. Cardiovascular risk factor profiles for 
peripheral artery disease and carotid atherosclerosis among Chinese older people: a 
population-based study. PLoS One 2014;9:e85927. 

30. Liu MC, Lee YW, Lee PT, Chang C-S, Tai Y-L, Yu J-R, et al. Cyclophilin A is associated 
with peripheral artery disease and chronic kidney disease in geriatrics: the Tianliao Old 
People (TOP) study. Sci Rep 2015;5:9937. 

31. Londero LS, Lindholt JS, Thomsen MD, Hoegh A. Pulse palpation is an effective method 
for population-based screening to exclude peripheral arterial disease. J Vasc Surg 2016; 
63:1305–1310. 

32. Makdisse M, Pereira Ada C, Brasil Dde P, Borges JL, Machado-Coelho GL, Krieger JE, 
et al. Prevalence and risk factors associated with peripheral arterial disease in the 
Hearts of Brazil Project. Arq Bras Cardiol 2008;91:370–382. 

33. Melamed ML, Muntner P, Michos ED, Uribarri J, Weber C, Sharma J, et al. Serum 
25-hydroxyvitamin D levels and the prevalence of peripheral arterial disease: results 
from NHANES 2001 to 2004. Arterioscler Thromb Vasc Biol 2008;28:1179–1185. 

34. Ohnishi H, Sawayama Y, Furusyo N, Maeda S, Tokunaga S, Hayashi J. Risk factors for and the 
prevalence of peripheral arterial disease and its relationship to carotid atherosclerosis: the 
Kyushu and Okinawa Population Study (KOPS). J Atheroscler Thromb 2010;17:751–758. 

35. Pessinaba S, Mbaye A, Kane A, Guene BD, Mbaye Ndour M, Niang K, et al. Screening for 
asymptomatic peripheral arterial occlusive disease of the lower limbs by measuring the 
ankle-brachial index in the general population (Senegal). J Mal Vasc 2012;37:195–200. 

36. Ramos R, Quesada M, Solanas P, Subirana I, Sala J, Vila J, et al. Prevalence of symptomatic 
and asymptomatic peripheral arterial disease and the value of the ankle-brachial index to 
stratify cardiovascular risk. Eur J Vasc Endovasc Surg 2009;38:305–311. 

37. Sigvant B, Wiberg-Hedman K, Bergqvist D, Rolandsson O, Wahlberg E. Risk factor pro-
files and use of cardiovascular drug prevention in women and men with peripheral ar-
terial disease. Eur J Cardiovasc Prev Rehabil 2009;16:39–46. 

38. Sözmen K, Ünal B. Prevalence of low ankle brachial index and relationship with cardio-
vascular risk factors in a Western urban population in Turkey. Angiology 2014;65:43–50. 

39. Tranche-Iparraguirre S, Marín-Iranzo R, Fernández-de Sanmamed R, Riesgo-García A, 
Hevia-Rodríguez E, García-Casas JB. Peripheral arterial disease and kidney failure: a fre-
quent association. Nefrología (English Edition) 2012;32:313–320. 

40. Tullos BW, Sung JH, Lee JE, Criqui MH, Mitchell ME, Taylor HA. Ankle-brachial index 
(ABI), abdominal aortic calcification (AAC), and coronary artery calcification (CAC): 
the Jackson heart study. Int J Cardiovasc Imaging 2013;29:891–897. 

41. Urbano L, Portilla E, Muñoz W, Hofman A, Sierra-Torres CH. Prevalence and risk fac-
tors associated with peripheral arterial disease in an adult population from Colombia. 
Arch Cardiol Mex 2018;88:107–115. 

42. Wen J, Yang J, Shi Y, Liang Y, Wang F, Duan X, et al. Comparisons of different metabolic 
syndrome definitions and associations with coronary heart disease, stroke, and periph-
eral arterial disease in a rural Chinese population. PLoS One 2015;10:e0126832. 

43. Weragoda J, Seneviratne R, Weerasinghe MC, Wijeyaratne M, Samaranayaka A. A 
cross-sectional study on peripheral arterial disease in a district of Sri Lanka: prevalence 
and associated factors. BMC Public Health 2015;15:829. 

44. Zhan Y, Yu J, Chen R, Sun Y, Fu Y, Zhang L, et al. Prevalence of low ankle brachial index 
and its association with pulse pressure in an elderly Chinese population: a cross- 
sectional study. J Epidemiol 2012;22:454–461. 

45. Aboyans V, Criqui MH, McClelland RL, Allison MA, McDermott MM, Goff DC, et al. 
Intrinsic contribution of gender and ethnicity to normal ankle-brachial index values: 
the Multi-Ethnic Study of Atherosclerosis (MESA). J Vasc Surg 2007;45:319–327. 

46. Creager M, Beckman J, Loscalzo J. Vascular Medicine: A Companion to Braunwald’s Heart 
Disease. 3rd ed. Philadelphia, PA: Elsevier; 2019. 

47. Fowler B, Jamrozik K, Norman P, Allen Y. Prevalence of peripheral arterial disease: 
persistence of excess risk in former smokers. Aust N Z J Public Health 2002;26: 
219–224. 

48. GBD. IfHMaE. Peripheral artery disease—Level 3 cause. https://www.healthdata. 
org/results/gbd_summaries/2019/peripheral-artery-disease-level-3-cause 
(5 April 2023). 

49. Lin J, Chen Y, Jiang N, Li Z, Xu S. Burden of peripheral artery disease and its attributable 
risk factors in 204 countries and territories from 1990 to 2019. Front Cardiovasc Med 
2022;9:868370. 

50. Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis: epidemiology, patho-
physiology, and management. JAMA 2002;287:2570–2581. 

51. Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott MM, et al. 
Comparison of global estimates of prevalence and risk factors for peripheral artery 
disease in 2000 and 2010: a systematic review and analysis. Lancet 2013;382: 
1329–1340. 

52. Aponte J. The prevalence of peripheral arterial disease (PAD) and PAD risk factors 
among different ethnic groups in the US population. J Vasc Nurs 2012;30:37–43. 

53. Criqui MH, Vargas V, Denenberg JO, Ho E, Allison M, Langer RD, et al. Ethnicity and 
peripheral arterial disease: the San Diego Population Study. Circulation 2005;112: 
2703–2707. 

54. Buso G, Aboyans V, Mazzolai L. Lower extremity artery disease in patients with type 2 
diabetes. Eur J Prev Cardiol 2019;26:114–124. 

55. Joosten MM, Pai JK, Bertoia ML, Rimm EB, Spiegelman D, Mittleman MA, et al. 
Associations between conventional cardiovascular risk factors and risk of peripheral ar-
tery disease in men. JAMA 2012;308:1660–1667. 

56. O'Hare AM, Glidden DV, Fox CS, Hsu CY. High prevalence of peripheral arterial disease 
in persons with renal insufficiency: results from the National Health and Nutrition 
Examination Survey 1999–2000. Circulation 2004;109:320–323. 

57. Stoffers HE, Rinkens PE, Kester AD, Kaiser V, Knottnerus JA. The prevalence of asymp-
tomatic and unrecognized peripheral arterial occlusive disease. Int J Epidemiol 
1996;25:282–290. 

58. Fowkes FG, Housley E, Riemersma RA, Macintyre CC, Cawood EH, Prescott RJ, et al. 
Smoking, lipids, glucose intolerance, and blood pressure as risk factors for peripheral 
atherosclerosis compared with ischemic heart disease in the Edinburgh Artery Study. 
Am J Epidemiol 1992;135: 331–340.  

Epidemiology of LEAD in the 21st century (meta-analysis)                                                                                                                                     9 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ad381/7469082 by guest on 11 January 2024

https://www.healthdata.org/results/gbd_summaries/2019/peripheral-artery-disease-level-3-cause
https://www.healthdata.org/results/gbd_summaries/2019/peripheral-artery-disease-level-3-cause

	Global epidemiology of lower extremity artery disease in the 21st century (2000–21): a systematic review and meta-analysis
	Introduction
	Methods
	Study design
	Search strategy and inclusion criteria
	Study selection
	Data extraction
	Statistical analyses

	Results
	Association with risk factors

	Discussion
	Limitations

	Conclusions
	Supplementary material
	Author contributions
	Funding
	Data availability
	References


