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Pengfei Sun, Jianping Li, Jing Zhou* and Yan Zhang*
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Lower extremity peripheral artery disease (LEPAD) is a common and serious

health-threatening disease. The aim of this study was to evaluate the

predictive value of 10-year atherosclerotic cardiovascular disease (ASCVD) risk

equations from the Prediction for ASCVD Risk in China (China-PAR) project

for incident LEPAD after 6.75 ± 0.13 years of follow-up. A total of 3,595

Chinese participants without baseline ASCVD or LEPAD from a community-

based cohort were enrolled in our study. The mean (interquartile range)

baseline 10-year China-PAR ASCVD risk was 4.35% (2.24–8.44%), and the

incidence of new-onset LEPAD during 6.75 ± 0.13 years was 4.23%. In

univariable logistic regression analysis, 10-year China-PAR ASCVD risk was

significantly associated with LEPAD incidence (odds ratio [OR] for each 1%

increase in the risk score = 1.06, 95% confidence interval [CI]: 1.03–1.08,

P < 0.001). After adjusting confounders, the relationship remained significant

(OR: 1.09, 95% CI: 1.05–1.1. P < 0.001). Participants with the highest risk

(≥10%) had significantly increased risk compared to those with the lowest risk

(<5%) (OR = 2.65, 95% CI: 1.15–6.07, P = 0.022). Further interaction analyses

showed no evidence of heterogeneity according to sex, age, body mass

index (BMI), smoking, drinking, hypertension, diabetes mellitus, dyslipidemia,

renal function, waist circumference, and family history. In conclusion, 10-year

China-PAR ASCVD risk independently predicted the risk of new-onset LEPAD

in a Chinese community-based population, indicating the importance of

polyvascular diseases (PVDs) and the intrinsic interactions of its components.
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Introduction

Lower extremity peripheral artery disease (LEPAD), as an
obstructive atherosclerosis disease, is a global health issue, which
has caused a huge medical and economic burden worldwide (1).
The estimated prevalence of LEPAD without symptoms in the
adult population is between 3 and 10% (2). With shifting risk
factors and aging population, the burden will be increasing in
the future. Patients with LEPAD have 2–6 times the risk in both
cardiovascular and cerebrovascular events compared to normal
individuals (3).

The prediction model for LEPAD has been established
in American populations (4); however, studies focusing on
LEPAD risk prediction in the Chinese population have not
been conducted yet. As a common subtype of atherosclerotic
cardiovascular disease (ASCVD), LEPAD shared similar
risk factors with ischemic cardiovascular disease such as
hypertension, diabetes, hypercholesterolemia, and smoking.
LEPAD with or without symptoms can significantly increase
the risk of cardiovascular death (5, 6). Furthermore, previous
studies have revealed that LEPAD and other ASCVDs also
had similar pathophysiological mechanisms (7). The severity
of vascular atherosclerosis in one arterial bed may predict the
severity of vascular lesions in other arterial beds (8). Therefore,
we speculated that risk score predicting the new-onset of
ischemic stroke and acute myocardial infarction may also
predict the risk of new-onset LEPAD.

The 10-year ASCVD risk equation from the Prediction for
ASCVD Risk in China (China-PAR) project is an effective tool to
predict the risk of ASCVD defined as nonfatal acute myocardial
infarction or coronary heart disease (CHD) death or fatal or
nonfatal stroke in the Chinese population (9). Furthermore,
previous studies have developed prediction models using
cohorts from decade ago (10, 11). These prediction equations
might not be effective enough due to changes in ASCVD risk
factors. China-PAR risk equations generate better outcomes
because of recent cohort data and the outcome has been
validated by two independent cohorts (9).

In the initial study design, the China-PAR study did
not include the part of LEPAD risk prediction. Therefore,
we performed this longitudinal cohort study to investigate
whether 10-year ASCVD risk according to the China-PAR
equation predicts incident LEPAD in a Chinese community-
based population without LEPAD at baseline with a more than
6-year follow-up.

Materials and methods

Study populations

The study participants were drawn from an atherosclerosis
cohort survey in Gucheng Community and Pingguoyuan

Community of Shijingshan District of Beijing, China (12).
The baseline survey of this cohort enrolled 9,540 community
residents with ≥40 years who had health records in community
health centers from December 2011 to April 2012. Of them,
4,329 participants responded to the follow-up study from
September to December in 2018. In this study, 4,107 participants
were included for having both ankle-brachial index (ABI)
results in 2012 and 2018 and computable baseline 10-year
China-PAR ASCVD risk. We further excluded participants
who have already suffered from stroke and CHD and
those with ABI ≤ 0.9 at baseline (Figure 1). Finally, 3,595
participants were enrolled in this analysis. This study was
approved by the ethics committee of Peking University First
Hospital, and each participant provided written informed
consent. We adhered to the principles of the Declaration of
Helsinki. The procedures followed were in accordance with
institutional guidelines.

Data collection

The research data were obtained by trained research
assistants using standard questionnaires. This basic information
questionnaire included social demographic conditions,
occupation, education, lifestyle, diet, medical history,
medications, and family history. Body mass index (BMI)
was calculated by dividing weight (kg) by the square of height
(m). Current drinking was defined as drinking once a week
or more for more than half a year. Current smoking was
defined as smoking one or more cigarettes a day for more than
half a year. Waist circumference was defined as the minimal
circumference between the inferior margin of the ribcage and
the crest of the ileum.

After resting for 5 min in the sitting position, the
peripheral (brachial) blood pressure in the sitting position was
measured by OMRON (Kyoto, Japan) HEM-7117 electronic
sphygmomanometer. A total of three consecutive blood
pressure measurements were performed on the participants’
right upper arm, with an interval of at least 1 min.
Each participant’s systolic blood pressure and diastolic blood
pressure used in the data analysis were the average of the
three measurements.

After overnight fasting, a venous blood sample was obtained
from each participant’s forearm. Blood samples were used for
the measurement of fasting blood glucose, the standard 75 g oral
glucose tolerance test, total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglycerides,
and creatinine. Roche (Basel, Switzerland) C8000 Automatic
Analyzer was applied for laboratory tests at baseline.

The blood pressure (BP) of both upper (brachial artery)
and lower (ankles) limbs of participants in supine position
over 5 min was collected via a BP-203RPE III machine
(Omron Healthcare, Japan), and ABI results were automatically
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FIGURE 1

The flowchart of this study. ABI, ankle-brachial index; CHD, coronary heart disease.

calculated by the machine. New-onset LEPAD was defined as at
least one ABI value of ≤0.9 at the follow-up survey in 2018.

Hypertension was defined as any self-reported history
of hypertension, systolic BP ≥ 140 mm Hg, diastolic
BP ≥ 90 mm Hg, or use of any antihypertensive drugs.
Diabetes mellitus was defined as any self-reported history of
diabetes, or fasting blood glucose greater than 7 mmol/L, or
2-h blood glucose higher than 11.1 mmol/L in oral glucose
tolerance test, or any history of hypoglycemic drugs usage.

The definition of hyperlipidemia was that patients had a
history of using lipid-lowering drugs or met one of the
following conditions: triglyceride > 1.70 mmol/L (150 mg/dl),
total cholesterol ≥ 5.18 mmol/L (200 mg/dl), low-density
lipoprotein cholesterol ≥ 3.37 mmol/L (130 mg/dl), and high-
density lipoprotein cholesterol < 1.04 mmol/L (40 mg/dl).
Renal function was divided into three groups by estimated
glomerular filtration rate (eGFR): group 1: ≥ 90 ml/min/1.73
m2, group 2: 60 to <90 ml/min/1.73 m2, and group
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3: <60 ml/min/1.73 m2. eGFR was calculated by the following
equation (13):

eGFR = 141 × min
(

Scr
K

, 1
)

α × max
(

Scr
K

, 1
)

−1.209 × 0.993Age × 1.018
(
if female

)
where Scr is serum creatinine (mg/dl); K is 0.7 for women and
0.9 for men; α is -0.329 for women and -0.411 for men; min
indicates the minimum of Scr/K or 1; and max indicates the
maximum of Scr/κ or 1.

Statistical analysis

Data were expressed as mean ± standard deviation
(SD) for continuous variables and n (%) for categorical
variables. ANOVA or Kruskal–Wallis rank test was used
for the comparison of differences among different groups
for continuous data with normal distribution or skewed
distribution appropriately. For categorical variables, the chi-
square test was adopted.

China-PAR risks were calculated using these parameters
including sex, age, systolic blood pressure, total cholesterol,
high-density lipoprotein cholesterol, waist circumference,
current smoking or not, diabetes or not, anti-hypertensive
treatment or not, geographic regions (urban or rural), and
family history of ASCVD (5).

Univariable and multivariable logistic regression was used
to evaluate the association of China-PAR risk and the odds ratio
(OR) of new-onset LEPAD. Covariates included sex, age, BMI,
baseline ABI, current smoking and drinking, hypertension,
diabetes mellitus, dyslipidemia, and eGFR groups. Interactive
analyses were further performed to test possible heterogeneities
in different subgroups according to the covariates.

To compare the ability of China-PAR to predict new-onset
LEPAD with traditional risk factors, we established two models.
We further compared the area under the curve (AUC) of
model 1 and model 2 to determine which model has better
predictive power.

All analyses were performed using Empower R© (X&Y
Solutions, Boston, MA, USA)1 and R.2 A P-value of <0.05
(two-sided) was considered statistically significant for all tests.

Results

Participants’ characteristics

The demographic characteristics of all participants at
baseline are shown in Table 1. Participants were 55.05 ± 7.60

1 www.empowerstats.com

2 http://www.R-project.org

years old, 33.32% of them were men, and the mean (SD) ABI
was 1.11 ± 0.08. The median 10-year China-PAR ASCVD
risk was 4.35% (2.24–8.44%). Of all participants, 40.81%
had hypertension, 18.86% had diabetes, and 68.90% was
combined with dyslipidemia. According to China-PAR risks
of all participants, 55.16% (1,983 of 3,595) had the lowest 10-
year ASCVD risk (<5%), and the proportion of participants
with middle (5 to <10%) and highest risks (≥10%) was 25.79%
(927 of 3,595) and 19.05% (685 of 3,595), respectively. Three
groups showed distinguished differences in all variables except
for total cholesterol. Higher risk group patients were older
(57.20 ± 6.46 in the middle-risk group and 62.22 ± 8.18
in the highest risk group) and more males (50.05% in the
middle-risk group and 77.81% in the highest risk group,
while 10.14% in the lowest risk group) and showed higher
percentage in ASCVD risk factors like current smoking and
drinking and combined diseases. Current smoking in the
highest risk group, the middle-risk group, and the lowest risk
group was 36.20, 28.80, and 5.80%, respectively. Proportions of
hypertension in the three groups were 81.46% in the highest
risk group, 50.81% in the middle-risk group, and 22.09% in
the lowest risk group. Proportions of diabetes in the three
groups were 46.13% in the highest risk group, 26.21% in
the middle-risk group, and 6.00% in the lowest risk group.
They had poorer control of blood pressure and poorer renal
function than low-risk patients. eGFR in three groups was
88.90 ± 12.81 ml/min/1.73 m2, 94.19 ± 11.47 ml/min/1.73 m2,
and 100.20 ± 9.74 ml/min/1.73 m2 (highest group, middle-
risk group, and lowest group, respectively). Meanwhile,
higher proportions of medication usage were also found in
higher risk groups. Proportions of antihypertensive drugs
in three groups were 49.34, 30.79, and 12.39% (highest
group, middle-risk group, and lowest group, respectively).
Proportions of hypoglycemic drugs were 15.96, 9.64, and 1.87%,
respectively.

Associations of 10-year China-PAR
atherosclerotic cardiovascular disease
risk and new-onset lower extremity
peripheral artery disease

After 6.75 ± 0.13 years of follow-up, 152 (4.23%)
participants developed new-onset LEPAD, and those with 10-
year China-PAR ASCVD risk of 10% had the highest risk
(7.88%) of new-onset LEPAD (Table 2).

Figure 2 shows the penalized thin plate regression spline
of 10-year China-PAR ASCVD risk and new-onset LEPAD
adjusted for sex, BMI, age, baseline ABI, current smoking
and drinking status, diabetes mellitus, hypertension, and
dyslipidemia, which showed that the risk of LEPAD increased
with the elevation of 10-year China-PAR ASCVD risk with no
inflection point.
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TABLE 1 Baseline characteristics of all eligible participants.

Variables Total 10-year ASCVD risk (%)

<5 5–<10 ≥10

N 3,595 1,983 927 685

Males, n (%) 1,198 (33.32%) 201 (10.14%) 464 (50.05%) 533 (77.81%)

Age (years) 55.05± 7.60 51.56± 5.49 57.20± 6.46 62.22± 8.18

Waist (cm) 81.95± 8.40 78.77± 7.58 85.11± 7.93 86.91± 7.15

Body mass index (kg/m2) 25.85± 3.27 25.19± 3.14 26.64± 3.41 26.67± 3.04

Current smoking, n (%) 630 (17.52%) 115 (5.80%) 267 (28.80%) 248 (36.20%)

Current drinking, n (%) 837 (23.29%) 257 (12.97%) 311 (33.55%) 269 (39.27%)

Systolic blood pressure (mmHg) 131.35± 15.68 124.60± 12.71 135.43± 13.46 145.37± 15.03

Diastolic blood pressure (mmHg) 75.00± 9.55 72.86± 8.49 76.62± 9.22 78.98± 11.06

Total cholesterol (mmol/L) 5.34± 0.99 5.36± 0.96 5.37± 1.04 5.27± 0.99

High-density lipoprotein (mmol/L) 1.46± 0.38 1.56± 0.38 1.37± 0.34 1.28± 0.32

eGFR (ml/min/1.73 m2) 96.50± 11.72 100.20± 9.74 94.19± 11.47 88.90± 12.81

Combined diseases, n (%)

Hypertension 1,467 (40.81%) 438 (22.09%) 471 (50.81%) 558 (81.46%)

Diabetes 678 (18.86%) 119 (6.00%) 243 (26.21%) 316 (46.13%)

Dyslipidemia 2,477 (68.90%) 1,292 (65.15%) 686 (74.00%) 499 (72.85%)

Medications, n (%)

Antihypertensive 860 (24.23%) 242 (12.39%) 282 (30.79%) 336 (49.34%)

Hypoglycemic 235 (6.55%) 37 (1.87%) 89 (9.64%) 109 (15.96%)

Lipid-lowering 242 (6.86%) 96 (4.93%) 85 (9.40%) 61 (9.01%)

10-year ASCVD risk, n (%) 4.35 (2.24–8.44) 2.43 (1.50–3.49) 6.98 (5.95–8.27) 14.19 (11.81–18.50)

Data are expressed as mean± standard deviation or median (interquartile range) as appropriate for continuous variables and n (%) for categorical variables.
ASCVD, atherosclerotic cardiovascular disease; ABI, ankle–brachial index; eGFR, estimated glomerular filtration rate.

TABLE 2 The relationships between China-PAR risk score and new-onset LEPAD.

Variables Total 10-year ASCVD risk (%) P-value

<5% 5–<10% ≥10%

N 3,595 1983 927 685

ABI in 2012 1.11± 0.08 1.09± 0.08 1.12± 0.08 1.13± 0.08 < 0.001

ABI in 2018 1.08± 0.10 1.08± 0.09 1.09± 0.09 1.09± 0.12 0.023

New-onset LEPAD, % 152 (4.23%) 72 (3.63%) 26 (2.80%) 54 (7.88%) < 0.001

ASCVD, atherosclerotic cardiovascular disease; ABI, ankle–brachial index; LEPAD, lower extremity peripheral artery disease.

Table 3 displays the results of logistic regressions for the
association of 10-year China-PAR ASCVD risk with new-onset
LEPAD. China-PAR risk was significantly associated with the
risk of new-onset LEPAD (for each 1% increase in China-
PAR risk: OR = 1.06, 95% CI: 1.03–1.08, P < 0.001). After
adjusting various confounders, the association still remained
significant (for each 1% increase in China-PAR risk: OR = 1.10,
95% CI: 1.04–1.15, P < 0.001). Similarly, the OR of new-
onset LEPAD was highest in participants with China-PAR risk
of ≥10% compared to those with China-PAR risks of <10%
(OR = 3.29, 95% CI: 1.82–5.92, P < 0.001) and <5%
(OR = 2.65, 95% CI: 1.15–6.07, P = 0.022). We also performed
regression analyses adjusting variables not used to calculate

the China-PAR risk in Model III, which reached similar
results.

Subgroup analyses

Stratification and interaction analyses are shown in
Figure 3. Subgroup analysis failed to show significant
heterogeneity according to sex, age (<65 or ≥65 years
old), BMI (<24, 24–28, or ≥28 kg/m2), the status of
smoking and drinking, hypertension, diabetes mellitus,
dyslipidemia, and renal function (eGFR ≥ 90 ml/min/1.73 m2

or < 90 ml/min/1.73 m2).
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TABLE 3 Odds ratios of new-onset LEPAD by 10-year China-PAR ASCVD risk.

Variables Crude model Adjusted model I Adjusted model II

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

10-year ASCVD risk, per 1%

1.06 (1.03, 1.08) <0.001 1.11 (1.07, 1.15) <0.001 1.09 (1.05, 1.12) <0.001

10-year ASCVD risk groups, %

<5 1.00 1.00 1.00

5–<10 0.77 (0.49, 1.21) 0.251 1.05 (0.62, 1.76) 0.868 0.93 (0.56, 1.54) 0.783

≥10 2.27 (1.58, 3.27) <0.001 4.15 (2.27, 7.59) <0.001 3.36 (2.02, 5.58) <0.001

<10 1.00 1.00 1.00

≥10 2.46 (1.74, 3.46) <0.001 4.03 (2.43, 6.69) <0.001 3.48 (2.23, 5.42) <0.001

CI, confidence interval; OR, odds ratio; LEPAD, lower extremity peripheral artery disease; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate.
Model I: adjusted for baseline ABI, sex, and age.
Model II: adjusted for variables not used to calculating the China-PAR risk including baseline ABI, BMI, current drinking, hypertension, dyslipidemia, eGFR groups, antihypertensive
agents, lipid-lowering agents, and hypoglycemic agents.

FIGURE 2

Penalized thin plate regression spline for the association of
new-onset LEPAD and 10-year China-PAR ASCVD risk. The solid
line represents the smoothing curve; the dashed lines represent
the 95% confidence interval. The smoothing curve was adjusted
for sex, BMI, age, baseline ABI, current smoking and drinking
status, diabetes mellitus, hypertension, and dyslipidemia. ASCVD,
atherosclerotic cardiovascular disease; BMI, body mass index;
LEPAD, lower extremity peripheral artery disease.

Discussion

The main finding of our study is that 10-year China-PAR
ASCVD risk was associated with the OR of new-onset LEPAD
in this Chinese community-based population. Individuals with
higher 10-year China-PAR ASCVD risks are more prone to
suffer from LEPAD in the future. The ORs of new-onset LEPAD
were as high as 3.29 times in participants with China-PAR risk
of ≥10% compared to those with China-PAR risk of <10%.

A 10-year ASCVD risk calculated by the China-PAR equation
can also be taken as a useful tool in the prediction of new-
onset LEPAD.

In recent years, much attention was paid to polyvascular
disease (PVD), which is a coexisting status of multiple vascular
comorbidities including cerebrovascular disease, coronary
artery disease, and LEPAD, and is defined as “clinically
significant” atherosclerotic disease in at least two major
arterial beds in the 2017 European Society of Cardiology
guidelines (14). PVD affects about 20% of the population with
atherosclerotic disease, and all the constituents of it share
similar risk factors and pathological mechanism with each other.
Previous studies have proven that PVD would gravely worsen a
patient’s clinical outcomes by increasing the possibility of future
cardiovascular events and the need of intensive interventions
(15, 16). However, LEPAD, especially asymptomatic type, did
not draw enough attention of clinicians (17), and few studies
evaluated the relationship between the risk of LEPAD and
other types of PVD in a longitudinal design. As far as we
know, this study is the first to explore the predicting value
of 10-year ASCVD (e.g., stroke and myocardial infarction)
risk for new-onset LEPAD in the Chinese population, and
proved that participants with high risks of ASCVD were also
vulnerable to LEPAD.

The China-PAR equation, used in this study to calculate the
10-year risk of ASCVD, was constructed and validated based
on data of several large cohorts with as long as 12 years of
follow-up in China. The 10-year ASCVD risk predicted by the
China-PAR equation was confirmed to be close to the actual
incidence of ASCVD, which means a high level of calibration,
and this model has also a good performance of discrimination
(5). In subsequent studies, China-PAR was also applied to
predict the severity of coronary artery disease and the risk of
cerebrovascular events in different populations, all of which
reflected good performance (18–20). In addition, this study
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FIGURE 3

Subgroup and interaction analyses for the association of new-onset LEPAD and 10-year China-PAR ASCVD risk. ASCVD, atherosclerotic
cardiovascular disease; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio; eGFR, estimated glomerular
filtration rate; LEPAD, lower extremity peripheral artery disease.

demonstrated that the China-PAR risk equation has a good value
in predicting new-onset LEPAD as well as in ASCVD and may
provide a support for clinical decision-making.

Regarding the mechanism underlying this result, the
component of PVD had a similar pathophysiological basis,
and LEPAD was found to be highly associated with traditional
CVD risk factors in previous studies including current smoking,
diabetes, hypertension, and hypercholesterolemia (21, 22).
However, differences still existed. The impact of smoking on
LEPAD is significantly stronger than that on stroke and/or
myocardial infarction (2, 23, 24). Previous studies have also tried
to establish prediction models for LEPAD, whereas most of these
models were based on a small number of risk factors including
age, smoking, race, sex, pulse pressure, and total cholesterol (25,
26), and none of such studies is carried out in China till present
(27). Different from the models in previous studies, the 10-
year China-PAR ASCVD risk prediction model was constituted
by more comprehensive parameters such as region and waist
circumference, which was not included in other ones. Moreover,
we found no heterogeneity regarding the predictive value of 10-
year China-PAR ASCVD risk in different subgroup populations,
which indicates the China-PAR risk equation was robust and
had an independent prediction value for LEPAD.

Yet, this study still has several limitations. First, the
conclusions of our study are based on a community-based
population in Beijing with normal ABI at baseline. Whether
this conclusion can be extended to other populations remains
to be verified. Second, the definition of LEPAD was obtained

through ABI at two time points without a clinical diagnosis. The
accuracy of LEPAD prediction might be enhanced by multiple
ABI results through the follow-up. However, previous studies
have also adopted this definition using ABI (28). Third, whether
a 10-year China-PAR ASCVD risk could be implemented in the
prediction of atherosclerosis disease in other peripheral artery
beds (e.g., renal artery) still remains unclear.

In conclusion, 10-year ASCVD risk calculated by the China-
PAR equation was independently associated with the risk of
new-onset LEPAD in the Chinese community-based population,
providing a simple and effective tool to predict the future risk of
LEPAD. This study also indicates the importance of the concept
of PVD and the intrinsic interactions of its components.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed
and approved by Peking University First Hospital Ethics
Committee. The patients/participants provided their written
informed consent to participate in this study.

Frontiers in Cardiovascular Medicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2022.933054
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-933054 September 29, 2022 Time: 13:0 # 8

He et al. 10.3389/fcvm.2022.933054

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work, and approved it
for publication.

Funding

This work was supported by National Key Research and
Development Program of China (Grant Nos: 2021YFC2500600,
2021YFC2500601, and 2021YFC2500503), National Science
Foundation for Youth Scholars of China (Grant No: 82000315),
UMHS-PUHSC Joint Institute for Translational and Clinical
Research and the Fundamental Research Funds for the Central
Universities (Grant Nos: BMU20110177 and BMU20160530),
Capital’s Funds for Health Improvement and Research, 2020-
2-2053, and Key Laboratory of Molecular Cardiovascular
Sciences (Peking University, Ministry of Education) and NHC
Key Laboratory of Cardiovascular Molecular Biology and
Regulatory Peptides.

Acknowledgments

The authors are grateful to Junjun Huang for her help with
the preparation of this manuscript.

Conflict of interest

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

Publisher’s note

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

References

1. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional,
and national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990–2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. (2015) 385:117–71. doi: 10.1016/S0140-6736(14)
61682-2

2. Parvar SL, Fitridge R, Dawson J, Nicholls SJ. Medical and lifestyle management
of peripheral arterial disease. J Vasc Surg. (2018) 68:1595–606. doi: 10.1016/j.jvs.
2018.07.027

3. Dua A, Lee CJ. Epidemiology of peripheral arterial disease and critical limb
ischemia. Tech Vasc Interv Radiol. (2016) 19:91–5. doi: 10.1053/j.tvir.2016.04.001

4. Feringa HHH, Bax JJ, Hoeks S, van Waning VH, Elhendy A, Karagiannis S,
et al. A prognostic risk index for long-term mortality in patients with peripheral
arterial disease. Arch Intern Med. (2007) 167:2482–9. doi: 10.1001/archinte.167.22.
2482

5. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ,
et al. Mortality over a period of 10 years in patients with peripheral arterial disease.
N Engl J Med. (1992) 326:381–6. doi: 10.1056/NEJM199202063260605

6. Ratio AB, Event C, Calculator FR. Ankle brachial index combined with
Framingham Risk Score to predict cardiovascular events and mortality: a meta-
analysis. JAMA. (2008) 300:197–208. doi: 10.1001/jama.300.2.197

7. Gutierrez JA, Aday WA, Patel MR, Jones WS. Polyvascular disease: reappraisal
of the current clinical landscape. Circ Cardiovasc Interv. (2019) 12:e007385. doi:
10.1161/CIRCINTERVENTIONS.119.007385

8. Vidakovic R, Schouten O, Kuiper R, Hoeks SE, Flu WJ, van Kuijk JP, et al.
The prevalence of polyvascular disease in patients referred for peripheral arterial
disease. Eur J Vasc Endovasc Surg. (2009) 38:435–40. doi: 10.1016/j.ejvs.2009.
05.006

9. Yang X, Li J, Hu D, Chen J, Li Y, Huang J, et al. Predicting the 10-year risks
of atherosclerotic cardiovascular disease in chinese population: the China-PAR
project (Prediction for ASCVD Risk in China). Circulation. (2016) 134:1430–40.
doi: 10.1161/CIRCULATIONAHA.116.022367

10. Liu J, Hong Y, D’Agostino RB Sr., Wu Z, Wang W, Sun J, et al. Predictive value
for the Chinese population of the Framingham CHD risk assessment tool compared
with the Chinese multi-provincial cohort study. JAMA. (2004) 291:2591–9. doi:
10.1001/jama.291.21.2591

11. Wu Y, Liu X, Li X, Li Y, Zhao L, Chen Z, et al. Estimation of 10-year risk of
fatal and nonfatal ischemic cardiovascular diseases in Chinese adults. Circulation.
(2006) 114:2217–25. doi: 10.1161/CIRCULATIONAHA.105.607499

12. Fan F, Qi L, Jia J, Xu X, Liu Y, Yang Y, et al. Noninvasive central systolic blood
pressure is more strongly related to kidney function decline than peripheral systolic
blood pressure in a Chinese community-based population. Hypertension. (2016)
67:1166–72. doi: 10.1161/HYPERTENSIONAHA.115.07019

13. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009)
150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

14. Aboyans V, Ricco JB, Bartelink MLEL, 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).
Rev Espanola Cardiol. (2018) 71:111. doi: 10.1016/j.rec.2017.12.014

15. Weissler EH, Jones WS, Desormais I, Debus S, Patel MR. Polyvascular
disease: a narrative review of current evidence and a consideration of the
role of antithrombotic therapy. Atherosclerosis. (2020) 315:10–7. doi: 10.1016/j.
atherosclerosis.2020.11.001

16. Aboyans, V. Polyvascular disease: definition, epidemiology, and relevance. In:
Lanzer P Editor. PanVascular Medicine. Berlin: Springer-Verlag (2014). p. 1–37.
doi: 10.1007/978-3-642-37393-0_213-1

17. Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, Olin
JW, et al. Peripheral arterial disease detection, awareness, and treatment in primary
care. JAMA. (2002) 11:30. doi: 10.1016/S1062-1458(01)00559-1

18. Jiang Y, Ma R, Guo H, Zhang X, Wang X, Wang K, et al. External validation
of three atherosclerotic cardiovascular disease risk equations in rural areas of
Xinjiang, China. BMC Public Health. (2020) 20:1471. doi: 10.1186/s12889-020-
09579-4

19. Huang K, Liang F, Yang X, Liu F, Gu D. Long term exposure to ambient
fine particulate matter and incidence of stroke: prospective cohort study from the
China-PAR project. BMJ. (2019) 367:l6720. doi: 10.1136/bmj.l6720

20. Hong X, Chen H, Li Y, Teeroovengadum HD, Fu G, Zhang W. Prediction of
presence and severity of coronary artery disease using prediction for atherosclerotic
cardiovascular disease risk in China scoring system. World J Clin Cases. (2021)
9:5453–61. doi: 10.12998/wjcc.v9.i20.5453

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.3389/fcvm.2022.933054
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/j.jvs.2018.07.027
https://doi.org/10.1016/j.jvs.2018.07.027
https://doi.org/10.1053/j.tvir.2016.04.001
https://doi.org/10.1001/archinte.167.22.2482
https://doi.org/10.1001/archinte.167.22.2482
https://doi.org/10.1056/NEJM199202063260605
https://doi.org/10.1001/jama.300.2.197
https://doi.org/10.1161/CIRCINTERVENTIONS.119.007385
https://doi.org/10.1161/CIRCINTERVENTIONS.119.007385
https://doi.org/10.1016/j.ejvs.2009.05.006
https://doi.org/10.1016/j.ejvs.2009.05.006
https://doi.org/10.1161/CIRCULATIONAHA.116.022367
https://doi.org/10.1001/jama.291.21.2591
https://doi.org/10.1001/jama.291.21.2591
https://doi.org/10.1161/CIRCULATIONAHA.105.607499
https://doi.org/10.1161/HYPERTENSIONAHA.115.07019
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/j.rec.2017.12.014
https://doi.org/10.1016/j.atherosclerosis.2020.11.001
https://doi.org/10.1016/j.atherosclerosis.2020.11.001
https://doi.org/10.1007/978-3-642-37393-0_213-1
https://doi.org/10.1016/S1062-1458(01)00559-1
https://doi.org/10.1186/s12889-020-09579-4
https://doi.org/10.1186/s12889-020-09579-4
https://doi.org/10.1136/bmj.l6720
https://doi.org/10.12998/wjcc.v9.i20.5453
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-933054 September 29, 2022 Time: 13:0 # 9

He et al. 10.3389/fcvm.2022.933054

21. Pradhan AD, Shrivastava S, Cook NR. Symptomatic peripheral
arterial disease in women: nontraditional biomarkers of elevated
risk. J Vasc Surg. (2008) 48:1354–1354. doi: 10.1016/j.jvs.2008.
09.028

22. Mora S, Otvos JD, Rifai N, Rosenson RS, Buring JE, Ridker PM.
Lipoprotein particle profiles by nuclear magnetic resonance compared with
standard lipids and apolipoproteins in predicting incident cardiovascular disease in
women. Circulation. (2009) 119:931–9. doi: 10.1161/CIRCULATIONAHA.108.81
6181

23. Chomyszyn-Gajewska M, Darczuk D, Gałecka-Wanatowicz D, Cabała A.
Influence of smoking on incidence and progression of periodontal disease. Review
of the literature. Przeglad Lekarski. (2008) 65:249–51.

24. Joosten MM, Pai JK, Bertoia ML, Spiegelman D, Mittleman MA, Mukamal
KJ. Associations between conventional cardiovascular risk factors and risk of
peripheral artery disease in men. JAMA. (2012) 308:1660–7. doi: 10.1001/jama.
2012.13415

25. Bendermacher BLW, Teijink JW, Willigendael EM, Bartelink ME, Peters RJG,
de Bie RA, et al. A clinical prediction model for the presence of peripheral arterial
disease — the benefit of screening individuals before initiation of measurement
of the ankle—brachial index: an observational study. Vasc Med. (2007) 12:5–11.
doi: 10.1177/1358863X07076827

26. Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial
disease in the United States: results from the National Health and Nutrition
Examination Survey, 1999-2000. ACC Curr J Rev. (2004) 41:369–369. doi: 10.1016/
j.jvs.2004.11.004

27. Eraso LH, Fukaya E, Mohler ER, Xie D, Sha D, Berger JS. Peripheral arterial
disease, prevalence and cumulative risk factor profile analysis. Eur J Prevent
Cardiol. (2012) 21:704. doi: 10.1177/2047487312452968

28. Garg PK, Buzkova B, Meyghani Z, Budoff MJ, Lima J, Criqui M, et al.
Valvular calcification and risk of peripheral artery disease: the Multi-Ethnic Study
of Atherosclerosis (MESA). Eur Heart J Cardiovasc Imaging. (2020) 21:1152–9.
doi: 10.1093/ehjci/jez284

Frontiers in Cardiovascular Medicine 09 frontiersin.org

https://doi.org/10.3389/fcvm.2022.933054
https://doi.org/10.1016/j.jvs.2008.09.028
https://doi.org/10.1016/j.jvs.2008.09.028
https://doi.org/10.1161/CIRCULATIONAHA.108.816181
https://doi.org/10.1161/CIRCULATIONAHA.108.816181
https://doi.org/10.1001/jama.2012.13415
https://doi.org/10.1001/jama.2012.13415
https://doi.org/10.1177/1358863X07076827
https://doi.org/10.1016/j.jvs.2004.11.004
https://doi.org/10.1016/j.jvs.2004.11.004
https://doi.org/10.1177/2047487312452968
https://doi.org/10.1093/ehjci/jez284
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Predictive value of 10-year atherosclerotic cardiovascular disease risk equations from the China-PAR for new-onset lower extremity peripheral artery disease
	Introduction
	Materials and methods
	Study populations
	Data collection
	Statistical analysis

	Results
	Participants' characteristics
	Associations of 10-year China-PAR atherosclerotic cardiovascular disease risk and new-onset lower extremity peripheral artery disease
	Subgroup analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


