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Purpose: As a powerful indicator of arterial stiffening, the brachial-ankle pulse wave
velocity (baPWV) has been extensively validated for predicting cardiovascular events.
However, whether and how the brachial-ankle pulse wave velocity (baPWV) is correlated
with the 10-year atherosclerotic cardiovascular disease (ASCVD) risk is unclear. This study
aimed to investigate the association between baPWV and 10-year ASCVD risk in Chinese
population.

Methods: A total of 1768 subjects were enrolled from Shanghai, China. They were divided
into two groups according to the Pooled Cohorts Equations model made by ACC/AHA as
follows: low ASCVD risk (n =992, 10-year ASCVD risk <7.5%) and high ASCVD risk (n =
776, 10-year ASCVD risk >7.5%). The baseline characteristics were obtained via the use of
a questionnaire. Measurement of baPWYV, laboratory tests, and echocardiography were
conducted by trained physicians. The relationship between baPWV and 10-year ASCVD
risk was evaluated using multiple logistic regression model and generalized additive model.
Results: The mean age of the subjects was 58.89+8.60 years, 32.69% of which were male.
Non-linear relationship analysis revealed threshold effects between baPWV and 10-year
ASCVD risk in which a baPWV of approximately 16 m/s might be the threshold effect of 10-
year ASCVD risk. After multivariable adjustment, logistic-regression analysis demonstrated
that ankle-brachial index (ABI) (OR 5.28, 95% CI 1.20-12.23) and baPWV (OR 9.09, 95%
CI 6.84-12.07) were independently correlated with 10-year ASCVD risk. The AUC for
baPWYV for predicting 10-year ASCVD risk was 0.80 (95% CI 0.78-0.82).

Conclusion: Increased baPWV as an indicator of arterial stiffness correlates strongly with
10-year ASCVD risk in general middle-aged and elderly populations. The association
between baPWV and 10-year ASCVD risk is not purely linear but non-linear. Subjects
with baPWV above 16 m/s are more likely to encounter a higher 10-year ASCVD risk.
Keywords: arterial stiffness, atherosclerotic cardiovascular disease, brachial-ankle pulse

wave velocity, non-linear, cross-sectional study

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is considered the leading
cause of mortality worldwide, which mainly involves ischemic heart disease
and ischemic stroke.' The prevalence of ASCVD increases with age in both
men and women.? In China, almost 50% of elderly adults have at least one
type of ASCVD.? Established ASCVD risk factors include hyperlipidemia,

Received: 28 July 2021
Accepted: 16 September 2021
Published: 5 October 2021

International Journal of General Medicine 2021:14 6379-6387 6379
© 2021 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:jingwuclose@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Wang et al

Dove

hypertension, diabetes mellitus and smoking, which are
potentially modifiable by lifestyle changes or medica-
tion therapy.! Due to the multifactorial etiology of
ASCVD, the primary prevention of ASCVD empha-
sized the importance of risk assessment as a first step
to improve health outcomes.* The Pooled Cohort equa-
tion was recommended by the 2013 American College
of Cardiology/American Heart Association (ACC/
AHA) Cardiovascular Risk Guideline.* This equation
is one of the most widely used ASCVD risk assessment
tools and has also been validated in Chinese
population.”® However, the vast majority of existing
data in China were related to Coronary Heart Disease.
The current reported ASCVD risks or events are gen-
erally derived from the context of hospital. Therefore,
the community-based 10-year risk data for ASCVD are
lacking.

Arterial stiffening is one of the earliest functional
changes in the wvascular aging process underlying
ASCVD and reflects a variety of pathologies, including
atherosclerosis, arteriosclerosis and inflammation.” As
an important determinant of cardiovascular health,
arterial stiffness can contribute to increased blood pres-
sure and results in a reduced capacity of vessels to
buffer the pulsatile flow when the heart contracts,®
which are significant risk factors for predicting
ASCVD.” Several indicators are used to visualize arter-
ial stiffness, such as pulse wave velocity (PWV), aug-
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mentation index, and Dbeta stiffness index.

Importantly, brachial-ankle pulse wave velocity
(baPWV) is a noninvasive indicator of arterial stiff-
ness, and thus can be widely used in population-based
practice because of its simplicity and ease of
operation.'' Even though the increased baPWV was
closely related to adverse prognosis in patients with
ASCVD, links between baPWV and ASCVD risk
among general middle-aged and elderly population are
still unclear. Uncertainty remained regarding the addi-
tional contribution of baPWV to estimate 10-year risk
of ASCVD. Moreover, few studies have investigated
the association between baPWV and 10-year ASCVD
risk, which contain deeper relationships, such as non-
linear relationships, and whether a special population
exists among different subgroups. Therefore, this study
aimed to further explore and analyze the association
between baPWV and 10-year ASCVD risk using

a general middle-aged and elderly population.

Methods

Study Population

A total of 1768 participants free of prevalent ASCVD
participated in this community-based, cross-sectional
study within a general middle-aged and elderly population
in the Zhangjiang community in Shanghai, China. All
subjects have provided written informed consent forms.
Each participant received a physical examination and
a structured interview. The basic characteristics were col-
lected via a questionnaire. Body mass index (BMI), central
blood pressure (CBP), diastolic blood pressure (DBP) and
systolic blood pressure (SBP) were obtained by physical
examination. Specifically, CBP was recorded noninva-
sively using an automated tonometric method (HEM-
9000ATI; Omron Healthcare Co. Ltd.), which recorded the
reasonable value of CBP from radial pressure waveforms.
Patients with either DBP > 90 mmHg, SBP > 140 mmHg,
or use of antihypertensive drugs were regarded as hyper-
tensive. Patients with fasting blood sugar levels >7.0 mmol
1 ' or diagnosis of diabetes were considered as diabetic.
Patients with total cholesterol (TC) >5.7 mmol 1 ' or low-
density lipoprotein cholesterol (LDL-C) >3.6 mmol 1 '
were classified as dyslipidemia.'? Exclusion criteria were
as follows: patients with a history of encompassing acute
coronary syndrome (ACS), myocardial infarction (MI),
coronary heart disease (CHD), cerebrovascular diseases
or other arterial revascularization.'® Finally, 1768 partici-
pants (58.89+8.60 years; 32.69% male) remained eligible
for our study.

Echocardiography

Two-dimensional echocardiography was performed using
a color Doppler ultrasonic apparatus equipped with a 1.0—
5.0 MHz transducer (GE Vivid 7; General Motors
New York, NY, USA).
recorded included: left ventricular ejection fraction
(LVEF), left atrium diameter (LAD), left ventricular inter-
nal diameter at end-diastole (LVIDd), interventricular

Corporation, Measurements

sepal thickness (IVST) and posterior left ventricular wall
thickness (PVWT).

Noninvasive Assessment of Arterial
Stiffness

BaPWV and ABI were measured using a volume-
plethysmographic device (PWV/ABI,
Tokyo, Japan). Participants were examined in a supine

Omron Corp.,

position after resting in a silent environment for 5 minutes
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or longer. Waveforms of the brachial and posterior tibial
arteries were simultaneously recorded via an automated
oscillometric method. Electrocardiographic electrodes
were placed on both wrists, and cuffs were wrapped
around the bilateral brachial and ankles of the participants.
The mean value of left and right baPWV was adopted if
there was a difference between the individual values. The
ABI values of both legs were the maximum systolic blood
pressure of left and right ankles divided by the higher
systolic blood pressure of both arms.

Laboratory Measurements

Laboratory tests were immediately performed on fasted
patient serum. High-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
total cholesterol (TC) and fasting blood sugar (FBS)
were assessed using standard enzyme methods. B-type
natriuretic peptide (BNP) was assayed via electrochemilu-
minescence immunoassay (ECLIA Roche Diagnostics,
GMBH Mannheim, Germany). Homocysteine (HCY) was
analyzed by fluorescence polarization immunoassay
(Abbott IMx System, Chicago, Illinois, USA). In accor-
dance with the guidelines, 100 pg/mL was regarded as the
cutoff point of BNP.'* Glycated hemoglobin (HbA lc) was
determined via ion-exchange high-performance liquid
(Basel,

chromatography from Roche Corporation

Switzerland).

Assessment of ASCVD Risk

10-year ASCVD risk was evaluated using the Pooled
Cohorts Equations model from the 2013 American College
of Cardiology/American Heart Association (ACC/AHA)
guidelines.* This model predicts the risk of a first-time
hard ASCVD event based on demographics, blood choles-
terol and blood pressure, and elements of medical history
such as smoking and diabetes. In our study, a 7.5% cut-off
was used in evaluating diagnostic performance.

Statistical Analysis

All statistical analyses were conducted using SPSS 22.0
IL, USA) and R (R
Foundation for Statistical Computing, Vienna, Austria).

statistical software (Chicago,

Categorical variables were presented as a number (percen-
tage) and compared using the y2 test. Continuous variables
were reported as mean+SD. Data on skewed distribution for
baPWYV, high sensitivity C-reactive protein (hsCRP), B-type
natriuretic peptide (BNP), HCY and left ventricular mass
index (LVMI) were described as median (inter-quartile

range) and performed using Mann—Whitney U-test. We
compared the high risk of ASCVD (10-year risk >7.5%)
with the low risk (10-year risk <7.5%) via a 2-tailed
unpaired #-test. We used generalized additive model
(GAM) to identify the non-linear relationship. We use
smooth curve fitting to examine whether the independent
variable is partitioned into intervals. We apply piece-wise
regression that uses a separate line segment to fit each
interval. Log-likelihood ratio test comparing one-line (non-
segmented) model to segmented regression model was used
to determine whether a threshold exists. Multiple logistic
regression analysis was performed to identify whether
baPWYV or other parameters were associated with 10-year
ASCVD risk. The receiver operating characteristic (ROC)
curve was analyzed to calculate the diagnostic accuracy of
predictors. Compared with any single variable, the resulting
Area Under Curve (AUC) for predicted combined variables
was tested via logistic regression analysis. P<0.05 was
considered statistically significant.

Results

Baseline Characteristics

The baseline characteristics of 1768 subjects are shown in
Table 1. According to the Pooled Cohorts Equations model
made by ACC/AHA,* 10-year ASCVD risk was divided into
two groups, with 7.5% as the cut-off value. The mean age of
the subjects was 58.89+8.60 years, and 32.69% of which
were male. 33.94% of the subjects had hypertension, and
21.55% of the subjects had a history of smoking. Laboratory
tests and echocardiography parameters of the two groups are
shown in Table 2. The average BMI of subjects was 24.03
+3.29 kg/m?, and the level of baPWV was markedly higher
in the group with a high risk of ASCVD [13.96 (12.71,15.42)
vs 17.07 (15.02,19.55), P=0.00].

In order to examine the relationships between 10-year
ASCVD risk and baPWYV, they were split into four groups
based on 10-year ASCVD risk and baPWV. There are 281
cases (15.89%) in the ASCVD low risk and high baPWV
and 181 cases (10.24%) in the ASCVD high risk and low
baPWV. In addition to CBP, chronic kidney disease (CKD)
and drinking, the rest of the results indicated a significant
difference for the four groups (Table S1).

Association Between baPWYV and |0-Year
ASCVD Risk

We used GAM to explore the association between baPWV
and 10-year ASCVD risk. The regression spline curve
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Table | Baseline Characteristics of Subjects

Characteristics All Subjects 10-Year Risk< 7.5% 10-Year Risk>7.5% P-value
(n=1768) (n=992) (n=776)

Age (years) 58.89+8.60 54.21+5.78 64.86+7.90 0.00
Gender (male, %) 578 (32.69) 304 (30.65) 274 (35.31) 0.04
Disease history (%)

Hypertension 600 (33.94) 113 (11.39) 487 (62.76) 0.00
Diabetes 135 (7.64) 10 (1.01) 125 (l6.11) 0.00
Dyslipidemia 371 (20.98) 125 (12.60) 246 (31.70) 0.00
CKD 51 (2.88) 20 (2.02) 31 (3.99) 0.99
Smoking (%) 381 (21.55) 144 (14.52) 237 (30.54) 0.00
Drinking (%) 194 (10.97) 68 (6.85) 126 (16.24) 0.70

Notes: Continuous variables were represented as the mean+SD. Categorical variables were represented as the number of patients (column percentage).

Abbreviation: CKD, chronic kidney disease.

indicated that the relationship between baPWV and 10-
year ASCVD risk was non-linear, in which a baPWV of
approximately 14 m/s might have a cut-off value of 10-
year ASCVD risk (Figure 1A). However, further analysis
was done by adjusting age, gender, diabetes mellitus,
smoking, TC, HDL-C, SBP, anti-hypertensive medicine,
and the cut-off value was approximately 16 m/s
(Figure 1B). We conducted a threshold effect analysis
using the cut-off value of 14 m/s and 16 m/s, respectively,
and found that a baPWV of approximately 16 m/s might be
the threshold effect of the 10-year ASCVD risk. The
threshold effect of 14 m/s as the cut-off point is not
obvious (Table 3). In subjects with a baPWV < 16 m/s,
the 10-year ASCVD risk decreased with increasing base-
line baPWV (B —0.08, 95% CI —0.18-0.02). In subjects
with a baPWV > 16 m/s, the 10-year ASCVD risk
increased with increasing baseline baPWV (B 0.28, 95%
CI: 0.21-0.34). A log-likelihood ratio test indicated sig-
nificant differences between the two slopes below and
above 16 m/s (P < 0.001) (Table 4).Table 5

Logistic-Regression Analysis

Moreover, we analyzed LDL-C, TG, BMI, HCY, ABI,
BNP, baPWYV, HbAlc and hsCRP using logistic regression
model to assess the independent correlation with 10-year
ASCVD risk. After adjusting for gender, history of dia-
betes, smoking, TC, HDL-C and medical treatment of
hypertension, logistic-regression analysis demonstrated
that ankle-brachial index (ABI) [OR 5.28, 95% CI 1.20—
12.23] and baPWV (>16 m/s) [OR 9.09, 95% CI 6.84—
12.07] were independently correlated with 10-year
ASCVD risk (Table 3). The area under the ROC curve

for baPWV in predicting 10-year ASCVD risk was 0.80
(95% CI 0.78-0.82), as shown in Figure 2.

Discussion

This cross-sectional study, based on the general middle-
aged and elderly population, examined the association
between the baPWV and 10-year ASCVD risk. We demon-
strate that baPWV is strongly associated with 10-year
ASCVD risk regardless of sex, age group, or disease
history. Additionally, our results confirm that the associa-
tion between baPWV and 10-year ASCVD risk is non-
linear and provides a reference range of baPWV associated
with 10-year ASCVD risk.

The most widely used ASCVD risk assessment tools
are the Framingham Risk score (FRS) and Pooled Cohort
Equation Risk Calculator (PCE)."> PCE had made
improvements against FRS by expanding the population
and broadening the outcomes of interest to include fatal or
nonfatal stroke, which have been included in 2013 ACC/
AHA Guideline.'® The recently released Guideline on the
Assessment and Management of Cardiovascular Risk in
China recommended the estimation ASCVD risks by using
the newly developed Prediction for ASCVD Risk in China
risk equation (China-PAR).'” Although China-PAR is cre-
ated based on Chinese population, the evidence regarding
its external validation is still limited. By analyzing a rural
Northern Chinese cohort with 11,169 sample size, Tang
et al indicated that China-PAR did not improve the accu-
racy of discrimination and reclassification at individual
risk level compared to PCE.”> By applying the decision
curve analyses, Jiang et al'® demonstrated that PCE was
the most clinically useful when compared to China-PAR
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Table 2 Baseline Characteristics of Laboratory Tests and Echocardiography
Characteristics All Subjects 10-Year Risk< 7.5% 10-Year Risk>7.5% P-value

(n=1768) (n=992) (n=776)

BMI (kg/m?) 24.03+3.29 23.63+3.13 24.76+3.38 0.00
CBP (mmHg) 138.98+21.73 132.09£18.72 146.41+21.04 0.00
SBP (mmHg) 133.88+20.32 129.83+20.94 142.50+20.25 0.00
DBP (mmHg) 76.1111.61 74.3+10.53 83.62+12.22 0.00
Laboratory tests
TC (mmol/l) 5.19+0.96 5.09+0.92 5.34+0.96 0.00
TG (mmol/l) 1.78+1.34 1.60%1.21 2.01£1.29 0.00
HDL-C (mmol/l) 1.31£0.32 1.36+0.32 1.25+0.31 0.00
LDL-C (mmol/l) 3.13+1.09 3.04+1.08 3.24+0.87 0.00
FPG (mmol/l) 5.41£1.29 5.14£0.91 5.77£1.33 0.00
HbAIC (%) 5.93+0.97 5.71+0.68 6.21%1.18 0.00
baPWV (m/s) 15.03 (13.35,17.39) 13.96 (12.71,15.42) 17.07 (15.02,19.55) 0.00
ABI 1.11+0.08 1.09+0.07 1.12+0.08 0.00
BNP (pg/mL) 52 (31, 85) 47 (28, 73) 59 (35, 108.5) 0.00
HCY (umolll) 19, 14) 1@, 13) 12 (10, I5) 0.00
hsCRP (mg/l) 1.19 (0.59, 2.24) 1.01 (0.47, 1.91) 1.39 (0.81, 2.78) 0.00
Echocardiography
LVEF (%) 64.93+£3.26 65.36+3.30 64.38+3.15 0.00
LVMI (g/m?) 74.77 (64.83,86.17) 71.52 (62.84,82.80) 78.64 (69.04,90.05) 0.00
E/A ratio 1.14+0.68 1.25+0.68 1.00+0.60 0.00
E/e’ ratio 8(7 1) 85 (7, 12) 7 (6, 10) 0.00
LAD (mm) 34.07+4.50 33.27+4.31 35.33£5.19 0.00
LVIDd (mm) 46.73+4.12 28.66+3.93 29.41+4.38 0.00
PVWT (mm) 7.9+1.08 7.84+1.09 8.14%1.08 0.00
IVST (mm) 8.53+2.37 8.39+2.92 8.71%1.37 0.00

Notes: The variables with skewed distribution were described as median (inter-quartile range), whereas others with normal distribution were expressed as the mean+SD.

P values are obtained by univariate analysis between groups.

Abbreviations: BMI, body mass index; CBP, central blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, total triglyceride;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; HbAIC, glaciated hemoglobin; baPWYV, brachial-ankle
pulse wave velocity; ABI, ankle-brachial index; BNP, B-type natriuretic peptide; HCY, homocysteine; hsCRP, high-sensitivity C-reactive protein; LVEF, left ventricular ejection
fraction; LVMI, left ventricular mass index; E, peak early diastolic flow velocity; A, peak flow velocity of atrial contraction; €’, velocity of mitral annulus early diastolic motion;
LAD, left atrium diameter; LVIDd, left ventricular internal diameter at end-diastole; PYWT, posterior left ventricular wall thickness; IVST, interventricular septal thickness.

and FRS. Thus, in this study, we calculated 10-year
ASCVD risk via PCE. Our results showed that nearly
half of the subjects were in the high ASCVD risk group.
In addition to traditional cardiovascular risks, ABI and
baPWV are independently associated with 10-year
ASCVD risk. Therefore, more attention should be paid to
the impact of ASCVD risk caused by arterial stiffness.
Arterial stiffness represents a promising therapeutic
target to counteract vascular aging.'” The carotid-
femoral pulse wave velocity (¢cfPWV) has traditionally
been used as a standard method for determination of
arterial stiffness, but it is critically dependent upon the
accurate placement of transducers over the arteries and is
both time-consuming and complex.”’ For quantification

of arterial stiffness, we assessed the baPWV, a valuable
alternative to the cfPWYV, applicable to large-scale epide-
miological studies.’' In the current study, we demon-
strated that baPWV was independently associated with
10-year ASCVD risk. Moreover, we clarified the non-
linear relationship by using the GAM. Using a two-
piecewise linear regression model, we calculated that the
inflection point was 14 m/s (Table 3). Yamashina et al
conducted a study on 10,828 subjects and also recom-
mended a baPWV of 14 m/s as a diagnostic cut-off value
for atherosclerosis.”> However, after adjusting for age,
gender, diabetes mellitus, smoking, TC, HDL-C, SBP,
and anti-hypertensive medicine, we demonstrated that
the inflection point was 16 m/s (Table 4). This is most
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Figure | Smooth curve of the trend of the relationship between baPWV and 10-year ASCVD risk. (A) Adjusted for nothing. (B) Adjusted for age, gender, diabetes mellitus,

smoking, TC, HDL-C, SBP, anti-hypertensive medicine.

likely due to different analytical methods. The analysis of
ROC curves may not be applicable to possible nonlinear
relationship. GAM has obvious advantages in dealing
with nonlinear relations, and it can handle the non-
parametric smoothing and will fit a regression spline to
the data.”

In order to further explore and analyze the association
between baPWV and 10-year ASCVD risk, we divided our
population into four subgroups based on the threshold of
baPWYV and 10-year ASCVD risk. Research to date has
found a low-cardiovascular event rate among those with
relatively lower level of baPWV.>* Approximately 10% of
our sample had baPWV under 16 m/s and were in the high

Table 3 Threshold Effect Analysis of Baseline baPWYV on the Risk
of 10-Year ASCVD Risk Using Piecewise Linear Regression
Model (Unadjusted)

Model Result [B*(95% CI)] P-value
Model | one-line 0.95 (0.88-1.01) <0.0001
Model Il turning point: 14 m/s

Slope I: baPWV=14 m/s 0.60 (0.32-0.88) <0.0001
Slope 2: baPWV>14 m/s 1.01 (0.93-1.10) <0.0001
Slope 2 - Slope | 0.41 (0.09-0.73) 0.0128
A log likelihood ratio test 0.013

Note: *Adjusted for nothing.

ASCVD risk group. Since the PCE has been suggested to
over-estimate the 10-year ASCVD risk,” a lower baPWV
value can be reassuring as to the true low risk of the
patient. It is worth noting that that there were a number
of subjects with low ASCVD risk but displayed a high
baPWV measurement. More examinations and health care
plans are warranted for people in this subgroup, even if the
calculated 10-year risk does not reach the threshold.
Previous studies supported the broad applicability of
baPWYV for risk stratification in a general clinical setting,
regardless of cardiovascular risk.”® Based on our findings,
we speculate that baPWV would be a promising marker
for the prediction and reclassification of ASCVD risk.

Table 4 Threshold Effect Analysis of Baseline baPWYV on the Risk
of 10-Year ASCVD Risk Using Piecewise Linear Regression
Model (Adjusted)

Model Result [B*(95% CI)] P-value
Model | one-line 0.16 (0.11-0.21) <0.0001
Model Il turning point: 16 m/s

Slope I: baPWV=16 m/s —0.08 (—0.18-0.02) 0.1330
Slope 2: baPWV>16 m/s 0.28 (0.21-0.34) <0.0001
Slope 2 — Slope | 0.35 (0.23-0.48) <0.0001
A log likelihood ratio test <0.001

Notes: *Adjusted for age, gender, diabetes mellitus, smoking, TC, HDL-C, SBP,
anti-hypertensive medicine.
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Table 5 Logistic-Regression Analysis of Relevant Factors
Predictors Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value
LDL-C (mmol/l) 1.20 (1.06—1.36) 0.00 1.02 (0.51-2.02) 0.95
TG (mmoll/l) 1.16 (1.07-1.26) 0.00 1.12 (0.82-1.54) 0.46
BMI 1.06 (1.03-1.10) 0.00 0.92 (0.84-1.01) 0.06
HCY (umol/l) 1.03 (1.02-1.05) 0.00 1.02 (0.99-1.06) 0.19
ABI
>0.9 Reference - Reference -
<0.9 1.64 (0.44, 6.10) 0.46 5.28 (1.20-12.23) 0.03
BNP (pg/mL)?
<100 Reference - Reference -
2100 2.13 (1.59-2.86) 0.00 1.088 (0.56-2.13) 0.80
baPWV (cm/s)
<1400 Reference - Reference -
1400-1600 2.84 (2.14-3.76) 0.00 2.37 (1.77-3.18) 0.00
21600 12.92 (9.86—16.95) 0.00 9.09 (6.84-12.07) 0.00
HbAlc (%)°
<57 Reference - Reference -
5.7-6.1 1.73 (1.33-2.24) 0.00 1.33 (0.76-2.34) 0.32
26.1 2.82 (2.10-3.78) 0.00 1.64 (0.70-2.79) 0.54
hsCRP (mg/l)
<| Reference - Reference -
1-3 1.22 (0.95-1.58) 0.13 0.92 (0.84-1.21) 0.11
23 1.45 (1.04-2.02) 0.03 1.01 (0.94-1.47) 0.35

Notes: *BNP cut-off point of 100 pg/mL was identified according to the European Society of Cardiology Guidelines for the diagnosis and treatment of acute and chronic heart

failure 2012. ®°HbA I c cut-off point of 5.7% has a higher positive predictive value for identifying people at risk for developing diabetes.

Further study is needed to evaluate the contribution of
baPWV using the population-based cohort with four
ASCVD events.

Our study showed that the risk of ASCVD increases
when ABI < 0.9, which is in agreement with previous
studies.”” We further found that the association between
BMI and 10-year ASCVD was statistically nonsignificant,
which was not consistent with a previous study.”® This
may be due to the fact that obesity paradox or the presence
of several other cardiovascular risk factors.?>*° At present,
numerous studies have investigated the influencing factors
associated with 10-year ASCVD risk, including waist-to-
hip ratio, waist-to-height ratio and remnant
cholesterol.>'2? A recent study on the risk of coronary
heart disease suggested that differences between people
of different ethnicities may not be as pronounced as pre-
viously thought.** Moreover, echocardiographic indicators
have also been shown to be important in determining

ASCVD risk during patient screening.** Finally, the high-
sensitivity C reactive protein, a marker of low-grade
inflammation, was previously reported as a sensitive pre-
dictor of arterial stiffness, which may help to determine
ASCVD risk.”

There are a few limitations in our current study. First,
although baPWV has become a reliable standard measure
of arterial stiffness, the measurement of baPWV can still
be affected by blood pressure.*® Secondly, although we
listed almost all factors that may be correlated to the 10-
year ASCVD risk, there may be several other biomarkers
associated with atherosclerotic cardiovascular disease
were not included in the present study.’’ Thirdly, our
current study is a single-center study where the basic
incidence of CVD in the local area is relatively low,
which means that if the survey population is extended to
other regions, there may be several differences in the
overall study results.'”*® Finally, our current study is
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Figure 2 The Receiver operating characteristic curve for baPWV for predicting 10-
year ASCVD risk.

a cross-sectional study, and therefore we cannot draw any
conclusions regarding causality.

Conclusion

In conclusion, we demonstrated that increased baPWV
as the marker of arterial stiffness is independently and
strongly associated with 10-year ASCVD risk in general
middle-aged and elderly population. The relationship
between the baPWV and 10-year ASCVD risk is non-
linear with a significant threshold. Subjects with baPWV
above 16 m/s are more likely to encounter a higher 10-
year ASCVD risk. Attention should be paid to the
individuals with baPWV above 16 m/s and the 10-year
risk of ASCVD lower than 7.5%. Further studies are
warranted to investigate the ASCVD risk stratification
among this subset.
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