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Abstract

We aimed to investigate the association of brachial-ankle pulse wave velocity (baPWYV) with carotid plaque presence and
carotid plaque number in a Chinese hypertensive population. A total of 13,554 hypertensive subjects from the China Stroke
Primary Prevention Trial (CSPPT) were recruited. Arterial stiffness and carotid plaque were evaluated by baPWV and
B-mode ultrasonography, respectively. Multivariate logistic regression analysis was used to determine the correlation of
baPWV and carotid plaque presence. Multinomial logistic regression analysis was used to determine the correlation of
baPWYV and carotid plaque number. Further interactions between baPWV and carotid plaque presence were examined using
subgroup analysis. Continuous baPWV was positively correlated with carotid plaque presence (OR =1.05, 95% CI:
1.04-1.07) and carotid plaque number (one- to two-plaque group: OR = 1.04, 95% CI: 1.02-1.06; three-or-more-plaque
group: OR =1.09, 95% CI: 1.07-1.12). When baPWV was classified into quartiles, with the lowest quartile as reference, the
ORs for having one, two, or three or more plaques increased in parallel with the quartiles of baPWV, indicating a dose-
dependent effect. In a subgroup analysis, the association of baPWV and carotid plaque presence was more pronounced
among younger participants (OR: 1.14 vs. 1.06 and 1.03 for the age groups <60 years, 60 <70 years, and >70 years,
respectively, P for interaction <0.001). In a Chinese hypertensive population, baPWV was positively associated with carotid
plaque presence and carotid plaque number. A more pronounced positive association between baPWV and carotid plaque
presence was observed in younger participants.
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Introduction

Supplementary information The online version of this article (https://
doi.org/10.1038/s41440-020-0432-2) contains supplementary
material, which is available to authorized users.

Atherosclerotic cardiovascular disease (CVD) remains the
most common cause of death worldwide [1]. In China, it is
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estimated that up to 290 million patients suffer from CVD
[2]. Hypertension is the most important risk factor for CVD,
though other risk factors contribute to the occurrence and
development of the disease [3, 4]. Research has reported
that the prevalence of CVD is much higher in the hyper-
tensive population than in the general population [2].
Therefore, identifying asymptomatic subjects who are
indeed at increased risk for CVD is extremely beneficial in
hypertensive populations.

Carotid atherosclerosis, assessed by carotid plaque, pro-
vides direct evidence of systematic atherosclerosis. The
presence of carotid plaque indicates the coexistence of
atherosclerotic plaques elsewhere [5—7], and carotid plaque
number can predict atherosclerotic plaque burden. Previous
studies have revealed that the presence of carotid plaque
and the number of carotid plaques are associated with
increased risk of coronary artery disease and stroke [8—13].
In addition, their prediction value is stronger than that of
other atherosclerotic markers, such as carotid intima—media
thickness (CIMT) [13-15]. However, to capture a high-
quality B-mode ultrasound image, well-trained operators are
needed and therefore limit its use in undeveloped areas,
such as rural China.

Arterial stiffness reflects degenerative changes of the
extracellular matrix in the media layer and is characterized
by elastin fatigue fracture and collagen deposition and
cross-linking [16]. It is also one of the earliest detectable
manifestations of adverse structural and functional chan-
ges within the vessel wall [17]. Elevated arterial stiffness,
indicated by increased pulse wave velocity (PWYV), has
been suggested as an independent risk factor for cardio-
vascular mortality and morbidity [18-21]. Compared with
carotid—femoral PWV (cfPWYV), brachial-ankle PWV
(baPWV) is an even simpler noninvasive and automatic
measurement and provides a more convenient technique
to evaluate artery stiffness, especially in large
clinical trials. Previous studies have suggested that
baPWYV is significantly associated with the existence of
atherosclerosis in the general male population, in end-
stage renal disease subjects, in the middle-aged asymp-
tomatic population and in the community-based popula-
tion [22-25]. However, to our knowledge, no study has
evaluated this association, specifically in the hypertensive
population.

The current study aimed to investigate the relationship
of arterial stiffness assessed by baPWV with carotid
atherosclerosis, assessed by the presence of carotid plaque
and carotid plaque number, in a Chinese hypertensive
population. Moreover, since age and blood pressure are
two dominant risk factors for both arterial stiffness and
atherosclerosis [26-29], we evaluated the effect of age
and level of blood pressure on the relationship between
baPWV and carotid plaque.

Methods
Study population

All participants were from the China Stroke Primary Pre-
vention Trial (CSPPT) population. Details about the CSPPT
have been described in a previous publication [30]. Briefly,
the CSPPT was a multicommunity, randomized, double-
blind, controlled trial designed to evaluate the effect of folic
acid therapy in reducing the risk of first stroke in Chinese
hypertensive patients. The CSPPT showed that the combi-
nation of enalapril and folic acid is more effective in
reducing the risk of first stroke than enalapril alone over a
median follow-up period of 4.5 years.

Our study was a cross-sectional analysis of the CSPPT at
the final visit. Overall, of the 20,702 subjects in the CSPPT,
14,351 subjects completed the final visit and had both
carotid plaque data and baPWV data. Of those,
13,554 subjects without a background of peripheral artery
disease (ankle brachial index >0.9) or cholesterol-lowering
medication were included in the current study (see the
flowchart in Fig. 1).

The parent study (CSPPT) and the current study were
approved by the Ethics Committee of the Institute of Bio-
medicine, Anhui Medical University, Hefei, China. Written,
informed consent was obtained from all participants before
data collection.

Data collection
Anthropometric data

Height, weight, waist circumference, and hip circumference
were measured for each subject. Body mass index (BMI) was

( 20702 subjects from the
CSPPT
4778 excluded due to missing
v carotid plaque data at the last visit )
e Y
15924
~
1573 excluded due to missing
\ baPWV data )
14351
- J ~N
N 466 excluded due to missing
ABI data or ABI<0.9
13885
- 331 excluded due to taking cholesterol-
lowering drugs or missing cholesterol-
P y N L lowering drugs data )
13554 subjects included
in the study

Fig. 1 Flowchart of the study
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calculated as weight in kilograms divided by the square of
height in meters. Blood pressure was measured with an elec-
tronic sphygmomanometer in a sitting position after resting
for 5 min.

Questionnaire

All subjects were administered a standardized ques-
tionnaire. Information about demographics, occupation,
medical history, medications, and personal habits such as
smoking status and alcohol consumption was collected.

Laboratory tests

Overnight-fasted venous blood samples were collected from
the participant’s forearm and samples were transported to the
laboratory within 30 min. Blood samples were tested for
fasting lipids (serum TC, HDL-c, and TG), fasting plasma
glucose (FPG), plasma creatinine, and serum homocysteine
using automatic clinical analyzers (Beckman Coulter) at the
core laboratory of the National Clinical Research Center for
Kidney Disease (Nanfang Hospital, Guangzhou, China).
Serum folate was measured by a commercial laboratory using
a chemiluminescent immunoassay (New Industrial). The
estimated glomerular filtration rate (eGFR) was calculated
using the Chronic Kidney Disease Epidemiology Collabora-
tion equation [31].

Brachial-ankle pulse wave velocity

baPWV was measured by an oscillometry-based device
(BP-203RPE III; Colin-Omron, Co., Ltd, Tokyo, Japan).
Subjects were asked to remain in a supine position for
5Smin with baPWV cuffs in place, after which baseline
baPWV was measured and recorded by trained research
staff. Two bilateral readings of baPWV measurements
were simultaneously taken, and the maximum reading
from each side was used for the analysis. More details
describing the method of obtaining measurements have
been published elsewhere [21].

Carotid ultrasonography

Carotid plaque was evaluated by certified sonographers using
high-resolution B-mode ultrasonography (Terason 3000) with
a 12L5A linear-array transducer. Carotid plaque was defined
as a focal structure encroaching into the arterial lumen by at
least 50% more than into the surrounding tissue, with a CIMT
value of 0.5 mm or >1.5 mm thickness from the intima—lumen
interface to the media—adventitia interface at the level of the
internal carotid artery, common carotid artery, and bifurcation
[32]. Carotid plaque number was defined as the sum of the
total plaques on the left and right carotid arteries.

SPRINGER NATURE

Covariables

The covariables included in all analyses were age, sex,
BMI, systolic blood pressure (SBP), and diastolic blood
pressure (DBP), total cholesterol (TC), high-density

lipoprotein cholesterol (HDL-c), triglycerides (TG),
FPG, eGFR, folate, homocysteine, antihypertensive
medications, glucose-lowering medications, smoking

status, alcohol consumption, folic acid treatment group,
and study center.

Statistical analysis

Analyses were performed by EmpowerStats (http://www.
empowerstats.com) and the statistical package R (3.2.3
version). Continuous variables are presented as means
with standard deviations (SD), while categorical variables
are presented as numbers and percentages. Characteristics
of subjects were stratified by sex. Simple comparisons
were performed between groups using Student’s 7 tests
for continuous variables and the y* test for categorical
variables. baPWV was analyzed as a continuous variable
and divided into quartiles, with the lowest quartile as the
reference class. Carotid plaque number was analyzed as a
categorical variable consisting of four groupings: no-
plaque group, one-plaque group, two-plaque group, and
three-or-more-plaque  group.  Multivariate  logistic
regression was used to assess the relationship between
baPWYV and carotid plaque presence. Multinomial logistic
regression was used to analyze the relationship between
baPWV and carotid plaque number. Trend tests were
calculated by transforming baPWV quartiles into a con-
tinuous variable. In the stratified analysis, possible
modifications of the association between baPWV and
carotid plaque presence were assessed for variables
including age (<60 vs. 60 <70 vs. 270 years), sex, BMI
(<24 kg/m? vs. 224 kg/m?), smoking (never vs. former vs.
current), alcohol drinking (never, former, current), treat-
ment group (enalapril group vs. enalapril and folic acid
group), SBP (<140 vs. 2140 mmHg), TCHO (<5.2 mmol/l
vs. 25.2 mmol/l), homocysteine (<15 umol/l vs. 215
umol/l), and study center (Anqging vs. Lianyungang).
Multivariate logistic regression models were used in the
analysis of interaction. A two-sided P value < 0.05 was
considered significant.

Results
Characteristics of the study participants

The present study consisted of 13,554 hypertensive subjects
with an average (SD) age of 64.3 (7.4) years. The
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Table 1 Characteristics of study subjects®

Total (n=13,554) Gender P value
Male (n = 5478) Female (n =8076)

Age, year 64.3 (7.4) 65.5 (7.4) 63.6 (7.3) <0.001
Body mass index, kg/m? 24.9 (3.8) 24.1 (3.5) 25.5 (3.8) <0.001
baPWV, m/s 17.2 (3.4) 17.2 3.4) 17.3 3.4) 0.006
Plaque presence, N (%) <0.001

No 7893 (58.2) 2692 (49.1) 5201 (64.4)

Yes 5661 (41.8) 2786 (50.9) 2875 (35.6)
Plaque number, N (%) <0.001

1 2575 (19.0) 1112 (20.3) 1463 (18.1)

2 1467 (10.8) 702 (12.8) 765 (9.5)

23 1619 (11.9) 972 (17.7) 647 (8.0)
SBP, mmHg 135.4 (17.4) 132.8 (16.9) 137.2 (17.5) <0.001
DBP, mmHg 82.0 (10.9) 82.3 (11.3) 81.8 (10.6) 0.007
Current smoking, N (%) 2892 (21.4) 2690 (49.2) 202 (2.5) <0.001
Current drinking, N (%) 3032 (23.2) 2667 (52.7) 365 (4.6) <0.001
Laboratory results, mmol/l
Total cholesterol 5.3 (1.1) 5.1 (1.0) 5.5 (1.1) <0.001
Triglycerides 1.8 (1.4) 1.5 (1.4) 1.9 (1.5) <0.001
HDL cholesterol 1.3 (0.3) 1.3 (0.3) 1.3 (0.3) 0.096
Fasting glucose 6.2 (2.0) 6.2 (2.0) 6.3 (2.0) 0.398
Folate, ng/ml 18.9 (15.4) 18.4 (16.0) 19.3 (15.0) <0.001
Serum homocysteine, umol/l 13.5 (7.2) 15.3 (9.1) 12.3 (5.2) <0.001
¢GFR, mL/(min-1.73 m?) 88.6 (14.9) 87.1 (15.3) 89.7 (14.5) <0.001
Medication use, N (%)
Antihypertensive drugs 13,148 (97.1) 5327 (97.3) 7821 (97.0) 0.276
Glucose-lowering drugs 727 (5.5) 209 (3.9) 518 (6.6) <0.001

BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, SBP systolic blood pressure

*Variables are presented as mean (SD) or n (%)

demographic and clinical characteristics of the study sub-
jects stratified by sex are listed in Table 1. The mean (SD)
ages of male and female participants were 65.5 (7.4) years
and 63.6 (7.3) years, respectively. Male subjects, totaling
5478 (40.4%), were significantly older, were more likely to
be current smokers and current alcohol drinkers, had higher
levels of DBP and serum homocysteine, and had a higher
percentage of plaque prevalence but lower BMI, baPWV,
SBP, eGFR, TC, TG, and folate levels compared with
females. No significant differences were found in HDL-c
and FPG levels.

Association of baPWV and carotid plaque presence

Table 2 shows the results from the multivariate logistic
regression analyses between baPWYV and carotid plaque
presence. Continuous baPWV was positively correlated
with carotid plaque presence (odds ratio (OR) = 1.05, 95%
CI: 1.04-1.07, P<0.001) after adjusting for confounding
factors, including age, sex, BMI, SBP, DBP, alcohol con-
sumption status, smoking status, TCHO, TG, HDL-c, FPG,
eGFR, homocysteine, folate, antihypertensive medication,
glucose-lowering medication, study center, and folic acid

treatment group. When baPWYV was classified into quartiles,
compared with the lowest quartile (Q1: <14.81 m/s), quar-
tile 2 (Q2: 14.81 < 16.73 m/s), quartile 3 (Q3: 16.73 <19.06
m/s), and quartile 4 (Q4: 219.06 m/s) were all positively
correlated with carotid plaque presence (P<0.001 for
trend). The OR of carotid plaque presence increased in
parallel with the quartiles of baPWV (ORs (95% CI): 1.06
(0.95, 1.19), 1.32 (1.17, 1.49), and 1.49 (1.31, 1.70) from
the second to the fourth quartiles, respectively) after
adjusting for the confounding factors mentioned above.

Association of baPWV and carotid plaque number

Table 3 shows the results from the multinomial logistic
regression analyses between baPWYV and carotid plaque
number. Continuous baPWYV was positively correlated with
carotid plaque number in each plaque number grouping
after adjusting for confounding factors. Compared with the
OR of the no-plaque group, the ORs (95% ClIs) of having
one plaque, two plaques, and three or more plaques were
1.04 (1.02, 1.06), 1.04 (1.02, 1.06), and 1.09 (1.07, 1.12),
respectively. When baPWV was classified into quartiles
with Q1 in each plaque group as a reference, Q2, Q3, and
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Table 2 Multiple analysis of baPWV and plaque presence
baPWV, m/s N Plaque presence, Nonadjusted Adjusted
N (%) OR (95% CI) P value OR (95% CI) P value

Continuous 13,554 5661 (41.8) 1.12 (1.10, 1.13) <0.001 1.05 (1.04, 1.07) <0.001
Quartile

Ql (<14.81) 3389 1044 (30.8) Ref. Ref.

Q2 (14.81<16.73) 3378 1240 (36.7) 1.30 (1.18, 1.44) <0.001 1.06 (0.95, 1.19) 0.317

Q3 (16.73 £ 19.06) 3384 1547 (45.7) 1.89 (1.71, 2.09) <0.001 1.32 (1.17, 1.49) <0.001

Q4 (219.06) 3403 1830 (53.8) 2.61 (2.37, 2.89) <0.001 1.49 (1.31, 1.70) <0.001
P for trend <0.001 <0.001

Adjusted for age, gender, BMI, alcohol consumption status, smoking status, SBP and DBP at baseline, TC, HDL-c; FPG, eGFR, homocysteine,
folate, TG, glucose-lowering medication, antihypertensive medication, study center, and folic treatment group

BM1I body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDL-c high-density lipoprotein cholesterol,
FPG fasting plasma glucose, eGFR estimated glomerular filtration rate, 7G triglyceride

Table 3 Multinomial analysis of baPWV and carotid plaque number

baPWV, m/s One plaque Two plaques Three or more plaques
aOR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value

Continuous 1.04 (1.02, 1.06) <0.001 1.04 (1.02, 1.06) <0.001 1.09 (1.07, 1.12) <0.001
Quartiles

Q1 (<14.81) Ref. Ref.

Q2 (14.81<16.73) 1.03 (0.89, 1.18) 0.708 1.07 (0.88, 1.30) 0.496 1.19 (0.96, 1.46) 0.111

Q3 (16.73<19.06) 1.15 (0.99, 1.33) 0.072 1.47 (1.22, 1.79) <0.001 1.67 (1.36, 2.06) <0.001

Q4 (219.06) 1.27 (1.08, 1.50) 0.005 1.45 (1.17, 1.79) <0.001 2.20 (1.77, 2.74) <0.001
P for trend 0.002 <0.001 <0.001

Adjusted for age, gender, BMI, alcohol consumption status, smoking status, SBP and DBP at baseline, TC, HDL-c; FPG, eGFR, homocysteine,
folate, TG, glucose-lowering medication, antihypertensive medication, study center, and folic treatment group

aOR adjusted odds ratio, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, HDL-c high-
density lipoprotein cholesterol, FPG fasting plasma glucose, eGFR estimated glomerular filtration rate, 7G triglyceride

Q4 were all positively correlated with carotid plaque
number (P <0.05 for trend). In the one-plaque group, the
ORs (95% Cls) were 1.03 (0.89, 1.18), 1.15 (0.99, 1.33),
and 1.27 (1.08, 1.50) from Q2 to Q4, respectively. In the
two-plaque group, the ORs (95% Cls) were 1.07 (0.88,
1.30), 1.47 (1.22, 1.79), and 1.45 (1.17, 1.79) from Q2 to
Q4, respectively. In the three-or-more-plaques group, the
ORs were 1.19 (0.96, 1.46), 1.67 (1.36, 2.06), and 2.20
(1.77, 2.74) from Q2 to Q4, respectively. In addition, in
each quartile, compared with the no-plaque group, the ORs
increased as the plaque number increased.

Assessment of interaction

Figure 2 shows the results of modification effects between
baPWV and carotid plaque presence in different subgroups.
The association of baPWV and carotid plaque presence was
more pronounced among younger participants (OR: 1.14 vs.
1.06 and 1.03 for the age groups <60 years, 60 <70 years,
and 270 years, respectively, P for interaction <0.001). To
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verify the effect of age, we explored the effect of sex on the
age-related difference of this association and found that in
both males and females, the association was stable (see
Supplementary Fig. 1). There was no significant modifica-
tion effect in any other subgroup, including sex, BMI, SBP,
alcohol consumption status, smoking status, TC, homo-
cysteine, study center, and folic acid treatment group (all P
for interaction >0.05).

Discussion

In this large-scale, population-based, cross-sectional study,
we investigated the relationship of baPWV with carotid
plaque presence and carotid plaque number in a Chinese
hypertensive population. We demonstrated that baPWV was
positively associated with carotid plaque presence and
carotid plaque number. This association was independent of
age, blood pressure, and other conventional cardiovascular
risk factors. Moreover, we have shown for the first time that
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Variables
Age, yr
<60
60-<70
270
Gender
Male
Female
BMI, kg/m2
<24
224
Smoking
Never
Former
Current
Alcohol
Never
Former
Current
Treatment group
Enapril
Enapril-folic acid
SBP, mmHg
<140
2140
TCHO, mmol/L
<5.2
252
Homocysteine, umol/L
<15
215
Study center
Anging

Lianyungang

Fig. 2 Forest plots of the association between baPWV and plaque
presence in various subgroups. Adjusted, if not stratified, for age, sex,
body mass index (BMI), alcohol consumption status, smoking status,
systolic, and diastolic blood pressure (SBP and DBP) at baseline, total

Size

4059
6185

3310

5478

8076

5650

7865

9108
1522

2892

9157
884

3032

6790

6764

8365

5077

6619

6688

10233

3168

3018

10536

Plaque presence, N (%)

1072 (26.4)
2655 (42.9)

1934 (58.4)

2786 (50.9)

2875 (35.6)

2702 (47.8)

2942 (37.4)

3300 (36.2)
730 (48.0)

1614 (55.8)

3465 (37.8)
446 (50.5)

1492 (49.2)

2842 (41.9)

2819 (41.7)

3334 (39.9)

2281 (44.9)

2601 (39.3)

2962 (44.3)

4029 (39.4)

1570 (49.6)

1243 (41.2)

4418 (41.9)

OR (95%Cl)

1.14 (1.10, 1.18)
1.06 (1.04, 1.08)

1.03 (1.01, 1.06)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.07 (1.05, 1.09)

1.05 (1.03, 1.07)

1.04 (1.03, 1.06)
1.05 (1.01, 1.09)

1.08 (1.05, 1.12)

1.05 (1.03, 1.07)
1.04 (0.98, 1.09)

1.07 (1.04, 1.10)

1.04 (1.02, 1.07)

1.06 (1.04, 1.08)

1.05 (1.03, 1.07)

1.07 (1.04, 1.09)

1.05 (1.03, 1.08)

1.05 (1.03, 1.07)

1.06 (1.04, 1.07)

1.05 (1.02, 1.07)

1.05 (1.02, 1.08)

1.05 (1.04, 1.07)

P for interaction

<0.001

0.885

0.241

0.506

0.061

0.395

0.681

0.643

0.354

0.481

cholesterol (TC), high-density lipoprotein cholesterol (HDL-c); fasting
plasma glucose (FPG), estimated glomerular filtration rate (eGFR),
homocysteine, folate, triglycerides (TG), glucose-lowering medication,
antihypertensive medication, study center, folic treatment group
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the association of baPWV and carotid plaque presence is
more robust in relatively younger subjects.

Several published papers have investigated the associa-
tion of arterial stiffness assessed by baPWV and carotid
atherosclerosis. Kubozono et al. [22] found that high
baPWYV had a strong impact on early carotid atherosclerosis
(defined as CIMT 21.0mm) in a Japanese general male
population. Munakata et al. [23] reported that higher
baPWV was associated with greater max CIMT or carotid
plaque score in patients with end-stage renal disease. Joo
et al. [24] revealed that in a middle-aged asymptomatic
population, subjects with higher baPWV had a higher pre-
valence of carotid plaque. Yang et al. [25] demonstrated
that baseline baPWV is independently associated with the
risk of new carotid plaque formation in a community
population.

The studies above have confirmed that baPWV is an
independent risk factor for atherosclerosis in the general male
population, in end-stage renal disease subjects, in the middle-
aged asymptomatic population, and in the community-based
population. Our study adds new evidence for an association in
a hypertensive population. The sample size in published
studies is relatively small, which might have led to little
power to disclose the associations. In addition, Kubozono
et al. and Munakata et al. used CIMT instead of carotid
plaque to reflect atherosclerosis, while previous studies have
shown that carotid plaque is superior to CIMT in predicting
cardiovascular events.

In our study, we found a positive association between
baPWYV and carotid plaque presence, and there was a dose-
dependent effect. In the highest quartile of baPWV, the risk
of carotid plaque presence was 1.49-fold higher than in
subjects in the first quartile even after adjusting for con-
founding factors. When considering the amplitude of this
association, an average increase in baPWV of 1 m/s corre-
sponds to a 5% increased risk of carotid plaque presence.
These findings are consistent with Joo et al. [24]. However,
Joo et al. found that a 1 m/s increase in baPWV corre-
sponded to a 38% increase in carotid plaque presence,
which is much higher than the data in our study (5%). A
reason for this difference might be that participants in Joo
et al. were younger and asymptomatic. Fewer confounding
factors may bring out a stronger association between
baPWYV and carotid plaque presence. We also found that
baPWV was positively associated with carotid plaque
number. Compared with the lowest quartile of baPWV, ORs
in the highest quartile were 1.27 (1.08, 1.50), 1.45 (1.17,
1.79), and 2.20 (1.77, 2.74) in the one-plaque group, the
two-plaque group, and the three-or-more-plaque group,
respectively. That is, the risk of having more plaques
increases with a higher baPWV.

In addition, we disclosed that the association between
baPWV and carotid plaque presence was stronger in
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younger participants than in older participants (P for inter-
action <0.001). In the <60-year-old group, a 1 m/s increase
in baPWYV corresponded to a 14% increase in carotid plaque
presence. In the >70-year group, however, the strength
decreased to 3%. There are a few possible explanations for
the age differences in this association. First, compared with
younger subjects, older subjects had a higher prevalence of
diabetes mellitus, hypercholesteremia, and other cardio-
vascular risk factors in this study (data not shown). BaPWV
is only one of the determining factors for carotid
plaque. More existing confounders may have weakened the
association between baPWV and carotid plaque presence in
the older population. Second, in the present study, the
mean baPWV was lower in younger subjects (~15.6 m/s vs.
173 m/s vs. 19.2m/s in age groups <60 years, 60<70
years, and >70 years, respectively). A 1m/s increase in
baPWYV would lead to a 6.4% change in the age group <60
years, a 5.8% change in the age group 60 <70 years, and a
5.2% change in the age group 270 years. Relatively larger
changes in baPWYV in younger subjects might lead to larger
changes in carotid plaque presence.

Besides age, we tested for modification effects in dif-
ferent subgroups, including sex, SBP, BMI, etc. However,
no additional interactions were found. Initially, we hypo-
thesized that blood pressure might act as a modifier in
the association between baPWV and carotid plaque pre-
sence because it has been reported that age and blood
pressure are two dominant risk factors for both arterial
stiffness and atherosclerosis [26-29]. However, the blood
pressure subgroup did not show a modification effect (P for
interaction is 0.681). One possible reason might be that the
survey was conducted at the last visit of CSPPT. Therefore,
97.1% of the study subjects accepted antihypertensive
medication, and for two-thirds of the subjects, blood pres-
sure measurements were within the normal range (<140/90
mmHg). As a result, the underlying modification effect
might be disguised.

The findings in the current study are of great clinical
significance. Carotid plaque has more clinical predictive
value for CVD than baPWV. However, in rural areas in
China, the gap between skilled ultrasonic operators is large.
Unlike ultrasonography, measurement of baPWV could be
carried out by untrained staff. It could be used as a
screening tool for obtaining a rough overview of carotid
atherosclerosis and identifying hypertensive subjects with a
high risk of CVD.

As for the underlying mechanisms explaining the posi-
tive association of baPWV and carotid plaque, it has been
proven that arterial stiffness could be related to athero-
sclerosis through endothelial dysfunction, mechanical force
on the inner wall of blood vessels, extracellular matrix
disorder, elevated endothelial permeability, and vascular
aging [16, 33]. Meanwhile, the presence of atherosclerosis
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also decreases the compliance of blood vessels, leading to
stiffening of the arteries [34]. Arterial stiffness and athero-
sclerosis often coexist in the same vascular territories and
share similar risk factors. Therefore, arterial stiffness and
atherosclerosis may interact with each other. Athero-
sclerosis may not only be a consequence of arterial stif-
fening but may also increase arteriosclerosis in its advanced
stage [16]. More exact explanations of their association
remain to be explored.

In this study, baPWV was used for arterial stiffness
assessment. cfPWV is also a well-accepted method in
arterial stiffness measurement; baPWV is the most
used in Asia and cfPWV in European and American studies
[35-37]. Lu et al. [38] indicated that cfPWV was superior to
baPWV in association with asymptomatic hypertensive
target organ damage in the community-dwelling elderly
Chinese population. Despite some differences in predictive
value, both cfPWV and baPWV are strongly linked with
cardiovascular disease and all-cause mortality, and are were
highly correlated [19, 39—42]. In addition, the convenient
measuring process and better reproductivity make baPWV
more popular in large-scale investigations.

In conclusion, we found that in a Chinese hypertensive
population, baPWV was positively associated with the
presence of carotid artery plaque and plaque number. A
more pronounced positive association between baPWV and
the prevalence of carotid artery plaque was observed in
younger participants.

Limitations

Several limitations of our study should be noted. First, as a
cross-sectional study, this study cannot clarify a causal
relationship between baPWV and carotid plaque. Second,
arterial stiffness was measured by baPWV in our study, and
whether the association of cfPWV and carotid plaque is
similar to our findings needs to be further explored. Third,
our study is a part of the CSPPT, a randomized, controlled
trial comparing the effect of enalapril and enalapril-folic
acid on the primary prevention of stroke. Therefore, the
proportion of subjects receiving antihypertensive medica-
tions and the rate of achieving optimal blood pressure in our
study will be much higher than in the real world.
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