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Abstract

Carotid-femoral pulse wave velocity (cfPWV) and brachial-ankle pulse wave veloc-

ity (baPWV) act as two most frequently applied indicators to evaluate arterial

stiffness. Limited studies have systematically compared the relationships between

cfPWV/baPWVand increased carotid intima-media thickness (cIMT). This study aimed

to investigate the associations of the two PWV indices with cIMT in a Chinese

community-basedpopulation. A total of 6026Chinese participants fromanatheroscle-

rosis cohort were included in our analysis. Increased cIMT was defined as the max-

imum of cIMT > 0.9 mm in end-systolic period of carotid artery. Mean (SD) cfPWV

and baPWV were 8.55±1.83 and 16.79±3.35 m/s, respectively. The prevalence of

increased cIMTwas59.58%. Inmultivariable logistic regression, bothPWVswere inde-

pendently associated with increased cIMT after adjustment for various confounders

(for 1 m/s increase of cfPWV: OR = 1.07, 95% CI: 1.02-1.11; for 1 m/s increase of

baPWV: OR = 1.03, 95% CI: 1.00-1.05). The highest cfPWV and baPWV quartile

groups had higher prevalence of increased cIMTwhen comparedwith the lowest quar-

tile groups (for cfPWV: OR= 1.28, 95% CI: 1.06-1.55; for baPWV: OR= 1.23, 95% CI:

1.00-1.50). However, when both PWVs were added into multivariable model simul-

taneously, only cfPWV was associated with odds of increased cIMT. Subgroup anal-

yses further showed cfPWV was more strongly associated with increased cIMT than

baPWV inmales, participants aged≥65 years, and thosewith other cardiovascular risk

factors. In conclusion, both cfPWV and baPWV are associated with increased cIMT in
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a Chinese community-based population. Furthermore, cfPWV is more strongly corre-

lated with increased cIMT compared to baPWV.
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arterial stiffness, brachial-ankle pulse wave velocity, cardiovascular disease risk factors, carotid
intima-media thickness, carotid-femoral pulse wave velocity

1 INTRODUCTION

Cardiovascular disease is the leading cause of global morbidity and

mortality with increasing quantity of patients.1,2 The structure and

function of arterial wall changes are the early signs of cardiovascu-

lar disease. Carotid intima-media thickness (cIMT), noninvasively mea-

sured by high-resolution ultrasound, has been widely used as a surro-

gate of atherosclerosis. Increased cIMT has been confirmed by many

previous large studies and recommended by international guidelines

as an intermediate surrogate endpoint and a predictor for the risk of

cardiovascular events,3–8 which is also a critical indicator of early tar-

get organ damage in hypertension and can be regarded as a marker of

arterial injury or remodeling as well.9,10

Pulse wave velocity (PWV) is the measurement of arterial stiffness,

of which carotid-femoral pulse wave velocity (cfPWV) and brachial-

ankle pulse wave velocity (baPWV) are commonly used in clinical and

research fields. CfPWV is proven to be a predictor of cardiovascu-

lar events in a variety of patients, such as the general population and

those with end-stage renal disease, diabetes, and hypertension, inde-

pendent of traditional risk factors,11–14 and bewidely used inWestern

countries with recommendations for cardiovascular risk stratification

in hypertensive patients bymany guidelines. In themeanwhile, baPWV

is mainly used in East Asia and the predictive value of it has been indi-

cated in the general population15,16 and in high-risk population.17,18

CfPWV has been considered as the gold standard for measuring arte-

rial stiffness,19 however, it requires a higher technical skill, and has a

poor privacy. Compared to cfPWV, themeasurement of baPWV is sim-

pler, easier, less time-consuming, and less stressful for participants.

Advanced assessment of PWV before development of increased

cIMTmay facilitate improvement in early prevention of arterial remod-

eling, atherosclerosis, target organ damage in hypertension, and car-

diovascular disease. However, previous studies have demonstrated

controversial relationships between cIMTand cfPWV/baPWV.CIMT is

significantly associatedwith cfPWV in general population, and patients

with hypertension or type 2 diabetes,20–22 aswell as significantly asso-

ciated with baPWV in general population, and patients with hyperten-

sionor end-stage renal disease.23–25 Whereas other studies have failed

to find a correlation between PWV and increased cIMT.26,27 More-

over, evidence is very limited for the comparison of the associations of

increased cIMT with cfPWV and baPWV. Up to now, only Lu and asso-

ciates indicated that cfPWV, but not baPWV showed significant asso-

ciation with cIMT and increased cIMT when cfPWV and baPWV were

both put into the stepwise linear or logistic regression model in aged

over 65 years community-based population.20 So, it is uncertain which

PWV ismore relevant to increased cIMT, andwhether there is the par-

ticularity of population.

Furthermore, there are few large-scale studies comparing the two

PWV indices in Chinese population. Therefore, the present study

aimed to investigate and compare the associations of increased cIMT

with cfPWV and baPWV in a Chinese community-based cohort.

2 METHODS

2.1 Study population

Participants included in this studywere from an atherosclerosis cohort

established in the Pingguoyuan and Gucheng communities of Shijing-

shan district in Beijing, China.28 A total of 6568 participants were

followed up between September to December 2018. In this study,

participants without carotid ultrasonography and cfPWV or baPWV

measurement data were excluded. We also excluded those who did

not have standard baPWV measurement at baseline because of ankle

brachial index were ≤0.9, and who already had peripheral arterial

disease at baseline. Ultimately, 6026 participants were eligible for

the final analysis. This study was approved by the Ethics Committee

of Peking University First Hospital. Each participant signed written

informed consent.

2.2 Data collection

As described in our previous report,28 baseline data were collected

by trained researchers according to standard procedures. All partici-

pantswere interviewed face to faceusing a standardizedquestionnaire

to obtain basic information on sociodemographic characteristics, diet,

lifestyle, health behavior, and the personal andmedical history.

Current smoking was defined as smoking one or more cigarettes

per day for at least six months. Current drinking was defined

as drinking once per week for at least six months. Hypertension

was defined as any self-reported history of hypertension or sys-

tolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure

(DBP) ≥90 mmHg or use of antihypertensive medication. Diabetes

mellitus was defined as any self-reported history of diabetes, or

fasting plasma glucose ≥7.0 mmol/L, or 2-hour oral glucose toler-

ance test ≥11.1 mmol/L, or use of hypoglycemic medication. Dys-

lipidemia was defined as any self-reported history of dyslipidemia,

or triglyceride (TG) ≥1.7 mmol/L (150 mg/dL), or total cholesterol
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(TC) ≥5.18 mmol/L (200 mg/dL), or low-density lipoprotein choles-

terol (LDL-C) ≥3.37 mmol/L (130 mg/dL), or high-density lipopro-

tein cholesterol (HDL-C) < 1.04 mmol/L (40 mg/dL), or use of lipid-

lowering medication. History of cardiovascular disease was defined as

any self-reportedhistory of coronary heart disease, stroke, or transient

ischemic attack.

2.3 Physical examination

Anthropometric measurements were taken according to a standard

operating procedure. Body mass index (BMI) was calculated as weight

in kilogramsdividedby square of height inmeters. Seated right brachial

blood pressure was measured by well-trained researchers using an

Omron HEM-7130 electronic sphygmomanometer with the standard

calibration protocol and appropriately sized cuffs after a 5-minute rest.

All participants were forbidden to smoke, exercise intensely or drink

coffee before the measurement. Triplicate measurements were taken

at intervals of at least 1 minute. The mean of the three consecutive

measurements of each participant’s SBP and DBPwere taken for anal-

ysis.

2.4 Laboratory measurements

After overnight fasting for at least 12 hours, a 3.5 mL venous

blood sample was obtained from the median cubital of each par-

ticipant, which was used for measurement of TC, TG, LDL-C, HDL-

C, fasting blood glucose, the standard 75 g oral glucose tolerance

test, and serum creatinine (Scr) concentrations. All laboratory sam-

ples were measured by enzymatic techniques using the HITACHI

7100 Automatic Analyzer. Additionally, the estimated glomerular

filtration rate (eGFR) was calculated using the following equation

derived from the Chronic Kidney Disease Epidemiology Collabora-

tion (CKD–EPI, 2009)29: eGFR = 141×min (Scr/κ, 1)α×max (Scr/κ,
1)–1.209×0.993Age×1.018 (if female), of which Scr is serum creamine

(mg/dL); κ, 0.7 for females and 0.9 for males; α, -0.329 for females and -

0.411 formales;min, theminimumof Scr/κor 1; andmax, themaximum

of Scr/κ or 1.

2.5 Pulse wave velocity measurements

BaPWV was measured by well trained technicians using the Omron

Colin BP-203RPEIII device (OmronHealthcare, Kyoto, Japan) based on

a standard protocol. The details of the oscillometric method have been

described and validated previously.30 Briefly, baPWV for each partici-

pant was measured in the supine position after a 5-minute rest. Pulse

waves of brachial and posterior tibial arteries at the pressure cuffs

were recorded by the device, respectively, and the distance between

the upper arm and ankle is calculated using a liner regression of body

height. BaPWV on both sides was obtained using the distance divided

by the time difference via the device automatically. The higher baPWV

was used for further analysis.

The measurement of cfPWV was performed by professional tech-

nicians using the PulsePen device (DiaTecne, Italy) in accordance with

standard operating procedures. After resting in the supine position for

at least 5 minutes, pulse waveforms of the strongest beating points of

each participant’s right carotid and femoral were collected. The dis-

tances from carotid to femoral, carotid to sternal angle, and sternal

angle to femoral weremeasured simultaneously and the pass timewas

calculated by the “foot-to-foot” method, which were taken into the

device for automatic calculation of cfPWV. The mean of at least two

measurements of cfPWVwas obtained from each participant.

2.6 Carotid ultrasonography

All participants underwent carotid ultrasonography using the Terason

Echoultrasound system (Terason,USA)with an8-MHz linear array vas-

cular probe according to standard protocol by a trained and certified

sonographer. Briefly, the figures of bilateral common carotid arteries

IMTwere clearly retained in segments freeof plagues andabout10mm

in length near the bulb. Finally, cIMTwas measured by certified sonog-

raphers using theVascular research tools 6 (MIA-Carotid Analyzer 6.0)

software by a semiautomatic method. Increased cIMT was defined as

either of the two cIMT of both sides in the far wall of common carotid

arteries> 0.9mm in systole.9,31

2.7 Statistical analysis

Normally distributed continuous variables were expressed as mean ±

standard deviation (SD), and were compared using one-way ANOVA

between multiple groups. Skewed distributed continuous variables

were expressed as median (interquartile range), and were compared

byKruskal–Wallis test.Dichotomousvariableswereexpressedasnum-

bers (percentages, %), andwere compared by chi-squared test. Logistic

regression models were used to investigate the relationships between

PWV indices and increased cIMT in both univariable andmultivariable

analyses adjusting age, sex, BMI, SBP, DBP, eGFR, TG, LDL-C, HDL-C,

fast blood glucose, current smoking, current drinking, antihypertensive

drugs, hypoglycemic drugs, lipid-lowering drugs, and history of cardio-

vascular disease, whichwere selected based on previous studies show-

ing a relation to PWVor cIMT. To compare the association between dif-

ferent PWV indices and increased cIMT, cfPWV, and baPWVwere first

individually and then simultaneously put into themultivariable regres-

sion models. The odds ratios (OR) of increased cIMT associated with

PWV indices were reported according to 1 m/s increase and quartiles

of cfPWV and baPWV.

Subgroup and interaction analyses were developed to examine the

relationships between PWV indices and increased cIMT in terms of

specific covariates. Tests for interaction in the logistic-regressionmod-

els were used to compareORs between the analyzed subgroups.
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All analyses were performed using Empower (R) (www.

empowerstats.com, X&Y solutions, Inc, Boston, MA, USA) and R-

3.5.1 (http://www.R-project.org). A P value of < .05 was considered to

be statistically significant for all tests.

3 RESULTS

3.1 Baseline characteristics of participants

Baseline characteristics of all participants are presented overall and

according to quartiles of cfPWV (Table 1) and baPWV (Table S1). Par-

ticipants were 62.32±7.63 years old, and 34.14% (n = 2057) were

males. Mean (SD) BMI was 25.21±3.31 kg/m2, and mean (SD) base-

line eGFR was 93.29±11.44 mL/min/1.73 m2. Mean (SD) cfPWV and

baPWVwere 8.55±1.83 and 16.79±3.35m/s, respectively. The preva-

lence of hypertension, diabetes mellitus, dyslipidemia, and cardiovas-

cular disease were 54.40% (n = 3278), 28.69% (n = 1729), 80.53%

(n = 4853), and 16.32% (n = 983), respectively. Mean (SD) cIMT was

0.90±0.15 mm, and the prevalence of increased cIMT was 59.58%

(n = 3590). All variables were significantly different according to the

quartiles of cPWV.

3.2 Associations of cfPWV and baPWV with
increased cIMT when considered individually

As shown in Figure S1, there was a positive correlation between the

odds of increased cIMT and either of different PWV indices after

adjusting for age and sex, while the growth rate of the smoothing curve

tended to slow downwith baPWVmore than 14m/s.

Table 2 shows the results of logistic regressions for the effects of

cfPWV and baPWV on the odds of increased cIMT. Whether PWVs

were treated as continuous or categorical variables, increased cIMT

was associated with both cfPWV and baPWV in crude models. Both

relationships remained statistically significant after adjusting for vari-

ous baseline parameterswithOR (95% confidence interval [CI]) of 1.07

(1.02-1.11) for 1 m/s increase of cfPWV, as well 1.03 (1.00-1.05) for

1 m/s increase of baPWV. However, after adjusting for various con-

founders, the relationship was not in a clear dose-dependent manner.

Only for the top quartile (cfPWV ≥9.43 m/s and baPWV ≥18.62 m/s),

cfPWV and baPWV were associated with increased cIMT with an OR

(95% CI) of 1.28 (1.06-1.55) and 1.23 (1.00-1.50), respectively, when

comparing with the bottom quartile.

3.3 Associations of cfPWV and baPWV with
increased cIMT when considered simultaneously

As shown in Table 3, when cfPWV and baPWV were added into the

model simultaneously, only cfPWVwas independently associated with

increased cIMT whether PWVs as continuous or categorical variables.

The significant relationship between baPWV and increased cIMT dis-

appeared. Among the categorical variable sets, only the highest quar-

tile of cfPWV was related to increased cIMT with an OR (95% CI) of

1.23 (1.00-1.51). And the relationship between continuous variable

and increased cIMT was significant with an OR (95% CI) of 1.05 (1.01-

1.10) for 1m/s increase of cfPWV.

Subgroup analyses are presented in Table 4 when cfPWV and

baPWV simultaneously entered into the multivariate regression strat-

ified by the specified variables. The results showed that cfPWV was

more strongly associated with increased cIMT than baPWV in male,

participants aged 65 years or more, those with BMI ≥24 kg/m2, hyper-

tension, diabetes mellitus, or dyslipidemia.

4 DISCUSSION

The relationship between PWV and increased cIMT was observed in

the present study. There were two main findings of this study as fol-

lows: (1) both cfPWV and baPWV were significantly associated with

increased cIMT, independent of common risk factors of cardiovascu-

lar disease; (2) comparedwith baPWV, the association between cfPWV

and increased cIMT was stronger in a Chinese community-based pop-

ulation, especially in men, participants aged ≥65 years, and those with

obesity, hypertension, diabetes mellitus, or dyslipidemia.

Early detection of arterial injury, remodeling, or atherosclerosis is

crucial for reducing cardiovascular risk. Throughout the 20th century,

vascular disease has been considered synonymous with atherosclero-

sis. The role of arterial stiffness in the risk assessment of cardiovascular

disease was not taken seriously, until epidemiological studies revealed

the predictive effect of it independent of traditional factors on car-

diovascular disease.11,32 There is a close interaction between arterial

stiffness and atherosclerosis. Although cIMT is not synonymous with

atherosclerosis, the potential value of increased cIMT as a surrogate

marker for arterial injury and atherosclerosis has been evaluated.33,34

PWV, the most widely used measurement of arterial stiffness, has

emerged as a useful tool for the diagnosis and risk stratification of car-

diovascular disease. The twomost commonlyusedPWV indices in clini-

cal practice are cfPWVandbaPWV,bothofwhichhavebeen separately

analyzed for their association with cIMT.

Most previous cross-sectional studies have indicated that cfPWV

was associated with cIMT in different populations. Zureik and

associates26 and Taniwaki and associates 22 demonstrated that cfPWV

was positively associated with cIMT in general population (r = 0.39,

P < .001) and type 2 diabetes patients (r = 0.482, P < .0001), respec-

tively. Similarly, Sumbul and associates 21 discovered that 0.1 mm

increase of cIMT was associated with increased cfPWV by 50% in

hypertensive. Furthermore, Kubozono and associates first reported

that high baPWV was a strong predictor of increased cIMT (≥1.0 mm)

among 1583 Japanese male undergoing routine health examination.23

Baseline cfPWV was also found to be independently associated with

increased cIMT during a four-year period in a hypertensive old-aged

cohort.35

However, there have been some studies to the contrary. The study

of Bai and associates suggested that cfPWV was only significantly

http://www.empowerstats.com
http://www.empowerstats.com
http://www.R-project.org
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TABLE 1 Baseline characteristics of all eligible participants, overall and according to the quartile of cfPWV

Variables Overall

cfPWV,m/s

PQ1 (≤7.31) Q2 (7.32-8.19) Q3 (8.20-9.42) Q4 (≥9.43)

N 6026 1504 1503 1509 1510

Age, y 62.32±7.63 58.64±6.56 60.56±6.15 62.82±6.82 67.23±8.03 <.001

Male, n (%) 2057 (34.14%) 333 (22.14%) 463 (30.81%) 567 (37.57%) 694 (45.96%) <.001

BMI, kg/m2 25.21±3.31 24.81±3.23 25.19±3.19 25.53±3.48 25.31±3.28 <.001

SBP, mmHg 132.93±16.63 122.74±13.92 130.04±14.43 135.92±14.84 142.98±16.19 <.001

DBP, mmHg 78.98±9.51 76.20±8.55 79.01±9.09 80.40±9.51 80.28±10.20 <.001

eGFR,

mL/min/1.73m2

93.29±11.44 96.66±9.85 95.07±10.39 93.12±10.72 88.36±12.84 <.001

Fasting glucose,

mmol/L

6.15±1.85 5.62±1.09 5.96±1.65 6.21±1.76 6.81±2.44 <.001

TC, mmol/L 5.33±1.03 5.39±1.01 5.39±1.00 5.31±1.04 5.24±1.06 <.001

TG*, mmol/L 1.37 (0.98-1.93) 1.29 (0.92-1.75) 1.40 (0.99-1.95) 1.39 (1.00-2.01) 1.41 (1.00-2.00) <.001

LDL-C, mmol/L 3.42±0.97 3.46±0.93 3.47±0.96 3.41±0.99 3.36±1.00 .010

HDL-C, mmol/l 1.50±0.35 1.56±0.37 1.50±0.35 1.48±0.35 1.45±0.33 <.001

cfPWV,m/s 8.55±1.83 6.68±0.47 7.76±0.25 8.75±0.35 11.00±1.69 <.001

baPWV,m/s 16.79±3.35 14.32±2.05 15.71±2.27 17.29±2.61 19.83±3.47 <.001

Current smoking, n

(%)

831 (13.93%) 162 (10.87%) 221 (14.82%) 226 (15.17%) 222 (14.84%) .001

Current drinking, n

(%)

625 (10.44%) 106 (7.08%) 129 (8.65%) 176 (11.74%) 214 (14.28%) <.001

Prevalence of disease, n (%)

Hypertension 3278 (54.40%) 437 (29.06%) 708 (47.11%) 939 (62.23%) 1194 (79.07%) <.001

Dyslipidemia 4853 (80.53%) 1171 (77.86%) 1248 (83.03%) 1223 (81.05%) 1211 (80.20%) .004

Diabetes mellitus 1729 (28.69%) 238 (15.82%) 354 (23.55%) 471 (31.21%) 666 (44.11%) <.001

Coronary heart

disease

718 (11.92%) 117 (7.79%) 137 (9.12%) 181 (11.99%) 283 (18.74%) <.001

Stroke / TIA 265 (4.40%) 36 (2.39%) 48 (3.19%) 72 (4.77%) 109 (7.22%) <.001

Medication, n (%)

Antihypertensive

drugs

2159 (35.86%) 303 (20.16%) 454 (30.25%) 609 (40.38%) 793 (52.59%) <.001

Hypoglycemic drugs 975 (16.19%) 133 (8.85%) 180 (11.98%) 254 (16.84%) 408 (27.04%) <.001

Lipid-lowing drugs 1200 (19.95%) 254 (16.92%) 283 (18.85%) 323 (21.45%) 340 (22.56%) <.001

Data are presented asmean± standard deviation (SD) or median (interquartile range) for continuous variables and percentage (%) for categorical variables.

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; cfPWV, carotid-femoral pulse wave velocity; cIMT, carotid intima-

mediumthickness;DBP, diastolic bloodpressure; eGFR, estimatedglomerular filtration rate;HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density

lipoprotein-cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, Triglycerides; TIA, transient ischemic attack.

*Median (interquartile range).

associated with cIMT as a continuous variable, but not with increased

cIMT as a dichotomous one (OR = 1.25, 95% CI: 0.97-1.60, per SD).31

A cross-sectional study performed in 155 individuals aged over 75

years also showed baPWV was not associated with cIMT, which might

be related to the older participants.27 Joo and associates demon-

strated that participants with higher baPWV had a significantly higher

prevalence of composite coronary and carotid atherosclerosis but

increased cIMT was not significantly associated with higher baPWV.36

Besides, another study involving patients with acute ischemic stroke

also revealed increased baPWV was associated with the presence

of atherosclerosis in the intracranial cerebral artery, but not with

atherosclerosis in the extracranial cerebral artery.37

Noticeably, to the best of our knowledge, only one cross-sectional

study has compared the correlations of cfPWV/baPWV separately or

simultaneously with increased cIMT. This community-based Chinese

cross-sectional study, including 1599 elderly participants aged over

65 years, revealed that only cfPWV, but not baPWV, was significantly

associated with increased cIMT (OR = 1.34, 95% CI: 1.02-1.76), when
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TABLE 2 Logistic regressions for the effects of cfPWV and baPWVon the odds of increased cIMT

Variables n (%)

Crude Model I Model II

OR (95%CI) P OR (95%CI) P OR (95%CI) P

cfPWV (continuous), per 1m/s 1.29 (1.25-1.34) <.001 1.13 (1.09-1.17) <.001 1.07 (1.02-1.11) .003

cfPWVQuartiles, m/s

Q1: (≤7.31) 709 (47.14%) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

Q2: (7.32-8.19) 845 (56.22%) 1.44 (1.25-1.66) <.001 1.25 (1.08-1.45) .003 1.14 (0.98-1.33) .097

Q3: (8.20-9.42) 936 (62.03%) 1.83 (1.58-2.12) <.001 1.35 (1.16-1.57) <.001 1.13 (0.96-1.33) .158

Q4: (≥9.43) 1100 (72.85%) 3.01 (2.58-3.50) <.001 1.65 (1.40-1.95) <.001 1.28 (1.06-1.55) .011

P for trend <.001 <.001 .021

baPWV (continuous), per 1m/s 1.14 (1.12-1.16) <.001 1.06 (1.04-1.08) <.001 1.03 (1.01-1.05) .029

baPWVQuartiles, m/s

Q1: (≤14.44) 693 (45.99%) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Q2: (14.45-16.26) 848 (56.50%) 1.53 (1.32-1.76) <.001 1.26 (1.08-1.46) .003 1.08 (0.92-1.26) .353

Q3: (16.27-18.61) 950 (63.04%) 2.00 (1.73-2.32) <.001 1.38 (1.18-1.61) <.001 1.05 (0.89-1.25) .547

Q4: (≥18.62) 1099 (72.73%) 3.13 (2.69-3.65) <.001 1.70 (1.44-2.01) <.001 1.23 (1.00-1.50) .046

P for trend <.001 <.001 .081

Model I: adjusted for age and sex. Model II: adjusted for age, sex, body mass index, smoking and drinking status, systolic and diastolic blood pressure, eGFR,

fasting glucose, high/low-density lipoprotein cholesterol, triglycerides, cardiovascular disease, antihypertensive drugs, lipid-lowing drugs, and hypoglycemic

drugs.

Abbreviations: baPWV, brachial-ankle pulsewave velocity; cfPWV, carotid-femoral pulsewave velocity; CI, confidence interval; cIMT, carotid intima-medium

thickness; OR, odds ratio.

TABLE 3 Multivariable logistic regressions for the effects of
cfPWV and baPWVon the odds of increased cIMTwhen considered
simultaneously

PWV,m/s

Increased cIMT

OR (95%CI) P

cfPWV (Continuous,

per 1m/s)

1.05 (1.01-1.10) .024

cfPWVQuartiles, m/s

Q1: (≤7.31) 1.0 (Reference)

Q2: (7.32-8.19) 1.13 (0.97-1.33) .118

Q3: (8.20-9.42) 1.11 (0.93-1.32) .246

Q4: (≥9.43) 1.23 (1.00-1.51) .049

baPWV (Continuous,

per 1m/s)

1.01 (0.99-1.04) .309

baPWVQuartiles, m/s

Q1: (≤14.44) 1.0 (Reference)

Q2: (14.45-16.26) 1.06 (0.90-1.24) .511

Q3: (16.27-18.61) 1.01 (0.84-1.21) .940

Q4: (≥18.62) 1.14 (0.92-1.42) .236

cfPWV and baPWVwere entered into the model simultaneously. The mod-

elswere adjusted for age, sex, bodymass index, smoking anddrinking status,

systolic and diastolic blood pressure, eGFR, fasting glucose, high-density

lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides,

coronary heart disease, stroke, antihypertensive drugs, lipid-lowing drugs,

and hypoglycemic drugs.

Abbreviations: baPWV, brachial-ankle pulse wave velocity; cfPWV, carotid-

femoral pulse wave velocity; CI, confidence interval; cIMT, carotid intima-

medium thickness; OR, odds ratio.

both PWV indices were simultaneously put into the stepwise logis-

tic regression model.20 Similarly, cfPWV has shown a better link with

increased cIMT than baPWV in participants aged 65 years or more in

our study. Meanwhile, we also found similar results among those with

obesity, hypertension, diabetes mellitus, or dyslipidemia, which may

indicate cfPWV should be more recommended than baPWV for the

marker of increased cIMT in populations with already existed cardio-

vascular risk factors.

The stronger relationship of cfPWV than baPWV with increased

cIMT in our study was not surprising. The arterial system is composed

of elastic arteries, muscular arteries, and arterioles, among which the

carotid artery belongs to elastic arteries. By contrast, cfPWV includes

only elastic arteries, while baPWV includes large portion of peripheral

muscular artery.38 Therefore, cfPWV may be more sensitive to stiff-

ness of elastic arteries than baPWV.

Increased cIMT could be used to determine atherosclerosis in early

stage noninvasively.33 Endothelial dysfunction is initial mechanism

of atherosclerotic process. Meanwhile, previous study has summa-

rized the multiple causes and locations of arterial stiffness, including

endothelial cells dysfunction, as well as the deposition of cellular ele-

ments such as collagen in intima and media of the vessel wall.39 On

gross pathologic vascular specimens, these molecular changes mani-

fest as adoubling to tripling of intima-media thickness betweenages20

and 90.40 Thus, increased cIMT is not only associated with atheroscle-

rosis, but also with arterial stiffness. Besides, increased PWV shares

the common risk factorswith increased cIMT, such as diabetesmellitus,

hypertension, and dyslipidemia, which might be another crucial mech-

anism of the correlation between PWV and cIMT.41,42
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TABLE 4 Subgroup analyses for the effects of cfPWV and baPWVwhen considered simultaneously on the odds of increased cIMT stratified by
the specified variables

Subgroups n (%)

cfPWV baPWV

OR (95%CI) P OR (95%CI) P

Age, years

<65 2104 (52.12%) 1.03 (0.97-1.09) .386 1.03 (0.99, 1.06) .101

≥65 1486 (74.71%) 1.10 (1.03, 1.18) .008 0.99 (0.95, 1.03) .707

Sex

Male 1394 (67.77%) 1.14 (1.05, 1.23) .002 1.01 (0.97, 1.06) .600

Female 2196 (55.33%) 1.02 (0.96, 1.08) .599 1.01 (0.98, 1.05) .403

BMI, kg/m2

<24 1176 (52.81%) 0.99 (0.92, 1.06) .760 1.03 (0.99, 1.08) .135

≥24 2414 (63.54%) 1.11 (1.04, 1.18) .001 1.00 (0.97, 1.03) .937

Hypertension

No 1400 (50.95%) 1.01 (0.94, 1.10) .710 1.01 (0.97, 1.06) .598

Yes 2190 (66.81%) 1.07 (1.01, 1.14) .015 1.01 (0.98, 1.05) .449

Diabetesmellitus

No 2434 (56.64%) 1.04 (0.98, 1.10) .189 1.02 (0.99, 1.05) .231

Yes 1156 (66.86%) 1.09 (1.01, 1.18) .033 1.00 (0.96, 1.05) .940

Dyslipidemia

No 666 (56.78%) 1.01 (0.92, 1.12) .805 1.04 (0.99, 1.10) .147

Yes 2924 (60.25%) 1.06 (1.01, 1.12) .022 1.01 (0.98, 1.04) .586

cfPWV and baPWVwere entered into themodel simultaneously. Themodel adjusted for age, sex, bodymass index, smoking and drinking status, systolic and

diastolic blood pressure, eGFR, fast glucose, high/low-density lipoprotein cholesterol, triglycerides, coronary heart disease, stroke, antihypertensive drugs,

lipid-lowing drugs, and hypoglycemic drugs.

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, bodymass index; cfPWV, carotid-femoral pulse wave velocity; cIMT, carotid intima-medium

thickness, CI, confidence interval; OR, odds ratio.

Our study has several potential limitations. First, all participants

were from a Chinese community-based population. The generalizabil-

ity of our results to other populations is remained to be determined.

Second, the present study is a cross-sectional study, a longitudinal

approach is needed to confirm the associations between PWV mea-

surements and the risk of increased cIMT. Thus, it should be stud-

ied further whether cfPWV and baPWV should be treated differently

when serves as predictors of the progression of carotid wall thicken-

ing. Third, a recent study found that increased baPWV, not increased

cIMT, was significantly associated with total cerebral small vessel dis-

ease burden in a Chinese rural community-based population.43 There-

fore, even if cfPWVwasmore strongly associated with increased cIMT

than baPWV in our study, we cannot infer that cfPWV is better asso-

ciatedwith overall cardiovascular disease or other hypertensive target

organ damage.

5 CONCLUSIONS

Our findings show that both cfPWV and baPWV are independently

associated with increased cIMT in a Chinese community-based pop-

ulation without peripheral arterial disease. CfPWV is more strongly

correlated with increased cIMT than baPWV, especially in males, the

elder, and people with obesity, hypertension, diabetes mellitus, or dys-

lipidemia. In view of the lack of current data for comparing the associa-

tion between different PWV indices and increased cIMT, the results of

the present study may provide some guiding significance in this field.

Future research should focus on investigating the longitudinal rela-

tionships between different PWV indices and the early indicators of

atherosclerosis.
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