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Abstract

Background: To investigate the association between brachial‐ankle pulse wave

velocity (baPWV) and cardiovascular and cerebrovascular disease (CVD) in different

age groups.

Methods: A total of 39 417 people, receiving Kailuan physical examination, com-

pleting baPWV examination from 2010 to 2017, with no history of CVD and atrial

fibrillation, were selected as the observation objects. The population was categor-

ized into one age group per 10 years, namely the <50, 50–59, 60–69, 70–79, and

≥80‐year‐old groups, and the total population, and each group was further assigned

into three classes according to the triple quartiles of baPWV. Kaplan–Meier method

helped to calculate the cumulative incidence of CVD in different age groups. The

effect of baPWV on CVD in different age groups was evaluated using the Cox

proportional hazards regression model.

Results: Kaplan–Meier survival curve indicated statistical significance (p < .05) in the

cumulative incidence of CVD among the whole population, <50, 50–59, and 60–69‐

year‐old groups, while the cumulative incidence of end‐point events among the

baPWV subgroups of 70–79 and ≥80‐year‐old groups exhibited no statistical sig-

nificance (p > .05). Compared with baPWV in the Q1 group, hazard ratio value (95%

confidence interval [CI]) of CVD in the Q3 group was 4.14 (95% CI: 2.98–5.75) in the

total population, 2.98 (95% CI: 1.08–8.21) in <50‐year‐old population, 4.49 (95% CI:

2.89–7.00) in 50–59‐year‐old population, 2.78 (95% CI: 1.76–4.39) in 60–69‐year‐

old population, 1.39 (95% CI: 0.86–2.24) in 70–79‐year‐old population, and 1.15

(95% CI: 0.55–2.41) in ≥80‐year‐old population.

Conclusion: CVD risk attributed to increased arterial stiffness reduces with age.
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1 | INTRODUCTION

Arterial stiffness indicates the aging of blood vessels.1 A line of evi-

dence confirmed that arterial stiffness is not only the result of con-

ventional cardiovascular risk factors acting on blood vessels,2 but also

a predisposing factor for hypertension,3,4 diabetes,5,6 cardiovascular

events,7,8 cognitive dysfunction,9,10 and renal impairment.11 In 1989,

a positive association between arterial stiffness and cardiovascular

disease (CVD) events was initially reported by Tadakazu Hirai.12 The

subsequent arterial stiffness risk in communities study,13 Hoorn

study,14 Maastricht study,15 and chronic renal insufficiency co-

hort study16 reported a correlation between arterial stiffness and

hypertension, abnormal glucose metabolism and diabetes, cognitive

dysfunction, and renal impairment, respectively. Another study re-

vealed a 6% enhancement in the risk of all‐cause mortality for every

1 cm/s increase in brachial‐ankle pulse wave velocity (baPWV).17

There is a linear relationship between arterial stiffness and age.18

Consequently, increasing age has been identified as a nonmodifiable

risk factor for CVD, while the impact and magnitude of exposure to

different risk factors vary among age groups. Emma F. van Bussel

reported a decline in the association between some risk factors and

CVD with increasing age.19 As an important risk factor of CVD, it is

not clear whether there are differences in the effects of exposure to

arterial stiffness in different ages on CVD. To address this issue, the

present study analyzed the association between arterial stiffness and

CVD at different ages, based on data from the Kailuan study (regis-

tration number ChiCTR‐TNC‐11001489) using baPWV as an index.

2 | METHODS

2.1 | Study population

From 2006 to 2007, a total of 101 510 (81 110 males and 20 400

females) in‐service and retired workers of Kailuan Group registered

for the first time for health examination in Kailuan General Hospital

and 11 affiliated hospitals. Thereafter, the second, third, fourth, fifth,

and sixth health check‐ups were conducted in 2008–2009,

2010–2011, 2012–2013, 2014–2015, and 2016–2017, respec-

tively. Some of the observation subjects underwent baPWV de-

termination at the third, fourth, fifth, and sixth health check‐ups. This

present study included those candidates who completed the con-

current health inspection and baPWV determination for analyses.

Inclusion criteria: (i) those who underwent Kailuan physical ex-

amination in 2010–2011, 2012–2013, 2014–2015, and 2016–2017;

(ii) those who completed baPWV examination at the same time; (iii)

those who consented to participate in this study. Exclusion criteria: (i)

those with severe physical disabilities and failed to undergo the ex-

amination; (ii) those who did not agree to participate in this study; (iii)

those with a previous history of CVD, atrial fibrillation, and those

with incomplete data of blood pressure. This study was conducted in

accordance with the Declaration of Helsinki and was approved by the

Ethics Committee of Kailuan General Hospital.

2.2 | Baseline information

Epidemiological investigations and biochemical and anthropological

measurements were detailed in the published literature.20 Subjects

sat still for 15 min before measuring their blood pressure. A bench‐

top mercurial sphygmomanometer was employed to measure the

right brachial pressure. Three consecutive measurements were

taken with an interval of 1–2 min between each measurement, and

the average of the three measurements was considered. mean

arterial pressure (MAP) = diastolic blood pressure (DBP) + 1/3PP.

Body mass index (BMI) = weight (kg)/height (m)2. Smoking was de-

fined as an average of ≥1 cigarette/day in the last year. Physical

activity was defined as exercise ≥3 times per week, each lasting

≥30min.

2.3 | BaPWV determination

We collected baPWV values using a BP‐203 RPE III networked ar-

terial stiffness detection device produced by Omron Health Medi-

cal Co., Ltd.21 Measurements were taken between 7:00 and 9:00 in

the morning on the examination day. Participants refrained from

smoking or drinking beverages for 24 h before the examination.

During baPWV assessment, participants sat for more than 5min in a

room with a controlled temperature of 22–25°C. Participants wore

light clothing, reclined in a supine position without a pillow and were

asked to keep quiet during the examination. Both arms and ankles

were wrapped in cuffs. The lower edge of the arm cuff was posi-

tioned 2–3 cm above the cubital fossa transverse striation, while the

lower edge of the ankle cuff was positioned 1–2 cm above the su-

perior aspect of the medial malleolus. Electrocardiogram electrodes

were placed on both wrists, and a heartbeat monitor was placed on

the left edge of the sternum. In this study, each participant under-

went two measurements, and the second data was taken as the final

result. The larger values of baPWV on the left and right sides were

taken for analysis.

2.4 | Follow‐up and end‐point event

After the completion of baPWV determination, that is, the starting

point of follow‐up, trained medical staff reviewed the inpatient di-

agnosis and recorded the end‐point events of the observation objects

in the Affiliated Hospitals of Kailuan Group and the Designated

Hospitals for Medical and Health Insurance of China every year. The

end‐point events were defined as CVD during the follow‐up, in-

cluding stroke and myocardial infarction (please refer to the Stan-

dards from World Health Organization for their definitions and

diagnostic criteria). Based on the inpatient medical records, profes-

sional doctors confirmed all diagnoses. The time and event of the first

event were considered as the end‐point for those with ≥2 events, and

the final follow‐up date for those without events was December

31, 2019.
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2.5 | Statistical analysis

The measured data followed the normal distribution and were

expressed as mean ± SD and a one‐way analysis of variance was

adopted for the intergroup comparison. The measurement data of

nonnormal distribution were represented as M(Q1, Q3), and the

study groups were compared by Kruskal–Wallis rank‐sum test.

Frequency and percentage were employed to express classified

variables, and the χ2 test was performed for the intergroup

comparison. The incidence of CVD and stroke in the whole po-

pulation and different age groups of baPWV was computed by

the Kaplan–Meier method. The log‐rank test was utilized to

compare the differences of CVD and stroke between the whole

population and different age groups of baPWV. Meanwhile,

the Cox regression multiplication model was applied to observe

the interaction between age‐based groups and baPWV tertiles.

Furthermore, the present study also calculated the hazard ratio

(HR) and 95% confidence interval (CI) of CVD in the whole po-

pulation and different age groups (with the first percentile as the

control), and the HR and 95% CI of CVD in baPWV increased by

1 SD. Owing to the high risk of mortality on cardiovascular

events, the death competitive risk models were explored for

patients over 70 years old. For the sensitivity analysis, a Cox

regression analysis of the effect of baPWV on CVD was done

after excluding study subjects with an ankle‐brachial index

(ABI) < 0.9 to avoid a low (ABI) that might affect baPWV values.

All data were analyzed statistically with the help of the SAS 9.4

software, and p < .05 was considered a statistically significant

difference (two‐sided).

3 | RESULTS

3.1 | Characteristics of the study population

A total of 41 121 people who received physical examination for

baPWV determination in Kailuan General Hospital from 2010 to

2017 were considered as research objects. The present study

collectively excluded 523 cases with a previous history of CVD,

226 with a history of atrial fibrillation, and 955 with incomplete

blood pressure data, and finally included 39 417 cases for statis-

tical analyses. The study population encompassed 28 571 (72.48%)

males and 10 846 (27.52%) females, with a mean age of

51.65 ± 13.28 years and a mean baPWV of 1602.43 ± 362.70 cm/s.

The enrolled subjects were classified into three groups by tricho-

tomies based on baPWV, and statistically significant differences

were observed in age, gender, baPWV, SBP, DBP, MAP, trigly-

ceride, high sensitivity C reactive protein, total cholesterol,

high‐density lipoprotein cholesterol, low‐density lipoprotein cho-

lesterol, fasting blood glucose, BMI, hypertension, smoking habit,

physical exercise, diabetes, and antihypertensive medication

among the three groups (p < .05; Table 1).

3.2 | Cumulative incidence rates of CVD

With a mean follow‐up of 5.12± 2.37 years, 986 cases of CVD were

reported, with cumulative incidence rates of 0.12%, 3.46%, and 9.43% in

the Q1, Q2, and Q3 quartile groups, respectively, in the total population.

A statistically significant difference was confirmed by the log‐rank test in

the cumulative incidence between the groups (p< .05). Kaplan–Meier

survival analysis revealed that the cumulative incidence of CVD was

0.19%, 0.56%, and 3.22% in the subgroup <50‐year‐old from Q1 to Q3

group, 1.30%, 3.80%, and 9.56% in 50–59‐year‐old group, 3.82%, 7.74%,

and 11.47% in 60–69‐year‐old group, 11.93%, 10.80%, and 12.28% in

70–79‐year‐old group, and 7.58%, 10.39%, and 11.74% in the subgroup

≥80‐year‐old, respectively. Based on the log‐rank test, the cumulative

incidence of end‐point events exhibited statistically significant difference

among the subgroups of <50, 50–59, and 60–69‐year old groups

(p< .05), while the difference was statistically insignificant in the cumu-

lative incidence of end‐point events among the subgroups of 70–79 and

≥80‐year old groups (p= .15 and p= .30, respectively; see Figure 1).

3.3 | Cox proportional‐hazards model
affecting CVD

Considering CVD as the dependent variable, baPWV tertile as in-

dependent variables, and Q1 tertile group as the control group, age,

gender, heart rate, BMI, TC, MAP, fasting glucose, high‐sensitivity

C‐reactive protein, smoking, physical activity, and whether taking an-

tihypertensive drugs were corrected. Cox regression analysis con-

firmed that the age and baPWV group had interaction with CVD (p for

interaction < .001). Compared to baPWV in the Q1 group, the HR

values (95% CI) of CVD in the Q3 group were 4.14 (95% CI:

2.98–5.75), 2.98 (95% CI: 1.08–8.21), 4.49 (95% CI: 2.89–7.00), 2.78

(95% CI: 1.76–4.39), 1.39 (95% CI: 0.86–2.24), and 1.15 (95% CI:

0.55–2.41) in the total population, <50‐year‐old population, 50–59‐

year‐old population, 60–69‐year‐old population, 70–79‐year‐old po-

pulation, and ≥80‐year‐old population, respectively. Relative to the Q1

group, the HR values (95% CI) of stroke in the Q3 group were 4.22

(95% CI: 3.04–5.86) in the total population, 3.80 (95% CI: 3.04–5.86)

in <50‐year‐old group, 4.54 (95% CI: 2.91–7.06) in the 50–59‐year‐old

group, 3.13 (95% CI: 2.11–4.66) in the 60–69‐year‐old group, 1.61

(95% CI: 0.96–2.69) in the 70–79‐year‐old group, and 0.86 (95% CI:

0.38–1.92) in ≥80‐year‐old group. By every one increase of SD of

baPWV, the HR values (95% CI) of CVD were 1.30 (95% CI:

1.25–1.36), 1.44 (95% CI: 1.22–1.70), 1.21 (95% CI: 1.08–1.36), 1.32

(95% CI: 1.14–1.53), 1.08 (0.97–1.20), and 1.13 (95% CI: 0.77–1.66) in

the total population, <50, 50–59, 60–69, 70–79, and ≥80‐year‐old

groups, respectively, whereas the HR values (95% CI) of stroke events

were 1.28 (95% CI:1.23–1.34), 1.40 (95% CI: 1.21–1.68), 1.26 (95% CI:

1.21–1.31), 1.24 (95% CI: 1.10–1.41), 1.27 (95% CI: 1.08–1.47), and

0.92 (95% CI: 0.65–1.32), respectively (Table 2). The death competitive

risk model of partakers over 70 years old was analyzed, and the results

were found to be consistent (see attached Table 1).
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3.4 | Sensitivity analysis

The sensitivity analysis was conducted, excluding those with an

ABI < 0.9. The results of this analysis were in agreement with the

previous results, substantiating the elevated risk of cardiovascular and

stroke events with increasing baPWV in the total population, in the

<50, 50–59, and 60–69‐year‐old groups. Nonetheless, the association

between baPWV and CVD and stroke events was not statistically

significant (p > .05) in the 70–79 and ≥80‐year‐old groups (Table 3).

4 | DISCUSSION

The present study established arterial stiffness as a risk factor for

cardiovascular events, and the risk of both total CVD and stroke

aggravated with increased arterial stiffness. It was also claimed that

such an increased risk might be age‐related; as is, the risk of CVD

due to increased arterial stiffness tended to decrease with

increasing age.

Previous studies revealed that increased arterial stiffness is a

predisposing factor for arteriosclerotic cardiovascular disease, heart

failure, kidney damage, and cognitive impairment, whether measured

by carotid‐femoral pulse wave velocity (cfPWV) or baPWV.2,22–25

Ohkuma et al.26 found that for every 1 SD of baPWV in 14 673

people without CVD, the risk of CVD increased by 1.19 times. No-

tably, we realized a dose‐dependent increase in the risk of CVD at-

tributed to enhanced arterial stiffness, with a 30% and 28% increase

in CVD and stroke risk, respectively, for every 1 SD increase in

baPWV (339.43 cm/s) in the total population. However, in different

age groups, there was a reduction in the risk of CVD and stroke per

1 SD increase with increasing age. The risk values for CVD and stroke

declined from 1.44 (95% CI: 1.22–1.70) and 1.40 (95% CI: 1.21–1.68)

in the <50‐year‐old group to 1.08 (95% CI: 0.97–1.20) and 0.92 (95%

CI: 0.6–1.32) in the 70‐ and 80‐year‐old groups, respectively.

Therefore, the risk due to increased baPWV was suggested to be

age‐dependent. Furthermore, the risk of CVD and stroke in Q3 in the

<50‐year‐old group was lower than that in Q3 in the 50–59‐year‐old

group; however, no statistical difference in the increase of risk in Q3

TABLE 1 Baseline characteristics of the study population

Parameters Overall Q1 Q2 Q3 p Value

Male (n [%]) 28 571 (72.48) 7272 (55.40) 10 529 (80.10) 10 770 (81.93) <.001

Age (years) 51.65 ± 13.28 44.09 ± 10.65 51.65 ± 13.28 60.33 ± 12.68 <.001

baPWV (cm/s) 1602.43 ± 362.70 1167.39 ± 105.96 1418.50 ± 69.91 1850.90 ± 301.04 <.001

SBP (mmHg) 130.52 ± 20.92 118.71 ± 18.84 130.09 ± 16.41 143.07 ± 19.81 <.001

DBP (mmHg) 81.89 ± 10.94 76.21 ± 9.23 82.73 ± 9.78 86.75 ± 11.04 <.001

MAP (mmHg) 98.14 ± 12.87 90.38 ± 10.85 98.51 ± 10.76 105.52 ± 12.19 <.001

HR (bpm) 74.68 ± 11.15 72.76 ± 10.07 74.31 ± 10.68 76.70 ± 12.19 <.001

TGa 1.8 1.43 1.9 2.1 <.001

(0.50–2.20) (0.73–1.60) (0.91–2.10) (1.01–2.37)

hsCRPa 2.06 1.69 1.96 2.52 <.001

(0.50–2.20) (0.40–1.90) (0.50–2.20) (0.60–2.73)

TC (mmol/L) 4.97 ± 1.52 4.74 ± 1.42 5.03 ± 1.42 5.14 ± 1.28 <.001

HDL‐C (mmol/L) 1.45 ± 0.73 1.46 ± 0.63 1.43 ± 0.75 1.46 ± 0.72 .001

LDL‐C (mmol/L) 2.74 ± 0.78 2.56 ± 0.98 2.76 ± 0.89 2.83 ± 1.01 <.001

FBG (mmol/L) 5.80 ± 2.11 5.22 ± 1.29 5.70 ± 2.10 6.49 ± 2.52 <.001

BMI (kg/mm2) 25.00 ± 3.45 24.28 ± 3.49 25.27 ± 3.38 25.42 ± 3.38 <.001

Hypertension (n [%]) 15 410 (39.09) 1679 (10.90) 4756 (30.86) 8975 (58.24) <.001

Smoking habit (n [%]) 14 087 (35.74) 3725 (28.38) 5391 (41.01) 4971 (37.81) <.001

Physical exercise (n [%]) 4433 (11.25) 1219 (9.29) 1551 (11.80) 1663 (12.65) <.001

Diabetes (n [%]) 5156 (13.08) 445 (3.39) 1280 (9.74) 3431 (26.10) <.001

Antihypertensive medication (n [%]) 3747 (9.51) 244 (1.86) 925 (7.04) 2578 (19.61) <.001

Abbreviations: baPWV, brachial‐ankle pulse wave velocity; BMI, body mass index; DBP diastolic blood pressure; Fbg, fasting blood glucose;

HDL‐C, high‐density lipoprotein cholesterol; HR, heart rate; hsCRP, high sensitivity C reactive protein; LDL‐C, low‐density lipoprotein cholesterol;
MAP, mean arterial pressure; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
aExpressed in M(Q1–Q3).
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F IGURE 1 (A) The whole population; (B) <50‐year‐old; (C) 50–59‐year‐old; (D) 60–69‐year‐old; (E) 70–79‐year‐old; (F) ≥ 80‐year‐old.
CVD, cardiovascular and cerebrovascular disease
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in the over 70‐year‐old group was evident. The trend toward a lower

risk of CVD and stroke in the Q3 group with increasing age was less

pronounced and may be related to the lower number of CVD and

stroke events in the group <50‐year‐old.

The presence of lower limb arterial occlusive lesions contributed

to the inaccuracy in the measured baPWV values.27 Lower limb ar-

terial occlusive lesion was also a risk factor for CVD and all‐cause

mortality.28,29 Henceforth, we repeated the main analysis except for

those with an ABI < 0.9, and the results remained unchanged.

Moreover, given the high mortality rate in older individuals and the

potential for competing risks of death, the main results of the analysis

using the competitive risks of death model in the group over 70 years

old also remained unaltered, which ensured the reliability of the

present results. No literature was available on the correlation

TABLE 2 Cox proportional‐hazards model affecting CVD

Groups

CVD events Stroke events
No. of event/
no. of subjects HR (95% CI)a p Value

No. of event/
no. of subjects HR (95% CI)a p Value

Overall 986/39 417 818/39 417

Q1 73/13 127 55/13 127

Q2 232/13 144 2.02 (1.44–2.83) <.01 188/13 144 2.03 (1.45–2.87) <.01

Q3 681/13 146 4.14 (2.98–5.75) <.01 575/13 146 4.22 (3.04–5.86) <.01

Per + 1 SD 1.30 (1.25–1.36) <.01 1.28 (1.23–1.34) <.01

<50 years 96/17 941 92/17 941

Q1 7/5988 7/5988

Q2 18/5970 1.17 (0.38–3.56) .78 16/5970 1.17 (0.39–3.57) .78

Q3 71/5983 2.98 (1.08–8.21) .03 69/5983 3.80 (1.40–10.33) .01

Per + 1 SD 1.44 (1.22–1.70) <.01 1.40 (1.21–1.68) <.01

50–59 years 352/11 890 338/11 890

Q1 35/3957 33/3957

Q2 99/3965 2.25 (1.41–3.59) <.01 96/3965 2.27 (1.42–3.61) <.01

Q3 218/3968 4.49 (2.89–7.00) <.01 209/3968 4.54 (2.91–7.06) <.01

Per + 1 SD 1.21 (1.08–1.36) <.01 1.26 (1.21–1.31) <.01

60–69 years 293/6244 242/6244

Q1 58/2081 43/2081

Q2 93/2080 2.27 (1.51–3.43) <.01 79/2080 2.05 (1.38–3.04) <.01

Q3 142/2083 2.78 (1.76–4.39) <.01 120/2083 3.13 (2.11–4.66) <.01

Per + 1 SD 1.32 (1.14–1.53) <.01 1.24 (1.10–1.41) <.01

70–79 years 168/2278 141/2278

Q1 52/761 39/761

Q2 53/758 1.04 (0.65–1.66) .42 47/758 1.27 (0.76–2.11) .36

Q3 63/759 1.39 (0.86–2.24) .26 55/759 1.61 (0.96–2.69) .67

Per + 1 SD 1.08 (0.97–1.20) .14 1.27 (1.08–1.47) .01

≥80 years 77/1064 66/1064

Q1 21/354 21/354

Q2 26/355 1.27 (0.63–2.54) .28 23/355 1.23 (0.59–2.53) .58

Q3 30/355 1.15 (0.55–2.41) .08 22/355 0.86 (0.38–1.92) .71

Per + 1 SD 1.13 (0.77–1.66) .81 0.92 (0.65–1.32) .67

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
aAdjusted for baseline age, sex, heart rate, body mass index, fasting blood glucose, total cholesterol, high sensitivity C reactive protein, mean arterial
pressure, smoking habit, physical exercise, antihypertensive medication.
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between baPWV and CVD in people (those with ABI < 0.9 were ex-

cluded) using death‐competitive risk models.

The present study concluded that increased arterial stiffness‐

induced risk of CVD and stroke decreased or even disappeared with

age, but the mechanism perplexed us. Younger individuals exhibit

fewer risk factors for CVD compared to older individuals, and the

increased arterial stiffness, as a single risk factor, contributes more

to CVD and stroke than older individuals, whereas older individuals

have more cardiovascular risk factors and the synergistic effect of

multiple risk factors may diminish the risk effect of single arterial

stiffness. Another possible mechanism is the so‐called “ceiling”

effect.

Our findings emphasized higher risk due to arterial stiffness in

younger individuals, which is independent of traditional risk factors.

TABLE 3 Cox proportional‐hazards model (sensitivity analysis) affecting CVD

Groups

CVD events Stroke events
No. of event/
no. of subjects HR (95% CI)a p Value

No. of event/
no. of subjects HR (95% CI)a p Value

Overall 590/37 917 499/37 917

Q1 40/12 647 35/12 647

Q2 136/12 629 2.28 (1.58–3.29) <.01 86/12 629 2.13 (1.46–2.89) <.01

Q3 414/12 641 4.36 (3.06–6.21) <.01 378/12 641 4.33 (3.13–6.09) <.01

Per + 1 SD 1.36 (1.28–1.46) <.01 1.30 (1.24–1.47) <.01

<50 years 53/17 210 48/17 210

Q1 3/5739 2/5999

Q2 11/5743 1.97 (0.53–7.37) .31 9/5743 1.15 (0.33–3.42) .34

Q3 39/5728 4.12 (1.18–14.41) .03 37/5728 3.35 (1.42–7.89) .01

Per + 1 SD 1.56 (1.38–1.76) <.01 1.41 (1.20–1.69) <.01

50–59 years 223/11 601 201/11 601

Q1 24/3867 20/3867

Q2 63/3870 2.29 (1.42–3.70) <.01 55/3870 2.22 (1.40–3.41) <.01

Q3 136/3864 4.64 (2.96–7.27) <.01 126/3864 3.98 (1.97–5.12) <.01

Per + 1 SD 1.28 (1.19–1.37) <.01 1.24 (1.20–1.32) <.01

60–69 years 160/5971 125/5971

Q1 28/1991 23/1991

Q2 58/1991 2.13 (1.33–3.41) <.01 40/1991 2.13 (129–3.14) <.01

Q3 74/1989 2.76 (1.70–4.48) <.01 62/1989 3.03 (2.01–4.45) <.01

Per + 1 SD 1.32 (1.14–1.53) <.01 1.22 (1.11–1.35) <.01

70–79 years 99/2158 80/2158

Q1 28/718 20/718

Q2 33/721 1.09 (0.65–1.83) .75 27/721 1.31 (0.68–2.45) .28

Q3 38/719 1.29 (0.75–2.22) .35 33/719 1.47 (0.79–2.48) .56

Per + 1 SD 1.14 (0.92–1.39) .24 1.28 (1.09–1.40) .01

≥80 years 55/977 45/977

Q1 13/325 10/325

Q2 23/326 1.53 (0.75–3.10) .24 20/326 1.46 (0.78–3.04) .35

Q3 19/326 1.34 (0.64–2.84) .44 15/326 1.56 (0.72–3.45) .50

Per + 1 SD 1.07 (0.80–1.44) .63 0.98 (0.66–1.35) .60

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
aAdjusted for baseline age, sex, heart rate, body mass index, fasting blood glucose, total cholesterol, high sensitivity C reactive protein, mean arterial
pressure, smoking habit, physical exercise, antihypertensive medication.
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These results significantly claimed the potential of baPWV de-

termination as a screening method for younger individuals at risk.

The geriatric population should also undergo routine baPWV test-

ing. Prolonged exposure to multiple cardiovascular risk factors re-

sults in increased arterial stiffness, justifying the necessity for the

regulation of multiple risk factors in older individuals with increased

arterial stiffness. Moreover, in the absence of effective drugs to

improve arterial stiffness, it is thus imperative to maintain a healthy

lifestyle and control risk factors, including hypertension, at the in-

dividual or group level to reduce or delay the progression of arterial

stiffness.

5 | LIMITATIONS

Despite the large sample size observed in this study and the adjust-

ment for various confounding factors to ensure the reliability of the

results, there are several limitations to our study. First, a larger pro-

portion of males observed in this study thus indicated the presence of

selection bias. Second, arterial stiffness was measured using baPWV

rather than the gold standard cfPWV.30 However, baPWV could

serve as an alternative to cfPWV owing to its simple operation, high

repeatability, and similar value in predicting clinical prognosis, which

encourages its wide application in Asian populations.31 Furthermore,

insulin resistance, common in hypertensive patients, wields an in-

dependent role for baPWV but not for cfPWV,32–34 and therefore,

the American Heart Association emphasizes that these indicators are

not necessarily interchangeable.30

6 | CONCLUSION

The arterial stiffness is an independent risk factor for compound

cardiovascular events, however, the risk of CVD due to increased

arterial stiffness tended to decrease with increasing age.

ACKNOWLEDGMENTS

The authors thank the participants of the Kailuan study. The authors

would also express their appreciation for the help from the laboratory

staff of the Department of Cardiology of Kailuan Hospital. The au-

thors have not declared a specific grant for this study from any

sources.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

DATA AVAILABILITY STATEMENT

No data are available. The datasets used and/or analyzed during the

current study are available from the corresponding author on rea-

sonable request.

ORCID

Da Sen Sang http://orcid.org/0000-0002-0663-5168

REFERENCES

1. Mikael LR, Paiva AMG, Gomes MM, et al. Vascular aging and arterial
stiffness. Arq Bras Cardiol. 2017;109(3):253‐258.

2. Tomiyama H, Shiina K. State of the art review: brachial‐ankle PWV.
J Atheroscler Thromb. 2020;27(7):621‐636.

3. Tomiyama H, Shiina K. Arterial stiffness in hypertension: an update.

Curr Hypertens Rep. 2018;20(8):72‐636.
4. Safar ME. Arterial stiffness as a risk factor for clinical hypertension.

Nat Rev Cardiol. 2018;15(2):97‐105.
5. Safar ME. Arterial stiffness is an independent predictor for risk of

mortality in patients with type 2 diabetes mellitus: the REBOUND
study. Cardiovasc Diabetol. 2020;19(1):143‐105.

6. Prenner SB, Chirinos JA. Arterial stiffness in diabetes mellitus.
Atherosclerosis. 2015;238(2):370‐379.

7. Ecobici M, Voiculescu M. Importance of arterial stiffness in pre-

dicting cardiovascular events. Rom J Intern Med. 2017;55(1):8‐13.
8. Ecobici M, Voiculescu M. Arterial stiffness parameters correlate with

estimated cardiovascular risk in humans: a clinical study. Int J Environ
Res Public Health. 2019;16(14):2547‐13.

9. Li X, Lyu P, Ren Y, An J, Dong Y. Arterial stiffness and cognitive

impairment. J Neurol Sci. 2017;380:1‐10.
10. Li X, Lyu P, Ren Y, An J, Dong Y. Arterial stiffness is associated with

white matter disruption and cognitive impairment: a community‐
based cohort study. J Alzheimers Dis. 2021;80(2):567‐576.

11. Han F, Zhai FF, Li ML, et al. Arterial stiffness and decline in kidney

function. Clin J Am Soc Nephrol. 2015;10(12):2190‐2197.
12. Sedaghat S, Mattace‐Raso FU, Hoorn EJ, et al. Stiffness of systemic

arteries in patients with myocardial infarction. A noninvasive
method to predict severity of coronary atherosclerosis. Circulation.

1989;80(1):78‐86.
13. Hirai T, Sasayama S, Kawasaki T, Yagi S. Arterial stiffness and the

development of hypertension. The ARIC study. Hypertension. 1999;
34(2):201‐206.

14. Liao D, Arnett DK, Tyroler HA, et al. Arterial stiffness increases with

deteriorating glucose tolerance status. The Hoorn Study. Circulation.
2003;107(16):2089‐2095.

15. Henry RM, Kostense PJ, Spijkerman AM, et al. Associations of ar-
terial stiffness with cognitive performance, and the role of micro-
vascular dysfunction: the Maastricht Study. Hypertension. 2020;

75(6):1607‐1614.
16. Rensma SP, Stehouwer C, Van Boxtel M, et al. Inflammation and

arterial stiffness in chronic kidney disease: findings from the CRIC
study. Am J Hypertens. 2017;30(4):400‐408.

17. Peyster E, Chen J, Feldman HI, et al. Prediction of cardiovascular

events and all‐cause mortality with brachial‐ankle elasticity index: a
systematic review and meta‐analysis. Hypertension. 2012;60(2):
556‐562.

18. Namba T, Masaki N, Takase B, Adachi T. Arterial stiffness assessed

by cardio‐ankle vascular index. Int J Mol Sci. 2019;20(15):3664.
19. Namba T, Masaki N, Takase B, Adachi T. A cardiovascular risk pre-

diction model for older people: development and validation in a
primary care population. J Clin Hypertens. 2019;21(8):1145‐1152.

20. Bussel EF, Richard E, Busschers WB, et al. Prevalence of ideal car-

diovascular health and its relationship with the 4‐year cardiovascular
events in a northern Chinese industrial city. Circ Cardiovasc Quality

Outcomes. 2012;5:487‐493.
21. Wu S, Huang Z, Yang X, et al. Aging, arterial stiffness, and blood

pressure association in Chinese adults. Hypertension. 2019;73:

893‐899.
22. Wu S, Jin C, Li S, et al. Aortic‐Brachial arterial stiffness gradient and

cardiovascular risk in the community. The Framingham Heart Study.
Hypertension. 2017;69(6):1022‐1028.

23. Chow B, Rabkin SW. The relationship between arterial stiffness and

heart failure with preserved ejection fraction: a systemic meta‐
analysis. Heart Fail Rev. 2015;20(3):291‐303.

322 | SANG ET AL.

http://orcid.org/0000-0002-0663-5168


24. Chow B, Rabkin SW. Arterial stiffness and cardiorespiratory fitness
are associated with cognitive function in older adults. Behav Med.
2020;27:1‐12.

25. Mason JR, Tenenbaum G, Jaime S, Roque N, Maharaj A, Figueroa A.

Arterial stiffness and kidney disease progression in the systolic blood
pressure intervention trial. Clin Nephrol. 2020;94(1):26‐35.

26. Ohkuma T, Ninomiya T, Tomiyama H, et al. Brachial‐ankle pulse wave
velocity and the risk prediction of cardiovascular disease: an individual
participant data meta‐analysis. Hypertension. 2017;69(6):1045‐1052.

27. Expert Consensus Drafting Group. 2020 Chinese expert consensus
on clinical application of simultaneously measurement of four‐limb
blood pressure and brachial‐ankle pulse wave velocity. Chin Circul J.
2020;35:521‐1052.

28. Tsilimigras DI, Moris D, Karaolanis G, Kakkos SK, Filis K, Sigala F.

Rivaroxaban versus clopidogrel for peripheral artery disease: a
clinico‐economic approach of the COMPASS trial. Curr Pharm Des.
2018;24(38):4516‐4517.

29. Tsilimigras DI, Moris D, Karaolanis G, Kakkos SK, Filis K, Sigala F.
Association of lower extremity performance with cardiovascular and

all‐cause mortality in patients with peripheral artery disease: a sys-
tematic review and meta‐analysis. J Am Heart Assoc. 2014;3(4):
e001105‐e004517.

30. Morris DR, Rodriguez AJ, Moxon JV, et al. Recommendations for

Improving and standardizing vascular research on arterial stiffness: a
scientific statement from the American Heart Association.
Hypertension. 2015;66:698‐722.

31. Townsend RR, Wilkinson IB, Schiffrin EL, et al. Comparison between
carotid‐femoral and brachial‐ankle pulse wave velocity as measures

of arterial stiffness. J Hypertens. 2009;27(10):2022‐2027.

32. Lee JW, Lee DC, Im JA, Shim JY, Kim SM, Lee HR. Insulin resistance
is associated with arterial stiffness independent of obesity in male
adolescents. Hypertens Res. 2007;30:5‐11.

33. van de Laar RJ, Stehouwer CD, Boreham CA, et al. Continuing

smoking between adolescence and young adulthood is asso-
ciated with higher arterial stiffness in young adults: the
Northern Ireland Young Hearts Project. J Hypertens. 2011;29:
2201‐2209.

34. Sakuragi S, Abhayaratna K, Gravenmaker KJ, et al. Influence of

adiposity and physical activity on arterial stiffness in healthy chil-
dren: the lifestyle of our kids study. Hypertension. 2009;53(4):
611‐616.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Sang DS, Zhang Q, Song D, Tao J,

Wu SL, Li YJ. Association between brachial‐ankle pulse wave

velocity and cardiovascular and cerebrovascular disease in

different age groups. Clin Cardiol. 2022;45:315‐323.

doi:10.1002/clc.23777

SANG ET AL. | 323

https://doi.org/10.1002/clc.23777



