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Association between brachial-ankle pulse
wave velocity and the risk of new-onset
atrial fibrillation: A report from Kailuan
prospective cohort study

% Check for updates

Wenhua Song"'®, Zongshuang Song?'?, Nan Zhang', Meijuan Zhang', Gary Tse'**°, Oscar Hou In Chou®,

Guangping Li', Gan-Xin Yan™®®, Gregory Y. H. Lip'®'", Shouling Wu

12,14

& Tong Liu""

One marker of arterial stiffness (AS) is the brachial-ankle pulse wave velocity (baPWV). We aim to
investigate the predictive value of baPWV with regard to new-onset atrial fibrillation (AF). All

participants without AF from 2010 to 2020 in the Kailuan cohort were included. The primary endpoint
was new-onset AF. Participants were categorized into three study groups based on baPWV, with a
normal baPWV group as a reference. The predictive value of baPWV was analyzed as a continuous
variable. Multivariable Cox proportional hazard regression models were used to investigate the
association. A total of 49,872 subjects (mean age: 47.57 years old, 74.2% male) were included with a
mean follow-up of 6.17 (3.95-8.46) years. The risk of AF increased as the baseline baPWYV increased,
whereby the adjusted hazard ratio (aHR) of the borderline AS group and the elevated AS group were
1.82 (95% confidence interval [CI]: 1.18-2.80) and 2.08 (95% CI: 1.31-3.30), respectively. When
considered as a continuous variable, each 361 cm/s increase in baseline baPWV, increased the risk of
AF by 21.7% (aHR: 1.22; 95% ClI: 1.08-1.37). In the subgroup analysis of non-hypertensive patients,
the risks of AF were significantly higher in the borderline AS group (aHR: 3.16, 95% CI: 1.74-5.74) and
elevated AS group (aHR: 2.26, 95% CI: 1.02-5.05). For patients with elevated BMI, the risk of AF in the
elevated AS group was significantly higher (aHR: 1.69, 95% CI: 1.00-2.83). Baseline baPWV was
associated with new-onset AF after adjustments. (Trial registration site and registration number are,

respectively, http://www.chictr.org.cn/index.aspx and ChiCTR-TNRC-11001489).

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia
observed in clinical practice. Its prevalence increases with age and is asso-
ciated with an increased risk of mortality and morbidity, as well as hospi-
talizations and healthcare expenditures'. Arterial stiffness (AS) is one of the
key risk factors for cardiovascular disease and mortality in high-risk car-
diovascular patients’. There are many shared risk factors between AF and
AS, such as age, male, hypertension, valvular heart disease, left ventricular
insufficiency, obesity, alcohol, smoking, diabetes, and obstructive sleep
apnea; for instance, endothelial dysfunction is described as the common
underlying pathophysiological feature™”.

Several non-invasive methods have been developed to evaluate AS.
One such method is the brachial-ankle pulse wave velocity (baPWV),

which is a clinical index reflecting vascular stiffness. The baPWV has
been used as a predictor of cardiovascular outcomes in the general
population, as well as in patients with hypertension, diabetes, or end-
stage renal disease’. Unlike the carotid-femoral pulse wave velocity
(cfPWYV) which measures the stiffness of the central arteries, baAPWYV is
a comprehensive measurement of the stiffness of both the central and
peripheral arteries. BaAPWYV is easy to measure clinically and requires
only the use of cuffs on the limbs without exposing the groin area,
making it a popular method for non-invasive assessment of AS. How-
ever, while previous studies mainly focused on cardiac outcomes related
to vascular diseases, information on the relationship between baPWV
and new-onset AF is lacking.
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The aim of this study was to investigate the predictive value of baPWV
for new-onset AF.

Methods

Study participants

The study was conducted in accordance with the Helsinki Declaration and
approved by the Ethics Committee of Kailuan General Hospital (Registra-
tion number: ChiCTR-TNRC-11001489); written informed consents were
obtained from all participants. This was a prospective observational cohort
study using the Kailuan cohort, which has been extensively described
previously®”. This cohort enrolled participants from 11 hospitals responsible
for community healthcare. The inclusion criteria were subjects who parti-
cipated in baPWV examinations, were clear of AF at baseline, and provided
written informed consent. The exclusion criteria were as follows: (i) patients
with a history of AF or cryptogenic stroke at baseline; (ii) patients without
regular follow-up and physical examination data in the same period
(missing physical examination data within four years).

Data collection

The registration methods of demographic data, including smoking,
alcohol status, salt intake, concomitant diseases and blood markers,
have been detailed previously®®. Self-report proforma was used to
determine smoking and alcohol status (yes vs no). Body mass index
(BMI) is defined as weight (kg)/height (m)*. According to BMI, patients
were divided into non-elevated BMI group (BMI < 24.0 kg/m?); and
elevated BMI group (BMI 2 24.0 kg/m?). Sitting systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured with either a
mercury sphygmomanometer or electronic sphygmomanometer, and
the average of three consecutive readings was calculated. Hypertension
was defined as blood pressure > 140/90 mmHg, self-reported history of
hypertension, or the use of any antihypertensive medication. The
laboratory testing results were also collected, including blood lipid,
high-sensitivity C-reactive protein (hs-CRP), and so forth; the specific
determination methods have been detailed in the previous literature. All
plasma samples were measured with the autoanalyzer (Hitachi 747)"".

BaPWV measurement

BaPWV was measured by a BP-203 RPE III networked arterial stiffness
detection device (Omron Health Medical [China] Co., Ltd.). The room
temperature was kept at 22-25°C during the examination. Participants
were instructed to refrain from smoking, drinking alcohol, coffee, or
engaging in intense physical activity for 24 h and were allowed 15 min to rest
before the examination. During the examination, the observed object
remained supine, the upper arm cuff airbag mark was aligned with the
brachial artery, and the lower limb cuff airbag mark was located on the
inside of the lower limb. Each subject was measured twice, and the second
data recording was taken as the final result. In this study, the larger value of
baPWYV on the left or the right sides was analyzed as detailed elsewhere®’.
We divided the participants into three groups according to baPWV: (i)
normal arterial stiffness: baPWV < 1400 cm/s; (ii) borderline arterial stiff-
ness: 1400 cm/s < baPWV < 1800 cm/s; and (iii) elevated arterial stiffness:
baPWYV > 1800 cm/s".

Follow-up and assessment of AF

All participants without AF from 2010 to 2020 in the Kailuan cohort were
included and were followed up until December 31, 2020, or until they were
diagnosed with AF or passed away. Cardiovascular events in the Kailuan
study were determined by reviewing the local hospitals’ annual discharge
list, the death certificate of the State Office, and annual participant surveys
about the history of cardiovascular events. The primary endpoint was new-
onset AF during follow-up. In the biennial office visit, participants were
investigated with the 12-lead electrocardiogram (ECG) in the supine posi-
tion after resting in a quiet room for at least 5 min. ECGs interpretations
were confirmed by two cardiologists, as previously described’. The elec-
trocardiographic diagnostic criteria for AF included: (1) irregular RR

intervals; (2) absence of P-waves; and (3) irregular atrial activity, according
to the European Society of Cardiology guidelines'.

Statistical methods

The data were analyzed using SAS 9.4 (SAS Institute, Cary, NC, USA).
Continuous variables were presented as mean + standard deviation, and the
analysis of variance was used for comparison between groups; median
(interquartile range) was used for variables with a skewed distribution, and
the Kruskal-Wallis test was used to analyze group differences. Categorical
variables were presented as 71 (%), and the ¥’ test was used for comparisons
between groups.

Multivariable Cox proportional hazard regression models were con-
structed to estimate the association of baPWYV with the risk of AF. Model 1
was adjusted for age and sex at baseline. Model 2 was further adjusted for
education level, smoking, alcohol status, physical activity, salt intake, BMI,
mean arterial pressure (MAP), fasting blood glucose (FBG), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and total cholesterol (TC) at baseline. Model 3 was further
adjusted for the use of antihypertensive, antidiabetic, and lipid-lowering
medications.

To explore the relationship between baPWV and AF, subgroup ana-
lyses were performed according to age, gender, hypertension, and BMI. In
each subgroup, the normal group was used as the reference. Sensitivity
analysis was conducted by excluding the participants whose components of
the baPWV group changed during the follow-up period. The Kaplan-Meier
method was performed to evaluate the incidence rate of AF, and differences
between groups were evaluated using the log-rank test. A two-sided P < 0.05
was considered statistically significant. We also used restricted cubic splines
to evaluate the potential linear relationship between baPWV and AF.

Results

Baseline characteristics

A total of 49,872 subjects were enrolled in this study for a mean followed of
6.17 (3.95-8.46) years from 2010 to 2020 (Fig. 1), after excluding 239
patients with AF at baseline and 1930 patients with missing examination
data (Fig. 2). The median age was 47.57 years, and 37,021 (74.2%) were male.
The baseline characteristics of patients with different levels of baPWV are
shown in Table 1. 197 participants eventually developed AF (0.4%). Com-
pared to participants with a normal baPWYV, those with a higher baPWV
were older, with more males, less educated, and had a larger percentage of
smoking, alcohol intake, salt intake, and lack of physical activity. Further-
more, regarding other clinical features, the higher baAPWV group had higher
BMI levels, a lower eGFR, and more coronary heart disease, diabetes,
hypertension, and dyslipidemia. Additionally, this group had higher levels
of SBP, DBP, FBG, TC, TG, LDL-C, and hs-CRP, but a lower level of
HDL-C.

Association of baPWV with AF

During follow-up, 197 participants (0.4%) developed AF. The relationship
between baPWV and the risk of AF is shown in Table 2. The incidence of AF
increased significantly with baPWV, from 0.23 (95% CI: 0.16-0.32) per 1000
person-years in the reference group to 1.41 (95% CI: 1.14-1.76) per 1000
person-years in the elevated AS group. The Kaplan-Meier curves showed
that participants in the elevated AS group had a higher risk of AF than the
other two groups during the follow-up period (log-rank test: P < 0.0001;
Fig. 3).

The risk of AF increased with the baseline baPWV, and the results
remained significant after adjusting for age, sex, education level, smoking,
alcohol status, physical activity, salt intake, BMI, FBG, LDL-C, HDL-C and
TC, and use of antihypertensive, antidiabetic and lipid-lowering medica-
tions in model 3. Compared to the reference group, the fully adjusted HR of
the borderline AS group and the elevated AS group (model 3) were 1.82
(95% CI: 1.18-2.80) and 2.08 (95% CI: 1.31-3.30), respectively. The result
suggested that the adjusted risk of AF in the elevated AS group was almost
twice as high as in the reference group (Table 2).

npj Cardiovascular Health | (2024)1:1
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Fig. 1 | Brachial-ankle pulse wave velocity and the risk of new-onset atrial
fibrillation. A total of 49,872 subjects were followed up for 6.17 (3.95-8.46) years
and 197 participants developed AF eventually. Compared with the reference group,

the risk of AF increased with increasing baseline baPWV. AF atrial fibrillation,
BaPWYV brachial-ankle pulse wave velocity, AS arterial stiffness.

Participants underwent baPWV until
December 31, 2020
(n=52041)

Excluded the participants with AF at
baseline
(n=239)

Excluded the participants missing physical
examination data within four years
(n=1930)

Participants included for assessing the
association between the baPWV and AF
(n=49872)

Fig. 2 | Flow chart showing the patient selection process. BAPWYV brachial-ankle
pulse wave velocity, AF atrial fibrillation.

In the sensitivity analysis, the result remained consistent after
excluding participants with changes in baAPWV grouping during the follow-
up period (n=6886) (Table 3). Besides, when baPWV was treated as a
continuous variable, for every 1 standard deviation increase in baseline
baPWYV, which is equivalent to 361 cm/s, the risk of AF increased by 21.7%
(HR: 1.22, 95% CI: 1.08-1.38) (Table 2). Furthermore, the multivariable
linear regression model showed a J-shaped association between baPWV and
the risk of AF. Specifically, in the lower range of baPWYV, the risk of AF was
low with a steep slope. However, when baPWV exceeded 1446 cm/s, the AF
risk still increased with baPWV but with a relatively flattened slope (Fig. 4).

Subgroup analysis. Subgroup analysis identified that amongst the
patients in the elevated BMI group, the risk of AF in the elevated AS group
was significantly higher than the reference group (HR for model 3: 1.69,

95% CI: 1.00-2.83; Fig. 5). For non-hypertensive patients, compared with
the reference group, the risk of AF was also significantly increased in the
borderline AS and elevated AS groups (HR for model 3: 3.16, 95 CL
1.74-5.74; 2.26, 95% CI: 1.02-5.05, respectively). There were no sig-
nificant differences in various subgroups e.g. age (50 years old as cut-off),
gender, participants in non-elevated BMI group, and participants with-
out hypertension.

Discussion

Atrial fibrillation (AF) is one of the most common arrhythmias
worldwide, which is associated with serious adverse events including
thromboembolis. The management of AF is of utmost significance.
Pulse wave velocity (PWV) represents the conduction velocity of pulse
wave on arterial segments at a certain distance; it is an indirect
expression of AS and reflects the compliance of large arteries. The
higher the PWYV, the worse the elasticity of vessels, and the higher the
degree of AS". The predictive value of PWV for AS and coronary artery
disease (CAD) has been previously established, but its predictive value
for new-onset AF remains unclear. In this study, we analyzed the
relationship between baPWV and the risk of AF in consecutive patients
who participated in the Kailuan cohort. Our principal findings are as
follows: (1) the incidence of AF increased significantly in participants
with higher baPWV; (2) for every 361 cm/s increase in baseline baPWV,
the risk of AF increased by 21.7%; (3) there was a J-shaped association
between baPWV and the risk of AF with an inflexion point at 1446 cm/s.
These findings suggest that baPWV may be associated with new-
onset AF.

Several studies have shown that there is a bidirectional relationship
between AS and AF'>", even forming a vicious circle between the two
conditions. The mechanism underlying this link is complex and multi-
factorial, with several potential pathways implicated. Firstly, endothelial
dysfunction, a hallmark of AS, is known to be strongly associated with
AF"™". Arterial stiffness is related to both endothelial dysfunction and
inflammation'’, which are key substrates for the occurrence and progression
of AF". Secondly, the role of inflammation in both AS and AF have been
well described, with vascular stiffing as the potential trigger of an inflam-
matory process that eventually leads to the development of AF". Thirdly, AS
can also have a direct detrimental impact on left atrial geometry and
function, which leads to AF'®. Moreover, AS and its risk factors are

npj Cardiovascular Health | (2024)1:1



https://doi.org/10.1038/s44325-023-00001-7 Article

Table 1 | The participant’s characteristics in the different levels of baPWV (N = 49,872)

Covariates Total (N =49,872) Normal arterial stiffness Borderline arterial stiffness  Elevated arterial stiff- P value
(N =21,846) (N =18,935) ness (N =9091)
Age, years 47.57 +14.37 40.16 +£11.39 49.70 +12.92 60.94 +12.35 <0.01
Men 37,021 (74.2) 13,777 (63.1) 15,718 (83.0) 7526 (82.8) <0.01
High school education 19,342 (38.8) 11,206 (51.3) 5997 (31.7) 2139 (23.5) <0.01
or above
Smoking status <0.01
No 40,024 (80.3) 18,361 (84.0) 14,552 (76.9) 7111 (78.2)
Yes 9848 (19.7) 3485 (16.0) 4383 (23.1) 1980 (21.8)
Drinking status <0.01
No 29,658 (59.5) 14,181 (64.9) 10,349 (54.7) 5128 (56.4)
Yes 20,214 (40.5) 7665 (35.1) 8586 (45.3) 3963 (43.6)
Salt intake <0.01
<10, g/day 45126 (90.5) 20,021 (91.6) 16,994 (89.7) 8111 (89.2)
>10, g/day 4746 (9.52) 1825 (8.35) 1941 (10.3) 980 (10.8)
Physical activity, N(%) 37,563 (75.3) 16,057 (73.5) 14,308 (75.6) 7198 (79.2) <0.01
BMI, kg/m? 24.99 +3.49 24.41+3.58 25.44 +3.35 25.43+3.34 <0.01
eGFR, ml/min/1.73 m? 98.92 +22.90 103.98 +23.37 97.55 +22.01 89.76 +20.19 <0.01
Hs-CRP, mg/L 1.30 (0.64-2.90) 1.10 (0.52-2.42) 1.40 (0.70-3.00) 1.70 (0.84-3.60) <0.01
TG, mmol/L 1.29 (0.87-2.02) 1.11(0.77-1.72) 1.42 (0.96-2.22) 1.45 (1.02-2.24) <0.01
TC, mmol/L 4.92 (4.30-5.60) 4.71 (4.14-5.35) 5.06 (4.43-5.73) 5.17 (4.50-5.90) <0.01
LDL-c, mmol/L 2.71 (2.20-3.26) 2.59 (2.11-3.10) 2.80 (2.28-3.35) 2.87 (2.28-3.46) <0.01
HDL-c, mmol/L 1.37 (1.16-1.63) 1.39 (1.14-1.62) 1.35 (1.14-1.60) 1.36 (1.14-1.62) <0.01
SBP, mmHg 130.83 + 19.06 120.79 + 14.66 134.50 + 16.41 147.29 +19.39 <0.01
DBP, mmHg 81.80+11.00 77.38+9.54 84.42 +10.34 86.94 +11.60 <0.01
FBG, mmol/L 5.30 (4.87-5.95) 5.09 (4.71-5.51) 5.41 (4.97-6.11) 5.90 (5.20-7.56) <0.01
ASCVD 1726 (3.46) 244 (1.12) 697 (3.68) 785 (8.63) <0.01
Hypertension 18,969 (38.0) 3297 (15.1) 8919 (47.1) 6753 (74.3) <0.01
Diabetic 7167 (14.4) 1020 (4.67) 3071 (16.2) 3076 (33.8) <0.01
Hyperlipemia 17,849 (35.8) 5911 (27.1) 7709 (40.7) 4229 (46.5) <0.01
Antihypertensive agent use 10,743 (21.5) 3134 (14.3) 4222 (22.3) 3387 (37.3) <0.01
Antidiabetic medication use 3126 (6.27) 345 (1.58) 1285 (6.79) 1496 (16.5) <0.01
Lipid-lowering medication use 3150 (6.32) 452 (2.07) 1343 (7.09) 1355 (14.9) <0.01

BMI body mass index, TC total cholesterol, TG Triglycerides, LDL-c low-density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic blood
pressure, FBG fasting blood glucose, eGFR estimated glomerular filtration rate, hs-CRP high-sensitivity C-reactive protein, ASCVD atherosclerotic cardiovascular diseases.

Table 2 | Adjust hazard ratios for incident AF in relation to different levels of baPWV

Normal arterial stiffness Borderline arterial stiffness Elevated arterial stiffness Increase 1SD
AF, N(%) 32 (0.15) 84 (0.44) 81 (0.89)
Incidence 0.228 (0.162-0.323) 0.687 (0.555-0.851) 1.412 (1.136-1.756)
(per1000 person-years)
Model 1 ref 2.268 (1.498-3.434) 2.846 (1.879-4.310)
Model 2 ref 1.938 (1.261-2.979) 2.282 (1.449-3.593)
Model 3 ref 1.816 (1.180-2.796) 2.079 (1.311-3.297) 1.217 (1.079-1.373)

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, education, smoking, alcohol status, physical activity, salt intake, BMI, mean arterial pressure (MAP), fasting blood glucose (FBG), low-density lipoprotein cholesterol (LDL-
c), high-density lipoprotein cholesterol (HDL-c) and total cholesterol (TC).

Model 3: adjusted for all the variables in model 2 and antidiabetic treatment, antihypertensive treatment, and lipid-lowering treatment.

BaPWV brachial-ankle pulse wave velocity, AF atrial fibrillation, SD standard deviation.

associated with structural and electrical remodeling of the atrial, while atrial Compared to the traditional clinical indicators for the onset and pro-
fibrosis is a consequence of the onset and progression of AF. Last but not  gression of AF as reported in previous studies, baPWV has certain advan-
least, the left ventricle hypertrophy and diastolic dysfunction associated with  tages. While cardiac structural and functional indicators such as left atrial
AS can favor the onset of AF"”. diameter, left atrial volume index, and left ventricular ejection fraction
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assessed by echocardiography”” were also associated with the occurrence of
AF, they were limited by equipment and operator expertise. In addition,
numerous studies have found that C-reactive protein (CRP), interleukin-6
(IL-6), low-density lipoprotein (LDL), and other blood markers’' are also
associated with the occurrence of AF, but they are limited by the invasive-
ness of venipunction. Therefore, it is necessary to develop an acceptable and
simple protocol for AF prediction. Various studies have shown a strong
correlation between AS and AF'*?. As a non-invasive examination, baPWV
is clinically easy to measure, and it may be valuable in early identification
and risk stratification of AF, given that it is a marker of AS and an inde-
pendent risk factor for adverse cardiovascular events™. The present study
discovered that baPWYV is predictive of the occurrence of AF, representing a
novel approach in the early identification of high-risk AF groups; thus, it
holds great significance in improving AF outcomes at the population level.

Several methods exist for analyzing the structure and function of large
arteries™*”, including echo-tracking systems, central pulse pressure analysis,
and magnetic resonance that quantifies aortic distension and compliance™.
However, the PWV measurement is currently considered the optimal
measurement of AS because of its accuracy, simplicity, reproducibility. and
predictive value. Although the use of carotid-femoral pulse wave velocity
(cfPWV), a conventional method for evaluating AS, has been established for
evaluating atherosclerotic diseases, its application in clinical settings is
limited owing to technical difficulties. BAPWYV is a simple and non-invasive
alternative that requires only short measurement times, by only using cuffs
on the limbs without the need for exposing the groin area or invasive
examination. In addition, baPWV has been shown to correlate well with
cfPWV?. The prognostic value of baPWV has been well validated in various
clinical settings but not for new-onset AF previously”. In this study, the risk

0.3
————— 1: normal AS
3: elevated AS

2: borderline AS

024 Logrank p < 0.0001

Cumulative incidence (%)

0.0

T T T T

0 2 4 6 8 10 12
Time (Years)

1 21846 21247 19471 18577 16303 15629 12248 8657 6518 5121 3528 1811 880
2 18934 18373 17125 16522 14260 13816 10548 7066 5382 4533 3570 1962 827
3 9088 8536 7964 7672 6595 6366 4363 3301 2670 2490 1901 1227 376

Fig. 3 | Cumulative incidence of different baPWV groups. Log-rank test was used
to test for any difference across the groups. AS, arterial stiffness.

of new-onset AF increased with the increase of baPWV, which is consistent
with the earlier conclusions that increased AS is a predisposing factor for AF,
regardless it is reflected by aortic pulse wave velocity (aPW V)™ or estimated
pulse wave velocity (ePWV)*. Compared with aPWV and ePWV, baPWV
requires short measurement times and correlates well with AS in an invasive
study’". These results indicate that baPWV is appropriate for use in routine
examinations as well as for large clinical trials related to AF.

We also found a J-shaped association between baPWV and the risk of
new-onset AF, which is consistent with a prior meta-analysis™. In this study,
in the lower range of baPWYV, the risk of AF remained low despite a steep
gradient. However, when baPWV exceeded 1446 cm/s, the risk of AF
increased with baPWV but with a relatively flattened gradient. 1446 cm/s
was, therefore, the cut-off value for the risk of new-onset AF, and help
identify high-risk patients. This underscoring the importance of main-
taining optimal arterial health and reducing arterial stiffness to mitigate the
risk of AF. This is aligned with the holistic and integrated approach to AF
management, which encompasses beyond stroke prevention alone™. Such
an approach is associated with improved clinical outcomes™ and is
recommended in current guidelines'****.

In this study, the association remained significant in the elevated BMI
group but not in the non-elevated BMI group. The result suggested that
weight control may be related to reduced risk of AS and AF, consistent with
previous studies™. However, the results might also be due to the relatively
insufficient power in the BMI < 24 group, with a relatively low incidence of
AF in comparison (0.23% vs. 0.51%). The risk of AF was increased sig-
nificantly in both the borderline AS group and the elevated AS group in the
non-hypertensive population, as demonstrated in prior studies”*”. There
was a linear relationship and consistency between ePWV and baPWV;
notably, ePWV is significantly higher in non-hypertensive subjects than in
the general population, also serving as a risk factor for AF”. Arterial stiffness
may be a precursor rather than a consequence of hypertension™, indicating
that AS plays a crucial role in the occurrence and development of AF.

Several limitations should be acknowledged. Firstly, all patients
included in this study came from the Kailuan cohort study, with a large
proportion of male (74.2%) participants. There might be selection bias and
the results may not be generalizable to other population groups. Secondly,
the diagnosis of AF during follow-up was based on physical examination
findings or hospitalized ECGs, and some patients with paroxysmal atrial
fibrillation might have been missed. Thirdly, echocardiographic data that
are reported to be relevant to AF, such as left atrial size and left ventricular
hypertrophy, were not available. Whilst baPWV showed promise in pre-
dicting AF, it is not clear whether baPWV adds beyond traditional factors in
predicting AF, which requires further exploration. Moreover, the com-
parative analysis between baPWV and cfPWYV, a conventional method for
evaluating AS was not conducted since the cfPWV was not recorded.
Finally, as with any long-term cohort study, there was inevitably a loss of
follow-up and missing data.

Table 3 | Sensitive analysis for hazard ratios values and 95% confidence intervals according to levels of baPWV?

Normal arterial stiffness

Borderline arterial stiffness

Elevated arterial stiffness

AF, N(%) 25(0.13) 68 (0.43) 72 (0.89)

Incidence 0.211 (0.142-0.312) 0.693 (0.546-0.879) 1.447 (1.148-1.823)
rate (per1000 person-years)

Model 1 ref 2.422 (1.517-3.868) 3.064 (1.932-4.858)
Model 2 ref 2.088 (1.236-3.263) 2.387 (1.440-3.958)
Model 3 ref 1.935 (1.189-3.147) 2.269 (1.358-3.791)

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, education, smoking, alcohol status, physical activity, salt intake, BMI, mean arterial pressure (MAP), fasting blood glucose (FBG), low-density lipoprotein cholesterol (LDL-

c), high-density lipoprotein cholesterol (HDL-c) and total cholesterol (TC).

Model 3: adjusted for all the variables in model 2 and antidiabetic treatment, antihypertensive treatment and lipid-lowering treatment.

BaPWV brachial-ankle pulse wave velocity, AF atrial fibrillation.
#Participants with changes in BAPWV composition during follow-up were excluded (42,986).
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Fig. 4 | Association between baPWYV and risk of
atrial fibrillation. The association was adjusted for
age, sex, education, smoking, alcohol status, physical
activity, salt intake, BMI, MAP, FBG, LDL-c, HDL-c,
TC, antidiabetic drugs, lipid-lowering drugs and
antihypertensive drugs. The baPWV of 1446 cm/s
was taken as the reference value, at which point HR
was 1. The plot showed a lower level of risk within
the lower range of baPWV and then increased
thereafter. BAPWV brachial-ankle pulse wave
velocity.

Hazard ratio where the reference value for baPWV is 1446

7.00

m—— Estimation ——— Lower CL ———Upper CL ® & ® Knots
Subgroup Model 1 Model 2 Model 3
HR(95% CI) HR(95% CI) HR(95% CI)
Reference Reference Reference
Female
Elevated AS ——8—————  3.188(1.125-9.037) % 2656(0.886-7.963) H——8—————2.567(0.844-7.810)
Borderline AS | ———5——  4549(1.821-11.369) | % 3.726(1.443-9.621) | F———8————3520(1.355-0.193)
Male
Elevated AS —— 2.123(1.341-3.361)  |[—+— 1.819(1.102-3.002) |—#+— 1.630(0.981-2.709)
Borderline AS  f-4— 1.485(0.929-2.372) 1.361(0.840-2.205) H#— 1.275(0.786-2.068)
Age >50
Elevated AS —— 1.873(1.184-2.962)  [—#F— 1.713(1.055-2.799) [+ 1.627(0.988-2.652)
Borderline AS  H#———— 1.234(0.773-7.969) H#F— 1.167(0.725-1.879) H=— 1.124(0.697-1.812)
Age <50
Elevated AS +—f——— 1.233(0.151-10.06) —H—————————0.792(0.087-7.233) +* 0.766(0.083-7.062)
Borderline AS | ——————  3.740(1.561-8.960) |[——%———2.879(1.145-7.239) [——%——2.838(1.125-7.156)
Non-HTN
Elevated AS  f—t— 2.317(1.086-4.945) [ ——— 2.489(1.128-5.493) [—F—  2.262(1.015-5.046)
Borderline AS —_— 3.263(1.845-5.771) ——————— 3 434(1.892-6.231) ———— 3.155(1.735-5.737)
HIN
Elevated AS  +HF— 1.076(0.579-1.997) H— 1.002(0.536-1.871) +Hr— 0.966(0.527-1.846)
Borderline AS HI— 0.846(0.459-1.560) Hir 0.812(0.440-1.500) ¥ 0.797(0.431-1.473)
BMI>24
Elevated AS =t 2.175(1.365-3.467)  f—%— 1.790(1.075-2.980) [+ 1.686(1.004-2.829)
Borderline AS [ 1.800(1.135-2.854) |+ 1.638(1.017-2.637) [+ 1.552(0.968-2.512)
BMI<24
Elevated AS P 3265(1.217-8.759) [—F—2812(0.988-8.008) T 2.297(0.796-6.622)
Borderline AS [ 2.582(0.984-6.772) H—%———2.272(0.847-6.090) " 2018(0.750-5.428)
o 2 4 6 o 2 4 6 o 2 4 6

Fig. 5 | Association of arterial stiffness status combined with sex, age, BMI, and
hypertension with AF. In each subgroup analysis, participants with normal
brachial-ankle pulse were taken as reference. Model 1 was adjusted for age and sex at

baseline; Model 2 was further adjusted for education, smoking, alcohol status,

physical activity, salt intake, BMI, MAP, FBG, LDL-c, HDL-c and TC at baseline;
Model 3 was further adjusted for antidiabetic, lipid-lowering and antihypertensive
medications. AS arterial stiffness, BMI body mass index, HTN hypertension.
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Article

In conclusion, in this large regional cohort study, baPWV was asso-

ciated with the risk of new-onset AF, with participants in the elevated arterial
stiffness group having a higher risk of AF.

Data availability

The data underlying this article were provided from the Kailuan cohort by
permission. Data will be shared on request to the corresponding author(-
Shouling Wu) with permission of Kailuan cohort.

Received: 30 September 2023; Accepted: 20 December 2023;
Published online: 06 March 2024

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Burdett, P. &Lip, G. Y. H. Atrial fibrillation in the UK: predicting costs of
an emerging epidemic recognizing and forecasting the cost drivers of
atrial fibrillation-related costs. Eur Heart J. Qual. Care Clin. Outcomes
8, 187-194 (2022).

Wilkinson, |. B., Cockcroft, J. R. & McEniery, C. M. Aortic stiffness as a
cardiovascular risk predictor. Br. Med. J. 351, h3764 (2015).
Corban, M. T. et al. Atrial fibrillation and endothelial dysfunction: a
potential link? Mayo Clin. Proc. 96, 1609-1621 (2021).

Zhang, Y., Zhang, A., Xiang, J. & Zhan, Y. Perceived stress and
cardiovascular disease in a community-based population. Heart
Mind. 6, 262-266 (2022).

Chen, S. C. et al. Association of brachial-ankle pulse wave velocity
with cardiovascular events in atrial fibrillation. Am. J. Hypertens. 29,
348-356 (2016).

Wu, S. et al. Association between triglyceride-glucose index and risk
of arterial stiffness: a cohort study. Cardiovasc. Diabetol. 20,

146 (2021).

Li, X. et al. Triglyceride-glucose index and the risk of heart failure:
evidence from two large cohorts and a Mendelian randomization
analysis. Cardiovasc. Diabetol. 21, 229 (2022).

Poon, A. K. etal. Association of insulin resistance, from mid-life to late-
life, with aortic stiffness in late-life: the Atherosclerosis Risk in
Communities Study. Cardiovasc. Diabetol. 19, 11 (2020).

Zhao, M. et al. Transition of metabolic phenotypes and risk of atrial
fibrillation according to BMI: Kailuan study. Front. Cardiovasc. Med. 9,
888062 (2022).

Hindricks, G. et al. 2020 ESC Guidelines for the diagnosis and
management of atrial fibrillation developed in collaboration with the
European Association for Cardio-Thoracic Surgery (EACTS): the Task
Force for the diagnosis and management of atrial fibrillation of the
European Society of Cardiology (ESC) Developed with the special
contribution of the European Heart Rhythm Association (EHRA) of the
ESC. Eur. Heart J. 42, 373-498 (2021).

Leone, D. et al. Accuracy of a new instrument for noninvasive
evaluation of pulse wave velocity: the Arterial Stiffness Faithful Tool
Assessment project. J. Hypertens. 39, 2164-2172 (2021).
Abolbashari, M. Atherosclerosis and atrial fibrillation: double trouble.
Curr. Cardiol. Rep. 24, 67-73 (2022).

Liang, F. & Wang, Y. Coronary heart disease and atrial fibrillation: a
vicious cycle. Am. J. Physiol. Heart Circ. Physiol. 320, H1-H12 (2021).
Corban, M. T. et al. Coronary endothelial dysfunction is associated
with increased risk of incident atrial fibrillation. J. Am. Heart Assoc. 9,
014850 (2020).

Black, N., Mohammad, F., Saraf, K. & Morris, G. Endothelial function
and atrial fibrillation: a missing piece of the puzzle? J. Cardiovasc.
Electrophysiol. 33, 109-116 (2022).

Lee, Y. T. et al. Mouse models of atherosclerosis: a historical
perspective and recent advances. Lipids Health Disease 16,12 (2017).
Zhou, X. & Dudley, S. C. Jr Evidence for Inflammation as a Driver of
Atrial Fibrillation. Front Cardiovasc Med 7, 62 (2020).
Przewtocka-Kosmala, M. et al. Association of central blood pressure
with left atrial structural and functional abnormalities in hypertensive

patients: implications for atrial fibrillation prevention. Eur. J. Prev.
Cardiol. 26, 1018-1027 (2019).

19. Fumagalli, S. et al. Arterial stiffness and left ventricular performance in
elderly patients with persistent atrial fibrillation. Aging Clin. Exp. Res.
30, 1403-1408 (2018).

20. Cecchini, F. et al. Safety and long-term efficacy of cryoballoon
ablation for atrial fibrillation in octogenarians: a multicenter
experience. J. Interv. Cardiac Electrophysiol. 65, 559-571 (2022).

21. Ravassa, S. et al. Combination of circulating type | collagen-related
biomarkers is associated with atrial fibrillation. J. Am. Coll. Cardiol. 73,
1398-1410 (2019).

22. Proietti, M. & Farcomeni, A. Association between peripheral artery
disease and incident risk of atrial fibrillation: strong evidence coming
from population-based Cohort Studies. J. Am. Heart Assoc. 7,
https://doi.org/10.1161/JAHA.118.009126 (2018).

23. Sang, D. S. et al. Association between brachial-ankle pulse wave
velocity and cardiovascular and cerebrovascular disease in different
age groups. Clin. Cardiol. 45, 315-323 (2022).

24. Li, Y. etal. Effect of brachial-ankle pulse wave velocity combined with
waist-to-hip ratio on cardiac and cerebrovascular events. Am. J. Med.
Sci. 362, 135-142 (2021).

25. Eriksson, M. D. et al. Higher carotid-radial pulse wave velocity is
associated with non-melancholic depressive symptoms in men—
findings from Helsinki Birth Cohort Study. Ann. Med. 53,

531-540 (2021).

26. Vio, R. et al. Arterial stiffness and atrial fibrillation: shared
mechanisms, clinical implications and therapeutic options. J.
Hypertens. 40, 1639-1646 (2022).

27. Yamashina, A. et al. Validity, reproducibility, and clinical significance
of noninvasive brachial-ankle pulse wave velocity measurement.
Hypertens. Res. 25, 359-364 (2002).

28. Vlachopoulos, C., Aznaouridis, K., Terentes-Printzios, D., loakeimidis,
N. & Stefanadis, C. Prediction of cardiovascular events and all-cause
mortality with brachial-ankle elasticity index: a systematic review and
meta-analysis. Hypertension 60, 556-562 (2012).

29. Bonapace, S. et al. Echocardiographically derived pulse wave velocity
and diastolic dysfunction are associated with an increased incidence
of atrial fibrillation in patients with systolic heart failure.
Echocardiography 33, 1024-1031 (2016).

30. Chen, H. et al. Estimated pulse wave velocity can predict the
incidence of new-onset atrial fibrillation: a 11-year prospective
study in a Chinese population. Front. Cardiovasc. Med. 9,

912573 (2022).

31. Washida, N., Wakino, S., Hayashi, K., Kuwahara, T. &Itoh, H. Brachial-
ankle pulse wave velocity predicts silent cerebrovascular diseases in
patients with end-stage renal diseases. J. Atheroscler. Thromb. 17,
165-172 (2010).

32. Lip, G.Y.H.The ABC pathway: an integrated approach to improve AF
management. Nat. Rev. Cardiol. 14, 627-628 (2017).

33. Romiti, G. F. et al. Adherence to the ‘atrial fibrillation better care’
pathway in patients with atrial fibrillation: impact on clinical outcomes
—a systematic review and meta-analysis of 285,000 patients.
Thromb. Haemost. 122, 406-414 (2022).

34. Chao, T.F. et al. 2021 Focused update consensus guidelines of the
Asia Pacific Heart Rhythm Society on stroke prevention in atrial
fibrillation: executive summary. Thromb. Haemost. 122, 20-47 (2022).

35. Sang, Y. etal. Determinants of brachial-ankle pulse wave velocity and
vascular aging in healthy older subjects. Med. Sci. Monit. 26,
923112 (2020).

36. Wu, S. etal. Aging, arterial stiffness, and blood pressure association in
Chinese adults. Hypertension 73, 893-899 (2019).

Acknowledgements
This work was supported by grants from the National Natural Science
Foundation of China (82170327, 82370332 to T.L.) and the Tianjin Key

npj Cardiovascular Health | (2024)1:1


https://doi.org/10.1161/JAHA.118.009126

https://doi.org/10.1038/s44325-023-00001-7

Article

Medical Discipline (Specialty) Construction Project (TJWJ2022XK013,
TJYXZDXK-029A).

Author contributions

W.S.,ZS,N.Z,M.Z,G.T.,0.C., G.Y.,and GY.L. wrote the main manuscript
text and prepared figures, G.L., S.W., and T.L. have jointly supervised the
work. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Shouling Wu or Tong Liu.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Tianjin Key Laboratory of lonic-Molecular Function of Cardiovascular Disease, Department of Cardiology, Tianjin Institute of Cardiology, Second Hospital of Tianjin
Medical University, 300211 Tianjin, China. 2School of Public Health, North China University of Science and Technology, Tangshan, China. ®Epidemiology Research Unit,
Cardiovascular Analytics Group, Hong Kong, China-UK Collaboration, Hong Kong, China. “Kentand Medway Medical School, Canterbury, Kent CT2 7NZ, UK. 5School
of Nursing and Health Studies, Hong Kong Metropolitan University, Hong Kong, China. ®Division of Clinical Pharmacology and Therapeutics, Department of Medicine,
School of Clinical Medicine, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong, China. “Lankenau Medical Center and Lankenau Institute for Medical
Research, Wynnewood, PA, USA. SFuwai Huazhong Hospital, Zhengzhou, Henan, China. 9Sidney Kimmel Medical College at Thomas Jefferson University, Philadelphia,
PA, USA. "®Liverpool Centre for Cardiovascular Sciences, University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest Hospital, Liverpool, UK.
"'Department of Clinical Medicine, Aalborg University, Aalborg, Denmark. "?Department of Cardiology, Kailuan General Hospital, Tangshan, China. '*These authors
contributed equally: Wenhua Song, Zongshuang Song. '“These authors jointly supervised this work: Shouling Wu, Tong Liu.

e-mail: drwusl@163.com; liutongdoc@126.com; liutong@tmu.edu.cn

npj Cardiovascular Health | (2024)1:1


http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
mailto:drwusl@163.com
mailto:liutongdoc@126.com
mailto:liutong@tmu.edu.cn

