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Abstract 

Background: Stiff arteries increase left ventricular (LV) end-systolic workload, leading over time to left atrial and 
ventricular remodeling, and providing the substrate for atrial fibrillation (AF) development. We investigated if carotid 
femoral pulse wave velocity (cfPWV), a measure of central arterial stiffness, is associated with incident AF.

Methods: In 2011–2013, cfPWV was measured in 3882 participants of the Atherosclerosis Risk in Communities 
Cohort Study (ARIC) without prevalent AF. Participants were followed through 2017 for the incidence of AF. Individuals 
were categorized in cfPWV quartiles based on visit measurements. Multivariable Cox regression models were used to 
evaluate the association of cfPWV with incident AF.

Results: Mean age was 75 years (SD 5), 60% were female and 20% were African American. Over a median follow-up 
of 5.5 years we identified 331 incident cases of AF. cfPWV demonstrated U-shaped associations with AF risk. In models 
adjusted for age, race, center, sex, education levels, and hemodynamic and clinical factors, hazard ratios (HR) of AF for 
participants in the first, third and fourth quartiles were 1.49 (95% CI 1.06, 2.10), 1.59 (1.14, 2.10), and 1.56(1.10, 2.19), 
respectively, compared to those in the second quartile.

Conclusion: Among community-dwelling older adults, low and high central arterial stiffness is associated with AF 
risk.
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Background
Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia and confers increased risks of morbid-
ity and mortality [1]. Hypertension is considered among 
the most commonly encountered risk factors for AF [2].  
Arterial stiffening is part of the substrate for sustained 
high blood pressure, which can lead in turn to increased 
left ventricular end-systolic workload, followed by ven-
tricular remodeling [3].  Simultaneously, impaired ven-
tricular diastolic function and increased atrial pressure 
might result in fibrosis and electrical remodeling in the 

atrium and predispose to future AF [4]. Similarly, aging 
is thought to drive a disproportionate rise in central arte-
rial stiffness, even among subjects at low cardiovascular 
risk, with a concomitant significant increase in AF risk [5, 
6].  There is evidence that central arterial stiffness meas-
ures are associated with biomarkers of myocardial stress 
among older adults without cardiac disease and incident 
heart failure in a U-shaped pattern [7]. However, the 
dose–response pattern between these measures and AF 
risk is not clear. Pulse wave velocity (PWV) is considered 
the gold standard for non-invasive assessment of arterial 
stiffness across different ages [8]. Prior studies evaluating 
the association of arterial stiffness, measured by PWV, 
with AF risk were done in racially homogeneous popu-
lations, did not focus on elderly individuals specifically 

Open Access

*Correspondence:  zalmuwa@emory.edu
1 Department of Epidemiology, Rollins School of Public Health, Emory 
University, Atlanta, GA, USA
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-021-02057-8&domain=pdf


Page 2 of 9Almuwaqqat et al. BMC Cardiovasc Disord          (2021) 21:247 

and lacked control over markers of left atrial overload [9, 
10]. Therefore, in this analysis, we examined associations 
of segment-specific PWV measures with the incidence 
of AF in a large cohort of community-dwelling black and 
white older adults without a history of prevalent AF in 
the Atherosclerosis Risk in Communities (ARIC) study.

Methods
Study population
The ARIC study is a prospective epidemiologic cohort 
conducted in four U.S. communities: Washington 
County, Maryland; Jackson, Mississippi; selected Min-
neapolis suburbs, Minnesota; and Forsyth County, 
North Carolina [11]. A detailed description of the design 
and objectives of the ARIC cohort study has been pub-
lished [11].  Approximately 4000 individuals aged 45–64 
were recruited from each ARIC center. In 1987–1989, a 
baseline examination (visit 1) was completed in 15,792 

individuals (55% women, 27% blacks). Participants were 
then followed  up regularly every three years until 1998, 
with the second exam (visit 2) occurring in 1990–1992, 
the third (visit 3) in 1993–1995, and the fourth (visit 4) 
in 1996–1998. A fifth exam (visit 5) occurred in 2011–
2013, a sixth exam (visit 6) in 2016–2017 and a seventh 
exam in 2018–2019. For this analysis, we included par-
ticipants with PWV measurements at visit 5. Of these, 
we excluded participants who had developed AF by visit 
5 regardless of heart failure history (Fig. 1). Of these, we 
excluded participants who had developed AF by visit 5 
(Fig.  1). We also excluded those with a race other than 
white or African American and the few African Ameri-
cans in the Minnesota and Washington County cohorts, 
morbid obesity (BMI ≥ 40 kg/m2) or missing BMI; those 
with premature beats (atrial, junctional or ventricular) 
in ≥ 10% of complexes in their study ECG; and those with 
peripheral vascular disease, peripheral revascularization, 

N= 387 excluded due to revascularization or 
PVD or other factors interfering with PWV 

interpretation

N= 499 with AF or missing information on AF 
status

N= 68 missing echocardiographic 
measurements

Study sample
N=3,882

N= 623 excluded
- Morbid obesity (BMI ≥40 kg/m2) or missing BMI
- Premature beats (atrial, junctional or ventricular) in 
≥10% of complexes in their study ECG
- Peripheral vascular disease, peripheral 
revascularization, aortic aneurysms, abdominal aorta 
≥5 cm, history or presence of aortic graft or aortic
stenosis. 
-Prevalent use of anticoagulation (n=81)).

N= 1,081 missing Carotid femoral PWV

N= 6,538
Completed ARIC Visit 5

N= 5,457

N= 5,389

N= 4,890

N= 4,503

N= 331 incident AF, 3,162 censored, 382 died 
or lost to follow up without reported AF

Fig. 1 Sample inclusion flowchart
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aortic aneurysms, abdominal aorta with dilation ≥ 5 cm, 
presence aortic graft or aortic stenosis [12]. Finally, we 
also excluded subjects with the prevalent use of antico-
agulation (n = 81), as they may have prevalent AF not 
identified by the study to eliminate potential misclassifi-
cation. The ARIC study is performed in  per the Declara-
tion of Helsinki and has been approved by Institutional 
Review Boards (IRB) and ethics committees at all partici-
pating institutions: the  University of North Carolina at 
Chapel Hill IRB, Johns Hopkins University IRB, Univer-
sity of Mississippi Medical Center IRB, and University of 
Minnesota IRB [11].  Study participants provided written 
informed consent at all study visits. All methods were 
carried out in accordance with relevant guidelines and 
regulations.

Assessment of PWV
The protocol of PWV measurements in ARIC has 
been described previously [13]. Carotid-femoral PWV 
(cfPWV) was obtained using an automatic vascular 
screening device (VP-1000 Plus; Omron Healthcare, 
Kyoto, Japan) [14].  Carotid and femoral arterial pressure 
waveforms were acquired in the supine position after 
5 min of rest by applanation tonometry sensors attached 
to the left common carotid artery (via neck collar) and 
left femoral artery (via elastic tape around the hip) [13]. 
The minimum data acquisition was 30 s. The set of meas-
urements was repeated after a brief rest period (5 min). 
The distance between two arterial sites (carotid and fem-
oral for example) divided by the time the wave takes to 
travel that distance was used to calculate the PWV, with 
higher values indicating greater arterial stiffness [15].  
Distance for cfPWV was measured with a segmometer 
(Rosscraft, Surray, Canada) and calculated as the distance 
between the carotid to the femoral distance minus the 
suprasternal notch to the carotid. In addition to cfPWV, 
brachial-ankle PWV (baPWV) and femoral-ankle PWV 
(PWV) were automatically calculated by the VP-1000 
Plus device using height-based formulas [16].

Study personnel were centrally trained, and a qual-
ity control program was established by which a random 
sample of 40 records per month, stratified by center, were 
reviewed. Based on this, technicians received feedback 
on data quality and completeness. The repeatability of 
cfPWV measurements taken 4–8  weeks apart (assessed 
with the intraclass correlation coefficient) was 0.70 
(95%CI 0.59–0.81), suggesting adequate validity [17]. For 
our primary analysis, cfPWV was considered to reflect 
central arterial stiffness, while faPWV was considered to 
represent peripheral arterial stiffness, and baPWV was 
considered as a mixed measure of central and peripheral 
stiffness. For faPWV and baPWV the higher value of the 
left and right PWV was used for our primary analysis.

Blood samples were drawn at visit 5 and laboratory 
tests were performed according to a common protocol 
by trained technicians at each of the ARIC field centers 
[12, 13]. Circulating N-terminal B-type natriuretic pep-
tide (NT-proBNP) at visit 5 was measured on the Roche 
Elecsys 2010 Analyzer (Roche Diagnostics, Indianapolis, 
IN 46250) using immunoassay methods [18, 19].

Determination of incident AF
We used three methods to identify AF cases in the ARIC 
cohort that have been described previously [20]. In sum-
mary, first, trained abstractors collected information 
from participants’ hospitalization identified by follow-up 
phone calls and surveillance of local hospitals, including 
all discharge codes that are relevant for AF or atrial flut-
ter. AF was deemed as present if ICD-9-CM codes 427.31 
(AF) or 427.32 (atrial flutter) or ICD-10-CM codes I48.x 
were listed in any given hospitalization. We excluded AF 
cases occurring in the context of cardiac surgery. Second, 
12-lead electrocardiograms (ECGs) were obtained during 
study exams (visits 1 through 5), and data were transmit-
ted electronically to the ARIC ECG reading center at EPI-
CARE (Wake Forest School of Medicine, Winston-Salem, 
NC), using the GE Marquette 12-SL program (GE Mar-
quette, Milwaukee, WI) for processing [20]. A computer 
algorithm identified the presence of AF or atrial flutter in 
the ECG. Those ECGs were further reviewed by a cardi-
ologist to confirm the computer diagnosis of AF and also 
overread any rhythm disorder other than AF in electro-
cardiograms to reduce the possibility of missed or mis-
reading episodes of AF. Given that visit 5 was the last visit 
in which ECGs were performed, this method was only 
used to determine prevalent AF. Lastly, AF diagnosis was 
identified from death certificates if ICD-9 code 427.3 or 
ICD-10 code I48 were listed as any cause of death. Over-
all, AF hospitalization represented 96% of all AF cases 
ascertained after visit 5. These methods of AF ascertain-
ment have been validated previously in ARIC [20]. These 
methods have been validated in prior analyses with satis-
factory validity and sensitivity [20].

Ascertainment of other covariates
We considered the following covariates assessed in visit 
5: sex, age, race, study center, education level (at visit 
1), systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), smoking status, alcohol drinking status, 
diabetes history, heart failure (HF) history, myocar-
dial infarction (MI) history, use of aspirin medications, 
use of statin medications, echocardiographic left ven-
tricular ejection fraction (LVEF), and left atrial (LA) 
volume. Brachial artery pressure was measured in the 
sitting position after resting for 5 min, using an Omron 
HEM907XL (Healthcare, Kyoto, Japan) oscillometric 
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sphygmomanometer, with  an  average of 3 measure-
ments used for analysis. Diabetes was defined as the use 
of anti-diabetic medication, or a self-reported physician 
diagnosis of diabetes, fasting blood glucose ≥ 126  mg/
dl, or a non-fasting blood glucose ≥ 200  mg/dL. Infor-
mation regarding sex, race, age, smoking status, and 
alcohol intake was self-reported. Medications taken in 
the prior 2  weeks were brought to the clinic visit; the 
names of the medications were recorded. HF history 
was derived based on the Gothenburg criteria at visit 1 
and from HF-related hospitalizations (ICD-9 codes for 
HF) during follow-up [21]. MI was defined based on a 
self-reported physician diagnosis of MI at baseline or 
evidence of old MI on ECG and events adjudicated dur-
ing the follow-up [22].

Statistical analysis
We modeled PWV measurements using restricted cubic 
splines to characterize the dose–response associations 
with AF risk. This analysis used the median PWV value 
as the reference point for risk assessment. Based on the 
evidence of non-linearity in the association of cfPWV 
with AF incidence, we evaluated the risk of AF across cat-
egories of cfPWV defined using quartiles. In additional 
analyses, we assessed AF risk across quartiles of baPWV 
and faPWV. We calculated the cumulative incidence of 
AF accounting for the competing risk of death using the 
cumulative incidence function [23]. Cox proportional 
hazards models were used to calculate hazard ratios of 
developing AF and their 95% confidence intervals accord-
ing to cfPWV quartiles, using the second quartile as the 
reference category. The time of follow-up was defined as 
days from visit 5 to AF incidence, death, lost to follow up, 
or December 31, 2017, whichever occurred earlier. We 
used the following two models with incremental adjust-
ments to analyze the association of cfPWV with AF risk 
(1) Model 1: adjustment for age (continuous), sex (dichot-
omous), education level (grade school, high school but 
not graduate, high school graduate, vocational school, 
college, graduate school), race and ARIC study center; (2) 
Model 2: further adjusted for smoking (current, former, 
never), drinking (current, former, never), diabetes mel-
litus (dichotomous), history of MI (dichotomous), aspi-
rin use (dichotomous), statin use (dichotomous), LVEF 
(continuous), DBP and SBP (continuous) and left atrial 
volume (continuous). We further adjusted for heart fail-
ure as a time-varying covariate and NT-proBNP levels 
at visit 5. Finally, we conducted analyses stratified by sex 
and race. Data analysis was conducted with SAS software 
version 9.4 [SAS Institute Inc., Cary, NC].

Patient and public involvement
There was no direct patient involvement in study 
design, analysis, interpretation or writing.

Results
The mean age for the study cohort of 3882 partici-
pants without AF at visit 5 was 75  years, with women 
accounting for 60% and African Americans account-
ing for 20% of the analyzed cohort (Table  1). Increas-
ing cfPWV was associated with advanced age, male sex, 
African American race, higher SBP, higher heart rate, 
higher prevalence of DM. LVEF and LA volume were 
similar across the four quartiles.

Over a median follow-up of 5.5  years, we identified 
331 incident cases of AF. 3162 censored at the end of 
follow-up while 382 died or lost to follow up without 
reported AF (Fig. 1). Modeling cfPWV with a restricted 
cubic spline showed a U-shaped association with the 
incidence of AF (Fig. 2). Based on the presence of this 
non-linear association, cfPWV was categorized and 
modeled in quartiles. Figure  3 depicts the cumulative 
incidence of AF by quartiles of cfPWV considering 
death as a competing event, showing the lowest risk 
among participants in the second quartile. In mini-
mally adjusted modes, participants with cfPWV in the 
first, third and fourth quartiles were at a greater risk 
of incident AF once adjusted for age, race, center, sex 
and education levels: hazard ratios (HR) for first, third 
and fourth quartiles were 1.60 (95% CI 1.14, 2.24), 1.56 
(1.12, 2.17), 1.47 (1.05, 2.06), as compared to the sec-
ond quartile (Table  2). After further adjustment for 
clinical and hemodynamic factors, results were simi-
lar [HR 1.49 (95% CI 1.06, 2.10), 1.59 (1.14, 2.10), 1.56 
(1.10, 2.19), Table  2]. Additional adjustment for heart 
failure as a time-varying covariate or NT-proBNP did 
not modify the associations (Table  2, Models 3 and 
4). Moreover, when we used the Fine and Gray model 
while considering death as a competing event, results 
were consistent (Table 2, Model 5).

In sex and race-stratified analyses, we found that asso-
ciations of cfPWV with AF risk were not significantly dif-
ferent between men and women (P for interaction = 0.40) 
and among whites and African Americans (P for interac-
tion = 0.60) (Additional file 1: Table S1).

We did not observe associations of markers of periph-
eral arterial stiffness (baPWV and faPWV) with the risk 
of AF (Fig.  2). Compared to participants in the second 
quartile of baPWV, the HRs (95%CI) of AF were 1.05 
(0.76, 1.44, 0.89 (0.65, 1.22, and 1.07 (0.79, 1.45) in the 
1st, 3rd and 4th quartiles, respectively (Table 3, Model 1). 
Further adjustment for clinical and hemodynamic factors 
did not meaningfully impact the results (Table 3, Model 
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2). Similarly, faPWV was not associated with AF risk 
(Table 3).

Discussion
Our study demonstrates a U-shaped pattern between 
central arterial stiffness as measured by cfPWV and 
incidence of AF during a follow-up of 5.5  years among 
ARIC community-dwelling older adults. The association 
remained even after adjustment for clinical risk factors, 
hypertension, LVEF, and LA enlargement. The associa-
tion was similar in men and women, whites, and blacks. 
We did not find associations between markers of periph-
eral arterial stiffness (faPWV and baPWV) and AF risk.

We observed that individuals with higher cfPWV pre-
sented an increased risk of AF, an observation that has 
biological plausibility. Despite the evidence for a poten-
tial bidirectional relationship between arterial stiffening 
and hypertension, stiff arteries can be part of the sub-
strate for high systemic blood pressure leading to adverse 
left ventricular remodeling [24]. Adverse left ventricular 
changes, including concentric hypertrophy and altered 
geometry, are known to be associated with structural 
and functional changes in the left atrium that ultimately 
increase AF risk [25]. In fact, animal models have shown 
that atrial fibroblasts have greater fibrotic potential than 
their ventricular counterparts, suggesting that the left 

atrium is more sensitive to adverse vascular remodeling 
than the left ventricle [26]. At the same time, measures of 
endothelial dysfunction, such as flow-mediated dilation, 
have been associated with AF [10].  Thus, it is possible 
that arterial stiffness is a marker of cumulative vascular 
injury and left atrial remodeling that will ultimately sig-
nal future AF development.

Prior studies have shown that pulse pressure, as another 
measure of arterial stiffness, correlates with a greater risk 
of AF [2]. Those results were validated by other studies 
showing that pulse wave velocity can predict AF in sex 
and age-adjusted models [10]. However, the association 
was non-significant after adjustment for covariates while 
considering cfPWV as a continuous variable. Moreover, 
the prior studies were limited by the lack of control over 
echocardiographic markers of left atrial overload, includ-
ing LVEF and LA volume.

In this study, we show for the first time that the associa-
tion of central PWV with AF follows a non-linear pattern, 
with a higher risk of AF for those with low or high cen-
tral PWV. These results are consistent with findings from 
prior studies showing that cfPWV is associated with car-
diac biomarkers of myocardial stress and incident heart 
failure in a U-shaped pattern [12]. A similar trend, albeit 
non-significant, has been previously reported between 
cfPWV and heart failure with preserved ejection fraction 

Table 1 Baseline characteristics of the ARIC cohort participants included in the study by quartiles of carotid-femoral pulse wave 
velocity (cfPWV), 2011–2013 (n = 3882)

ARIC, atherosclerosis risk in communities’ study; SD standard deviation; BMI, body mass index; SBP, systolic blood pressure; MI, myocardial infarction; HF, heart failure; 
LA, left atrial; MI, myocardial infarction; DM, diabetes mellitus; LVEF, left ventricular ejection fraction

Continuous variable given as mean (SD) and categorical variables given as %

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile

cfPWV, m/s  < 9.5 9.5–11.2 11.2 -13.2  > 13.2

N 972 971 974 965

Age, year 74 (4.6) 74 (4.6) 75 (4.9) 77(5.1)

Women, % 65.2% 60.5% 58.5% 56.9%

African American race, % 16.1% 16.7% 18.8% 28.5%

Completed high school, % 90.5% 89.2% 88.2% 83.3%

BMI, kg/m2 27.5 (4.3) 28.0 (4.4) 27.9 (4.3) 27.5 (4.7)

SBP, mmHg 122.4 (15.5) 127.2 (15.4) 132.5(16.6) 138.1 (18.4)

Heart Rate, bpm 62.6 (9.9) 63.8 (9.7) 65.8 (10.6) 67.4 (11.2)

Current smoker, % 7.4% 6.4% 5.9% 5.1%

Current alcohol Use, % 56.3% 55.6% 51.2% 41.7%

Aspirin Use, % 68.5% 69.5% 69.2% 65.3%

Statin Use, % 47.2% 49.3% 48.7% 53.9%

Diabetes, % 21.4% 25.3% 30.9% 39.4%

LVEF, % 65.9 (5.9) 66.0 (5.9) 65.7 (6.0) 65.3 (5.9)

LA Volume,  mm3 46.2 (17.2) 45.7 (14.7) 46.5 (15.3) 46.1 (15.4)

History of HF, % 2.3% 1.9% 2.1% 2.9%

History of MI, % 7.4% 6.1% 8.0% 9.4%
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in the health ABC study [27]. However, exact mecha-
nisms explaining the association between low cfPWV and 
AF risk remain unclear [28]. One possible mechanism is 

that low cfPWV may point to subclinical cardiovascular 
dysfunction decreasing cfPWV and contributing to the 
AF risk in this group. Studies have shown that cardiac 
stroke volume and overall cardiac output correlates with 
cfPWV and thus heart failure, a known risk factor for AF, 
manifesting with subclinical low cardiac output that may 
lead to spuriously low cfPWV [29]. However, the lack of 
attenuation in the association between cfPWV and AF 
after adjustment for NT-proBNP and heart failure as a 
time-varying covariate does not support this hypothesis. 
Future studies should replicate this U-shaped association 
and evaluate underlying mechanisms.

Our study has several strengths. Firstly, the ARIC 
study includes a community-based and diverse popula-
tion with measures of arterial stiffness, biomarkers, and 
outcomes. Secondly, our study had an extensive qual-
ity control program to ensure the replicability of results. 
Moreover, ARIC utilized centrally trained personnel to 
perform measurements. Random samples of PWV were 
taken from all centers to confirm measurement repeat-
ability. Our study, however, also has limitations. Firstly, 
our approach for AF ascertainment probably led to 

Fig. 2 Age, sex, and race-adjusted hazard ratios and 95% confidence intervals of AF by cfPWV (top panel), baPWV (middle panel) and faPWV values 
(bottom panel). PWV measurements modeled as restricted cubic splines. The median value of PWV measurements was considered the reference 
(HR = 1). The histograms represent the frequency distribution of PWV in the study sample. ARIC 2011–2017

Fig. 3 Cumulative incidence of AF, unadjusted, by quartiles of 
carotid-femoral pulse wave velocity after ARIC visit 5, considering 
death as a competing risk, ARIC 2011–2017
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information bias due to missing asymptomatic cases as 
well as those managed exclusively in the outpatient set-
ting. However, we have conducted a previous validation 
study in the ARIC cohort showing that this method of AF 
ascertainment has adequate sensitivity, specificity, and 
predictive values [20]. We also excluded patients with 
anticoagulation use which might be prescribed for pos-
sible subclinical AF. Moreover, other large epidemiologic 
studies have used similar approaches, also with good 
validity [30]. Secondly, our analysis was limited to indi-
viduals who completed an ARIC clinic visit 5 and had no 
major arrhythmias or revascularization. Moreover, our 
results are mainly derived from community-based older 
individuals. Thus, our results may not be generalizable 
to younger individuals and those who died prior to visit 
5 or chose not to take part. Finally, being an observa-
tional study, there remains the potential for residual and 
unmeasured confounding. Still, our analysis adjusted for 
the main risk factors for AF, reducing the likelihood of 
confounding being a major explanation for our findings.

Conclusion
In conclusion, arterial stiffness is independently associ-
ated with AF risk. Among older ARIC participants, cen-
tral arterial stiffness displayed a U-shaped association 
with AF risk. Older adults with high or low arterial stiff-
ness as measured by cfPWV might be at high risk of AF 
development. Mechanisms underlying this association 
deserve further study so potential strategies for AF pre-
vention can be developed.

Table 2 Association of carotid femoral pulse wave velocity 
indices with incident AF in the ARIC study, 2011–2017. (n = 3882)

Abbreviation: baPWV, brachial-ankle pulse wave velocity; cfPWV, carotid-femoral 
pulse wave velocity, CI; confidence interval; faPWV: femoral-ankle pulse wave 
velocity; HR, hazard ratio
†  Model 1: Cox regression model adjusted for sex, age, center, race, education 
level
‡  Model 2: Cox regression model adjusted for sex, age, center, race, education 
level, systolic blood pressure, diastolic blood pressure, alcohol use, cigarettes 
smoking, history of myocardial infarction, history of heart failure, body mass 
index, aspirin, statin, hypertension, diabetes mellitus, left ventricular ejection 
fraction and left atrial volume
δ Model 3: Model 2 further adjusted for heart failure as a time dependent 
covariate
ς Model 4: Model 2 further adjusted for NT-pro B-type natriuretic peptide
* Model 5: Fine and Gray competing risks model adjusted for variables in model 
2, with death considered as a competing risk

PWV quartiles

1st quartile 2nd quartile 3rd quartile 4th quartile

cf PWV (m/s)  < 9.5 9.5–11.1 11.2–13.2  > 13.2

# Incident AF 
cases

181 57 93 96

Person-time 
(years)

5169 5153 5073 5041

HR (95% CI)

 Model  1† 1.60
(1.14, 2.24)

Ref 1.56
(1.12, 2.17)

1.47
(1.05, 2.06)

 Model  2‡ 1.49
(1.06, 2.10)

Ref 1.59
(1.14, 2.10)

1.56
(1.10, 2.19)

 Model  3δ 1.51
(1.07, 2.13)

Ref 1.63
(1.16, 2.28)

1.68
(1.18, 2.38)

 Model  4ς 1.48
(1.05, 2.10)

Ref 1.64
(1.17, 2.30)

1.53
(1.8, 2.18)

 Model 5* 1.51
(1.07, 2.13)

Ref 1.58
(1.12, 2.21)

1.58
(1.11, 2.25)

Table 3 Association of peripheral pulse wave velocity indices with incident AF in the ARIC study, 2011–2017. (n = 3882)

† Model 1: Cox hazared regression model adjusted for sex, age, center, race, education level
‡ Model 2: Cox hazard regression model adjusted for sex, age, center, race, education level, systolic blood pressure, diastolic blood pressure, alcohol use, cigarettes 
smoking, history of myocardial infarction, history of heart failure, body mass index, aspirin, statin, hypertension, diabetes mellitus, left ventricular ejection fraction and 
left atrial volume

ba PWV (m/s)  < 15.4 15.4–17.3 17.3–19.6  > 47.1

# Incident AF cases 75 79 76 101

Person-time (years) 5062 5187 5155 5033

HR (95% CI)

 Model 1† 1.05
(0.76, 1.44)

Ref 0.89
(0.65, 1.22)

1.07
(0.79, 1.45)

 Model 2‡ 0.99
(0.72, 1.37)

Ref 0.95
(0.69, 1.30)

1.25
(0.91, 1.72)

fa PWV (m/s)  < 10.0 10.0–11.1 11.1–12.3  > 37.2

# Incident AF cases 87 86 85 73

Person-time (years) 4974 5147 5086 5230

HR (95% CI)

 Model  1† 1.05
(0.78, 1.42)

Ref 0.97
(0.71, 1.30)

0.77
(0.56, 1.05)

 Model  2‡ 1.00
(0.72, 1.36)

Ref 1.06
(0.78, 1.44)

0.90
(0.65, 1.25)
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