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Abstract

Background—Atrial fibrillation (AF) is associated with increased morbidity. P-wave indices 

(PWI) measure atrial electrical function and are associated with AF. Study of PWI has been 

limited to single-cohort investigations, and their contributions to risk enhancement are unknown.

Methods—We examined PWI from the Framingham Heart Study (FHS) and Atherosclerosis 

Risk in Communities (ARIC) Study. We calculated 10-year AF risk using adjusted Cox models. 

We conducted cross-cohort meta-analyses for the PWI estimates and assessed their contributions 

to risk discrimination (C-statistic), net reclassification index, and integrated discrimination 

improvement.

Results—After exclusions the analysis included 3,110 FHS (62.6±9.8 years, 56.9% women) and 

8,254 ARIC participants (62.3±5.6 years, 57.3% women, 20.3% black race). Over 10-years, 217 

FHS and 458 ARIC participants developed AF. In meta-analysis, P-wave duration >120 ms was 

significantly associated with AF (hazard ratio [HR] 1.55, 95% CI [confidence interval] 1.29 to 

1.85) compared to ≤120 ms. P-wave area was marginally but not significantly related to AF (HR 
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1.31, 95% CI 0.95 to 1.80). P-wave terminal force was strongly associated with AF in ARIC but 

not FHS. PWI had a limited contribution towards predictive risk beyond traditional risk factors 

and markers.

Conclusions—PWI are intermediate phenotypes for AF. They are associated with AF in cross-

cohort meta-analyses but contribute minimally toward enhancing risk prediction.
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Atrial fibrillation (AF) is the most commonly encountered clinical arrhythmia and is 

associated with profound medical costs and clinical morbidity. P-wave indices (PWI) 

quantify atrial electrical function derived from the electrocardiogram (ECG) and are 

comprised of summary measures of duration, area, and amplitude. PWI have been associated 

with AF and related to established AF risk factors including age, hypertension and 

obesity.1-3 Consequently, PWI reflect subclinical atrial remodeling, which occurs secondary 

to the cumulative exposure to heterogeneous insults.4,5 PWI have consequently been 

employed as quantifiable, intermediate phenotypes for characterizing AF risk.6,7

We developed and validated a multicohort AF prediction algorithm for 5-year AF risk 

(Cohorts for Heart and Aging Research in Genomic Epidemiology atrial fibrillation 

[CHARGE-AF]).8 The ECG contributions to the CHARGE-AF risk score included PR 

interval and assessments of left ventricular hypertrophy (LVH), which did not contribute 

substantively towards model discrimination. However, PWI, which include P-wave duration, 

area and terminal force (specific to left atrial function) measure atrial conduction. Hence, 

they may perform better in AF risk prediction than other ECG markers.

To date, prior assessments of PWI and their relations to AF remain limited. Studies have 

been done in single cohorts, many of which have been limited by sample size, covariate 

ascertainment and brevity of follow-up.9 The cross-cohort heterogeneity in the contribution 

of PWI towards AF risk assessment has not been examined. Similarly, studies have not 

examined how PWI contribute towards metrics of risk prediction, specifically model 

discrimination (C-statistic) and reclassification.10 Digitized tracings facilitate automated 

PWI quantification, further obviating prior challenges to measurement techniques in some 

studies.

Our objectives were two-fold in investigating PWI and AF in the Framingham Heart Study 

(FHS) and Atherosclerosis Risk in Communities (ARIC) Study. First, we investigated the 

cross-cohort contributions of PWI towards risk of AF in meta-analysis following 

multivariable adjustment with the covariates included in the CHARGE-AF risk score. 

Second, we examined the predictive contributions of PWI towards reclassifying risk of AF 

in the two cohorts using statistical metrics such as the net reclassification index (NRI) and 

integrated discrimination improvement (IDI).
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Methods

Study Populations

FHS—The FHS is a prospective, longitudinal study investigating cardiovascular diseases 

with multigenerational design.11,12 We included participants attending Original Cohort 

examination 20 (1986-1990), Offspring Cohort examination 6 (1995-1998), and the Third 

Generation initial examination (2002-2005) who were between ages 50 and 90 (n=4742). 

We excluded participants with prevalent AF or atrial flutter (n=27), used medications that 

may alter atrial or atrioventricular nodal electrophysiology (beta-blockers, calcium channel 

blockers, cardiac glycosides, and anti-arrhythmics, n=1457), or missing essential covariates 

(n=148).

The ARIC Study—The ARIC Study consists of a predominantly biracial (blacks and 

whites) sample recruited from 4 communities (Washington County, MD; suburbs of 

Minneapolis, MN; Jackson, MS; and Forsyth County, NC) enrolled from 1987 to 1989 

(n=15,792). ARIC Study participants subsequently underwent 4 examinations at 

approximately 3-year intervals with annual telephone updates to capture hospital admission 

and vital status.13,14 The present study included participants attending ARIC Study visit 4 

(1996-1998, n=11,656). Exclusions included participants with race or ethnicity other than 

white or black, or non-white in the Minneapolis and Washington Country field centers 

(n=69), prevalent AF or atrial flutter (n=297), atrial or atrioventricular nodal medications as 

listed above (n=2665), lacking or unreadable ECG data (n=252), or missing covariates 

(n=119).

FHS and ARIC were approved by the institutional review each participating institution. 

Study participants provided informed consent.

PWI acquisition and measurement

In FHS, digitized ECGs were performed using the Marquette (now General Electric, 

Fairfield, CT) MAC 5000. In ARIC, participants had ECGs recorded on MAC PC Personal 

Cardiographs (Marquette Electronics, Milwaukee, WI) and submitted for interpretation to 

the Epidemiological Cardiology Research Center, Wake Forest University, Winston-Salem, 

NC.

Both studies employed the Marquette 12SL ECG (General Electric) analysis program for 

PWI quantification. PWIs were defined uniformly in both studies and included the median 

PR interval, maximum P-wave duration, maximum P-wave area, and P-wave terminal force. 

The PR interval (ms) was defined by measurement from the onset of the P-wave to the 

initiation of the QRS segment. The median value across all 12-leads was used in the present 

analysis. P-wave duration (ms) was measured from the P-wave onset (conclusion of the T-P 

segment) to its offset (return to baseline for the remaining PR interval). P-wave area 

(μV·ms) was measured as the area underneath the positive deflection demarcating the P-

wave. The maximum area from among the 12 leads was selected for analysis. P-wave 

terminal force (μV·ms), specific to right precordial lead V1, was determined as the product 

of the negative P-wave deflection in lead V1 (μV) and the duration (ms) from onset of the 
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negative deflection to its nadir. P-wave dispersion was not included in our analysis, 

primarily because of its uncertain electrophysiologic significance.15

Ascertainment of AF

AF was ascertained in FHS from electrocardiograms, Holter monitors, and tracings at or 

external to FHS following adjudication by 2 physicians. Ascertainment of AF in the ARIC 

Study entailed review of hospital discharge records for International Classification of 

Diseases, Ninth Revision (ICD-9) codes 427.31 or 427.32. AF events associated with 

cardiac surgery were not included. The ARIC Study has reported this method for AF 

identification as 80-85% sensitive and 97-99% specific in a validation study of participants 

with stroke.16 AF also was identified from death certificates (ICD-9 427.3x or ICD-10 I48 

listed as any cause of death).

Covariate definitions

Participant covariates were obtained at the same examination as PWI quantification in both 

cohorts. In FHS, smoking was defined by self-report. Blood pressures were recorded as the 

mean of two measurements obtained 5 minutes apart by a physician. LVH was defined by 

voltage criteria.17 Diabetes was defined as a fasting glucose ≥126 mg/dL at an examination, 

use of hypoglycemic agents (oral or insulin), or diagnosis of diabetes by a physician. 

Myocardial infarction (MI) and heart failure were determined by adjudication. 18,19 In the 

ARIC Study, race and smoking status were defined by self-report. Anthropometric 

assessments followed a standardized protocol.16 LVH was determined by Cornell criteria.20 

Criteria for diabetes were reporting a diagnosis of diabetes by a physician, a fasting blood 

sugar ≥126 mg/dL, a nonfasting glucose ≥200 mg/dL, or use of hypoglycemic medications. 

MI was determined by committee adjudication and heart failure as described elsewhere.2122

Statistical analysis

The mean and standard deviations (SD) of continuous variables and distributions of 

categorical variables were summarized by cohort. The Kaplan-Meier 10-year percentages 

for AF were calculated and then by stratifying PWI at <95th and ≥95th percentile in both 

cohorts. We constructed cohort-specific Cox proportional hazards models to examine the 

10-year risk of AF for each of the PWI using cut-points established by prior investigations: 

PR interval >200, consistent with first-degree atrioventricular block;23 P-wave duration 

>120 ms;15 P-wave area ≥95th percentile;6 and P-wave terminal force >4000 μV·ms.24 A 

baseline model adjusted for age, sex, and race (in ARIC). The model adjusted for the 

variables comprising the CHARGE-AF risk score developed in 18,556 individuals and 

validated in 7,762 individuals.8 These included current smoking, height, weight, systolic and 

diastolic blood pressures, diabetes, history of myocardial infarction, and prevalent heart 

failure. We also adjusted for heart rate, total/high density lipoprotein cholesterol, and ECG-

based LVH. The assumption of proportional hazards was tested. We constructed restricted 

cubic splines to display the relations of PWI and the 10-year hazard ratio for AF with knots 

at 5, 27.5, 50, 72.5, and 95 quantiles as per Harrell.25 We meta-analyzed the baseline and 

multivariable-adjusted hazard ratio for the 10-year risk of AF for each of the PWI using a 

fixed-effects model. We tested for heterogeneity of the hazard ratio estimates using the I2 

index of heterogeneity.26 We evaluated the contribution of individual PWI to the model by 
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determining the C-statistic, categorical NRI with risk categories of <5%, 5% to 10%, and 

>10%, and relative IDI.10 All analyses were conducted using SAS 9.2 (Cary, North 

Carolina). Spline graphics were constructed with STATA/MP (College Station, Texas). The 

authors are solely responsible for the design and conduct of this study, all study analyses, 

and the drafting and editing of the paper and its final contents.
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Results

The analysis included 3,110 FHS participants (62.6±9.8 years, 56.9% women) and 8,254 

ARIC participants (62.3±5.6 years, 57.3% women, 20.3% black race; see Table 1). In both 

cohorts prevalent MI and heart failure were fairly low. The distributions of PWI were 

similar in both cohorts.

During 10-year follow-up, 217 FHS and 458 ARIC participants developed incident AF. 

Table 2 describes the Kaplan-Meier 10-year percentage risk for AF in both cohorts, overall 

and stratified by PWI at specified cut-points. In both cohorts, the 10-year event Kaplan-

Meier percentages were greater for the higher range PWI compared to those in the lower 

range. The largest magnitude differences were seen for P-wave duration in FHS and P-wave 

terminal force in ARIC.

The results of the 10-year Cox proportional hazards models are presented in Table 3. P-wave 

duration was the only measure significantly associated with 10-year risk of AF in both 

cohorts. In multivariable-adjusted analysis, the estimates were similar in FHS (HR 1.54, 

95% CI 1.13 to 2.11) and ARIC (HR 1.55, 95% CI 1.25 to 1.93). PR interval, P-wave area, 

and P-wave terminal force were not associated with AF in FHS. In contrast, all 3 PWI were 

significantly associated with incident AF in the ARIC Study in the age- and sex-adjusted 

models; only P-wave area did not continue to have a significant association following 

multivariable adjustment (HR 1.35; 95% CI 0.92-1.98). The largest cross-cohort difference 

was in the estimates for P-wave terminal force. In the ARIC Study, P-wave terminal force 

>4000 μV·ms was associated with a 1.6-fold increased AF risk. The associations of the 

covariates included in the multivariable model and the 10-year risk of AF are presented in 

the Supplementary Table.
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Figure 1 shows the meta-analyses of the hazard ratio estimates across cohorts for each of the 

PWI. The figure further shows the heterogeneity (I2) estimates with corresponding 

significance levels. In the pooled multivariable-adjusted meta-analysis, P-wave duration 

(HR 1.60, 95% CI 1.24 to 2.06) was significantly associated with AF. P-wave area had a 

weak, non-significant association with AF (HR 1.31, 95% CI 0.95 to 1.80). Whereas the 

cohort-specific estimates demonstrated heterogeneity (I2 =91.0%, P=0.001), the association 

of P-wave terminal force with AF was highly significant in ARIC (HR 1.56, 95% CI 1.24 to 

2.00) but not FHS (HR 1.00, 95% CI 0.71 to 1.40). Given the significance of the 

heterogeneity estimate and a concern for racial differences in PWI, we repeated the meta-

analysis selecting whites only from the ARIC cohort (n=6,581, 79.7%). The association of 

P-wave terminal force with AF in ARIC was similar in whites (HR, 1.56, 95% CI 1.20 to 

2.03) and blacks (HR 1.65, 95% CI 0.96 to 2.83) following multivariable adjustment. The 

meta-analysis including FHS and only ARIC whites also indicated persistence of significant 

heterogeneity (I 2=75.7%, P=0.042).

The assessments of reclassification and discrimination are summarized in Table 4. The 

multivariable model in FHS had a C-statistic of 0.78 (95% CI 0.75 to 0.80) and in ARIC 

0.71 (95% CI 0.69 to 0.73). In neither cohort did the C-statistic improve with the addition of 

PWI. The largest NRI was that of P-wave duration >120 ms in FHS (2.9%) and P-wave 

terminal force >4000 μV·ms in ARIC (2.0%). P-wave terminal force showed the largest 

improvement in IDI, reaching 5.0% (95% CI 1.5-8.4) in the ARIC Study.

Figures 2A and 2B shows the association of individual PWI with AF incidence by cohort 

modeled as restricted cubic splines. In the ARIC cohort, P-wave duration >110 ms had a 

proportionately increasing association with AF, but was more modest in FHS. The risk of 

AF increased up to 5-fold at the highest values of P-wave terminal force in the ARIC cohort. 

However, in FHS P-wave terminal force had <2-fold risk of AF; the wide CI underscore the 

uncertainty in the estimates of the association.

Discussion

We conducted a novel assessment of the contribution of PWI towards AF risk by studying 

two large-sized, community-based cohorts. FHS and the ARIC Study have robust covariate 

and AF ascertainment, and we determined that PWI have strong associations with increased 

AF risk in cross-cohort meta-analyses. We selected covariates for multivariable adjustment 

that were included in the well-validated CHARGE-AF risk model and are readily available 

in the primary care setting. We determined that PWI did not enhance risk metrics beyond 

such readily available covariates.

Our findings are consistent with previous work done in FHS, ARIC, and other studies 

examining the relation of PWI to AF. In ARIC, PWI ≥95th percentile were previously 

associated with AF.6 However, the prior ARIC analysis had fewer AF events (n=117) and 

did not examine risk discrimination and reclassification. A prior FHS analysis examined 

selected PWI using a manual measurement technique.27 The FHS analysis was conducted in 

a smaller and older cohort, included fewer covariates, and had the significant limitation of 

using manually derived measurement of P-wave duration only. Neither the prior FHS nor 
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ARIC analysis examined the additive contributions of PWI towards AF risk. In a large, 

retrospective Veterans Affairs analysis, P-wave duration was associated with a 2.7-fold 

increased risk of AF during approximately 5-year follow-up, albeit with limited covariate 

adjustment.7 PWI have been examined in a range of clinical conditions28 and particularly 

been related to AF recurrence following pulmonary vein isolation and cardioversion.29,30

The electrophysiologic significance of PWI has been demonstrated by intracardiac, catheter-

based studies. PWI are markers of adverse atrial electrical remodeling related to 

electroanatomic mapping and electrophysiologic functional assessments. PWI and catheter-

based atrial studies are altered by aging, increased atrial pressure, and cardiomyopathy in the 

absence of AF.5,31,32 An evident strength of using PWIs is that they are obtained from the 

12-lead surface ECG. Contemporary software facilitates automated analysis and 

quantification.

Our meta-analyses enhanced our evaluation of the relations of PWI to 10-year risk of AF. In 

both FHS and ARIC, the associations of the PR interval, maximum P-wave duration and 

maximum P-wave area with AF were consistent. Meta-analysis of the two increased 

statistical power and improved generalizability. In contrast, we did observe significant 

heterogeneity in the assessment of P-wave terminal force (I2=91.0% and P=0.001, for the 

multivariable-adjusted model). P-wave terminal force had a striking relation to AF in the 

ARIC cohort, yet was all but absent in FHS.

There are multiple potential reasons for the cross-cohort heterogeneity of the relations of P-

wave terminal force and AF that we observed. Differences in cohort design, AF 

ascertainment, and covariate measurement may contribute towards heterogeneity. ECGs 

were performed in a standardized manner in both cohorts with identical software for PWI 

quantification. Hence, methodological differences in PWI acquisition and measurement are 

unlikely to explain the P-wave terminal force heterogeneity. The meta-analysis results were 

unchanged in a subgroup analysis of whites only, suggesting as well that racial differences 

in P-wave terminal force do not account for the heterogeneity. We are interested in further 

study incorporating larger cohorts in order to continue to investigate the associations of non-

invasive ECG markers of atrial function and adverse outcomes.

Our analysis satisfied a number of essential criteria for appraisal of novel biomarkers.33 

First, PWI are easily measured with contemporary software algorithms. Second, PWI add 

novel information about atrial electrical function, describing an intermediate phenotype. 

Importantly, our assessment showed that PWI have highly limited contribution towards 

enhancing AF risk modeling metrics. We used a robust multivariable model that remained 

essentially unchanged after adding PWI. Similarly, reclassification metrics did not improve 

by adding PWI to the model.

Strengths and limitations

Our work has important limitations. Blacks were not well represented in our study and the 

generalizability of our findings to other races or ethnicities is unknown. Racial differences in 

PWI have been identified, but the limited enrollment of blacks here precludes generalizing 

our findings to other black cohorts or other races or ethnicities. Second, the P-wave is a low 

Magnani et al. Page 7

Am Heart J. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



amplitude signal; it is possible that P-waves would not be detected by software algorithms, 

yielding systematic measurement error. We did not perform a sensitivity analysis to 

exonerate this possibility. However, FHS and ARIC ECG data underwent extensive data 

cleaning; we consider such measurement error to be non-differential with respect to AF. In 

addition, our results may not be generalizable to studies using manual measurement 

techniques. However, we would assert that an automated approach incorporating digitized 

tracings and software algorithms is superior to manual measurements. Third, we conducted a 

multivariable adjustment that included the covariates identified by CHARGE-AF but are 

unable to exclude residual confounding. We were further unable to incorporate imaging 

assessments, such as echocardiographic left atrial diameter, that have been associated with 

AF. However, inclusion of atrial diameter would not alter the assessments of reclassification 

and discrimination. Fourth, it is possible that systematic bias in either or both FHS and 

ARIC affected the identification of AF cases. Whether such bias would be differential with 

respect to the PWI exposure is not clear. Fifth, our analysis excluded individuals using 

atrioventricular nodal medications at baseline because of our concern for their potential 

effects on PWI measurement. This exclusion markedly diminished the sample size and 

limits generalizability of the study to those not taking atrioventricular nodal medications. 

Further analyses are essential to examine the effect of such medications on PWI.

Strengths of our analysis include studying PWI in a cross-cohort meta-analysis in two 

cohorts with complementary designs yet similar baseline covariates. Our statistical approach 

allowed us to comment on the cross-sectional consistency and heterogeneity of estimates of 

PWI and AF. The use of contemporary statistical assessments of risk reclassification and 

discrimination is essential and informative for further studies of PWI and AF risk 

assessment.

In conclusion, we demonstrated that PWI are significantly associated with AF but have a 

limited contribution to incremental risk prediction when added to a model with well-

established clinical covariates related to AF.
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Figure 1. 
Cross-cohort meta-analysis for the 10-year risk of incident atrial fibrillation in the FHS 

(Framingham Heart Study) and the Atherosclerosis Risk in Communities (ARIC) Study 

cohorts. Hazard ratios (95% Confidence Intervals) are shown for each cohort. Results are 

adjusted for age, sex and race (in ARIC) and multivariable-adjusted as per text. The I-

squared presents the heterogeneity index for meta-analysis across the two cohorts.
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Figure 2. 
Restricted cubic splines illustrating the associations between the P-wave indices and the 

relative hazard for atrial fibrillation (AF) during 10-year follow-up (2A, Framingham Heart 

Study; 2B, Atherosclerosis Risk in Communities Study). Models adjusted for age, sex, and 

race (in ARIC).
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Table 1

Descriptive characteristics of the Framingham Heart Study and Atherosclerosis Risk in Communities Cohorts.

Framingham ARIC

N, total 3110 8254

Age, years 62.6 (9.8) 62.3 (5.6)

Women 1771 (56.9%) 4733 (57.3%)

Black race ---- 1673 (20.3%)

Current smoking 423 (13.6%) 1292 (15.7%)

Height, cm 166 (10) 168 (9)

Weight, kg 75 (17) 80 (17)

Systolic BP, mm Hg 132 (20) 126 (18)

Diastolic BP, mm Hg 76 (10) 71 (10)

Heart rate, bpm 66 (11) 63 (10)

Total/HDL cholesterol ratio 4.4 (1.5) 4.3 (1.5)

ECG-based LVH 258 (8.3%) 153 (1.9%)

Diabetes 251 (8.1%) 1143 (13.9%)

History of MI 56 (1.8%) 72 (0.9%)

Prevalent heart failure 9 (0.3%) 53 (0.6%)

P-wave indices

 PR interval, ms 163 (24) 165 (25)

 Maximum P-wave duration, ms 109 (12) 109 (12)

 Maximum P-wave area, μV·ms 330 (98) 334 (104)

 P-wave terminal force, μV·ms 2162 (1808) 1989 (1790)

Continuous variables described as mean (SD) and categorical as N (%).

Framingham indicates Framingham Heart Study; ARIC, Atherosclerosis Risk in Communities Study; BP, blood pressure; HDL, high-density 
lipoprotein; LVH, left ventricular hypertrophy; MI, myocardial infarction.
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Table 2

Kaplan-Meier 10-year percentage risk (% [95% CI]) of atrial fibrillation by cohort, overall and stratified by P-

wave indices using the specified cut-points.

Framingham ARIC

10-year % risk of event, overall 8.0 (7.0, 9.0) 5.9 (5.4, 6.4)

PR interval

 <120 --* 5.6 (5.1, 6.2)

 120 to 200 ms 7.8 (6.8, 8.9) 5.6 (5.1, 6.2)

 >200 ms 13.9 (8.5, 22.4) 9.0 (7.0, 11.5)

P-wave duration

 ≤120 ms 6.8 (5.8, 7.9) 5.1 (4.6, 5.7)

 >120 ms 14.6 (11.5, 18.3) 9.9 (8.4, 11.7)

Maximum P-wave area

 <95th percentile 7.9 (6.9, 9.0) 5.8 (5.3, 6.3)

 ≥95th percentile 9.3 (5.5, 15.6) 8.0 (5.6, 11.2)

P-wave terminal force

 ≤4000 μV·ms 7.4 (6.4, 8.6) 5.3 (4.8, 5.8)

 >4000 μV·ms 11.4 (8.6, 15.0) 10.4 (8.6, 12.6)

CI, indicates confidence interval; Framingham, Framingham Heart Study; ARIC, Atherosclerosis Risk in Communities Study. Atrial fibrillation 
and P-wave indices determined as described by text.

*
No Framingham Heart Study participants with PR<120 ms developed atrial fibrillation during the 10-year follow-up.
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Table 3

Hazard ratios (95% confidence intervals) for the 10-year risk of atrial fibrillation for cohort participants 

according to P-wave indices, categorized using specified clinical cut-points.

Framingham ARIC

PR interval, >200 ms

 Age- and sex-adjusted* 1.24 (0.72-2.15) 1.37 (1.04-1.82)

 Multivariable-adjusted† 1.21 (0.69-2.11) 1.36 (1.02-1.81)

P-wave duration, >120 ms

 Age- and sex-adjusted* 1.70 (1.26-2.30) 1.71 (1.39-2.11)

 Multivariable-adjusted† 1.54 (1.13-2.11) 1.55 (1.25-1.93)

Maximum P-wave area, ≥95th percentile

 Age- and sex-adjusted* 1.21 (0.69-2.12) 1.52 (1.05-2.21)

 Multivariable-adjusted† 1.21 (0.68-2.15) 1.35 (0.92-1.98)

P-wave terminal force, >4000 μV·ms

 Age- and sex-adjusted* 1.09 (0.78-1.52) 1.75 (1.39-2.20)

 Multivariable-adjusted† 1.00 (0.71-1.40) 1.56 (1.24-2.00)

Hazard ratios are for 10-year follow-up. Framingham indicates Framingham Heart Study; ARIC, Atherosclerosis Risk in Communities Study. 
Events and P-wave indices referent as described by text.

*
Includes adjustment for race in ARIC.

†
Multivariable-adjusted for age, sex, race (in ARIC), current smoking, height, weight, systolic and diastolic blood pressures, heart rate, total/HDL 

cholesterol, ECG-based LVH, diabetes, history of myocardial infarction, and prevalent heart failure.
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