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Abstract

BACKGROUND—Blacks have a lower risk of AF despite having more AF risk factors, but the 

mechanism remains unknown. PAC burden is a recently identified risk factor for AF.

OBJECTIVES—To determine whether the burden of premature atrial contractions (PACs) 

explains racial differences in atrial fibrillation (AF) risk.

METHODS—PAC burden (number per hour) was assessed by 24-hour ambulatory ECG 

monitoring in a randomly selected subset of Cardiovascular Health Study participants. Participants 
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were followed prospectively for the development of AF, diagnosed by study ECG and hospital 

admission records.

RESULTS—Among 938 participants (median age 73 years, 34% Black, 58% female), 206 (22%) 

developed AF over a median follow-up of 11.0 years (IQR 6.1 to 13.4). After adjusting for age, 

sex, body mass index, coronary disease, congestive heart failure, diabetes, hypertension, alcohol 

consumption, smoking status, and study site, Black race was associated with a 42% lower risk of 

AF (HR 0.58, 95% CI 0.40 to 0.85, p=0.005). The baseline PAC burden was 2.10 times (95% CI 

1.57 to 2.83, p<0.001) higher in Whites than Blacks. There was no detectable difference in PVC 

burden by race. PAC burden mediated 19.5% (95% CI 6.3 to 52.5) of the adjusted association 

between race and AF.

CONCLUSIONS—On average, Whites exhibited more PACs than Blacks, and this difference 

statistically explains a modest proportion of the differential risk of AF by race. The differential 

PAC burden, without differences in PVCs, by race suggests that identifiable common exposures or 

genetic influences might be important to atrial pathophysiology.
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INTRODUCTION

AF is the most common cardiac arrhythmia in the United States and contributes to 

significant morbidity and mortality.1, 2 However, the mechanisms leading to AF remain 

incompletely understood.3 Recent studies have found that Blacks have a lower risk of AF 

compared to Whites,4–6 despite having a higher prevalence of AF risk factors such as 

hypertension and heart failure.7–9 Additionally, Blacks with a larger proportion of European 

ancestry have a higher risk of AF, suggesting a genetic component to the increased risk.10 

The mechanism underlying the lower risk of AF in Blacks despite a higher prevalence of 

traditional AF risk factors remains to be fully understood.11 Elucidating the race-AF 

mechanism may provide new insights into the pathophysiology of AF.

Our group has previously demonstrated that more frequent premature atrial contractions 

(PACs) serve as a particularly accurate predictor of incident AF.12 PACs have also been 

shown to play an important role in AF pathophysiology,13, 14 and predict increased risk of 

stroke15 and death.16 Therefore, if the burden of PACs is different in Blacks and Whites, it is 

possible that PACs may be an important mediator of the paradoxical relationship between 

race and AF. Furthermore, since PAC burden is potentially modifiable by catheter ablation, 

examining how PACs mediate the race-AF relationship may guide targeted prevention 

strategies.

Therefore, we sought to test the hypothesis that Blacks have fewer PACs than Whites, and, if 

true, to determine whether the difference in PACs might explain in part the racial difference 

in incident AF. Specifically, we performed a mediation analysis in the random sample of 

participants in the Cardiovascular Health Study (CHS) who underwent 24-hour ECG 

(“Holter”) monitoring. To assess whether PACs specifically (as opposed to ectopy in 
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general) were important, we analyzed premature ventricular contraction (PVC) frequencies 

as a comparator.

METHODS

STUDY DESIGN

CHS is a prospective community-based cohort of older adults that has a long duration of 

follow-up, rigorous measurements, and adjudicated event ascertainment which has been 

described in detail previously.17 Briefly, during 1989–90 an initial group of 5,201 adults 

(94.7% White, 4.7% Black, 0.6% other race) age ≥ 65 years were recruited from a random 

sample of Medicare beneficiaries at 4 U.S. sites — Forsyth County, NC; Sacramento 

County, CA; Washington County, MD; Pittsburgh, PA — and an additional 678 Blacks (and 

nine of other races) were recruited from 1992–93. The institutional review board at all 

clinical centers and the coordinating center approved the study and all participants provided 

informed consent. Participants underwent a comprehensive baseline examination including 

standardized questionnaires, repeated blood pressure measurements, physical exam, and 12-

lead ECG. CHS participants were followed by alternating semiannual phone calls and clinic 

visits until 1999 and by phone calls every 6 months thereafter. Certification to use de-

identified CHS data was obtained from the University of California, San Francisco 

Institutional Review Board.

STUDY COHORT

Our analysis was restricted to a subset of 1,250 participants that were randomly assigned to 

24-hour ambulatory ECG (Holter) monitoring during the 1994–95 examination. Compared 

to Holter data obtained from the initial group recruited during 1989–90, this second subset 

included substantially more Blacks (34% vs. 4%). Because not all covariates were 

ascertained at the 1994–95 examination, covariates collected at the 1992–93 examination 

were carried forward. The 1994–95 examination was used as the origin time for prospective 

analyses on the risk of AF.

PAC AND PVC ASSESSMENT

Holter data were analyzed at the Washington University School of Medicine Heart Rate 

Variability Laboratory using a MARS 8000 Holter scanner (GE Healthcare, Milwaukee, 

Wisconsin) and manually reviewed to ensure accuracy. Participants with atrial pacing, 

wandering atrial pacemaker, or poor-quality Holter data were excluded. The frequency 

(events/hour) of PACs and PVCs was calculated as the total number of PACs divided by the 

duration of monitoring in hours.

COVARIATE ASSESSMENT AND DEFINITION

Covariates were collected at the 1992–93 (year 5) study examination, the study exam that 

collected the most relevant data closest to and previous to the year 7 Holter, and carried 

forward. Self-reported race was dichotomized as Black versus White and those who reported 

other races or had missing race status were excluded from analyses. Height was assessed 

barefoot with a wall-mounted stadiometer to the nearest 0.1 cm. Weight was quantified using 

a balance beam scale to the nearest 0.1 kg. Body mass index (BMI) was calculated by 
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dividing weight in kilograms by height in meters squared. Coronary heart disease (CHD) 

and congestive heart failure (CHF) were identified at initial examination (by self-report, 

examination or review of medical records)18 and updated for incident disease identified by 

annual study visit and review of medical records (discharge diagnosis codes supplemented 

by Medicare claims data) up through the 1992–93 (year 5) examination. Diabetes was 

present if the participant had a fasting glucose concentration ≥ 126 mmol/L or used an oral 

hypoglycemic agent or insulin. Hypertension (HTN) was defined as systolic blood pressure 

≥ 140 mm Hg, diastolic blood pressure ≥ 95 mm Hg, or as the use of anti-hypertensive 

medication with a history of physician-diagnosed hypertension. Alcohol use was self-

reported as average number of drinks per week and dichotomized as consumption of ≥ 1 

drinks per week versus less. Smoking status was identified by self-report as never (smoked < 

100 cigarettes ever), past, and current. Resting 12-lead ECGs were recorded using MAC PC 

ECG Machines (Marquette Electronics) and processed using the GE Marquette 12-SL 

program. The PR interval measured from the 12-lead ECG obtained during the 1994–95 visit 

was used. Participants with missing data for any covariates (at the 1992–93 examination) 

were excluded.

AF ASCERTAINMENT

AF was ascertained from the serial 12-lead ECGs conducted at each annual clinic visit 

through 1999 and medical records (discharge diagnosis codes supplemented by Medicare 

claims data) for all encounters after enrollment. Incident AF was defined as the time that AF 

by any of these measures was first identified. Those with prevalent AF at the time of Holter 

recording or before the 1994–94 examination were excluded. Follow-up ended at the time of 

AF diagnosis, time of death, or at the end of the study period.

STATISTICAL ANALYSES

Normally distributed continuous variables are presented as means ± SD, and non-normally 

distributed variables are presented as medians and interquartile ranges (IQRs). Variables 

were compared across race using t-tests, Wilcoxon rank-sum tests, Chi-square tests, or 

Fisher’s exact tests as appropriate. Linear regression was used to assess the crude and 

adjusted association between race and frequency of PACs and PVCs. To meet the 

requirement of normally distributed outcomes in linear models, both PAC and PVC 

frequency were transformed using log base 2 (log2) with addition of a 0.01 constant to retain 

zero values, and normality was subjectively assessed by comparing histograms and Q-Q 

plots. For all linear regression models, component-plus-residual plots were used to assess 

model linearity, Shapiro-Wilks tests and Q-Q plots were used to assess normality of the 

residuals, residual versus fitted plots were used to assess constant variance, and dfbeta 

statistics were used to identify outliers and assess their effect. Of all predictors, only BMI 

demonstrated non-linearity which was remedied by a BMI-squared term, but results were 

not meaningfully different. Similarly, there were a small number of influential points in 

several models, but exclusion did not change our findings.

Log2-transformed PAC frequency was associated with race so it was carried forward in a 

mediation analysis. Cox proportional hazards models were used to assess the crude and 

adjusted association between Black race and incident AF before and after inclusion of log2-

Christensen et al. Page 4

Heart Rhythm. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



transformed PAC frequency in the model. The proportional hazards assumption was assessed 

using scaled Schoenfeld residuals and the assumption of linearity was assessed with 

inclusion of cubic-spline terms for continuous predictors. The assumptions of proportional 

hazards and linearity were met in all Cox models. The “percent treatment effect” 

methodology was used to assess the degree of mediation by PACs before and after 

adjustment for potential confounders.19 Confidence intervals (CI) for mediation statistics 

were obtained using bootstrap resampling with 500 repetitions. Covariates in adjusted 

models included age, sex, BMI, CHD, CHF, diabetes, HTN, alcohol consumption, smoking 

status, and study site. A sensitivity analysis was conducted with additional adjustment for 

PR interval.

All analyses were performed using Stata 14 (StataCorp LP, College Station, TX). A 2-tailed 

p<0.05 was considered statistically significant.

RESULTS

PARTICIPANTS

Compared with other participants in CHS, those who underwent Holter monitoring tended to 

be slightly younger, had a higher baseline BMI, consumed less alcohol, and had a lower 

prevalence of heart disease (CHD and CHF) (Supplemental Table 1). Among the 1,250 

participants (65.5% White, 33.8% Black, 0.6% others) who underwent Holter monitoring, a 

total of 312 (25%) were excluded from further analysis (8 neither Black nor White race; 107 

with prevalent AF up to the time of Holter monitoring; 129 for atrial pacing, wandering 

atrial pacemaker, or poor-quality Holter data; 68 for missing any of the other covariates). 

Among the remaining cohort of 938 participants, 318 (34%) were Black. Baseline 

characteristics of the included participants are shown in Table 1. Black participants were 

younger on average, more likely to be a current smoker, had a greater mean BMI, and had a 

higher prevalence of HTN and diabetes.

ECTOPY AND RACE

Over a median Holter monitoring duration of 23.8 hours (IQR 23.0 to 24.3), the median PAC 

burden was 2.5 events/hour (IQR 0.7 to 11.9), and the median PVC burden was 1.2 events/

hour (IQR 0.1 to 10.6). On average, Whites exhibited a significantly higher burden of PACs 

than Blacks, without any statistically significant differences in PVCs (Figure 1). In 

unadjusted analysis, Whites had a PAC burden that was 2.10 times (95% CI 1.57 to 2.83, 

p<0.001) higher than that in Blacks. After adjusting for age, sex, BMI, CHD, CHF, diabetes, 

HTN, alcohol consumption, smoking status, and study site, Whites exhibited 1.59 (95% CI 

1.14 to 2.20, p=0.006) times as many PACs as Blacks. The burden of PVCs was also not 

significantly different after multivariable adjustment.

MEDIATION ANALYSIS

Over a median follow-up of 11.0 years (IQR 6.1 to 13.4), 206 (22%) participants developed 

AF. The crude incidence rate of AF was 1.5 per 100 person-years among Blacks and 2.7 per 

100 person-years among Whites. After adjustment for age, sex, BMI, CHD, CHF, diabetes, 

HTN, alcohol consumption, smoking status, and study site, Black race was associated with a 
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42% lower risk of AF (HR 0.58, 95% CI 0.40 to 0.85, p=0.005) (Figure 2). Upon addition of 

PAC burden to the model, the protective effect of Black race against AF was diminished to a 

34% lower risk of incident AF (HR 0.66, 95% CI 0.45 to 0.95, p=0.026). The PAC burden 

accounted for 19.5% (bootstrap 95% CI 6.3 to 52.5) of the association of Black race with 

reduced risk of AF. These results were not meaningfully different in a sensitivity analysis 

that additionally controlled for the PR interval.

DISCUSSION

In a large, community-based sample of older Black and White adults who underwent 24-

hour Holter monitoring, Blacks had fewer PACs than Whites, without evidence of significant 

racial difference in PVC burden. Consistent with previous reports, Blacks had a lower rate of 

incident AF compared to Whites before and after controlling for other established risk 

factors. Attenuation of the race-AF association after controlling for baseline PAC burden 

indicates that approximately 20% of the reduced risk of AF among Blacks may be 

attributable to racial differences in atrial ectopy.

The race-AF association has been established in several settings,5, 6, 11, 20 and Whites appear 

to be at a heightened risk compared to multiple other races despite having fewer AF risk 

factors.4 Recent evidence suggests that socio-economic-status does not explain these 

differences,21 but increasing European ancestry is an independent risk factor for AF in 

Blacks,10 suggesting instead that genetically mediated racial differences play a role. 

However, the underlying mechanisms explaining the racial differences in risk of AF are 

largely unknown. Identification of mediators of this naturally occurring difference may lead 

to novel insights into AF pathogenesis.

Higher baseline levels of several inflammatory markers have been shown to mediate 

approximately 40% of the heightened risk of AF among Whites,22 but it is difficult to 

directly modify the degree of baseline inflammation. In addition, the mechanism by which 

inflammation may lead to AF remains largely unknown—for example, inflammation itself 

may induce more ectopy. Atrial ectopy is important for initiating episodes of AF,13 is an 

independent risk factor for AF that is as predictive as an optimized combination of 

traditional AF risk factors,12 and is potentially modifiable by catheter ablation or 

antiarrhythmic drug therapy. The emerging importance of PACs motivated our hypothesis 

that racial differences in PAC burden might explain the race-AF association.

Our finding that Blacks had fewer PACs but a similar number of PVCs compared to Whites 

suggests that these racial differences in ectopy are specific to the atria. The significant 

attenuation of the race-AF association by PAC burden even after adjustment for traditional 

AF risk factors supports an underlying pathophysiology specific to the atria that can be 

identified well before AF itself develops. Of note, the PACs we observed statistically 

explained only approximately 20% of the relationship between race and AF (although the 

upper end of the 95% confidence interval suggests that PACs could explain up to a half of 

the race-AF relationship). Therefore, there may be other potential mechanisms at play, such 

as additional interactions with certain genetic variants or environmental exposures, or 

perhaps 24 hour Holter monitoring did not sufficiently capture the true differential rates of 
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ectopy over a lifetime. Regardless of specific mechanisms, our results support inclusion of 

PACs in AF risk stratification and suggest that evaluation of baseline PAC burden may aid in 

identifying patient regardless of race who have an elevated risk of AF. Baseline PAC 

evaluation might be studied in the future as a means to identify those particularly amenable 

to various therapies.

More broadly, these findings suggest that ectopy is not necessarily idiosyncratic to a given 

individual and does not simply occur by chance alone. These observations, that self-

identified groups known to share a common ancestry exhibited differential amounts of atrial 

ectopy, suggest that there is either a genetic origin or some common exposure that is 

important. This then suggests that there is some modifiable risk factor(s) might be identified, 

or, if genetic, that the fundamental mechanisms responsible for AF might be elucidated and 

then directly addressed.

STUDY LIMITATIONS

Several potential limitations of this analysis should be considered. First, residual 

confounding remains a possibility. For example, some covariates not accounted for in our 

multivariate models such as obstructive sleep apnea, chronic kidney disease and height itself 

(apart from BMI), could have accounted for some of the differences observed. Second, 

differential treatment by race in healthcare settings is a valid concern and could lead to a 

falsely reduced incidence of AF among Blacks. However, since Blacks and Whites in CHS 

were randomly selected to undergo Holter monitoring, differential ascertainment of PAC 

(and PVC) burden by race is unlikely. Like most other studies evaluating race and AF, race 

was based upon self-report, although misclassification would likely bias our results towards 

the null hypothesis. Because AF was ascertained using ECGs and discharge diagnoses, it is 

possible that some asymptomatic paroxysmal AF was not detected. However, this would 

likely reduce our power and should not result in false positive relationships. It is possible 

that Blacks have AF that less often comes to medical attention or, based on recent evidence 

that certain patient characteristics are associated with paroxysmal versus persistent AF,23 

that Blacks more often experience asymptomatic paroxysmal AF that would more likely go 

undetected. However, a recent study among patients with pacemakers suggests that, even 

among patients that are continuously monitored, Blacks exhibit less overall AF.24 Finally, 

since this is an observational study we cannot make any conclusions regarding causation. 

For example, it remains possible that PACs are an epi-phenomenon shared with AF, 

reflecting a common atrial myopathy as the underlying source. However, this would not 

negate the fact that PACs preceding AF may still serve as a useful predictor.

CONCLUSION

In a community-based sample of older adults, we found that Blacks have significantly fewer 

PACs at baseline, explaining approximately 20% of the reduced risk of incident AF among 

Blacks compared to Whites. This mediation persisted after controlling for other AF risk 

factors, suggesting that PACs play a key role in explaining racial differences in AF onset. 

Given no difference in PVC burden, these data suggest that racial differences may be 

uniquely relevant to the atria. These observations might inspire future investigations seeking 
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to explain how differential racial exposures or genetic influences might affect the propensity 

for ectopy and pathological atrial characteristics years before AF develops.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. PAC and PVC Burden by Race
White circles and black squares represent median event rates among Whites and Blacks, 

respectively, plotted on a log2 scale. Bars represent interquartile ranges (25th percentile to 

75th percentile). P-values were obtained from bivariate linear regression models.

Abbreviations: PAC = premature atrial contraction; PVC = premature ventricular 

contraction.
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FIGURE 2. Mediation of Race-AF Relationship by PAC Burden
Circles and squares correspond to hazard ratios for the effect of Black race, compared to 

White, on AF. Direct effect is the hazard for AF associated with race after adjustment for 

baseline PAC burden. % Treatment Effect corresponds to the degree of mediation by 

baseline PAC burden. Bars represent 95% CIs. *Adjusted for age, sex, body mass index, 

coronary disease, congestive heart failure, diabetes, hypertension, alcohol consumption, 

smoking status, and study site.

Abbreviations: AF = atrial fibrillation; CI = confidence interval; HR = hazard ratio; PAC = 

premature atrial contraction.
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TABLE 1

Characteristics of Participants by Race (N = 938)

Characteristic White (N = 620) Black (N = 318) P-Value*

Age, median (IQR), years 73 (71 – 77) 71 (68 – 75) <0.001

Female sex, n (%) 345 (56%) 198 (62%) 0.052

BMI, mean ± SD, kg/m2 26.9 ± 4.2 28.6 ± 5.1 0.003

Alcohol consumption ≥ 1 drink/week, n (%) 176 (28%) 75 (24%) 0.12

Smoking status, n (%)

 Never 273 (44%) 149 (47%)

<0.001 Former 302 (49%) 124 (39%)

 Current 45 (7%) 45 (14%)

CHD, n (%) 121 (20%) 54 (17%) 0.35

CHF, n (%) 21 (3%) 17 (5%) 0.15

Diabetes, n (%) 93 (15%) 67 (21%) 0.019

HTN, n (%) 255 (41%) 196 (62%) <0.001

*
T-tests were used for normally distributed continuous variables (BMI); Wilcoxon Rank-Sum tests were used for non-normally distributed 

continuous variables (age); Chi-sqaure tests were used for categorical variables (all others).

Abbreviations: BMI = body mass index; CHD = coronary heart disease; CHF = congestive heart failure; HTN = hypertension; IQR = interquartile 
range; SD = standard deviation.
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