
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e020260. DOI: 10.1161/JAHA.120.020260� 1

 

ORIGINAL RESEARCH

Longitudinal Measures of Blood Pressure 
and Subclinical Atrial Arrhythmias: The 
MESA and the ARIC Study
Barbara N. Harding, PhD ; Faye L. Norby , PhD; Susan R. Heckbert, MD, PhD; Barbara McKnight, PhD; 
Bruce M. Psaty , MD, PhD; Elsayed Z. Soliman , MD, MSc, MS; James S. Floyd, MD, MS;  
Lin Yee Chen , MD, MS

BACKGROUND: High blood pressure (BP) is a well-known risk factor for atrial fibrillation (AF), but a single BP measurement may 
provide limited information about AF risk in older adults.

METHODS AND RESULTS: This study included 1256 MESA (Multi-Ethnic Study of Atherosclerosis) and 1948 ARIC (Atherosclerosis 
Risk in Communities) study participants who underwent extended ambulatory electrocardiographic monitoring and who were 
free of clinically detected cardiovascular disease, including AF. Using BP measurements from 6 examinations (2000–2018 in 
MESA and 1987–2017 in ARIC study), we calculated individual long-term mean, trend, and detrended visit-to-visit variability in 
systolic BP and pulse pressure for each participant. Outcomes, assessed at examination 6, included subclinical AF and su-
praventricular ectopy. Results from each study were combined with inverse variance-weighted meta-analysis. At examination 
6, the mean age was 73 years in MESA and 79 years in ARIC study, and 4% had subclinical AF. Higher visit-to-visit detrended 
variability in systolic BP was associated with a greater prevalence of subclinical AF (odds ratio [OR], 1.20; 95% CI, 1.02–1.38) 
and with more premature atrial contractions/hour (geometric mean ratio, 1.08; 95% CI, 1.01–1.15). For pulse pressure as well, 
higher visit-to-visit detrended variability was associated with a greater prevalence of AF (OR, 1.18; 95% CI, 1.00–1.37). In ad-
dition, higher long-term mean pulse pressure was associated with a greater prevalence of subclinical AF (OR, 1.36; 95% CI, 
1.08–1.70).

CONCLUSIONS: Antecedent visit-to-visit variability in systolic BP and pulse pressure, but not current BP, is associated with a 
higher prevalence of subclinical atrial arrhythmias. Prior longitudinal BP assessment, rather than current BP, may be more 
helpful in identifying older adults who are at higher risk of atrial arrhythmias.
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It is well established that high blood pressure (BP) is 
an important causative factor for several cardiovas-
cular diseases, including atrial arrhythmias, which 

are associated with a substantial burden of stroke and 
other complications.1–4 Compared with a single BP as-
sessment, BP trajectories over time have been shown 
to be better predictors of cardiovascular disease mor-
tality.5,6 Cumulative measures of BP and changes in 
BP over a period of several years may similarly be 
more strongly associated with arrhythmia risk than 
a single cross-sectional BP measurement. A shift in 

focus from current elevated BP to a determination of 
patterns and changes in BP over several years may 
better inform strategies to more aggressively screen 
for and treat high BP earlier in life.5,7,8 Furthermore, 
prior studies have found that visit-to-visit systolic BP 
(SBP) variability predicts stroke6 and mortality9,10 inde-
pendently of mean SBP. Individual BP variability may 
represent an individual’s inability to maintain homeo-
stasis and is an important marker of cardiovascular 
outcomes.11 Therefore, BP variability over time may 
be an important factor in determining atrial arrhythmia 
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risk.12 Visit-to-visit variability may be particularly import-
ant among older adults because of the increased use 
of and the potential for nonadherence to BP-lowering 
medications,12 a greater burden of comorbid condi-
tions, or aging-related arterial stiffness.13

In addition to longitudinal aspects of SBP, pulse 
pressure (PP) is also important, and may more strongly 
predict cardiovascular risk among older adults.14 
Physiologically, aging results in a loss of aortic com-
pliance and increasing SBP. However, diastolic BP 
(DBP) displays a varying pattern with aging, with DBP 
increasing until about 60 years of age and then slowly 
decreasing, largely because of arterial stiffening. These 
observed patterns in SBP and DBP result in a steep in-
crease in PP with aging.15

Atrial arrhythmias are often asymptomatic. As 
such, focusing on clinically detected arrhythmias 
identified from periodic ECGs, diagnosis codes, 
and death certificates will underestimate the pop-
ulation burden of atrial arrhythmias. The MESA 
(Multi-Ethnic Study of Atherosclerosis) and the ARIC 
(Atherosclerosis Risk in Communities) study recently 
conducted extended ambulatory cardiac monitoring 
on study participants. This extended ECG monitor-
ing provides an unbiased, high-quality assessment 
of atrial fibrillation (AF) as well as supraventricular 

ectopy (SVE), an important biomarker of cardiovas-
cular risk.16–18 In the MESA and ARIC studies, we 
examined the prevalence of subclinical atrial arrhyth-
mias associated with longitudinal measures of BP, in-
cluding long-term mean BP, BP trend (slope), and BP 
visit-to-visit variability in addition to cross-sectional 
BP. The objective was to determine whether cer-
tain specific ways of assessing BP (long-term mean, 
trend, or visit-to-visit variability) are associated with 
subclinical arrhythmias, after adjustment for more 
conventional BP measures, such as a single cross-
sectional BP value.

METHODS
The data, analytic methods, and study materials will 
not be made available to other researchers for pur-
poses of reproducing the results or replicating the 
procedure because of participant privacy issues. 
However, investigators interested in analyzing MESA 
data may contact the MESA Coordinating Center at 
the University of Washington or use the National Heart, 
Lung, and Blood Institute Biologic Specimen and Data 
Repositories Information Coordinating Center reposi-
tory. Investigators interested in analyzing ARIC study 
data may contact the ARIC Coordinating Center at the 
University of North Carolina Chapel Hill.

Study Populations
This study used longitudinal data from 2 prospec-
tive cohort studies. MESA recruited 6814 Chinese 
American, Hispanic, White, and Black participants 
between 45 and 84  years of age who were free of 
clinically recognized cardiovascular disease from 6 
field centers across the United States to undergo 
baseline examination between 2000 and 2002 (ex-
amination 1), with follow-up examinations through 
2016 to 2018 (examination 6).19 At each follow-up 
examination, information was collected on demo-
graphic factors and several clinical factors, including 
BP. During examination 6, a subset of MESA partici-
pants (n=1557) with and without a history of heart 
disease or clinically detected AF were enrolled in an 
ancillary study that conducted extended ambulatory 
ECG monitoring.20 The ARIC study recruited 15 792 
predominantly White and Black study participants 
aged 45 to 64 years from 4 US communities to un-
dergo baseline examination between 1987 and 1989 
(examination 1), with follow-up examinations through 
2018 to 2019 (examination 7).21 At each follow-up 
examination, information was collected on demo-
graphic factors and clinical factors, including BP. 
During examination 6 (2016–2017), a subset of ARIC 
study participants (n=2616) from all 4 sites were en-
rolled in an ancillary study that included extended 

CLINICAL PERSPECTIVE

What Is New?
•	 In 2 prospective cohort studies, greater visit-

to-visit variability in systolic blood pressure and 
pulse pressure over a period of several years 
was associated with a higher prevalence of 
subclinical atrial arrhythmias above and be-
yond a single cross-sectional blood pressure 
measurement.

What Are the Clinical Implications?
•	 These findings suggest that, for older adults, 

visit-to-visit variability in blood pressure over a 
period of several years is a potentially novel risk 
factor for atrial arrhythmias.

Nonstandard Abbreviations and Acronyms

ARIC	 Atherosclerosis Risk in Communities
DBP	 diastolic blood pressure
MESA	 Multi-Ethnic Study of Atherosclerosis
PP	 pulse pressure
SBP	 systolic blood pressure
SVE	 supraventricular ectopy
SVT	 supraventricular tachycardia
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ambulatory ECG monitoring.22 Follow-up examina-
tion dates in both cohorts are shown in Figure S1.

Participants from both studies were included in 
analyses if they had undergone at least 24 continuous 
hours of ambulatory ECG monitoring at examination 6. 
Further exclusions were made for those who experi-
enced heart failure, a myocardial infarction, or a stroke, 
or were diagnosed with clinically detected AF before 
examination 6 (when ambulatory ECG monitoring oc-
curred). These exclusions were made because the 
development of these cardiovascular disease events 
may be potential mediators of possible relationships 
between BP measures and subsequent atrial arrhyth-
mias. Furthermore, participants were required to have 
BP measured during at least 4 examinations before 
examination 6 to be included in analyses. Finally, par-
ticipants were excluded if they were missing data on 
baseline covariates (Figure 1). This study was approved 
by Institutional Review Boards at all participating insti-
tutions, with a waiver of consent.

Exposures
In MESA, resting BP was measured (after a 5-minute 
rest period) in a seated position by a certified trained 
technician using a Dinamap model Pro 100 automated 
oscillometric sphygmomanometer.23 Each participant 
contributed 3 BP measurements per visit, and the re-
ported BP was an average of the second and third 
measurements.19 In the ARIC study, resting BP was 

measured (after a 5-minute rest period) via a random 
zero sphygmomanometer in visits 1 through 4 and an 
automatic sphygmomanometer (OMRON HEM-907 
XL) in visits 5 and 6 by a certified trained technician. 
Participants were asked not to smoke, eat, perform 
physical exertion, or experience cold temperatures 
30  minutes before measurements. Each participant 
contributed 3 BP measurements per visit for visits 1 
through 3 and 5 and 6, and the reported BP was an 
average of the second and third measurements. For 
visit 4, BP was measured twice and reported as the 
average.21,24

We evaluated SBP, DBP, and PP measures. PP is 
calculated as the difference between SBP and DBP. For 
SBP, DBP, and PP, we calculated (1) a cross-sectional 
measurement, which was assessed at examination 
6 (2016–2018 in MESA and 2016–2017 in the ARIC 
study), corresponding to when extended ambulatory 
ECG monitoring occurred, (2) a long-term mean mea-
surement calculated over examinations 1 through 5 (in 
MESA, this included examinations occurring between 
2000 and 2011; and in the ARIC study, this included 
examinations occurring between 1987 and 2013), (3) 
a trend measurement, which was calculated as the β 
coefficient from an individual-specific linear regression 
line of the BP values at examinations 1 through 5 with 
the examination date, in years since baseline, serving 
as the independent variable, and (4) detrended visit-
to-visit variability, calculated as the square root of the 
residual mean square (SD of residuals),25 from the 5 re-
siduals of the individual-specific linear regression at ex-
aminations 1 through 5 (Figure 2). Calculated this way, 
visit-to-visit variability is independent of cross-sectional 
BP and long-term trends in BP.

Outcomes
Outcomes included subclinical AF and SVE. The ECG 
monitoring device used to measure atrial arrhythmias in 
both the MESA and ARIC study populations was the Zio 
Patch XT (iRhythm Technologies, Inc, San Francisco, 
CA), a US Food and Drug Administration–approved 
single-channel ECG patch monitor capable of recording 
up to 14 days of cardiac rhythm.26 Certified technicians 
at iRhythm processed and analyzed the ECG data and 
reported all arrhythmias. The MESA and ARIC study 
arrhythmia data were verified by the Epidemiological 
Cardiology Reading Center at Wake Forest University 
School of Medicine (Winston-Salem, NC).

Subclinical AF was defined as an irregularly irregular 
rhythm lasting at least 30 seconds that occurred in a 
participant without a known diagnosis of AF. SVE mea-
sures included (1) frequency of premature atrial con-
tractions (PACs) per hour and (2) frequency of runs of 
supraventricular tachycardia (SVT) per day, with a run 
of SVT defined as ≥4 consecutive PACs.

Figure 1.  Flowcharts showing inclusion criteria and exclusions 
for the MESA (Multi-Ethnic Study of Atherosclerosis) and the 
ARIC (Atherosclerosis Risk in Communities) study analytic 
cohorts.
AF indicates atrial fibrillation; BP, blood pressure; CVD, 
cardiovascular disease; HF, heart failure; and MI, myocardial 
infarction; and N/A, not applicable.

Mul�-Ethnic Study of Atherosclerosis  Atherosclerosis Risk in Communi�es 

ARIC par�cipants with 
ambulatory ECG 
monitoring: 2,616 

ARIC analy�c sample: 
1,948 

MESA par�cipants with 
ambulatory ECG 
monitoring: 1,557 

Exclusions: 
Wore patch <1 day (22)
Prevalent CVD at
baseline (0)
Prior MI, stroke, HF or
clinically-detected AF at
the �me of ambulatory
ECG monitoring (243)
Not enough longitudinal
BP measures (25)
Missing baseline
covariates (11)

MESA analy�c sample: 
1,256 

Exclusions: 
Wore patch <1 day (22)
Prevalent CVD at
baseline (96)
Prior MI, stroke, HF or
clinically-detected AF at
the �me of ambulatory
ECG monitoring (528)
Not enough longitudinal
BP measures (24)
Missing baseline
covariates (4)
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Covariates
The following potential confounders, assessed at 
baseline (examination 1), were adjusted for in mod-
els: age (linear), sex (male/female), race/ethnicity (in 
MESA, White/Black/Hispanic/Chinese American; in 
ARIC, White/Black), site (in MESA, Baltimore, MD/
Chicago, IL/Los Angeles County, CA/New York, NY/
St. Paul, MN/Winston Salem, NC; in ARIC, Forsyth 
County, NC/Jackson, MS/Washington County, MD/
suburbs of Minneapolis–St. Paul, MN), height (lin-
ear), weight (linear), diabetes mellitus (yes/no), and 
use of antihypertensive medications (yes/no). In sen-
sitivity analyses, the following covariates were also 
included: use of statins (assessed at baseline, yes/
no), smoking (assessed at baseline, never/former/
current), and alcohol use (assessed at baseline, yes/
no).

Statistical Analysis
For the binary outcome of subclinical AF, we used 
logistic regression to estimate associations with BP 
exposure variables. For continuous outcomes (PAC 
frequency and SVT frequency), linear regression was 
used to estimate associations with BP exposure vari-
ables. All models adjusted for baseline characteris-
tics, and in the subclinical AF outcome model, we 
additionally adjusted for total analyzable monitoring 
time. Furthermore, models evaluating associations 
for long-term mean BP included current BP as a co-
variate, models evaluating associations for BP trend 

included current and long-term mean BP as covari-
ates, and models evaluating visit-to-visit BP variability 
included current BP, long-term mean BP, and BP trend 
as covariates.

For variables with a skewed distribution, including 
the outcome variables of average PACs per hour and 
average runs of SVT per day, we applied a log transfor-
mation. Some participants had no PACs (1% of partici-
pants) or runs of SVT (17% of participants), so one PAC 
and one run of SVT were added for each participant 
before log transforming these continuous outcomes.

MESA and ARIC study results were combined 
using a fixed-effects inverse variance–weighted meta-
analysis.27 SBP and PP exposures were the primary 
focus in our analyses, because prior research has 
shown SBP and PP are more powerful independent 
predictors of cardiovascular risk than DBP among older 
adults.28 Findings for cross-sectional BP exposures 
and long-term mean BP exposures are presented per 
10–mm Hg difference in BP, whereas findings for BP 
trend exposures are presented per 1–mm  Hg differ-
ence in trend per year, and findings for visit-to-visit 
variability exposures are presented per 4–mm Hg dif-
ference in variability. These units correspond to about 
one population SD when considering the distributions 
in MESA and ARIC study.

In secondary analyses, we estimated associations 
between subclinical atrial arrhythmias and DBP ex-
posure variables and we examined study-specific dif-
ferences in associations between BP and subclinical 
atrial arrhythmias.

Figure 2.  Method of measuring intraindividual components of blood pressure (BP), including 
cross-sectional value, long-term mean, trend, and visit-to-visit variability.
Cross-sectional BP was assessed at examination 6 (2016–2018 in the MESA [Multi-Ethnic Study of 
Atherosclerosis] and 2016–2017 in the ARIC [Atherosclerosis Risk in Communities] study). Long-term 
mean BP was calculated over examinations 1 through 5 (in MESA, this included examinations between 
2000 and 2011; and in ARIC study, this included examinations between 1987 and 2013). BP trend was 
calculated as the β coefficient from an individual-specific linear regression line of the BP values at 
examinations 1 through 5, with the follow-up examination date serving as the independent variable. Visit-
to-visit variability was calculated as the square root of the variance, or the residual mean square, from the 
5 residuals of the individual-specific linear regression.
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Sensitivity Analyses
We conducted 3 sensitivity analyses. First, we re-
peated analyses in a population restricted to those 
who did not change their antihypertensive medica-
tion use status after baseline (ie, did not start or stop 
antihypertensive medications during follow-up). This 
analysis addressed concerns that the initiation of 
or discontinuation of antihypertensive medications 
could alter the longitudinal BP trajectories of partici-
pants. Second, we included additional adjustment 
for statin use, smoking, and alcohol use at baseline 
because these additional factors may confound the 
relationship between BP and subclinical atrial ar-
rhythmias. Third, we used an alternative, commonly 
used method of calculating variability to see if find-
ings differed using this alternative approach. In this 
approach, we estimated BP variability by taking 
the SD of BP measurements during examinations 1 
through 5.

RESULTS
The MESA analytic sample included 1256 participants, 
and the ARIC study analytic sample included 1948 
participants. In MESA, 48% of participants were men, 
whereas in ARIC, the corresponding figure was 40%. 
At baseline, MESA participants were older (mean age, 
57±8 years) than ARIC study participants (mean age, 
50±4 years) (Tables 1 and 2). At examination 6, MESA 
participants were younger (mean age, 73±8  years) 
than ARIC study participants (mean age, 79±5 years). 
Antiarrhythmic medications were used by only 1% of 
MESA participants and <0.5% of ARIC study partici-
pants at any time during study follow-up.

The BP exposures in MESA and ARIC study are 
summarized in Table 3. At examination 6, ARIC study 
participants had higher SBP and higher PP than MESA 
participants, whereas DBP was similar in MESA and 
ARIC study participants. Long-term mean BP values 
were similar in both cohorts. BP slope in both cohorts 
was positive for SBP and PP and was negative for DBP 
between examinations 1 through 5. The visit-to-visit 
SBP, DBP, and PP detrended variability was larger in 
ARIC study than in MESA.

The median monitor duration was 13.9  days (in-
terquartile interval, 13.2–14.0 days) in MESA and 
13.7  days (interquartile interval, 12.8–13.9 days) in 
ARIC. In MESA, 41 (3.3%) participants had subclinical 
AF. MESA participants had a median of 3.0 (interquar-
tile interval, 1.0–13.5) PACs/hour and a median of 0.4 
(interquartile interval, 0.1–1.2) runs of SVT/day. In ARIC, 
73 (3.8%) had subclinical AF. ARIC study participants 
had a median of 8.3 (interquartile interval, 2.7–32.5) 
PACs/hour and a median of 0.79 (interquartile interval, 
0.36–2.08) runs of SVT/day.

In the primary analyses that combined results from 
MESA and ARIC study, a 10–mm Hg higher cross-
sectional SBP at examination 6 (2016–2018 in MESA 
and 2016–2017 in ARIC) was associated with a lower 
prevalence of subclinical AF (odds ratio [OR], 0.86; 95% 
CI, 0.76–0.96), but was associated with a greater num-
ber of runs SVT/day (geometric mean ratio, 1.04; 95% 
CI, 1.01–1.07). After adjustment for cross-sectional BP, 
long-term mean BP, and BP slope, a 4–mm Hg higher 
detrended visit-to-visit variability in SBP was associated 
with a greater prevalence of subclinical AF (OR, 1.20; 
95% CI, 1.02–1.38) and with a greater number of PACs/
hour (geometric mean ratio, 1.08; 95% CI, 1.01–1.15) 
(Figure  3). Findings for PP exposures were similar to 
findings from SBP exposures (Figure 4). For instance, a 
10–mm Hg higher cross-sectional PP was associated 
with less subclinical AF (OR, 0.73; 95% CI, 0.63–0.84); 
and a 4–mm Hg higher visit-to-visit variability in PP was 
associated with a greater prevalence of AF (OR, 1.18; 
95% CI, 1.00–1.37). In addition, a 10–mm  Hg higher 
long-term mean PP was associated a greater preva-
lence of subclinical AF (OR, 1.36; 95% CI, 1.08–1.70).

Secondary analyses examined associations be-
tween DBP exposure variables and subclinical AF and 
SVE outcomes. For DBP, findings were mainly null, 
with the exception of a greater burden of SVE among 
participants with a higher cross-sectional DBP and a 
negative relationship between long-term mean and sub-
clinical AF (Figure S2). In secondary analyses considering 
population-specific differences, the associations be-
tween long-term mean SBP and SVE differed between 
MESA and ARIC (P<0.01), and the same was true for 
associations for runs of SVT/day (P<0.01) (Figure 3). In 
addition, the meta-analyzed cross-sectional findings for 
PP appeared to be driven by ARIC study–specific esti-
mates. For example, higher cross-sectional PP in ARIC 
was associated with less subclinical AF (OR, 0.68; 95% 
CI, 0.57–0.81), whereas the MESA-specific estimate was 
null (OR, 1.00; 95% CI, 0.77–1.30) (P=0.03).

Sensitivity Analyses
Findings from sensitivity analyses restricting to a 
population who did not change their antihypertensive 
medication use after baseline and including additional 
adjustment for statin use, smoking, and alcohol use 
were consistent with findings from the primary analy-
ses (data not shown). Findings from analyses examin-
ing variability, defined as the SD of BP measurements 
from examinations 1 through 5, produced results con-
sistent with the primary analyses (Table S1).

DISCUSSION
In this study, we found that greater visit-to-visit SBP 
and PP variability were associated with a greater 
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prevalence of subclinical atrial arrhythmias after ad-
justment for cross-sectional BP, long-term mean, and 
trend in BP. These findings suggest that, for older 
adults, detrended visit-to-visit variability in BP over a 
period of several years is potentially a novel risk factor of 
atrial arrhythmias. We also found that higher long-term 
mean PP was associated with a greater prevalence 
of subclinical AF. By contrast, greater cross-sectional 
SBP and PP were associated with a lower prevalence 
of subclinical AF.

We focused on reporting findings from our SBP 
and PP analyses because high SBP and high PP 
have been shown to be more powerful independent 
predictors of cardiovascular risk than DBP among 
older adults.15,28 Although several studies have exam-
ined the relationship of BP trajectories to all-cause 
mortality,10,29,30 cardiovascular-specific mortality,5,30 
and other cardiovascular events,10,30 there is limited 
prior research on the relationships between long-
term BP trajectories and AF. To the best of our knowl-
edge, our study is the first to evaluate associations 
between long-term BP trajectories and subclinical 
atrial arrhythmias. A prior investigation in ARIC esti-
mated associations between 10-year BP trajectories 
and risk of incident clinical AF and found that those 
with the pattern of long-term hypertension (defined 
as SBP ≥140 mm Hg, DBP ≥90 mm Hg, or use of an-
tihypertensives) had a hazard ratio (HR) of 1.31 (95% 
CI, 1.14–1.51) for clinical AF compared with those 
without long-term hypertension.7 Another study 
found that participants with hypertension whose BP 
eventually decreased during a 16-year BP trajectory 
assessment period, and participants with hyperten-
sion whose BP continued to increase, were at greater 
risk of incident AF compared with normotensive par-
ticipants (HR, 2.05 [95% CI, 1.24–3.37]; and HR, 1.95 
[95% CI, 1.08–3.49], respectively).31 Both of these 
studies used latent class models to identify a few 
common BP trajectories. By contrast, we modeled 
components of long-term BP trajectories in a more 

flexible way to investigate how different aspects of 
longitudinal BP over a period of several years (cross-
sectional, long-term mean, trend, and detrended 
visit-to-visit variability) were independently related to 
subclinical atrial arrhythmias.

In contrast to prior studies, which have found that 
elevated cross-sectional SBP is associated with a 
greater prevalence of clinical AF,32,33 we found that 
higher cross-sectional SBP was associated with less 
subclinical AF. This difference may be explained in part 
by the older age of MESA and ARIC study participants, 
or by differences in the underlying demographics of 
the MESA and ARIC study populations. Another possi-
ble explanation is selection bias; healthy participants in 
MESA and ARIC are more likely to return for follow-up 
examinations. In our study, incorporating information 
on long-term aspects of BP resulted in important in-
formation on subclinical atrial arrhythmia prevalence, 
whereas the cross-sectional assessment gave a dif-
ferent and possibly limited view. These findings pro-
vide support for the hypothesis that BP from several 
years in the past may contribute to disease prevalence 
in older age.

There are important limitations to consider, includ-
ing the potential for residual confounding attributable 
to the observational study design. In addition, sub-
clinical arrhythmias measured at examination 6 can-
not be treated as truly incident arrhythmias, because 
extended ambulatory ECG monitoring was not con-
ducted at baseline and many participants likely devel-
oped arrhythmias during the period of BP exposure 
assessment that did not come to clinical attention. 
Because of this, the temporal relationship between 
exposure and outcome is not clear. In addition, there 
are differences in the timing of examinations between 
the MESA and ARIC study cohorts. In MESA, exam-
inations 1 through 5 occurred over a span of 10 years, 
while in ARIC study, examinations 1 through 5 oc-
curred over a span of 24 years. Furthermore, it is pos-
sible that participants developing more comorbidities 

Table 3.  Describing BP Exposures

BP Variable

MESA ARIC Study

Cross-
Sectional 
Value at 

Examination 
6

Long-Term 
Mean Slope

Visit-to-Visit 
Variability

Cross-
Sectional 
Value at 

Examination 6

Long-
Term 
Mean Slope

Visit-to-Visit 
Variability

SBP, mean (SD), 
mm Hg

126.7 (20.1) 119.5 (15.3) 0.13 (2.59) 7.38 (4.35) 135.1 (18.5) 119.8 (12.6) 0.69 
(0.89)

8.43 (5.12)

DBP, mean (SD), 
mm Hg

66.9 (10.0) 70.2 (8.6) −0.58 (1.19) 3.65 (1.90) 67.5 (10.5) 70.9 (7.8) −0.20 
(0.56)

5.32 (2.89)

PP, mean (SD), 
mm Hg

57.9 (16.4) 49.3 (12.3) 0.72 (2.22) 5.26 (3.06) 67.6 (15.7) 48.9 (9.1) 0.89 
(0.63)

6.65 (3.89)

ARIC indicates Atherosclerosis Risk in Communities; BP, blood pressure; DBP, diastolic BP; MESA, Multi-Ethnic Study of Atherosclerosis; PP, pulse pressure; 
and SBP, systolic blood pressure.
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over time were less likely to return to follow-up ex-
aminations, resulting in selection bias. Because our 
results were based on participants surviving to exam-
ination 6 and being healthy enough to undergo ex-
tended ambulatory ECG monitoring, results may not 
be fully generalizable to people of the same age group 
in the general population. It is possible that BP may 
have been inaccurately measured among participants 
experiencing AF at the time of their BP assessment, 
which could explain, in part, the inverse relationship 
between current SBP at examination 6 and subclinical 
AF risk. Despite the use of standardized procedures 
for BP measurement, measurement error, if present, 
may have attenuated the observed associations be-
tween BP exposure variables and arrhythmia risk. 

Finally, because there are a large number of compar-
isons made in this study, some significant findings 
may be attributable to chance alone. Strengths of this 
study include high-quality measurements of BP that 
were conducted over a decade or more at regular 
study visits rather than sporadically in the course of 
clinical care, the use of sensitive, unbiased methods 
to detect AF, and the inclusion of data from 2 large, 
population-based cohorts.

In conclusion, among older adults from 2 population-
based cohort studies, we found that information on BP 
assessed longitudinally for several years, especially 
visit-to-visit BP variability, was associated with the 
prevalence of subclinical atrial arrhythmias, above and 
beyond cross-sectional BP values alone.

Figure 3.  Meta-analysis results for associations between systolic blood pressure (SBP) exposure variables and atrial 
arrhythmias.
AF indicates atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; Exam, examination; ID, identifier; MESA, Multi-Ethnic Study 
of Atherosclerosis; PAC, premature atrial contraction; and SVT, supraventricular tachycardia.
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Supplemental Material 



Table S1. Meta analyzed result for association between visit-to-visit variability and subclinical 

arrhythmias.  

 

 Results using standard 

deviation to assess variability* 

Results using square root of 

residual mean square to assess 

variabilitya 

Systolic blood pressure   

Subclinical AF 1.32 (1.05, 1.58) 1.20 (1.02, 1.38) 

PACs/hr 1.08 (1.00, 1.16) 1.08 (1.01, 1.15) 

SVT/hr 1.00 (0.95, 1.16) 1.00 (0.95, 1.05) 

Pulse pressure   

Subclinical AF 1.18 (0.94, 1.41) 1.18 (1.00, 1.37) 

PACs/hr 1.05 (0.96, 1.12) 1.04 (0.96, 1.12) 

SVT/hr 1.00 (0.94, 1.06) 1.04 (0.98, 1.10) 
 

*Models adjust for age, sex, race/ethnicity, site, height, weight, diabetes and use of 

antihypertensive medications 

 

 

 

 

 



Figure S1. Dates of follow-up exams in the Multi-Ethnic Study of Atherosclerosis and the Atherosclerosis Risk in Communities cohorts. 

 

 

 

 

 

 

 

 

 

 



Figure S2. Meta-analysis results for associations between diastolic blood pressure exposure variables 

and atrial arrhythmias. 

 

 

 

 

 

 

 

Models adjust for age, sex, race/ethnicity, site, height, weight, diabetes and use of antihypertensive medications. 

 


