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BACKGROUND: High levels of supraventricular ectopy are associated with greater risk of atrial fibrillation, stroke, and death. Little
information is available about differences by race/ethnicity in the extent of supraventricular ectopy, or about whether high
levels of supraventricular ectopy are associated with impaired left atrial (LA) function and LA enlargement.

METHODS AND RESULTS: In the MESA (Multi-Ethnic Study of Atherosclerosis), 1148 participants (47% men; mean age, 67 years)
had cardiovascular magnetic resonance imaging in 2010 to 2012, followed by 14-day ambulatory electrocardiographic moni-
toring in 2016 to 2018. We analyzed participant characteristics and cardiovascular magnetic resonance measures of LA
function and structure in relation to average count of premature atrial contractions (PACs) per hour and average number
of runs per day of supraventricular tachycardia. In adjusted regression analyses, older age, male sex, White race, elevated
NT-proBNP (N-terminal pro-B-type natriuretic peptide), and a history of clinically detected atrial fibrillation were associated
with more PACs/hour. Chinese and Hispanic participants had on average fewer PACs/hour than White participants (Chinese
participants, 31% less [95% Cl, 8%—-49%)]; Hispanic participants, 38% less [95% Cl, 19%-52%]). Greater LA total emptying
fraction was associated with fewer PACs/hour (per SD, 16% fewer PACs/hour [95% Cl, 7%—-25% fewer PACs/hour]). Larger LA
minimum volume was associated with more PACs/hour (per SD, 7% more PACs/hour [95% Cl, 2%-13% more PACs/hour]).
Associations of LA volumes with runs of supraventricular tachycardia/day were similar in direction but were weaker.

CONCLUSIONS: Impaired LA function and LA enlargement were associated with more PACs/hour on extended ambulatory
electrocardiographic monitoring. Measurement of supraventricular ectopy may provide information about the extent of atrial
myopathy.
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premature atrial contractions (PACs) and runs

of supraventricular tachycardia (SVT), is com-
mon, increases with age,' and has generally been
considered benign when infrequent and not accom-
panied by symptoms. However, among patients with
implanted cardiac pacemakers, greater SVE (identi-
fied by atrial high-rate episodes) was associated with
higher risk of developing clinically recognized atrial

Supraventricular ectopy (SVE), which includes

fiorillation (AF), stroke, and death.? An assigned di-
agnosis of paroxysmal SVT was associated with
increased risk of subsequent stroke in a healthcare
database study,® and frequent PACs on Holter record-
ings were a risk factor for subsequent development
of AF.# In the CCHS (Copenhagen City Heart Study),
high levels of SVE on Holter recordings were associ-
ated with increased risk of ischemic stroke, even in
the absence of clinically recognized AF.®> And in the
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CLINICAL PERSPECTIVE

What Is New?

e In 1148 MESA (Multi-Ethnic  Study of
Atherosclerosis) participants, impaired left atrial
emptying fraction and larger left atrial volume
by cardiovascular magnetic resonance imaging
were associated with more frequent premature
atrial contractions on ambulatory cardiac moni-
toring, both before and after adjustment for so-
ciodemographic and clinical characteristics and
for left ventricular function and structure.

¢ In adjusted analyses, older age, male sex, White
race, elevated NT-proBNP (N-terminal pro-B-
type natriuretic peptide) level, and a history of
clinically detected atrial fibrillation were associ-
ated with more premature atrial contractions/
hour; Chinese and Hispanic participants had
on average fewer premature atrial contractions/
hour than White participants.

What Are the Clinical Implications?

e Measurement of supraventricular ectopy may
provide information about the extent of atrial
myopathy.

Nonstandard Abbreviations and Acronyms

ARIC
CCHS

Atherosclerosis Risk in Communities
Copenhagen City Heart Study

CHS  Cardiovascular Health Study

MESA Multi-Ethnic Study of Atherosclerosis
SVE supraventricular ectopy

SVT supraventricular tachycardia

30-day cardiac event monitor belt for recording atrial
fibrillation after a cerebral ischemic event trial, among
patients with recent cryptogenic stroke or transient
ischemic attack, higher PAC count on 24-hour Holter
monitoring was a strong dose-dependent predictor
of AF on a subsequent 30-day monitor.® These find-
ings are consistent with the hypothesis that frequent
SVE and AF may both be manifestations of under-
lying atrial myopathy or atrial failure, often charac-
terized by impaired left atrial (LA) function and LA
enlargement.”® However, little or no information is
available on the association of LA function and struc-
ture with extent of SVE. We hypothesized that greater
impairment of LA function and greater LA volume are
associated with more SVE. In the MESA (Multi-Ethnic
Study of Atherosclerosis), we examined these as-
sociations using data from cardiovascular magnetic
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resonance (CMR) imaging and from 14-day ambula-
tory cardiac monitoring. We also examined associa-
tions of cardiovascular risk factors and race/ethnicity
with extent of SVE.

METHODS

The data, analytic methods, and study materials will not
be made available to other researchers for purposes of
reproducing the results or replicating the procedure be-
cause of participant privacy issues. Investigators inter-
ested 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 repository.

Study Sample

MESA is designed to investigate the pathogenesis of
early cardiovascular disease and its progression; the
study design has been described previously.® In 2000
to 2002, MESA enrolled 6814 participants, aged 45 to
84 years and free of clinically recognized cardiovascular
disease, from 6 US communities. Participants self-iden-
tified with 1 of 4 race/ethnic groups: Black participants
(28%), White participants (38%), Hispanic participants
(22%), and Asian participants, of Chinese descent
(12%); 53% were women. After the initial baseline ex-
amination, there have been 5 follow-up examinations.

CMR Imaging

Atthe 2010to0 2012 examination, consenting participants
underwent CMR imaging using 1.5-T scanners (Avanto
and Espree [Siemens Medical Systems, Erlangen,
Germany] and Signa LX [GE Healthcare, Waukesha,
WI]) with a 6-channel phased array coil, as previously
described.!® The cine images included coverage of the
entire left ventricle (LV) and LA using short-axis slices,
1 2-chamber slice, and 1 4-chamber view, scanned
by steady-state free precession sequences. LV mass
and volumes were determined using CIM software ver-
sion 6.2 (Auckland MRI Research Group, University of
Auckland, Auckland, New Zealand). LA maximum and
minimum volumes, total, active, and passive emptying
fractions, and LA peak longitudinal strain were meas-
ured using Multimodality Tissue Tracking software
version 6.0 (Toshiba, Japan) using 2- and 4-chamber
long-axis images, as previously described."

Assessment of SVE

Approximately 6 years after the CMR imaging, during the
2016 to 2018 examination, we enrolled a subset of MESA
participants (n=1557) in an ancillary study involving am-
bulatory electrocardiographic monitoring. Participants
both with and without a history of heart disease or
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clinically recognized AF were included. Participants
were not queried about a history of symptoms possibly
related to arrhythmias and were not asked to record
symptoms during the monitoring period. As previously
described,'? study staff applied an electrocardiographic
monitoring device and asked the participant to wear it
for 14 days and to return it by mail to the manufacturer
for interpretation. A subset of 577 participants (37%)
had 2 monitoring periods of up to 14 days each, with a
median interval of 23 days between monitoring periods.
The monitoring device used in this study was the Zio
Patch XT (iRhythm Technologies, Inc, San Francisco,
CA), a Food and Drug Administration—approved single-
channel electrocardiographic patch monitor capable of
recording up to 14 days of cardiac rhythm."® Certified
technicians at iRhythm processed and analyzed the
electrocardiographic data. Reported arrhythmias were
verified by the Epidemiological Cardiology Reading
Center at Wake Forest University School of Medicine,
Winston-Salem, NC.

The SVE measures of interest were the average
count of PACs/hour and the average number of runs
per day (24 hours) of SVT, with a run defined as >4
consecutive PACs. For participants who wore 2 mon-
itoring devices, the monitored time from both devices
was included in quantifying SVE. The average count
of PACs/hour was calculated as the sum of (the num-
ber of isolated PACs plus 2 times the number of cou-
plets plus 3 times the number of triplets) divided by
the total time during which the monitor provided a
tracing adequate to determine cardiac rhythm.

Assessment of Participant Characteristics
Educational attainment, sex, and self-identified race/eth-
nicity were ascertained at baseline. Other participant de-
mographic and clinical characteristics were determined
at the 2010 to 2012 examination. Height and weight
were measured; smoking, current medications, and a
physician diagnosis of hypertension were assessed by
questionnaire.® Blood pressure was measured with the
participant in a seated position and after a 5-minute rest;
serum glucose was measured in a fasting blood sam-
ple. Diabetes mellitus was defined by use of a diabe-
tes mellitus medication or fasting glucose >126 mg/dL.
The estimated glomerular filtration rate was calculated
on the basis of serum creatinine using the 2012 Chronic
Kidney Disease Epidemiology Collaboration equation.™
NT-proBNP (N-terminal pro-B-type natriuretic peptide)
was measured using the Roche e411 special chemistry
analyzer (Roche Diagnostics, Indianapolis, IN).

Cardiovascular Events During Follow-Up

Since baseline, participants have been contacted by
telephone every 9 to 12 months to identify new hos-
pitalizations and medical diagnoses during follow-up.
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Medical records were obtained; stroke, myocardial
infarction, and heart failure were adjudicated by the
MESA Morbidity and Mortality Committee. Clinically
recognized AF, including AF and atrial flutter, was iden-
tified by an International Classification of Diseases,
Ninth Revision (ICD-9), code (427.31 or 427.32) or an
International Classification of Diseases, Tenth Revision
(ICD-10), code (148) in any position assigned at hospi-
tal discharge; by 12-lead electrocardiographic at the
2010 to 2012 MESA examination; or, for those enrolled
in fee-for-service Medicare, by an inpatient, outpatient,
or physician claim with an AF /CD-9 or ICD-10 diagno-
sis code in any position. Cardiovascular events were
ascertained up to the date of CMR imaging.

Statistical Analysis

Because LA and LV volumes and LV mass vary by body
size and sex, we used an allometric approach to index
these measures for height and weight by sex, as previ-
ously described.’®® An allometric method develops a
model that describes how cardiac chamber measure-
ments vary with body size. We identified a healthy sub-
set of 192 participants with CMR at the 2010 to 2012
examination and free of obesity, hypertension, diabetes
mellitus, impaired fasting glucose, stroke, myocardial
infarction, heart failure, and AF. In these participants,
we developed regression models that regressed each
log-transformed CMR volume or mass on log (height),
log (weight), and sex. These models give an indexed
value for the CMR measure (ie, the percentage of the
value predicted on the basis of height, weight, and sex).
For example, if the indexed LA volume is 125%, this
indicates that the participant’s measured LA volume is
125% of that predicted for height, weight, and sex. The
derived indexes are presented in Table S1.

In unadjusted analyses, we examined distributions
of sociodemographic characteristics and CMR char-
acteristics by quantiles of the SVE measures. Because
of their skewed distributions (Figure S1), we applied
log transformation to the outcome variables of aver-
age PACs/hour and average runs of SVT/day. Using
multivariable linear regression with robust SE estima-
tion," we examined associations of participant de-
mographic, clinical, and CMR characteristics with log
(PACs/hour) and with log (runs of SVT/day). One par-
ticipant had no PACs at all, and 14% (N=164) had no
runs of SVT. To allow inclusion of those participants,
before log transformation, we added the smallest ob-
served value of PACs/hour (0.017) or runs of SVT/day
(0.036) to the calculated value for all participants.

Adjusted associations are expressed as the ratio
of geometric means, which provides the percentage
difference in, for example, the average PACs/hour, per
increment of the characteristic. For characteristics that
are continuous variables, the increment was =1 SD,
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except for NT-proBNP, for which the increment was a
doubling of the level. In analyses of LA strain and ejec-
tion fraction, models were adjusted for age, sex, race,
height, and weight, and for the clinical variables of di-
abetes mellitus, current smoking, use of antihyperten-
sive medication, systolic blood pressure, NT-proBNP,
estimated glomerular filtration rate, history of clinically
recognized AF, and LV mass and end-diastolic vol-
ume. Analyses of LA volumes and mass, which were
already indexed for height and weight by sex, were
adjusted for age, race, and the same list of clinical
variables as above. Missing values for smoking (n=2),
diabetes mellitus (n=3), glomerular filtration rate (n=4),
and NT-proBNP (n=15) were estimated using multiple
imputation by chained equations.'®

In sensitivity analyses, we examined whether associ-
ations differed: (1) with additional adjustment for a history
of stroke, myocardial infarction, or heart failure before
CMR imaging; (2) in analyses restricted to those with
no history of clinically recognized AF, stroke, myocardial
infarction, or heart failure; (3) with additional adjustment
for educational attainment; (4) with cardiac chamber
volumes and LV mass indexed to body surface area
rather than the newly derived allometric indexes; and
(5) after excluding users of sympathomimetic or dopa-
minergic agents (N=49 excluded). We also examined
models of CMR measures and PAC count fit with cubic
splines to check for nonlinearity. We used Stata 14 soft-
ware (StataCorp, College Station, TX) for the analysis. A
2-sided P<0.05 was considered statistically significant.

Approval for the study was obtained from the institu-
tional review board on human research at the University
of Washington and at each participating institution; all
participants provided written informed consent. The
monitoring devices were purchased for the study, and
the device manufacturer had no role in the study design,
statistical analysis, or interpretation of results. SRH and
PNJ had full access to all the data in the study and take
responsibility for their integrity and the data analysis.

RESULTS

A total of 1557 MESA participants underwent electrocar-
diographic monitoring. We excluded 22 participants who
were monitored for <24 hours, 49 with continuous AF
throughout the monitoring period (because PACs and
runs of SVT are not assessed while the rhythm is AF),
and 6 with paced beats (Figure 1). We further excluded
332 participants without CMR imaging, leaving 1148 par-
ticipants available for analysis. The characteristics at the
2016 to 2018 examination of MESA participants included
and not included in the present analysis were similar
(Table S2). The median (interquartile range) duration of
analyzable time on the electrocardiographic monitor(s)
was 14.0 (13.6-26.6) days. The Spearman rank correla-
tion coefficient between log-transformed average PACs/
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1557 with ambulatory
electrocardiographic
monitoring in 2016-2018

77 excluded:

22 with <24 h monitoring

49 with 100% AF or
flutter on monitor

6 with paced beats

v

1480 with suitable
monitoring data

332 excluded:
no CMR data from
2010-2102

1148 included in
analysis

Figure 1. Study participation and inclusion in analysis.
AF indicates atrial fibrillation; CMR, cardiovascular magnetic
resonance.

hour and log-transformed average runs of SVT/day was
0.59 (Figure S2).

Unadjusted and Adjusted Associations
With Average PACs/Hour

In unadjusted analyses, average PACs/hour were greater
in those with advanced age, male sex, White race, an-
tihypertensive medication use, higher systolic blood
pressure, higher NT-proBNP, lower estimated glomeru-
lar filtration rate, and a history of clinically recognized AF
(Table 1). CMR measures associated with greater av-
erage PACs/hour included lower LA peak longitudinal
strain; lower total, passive, and active emptying fraction;
larger LA maximum and minimum volumes; greater LV
mass; and larger LV end-diastolic volume (Table 1).

In multivariable analyses adjusted only for demo-
graphic characteristics, advanced age and male sex
were associated with more PACs/hour (Table 2, model
1). Relative to White race, Chinese and Hispanic race/
ethnicity were each associated with fewer PACs/
hour. After further adjustment for clinical characteris-
tics (Table 2, model 2), each 10-year increment in age
was associated with a 93% greater average count of
PACs/hour, male sex was associated with 61% more
PACs/hour, and Chinese and Hispanic race/ethnicity
remained associated with fewer PACs/hour (31% and
38% fewer, respectively). The association of Black race
with PACs/hour did not differ from that of White race.
Among the clinical characteristics examined, higher
NT-proBNP was associated with more PACs/hour
(27% more per 2-fold increment), and a history of clin-
ical AF was associated with 122% more PACs/hour.

We examined each LA CMR measure in a multivari-
able model adjusted for sociodemographic and clinical
characteristics, LV mass, LV end-diastolic volume, and
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Table 1. Demographic, Clinical, and CMR Imaging Characteristics of 1148 Participants by Quartiles of the Distribution of
Average PACs/Hour
Average PACs/h

Characteristic All Participants (n=1148)* | 0-1.40 (n=287) | 1.41-4.25 (n=286) | 4.28-20.6 (n=286) | 20.8-1482 (n=289)
Age, mean (SD), y 67 (8) 62 (7) 65 (7) 69 (9) 71 (8)
Men, % 47 42 45 47 56
Race/ethnicity, %

White 43 33 46 47 45

Chinese 14 20 13 12 ik

Black 24 22 21 22 29

Hispanic 20 25 21 19 15
BMI, mean (SD), kg/m? 28 (5) 28 (5) 28 (5) 28 (5) 28 (5)
Diabetes mellitus, % 15 14 18 13 16
Current smoking, % 7 7 10 6 6
Antihypertensive medication, % 48 M 43 50 56
Systolic BP, mean (SD), mm Hg 120 (18) 118 (17) 118 (17) 122 (20) 123 (20)
NT-proBNP, mean (SD), pg/mL 102 (138) 61 (63) 83 (99) 129 (155) 134 (190)
eGFR, mean (SD), mL/min per 1.73 m? 82 (20) 86 (19) 81 (19) 81 (19 79 (21)
History of clinical AF, % 3 1 2 2 7
Left atrial function, mean (SD), %

Peak longitudinal strain 33 (14) 35 (13) 35 (14) 33 (14) 31 (14)

Total emptying fraction 56 (11) 59 (9) 58 (10) 56 (11) 53 (11)

Passive emptying fraction 25 (8) 27 (8) 25 (8) 24 (8) 22 (8)

Active emptying fraction 43 (11) 44 (10) 44 (11) 42 (12) 41 (11)
Left atrial structure, mean (SD), mL

Maximum volume 63 (20) 60 (18) 62 (21) 65 (22) 67 (21)

Minimum volume 28 (13) 25 (1) 27 (19) 30 (14) 32 (14)
Left ventricular structure, mean (SD)

Mass, g 122 (33) 117 (29) 121 (34) 121 (35) 128 (34)

End-diastolic volume, mL 121 (30) 118 (27) 121 (30) 121 (31) 123 (30)

AF indicates atrial fibrillation; BMI, body mass index; BP, blood pressure; CMR, cardiovascular magnetic resonance; eGFR, estimated glomerular filtration
rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and PAC, premature atrial contraction.
*Total number of participants included in the analysis ranged from 1091 to 1113 for measures of left atrial function and structure, and was 1147 for measures

of left ventricular structure.

monitoring duration. Greater LA total, passive, and ac-
tive emptying fractions were each associated with fewer
PACs/hour. Larger LA minimum volume was associated
with more PACs/hour (Figure 2 and Table S3). In these
models, the association of Black race with PACs/hour did
not differ from that of White race. Taller height was only
weakly associated with more PACs/hour in models in-
cluding indexed LA volumes and was unassociated with
PACs/hour in models including LA function measures.

Unadjusted and Adjusted Associations
With Average Runs of SVT/Day

In unadjusted analyses, differences in the distribution of
runs of SVT/day by sociodemographic and clinical char-
acteristics were similar to those observed for average
PACs/hour. However, there was little difference in CMR
measures of LA function or structure by categories of

runs of SVT/day (Table S4). In multivariable analyses of
sociodemographic and clinical characteristics, associa-
tions with runs of SVT/day were also similar to those for
PACs/hour (Table S5), except that no association was
observed for male sex, and Black race was associated
with fewer runs of SVT/day. In multivariable models for
each CMR characteristic, adjusted for demographic and
clinical characteristics, none of the LA or LV function or
structure measures was significantly associated with
runs of SVT/day (Table S6). In the models that included
LA function or structure measures, Black race remained
associated with significantly fewer runs of SVT/day than
White race.

Sensitivity Analyses
The associations of CMR measures with SVE were little
changed by adjustment for history of a cardiovascular
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Table 2. Association of Demographic and Clinical Characteristics With Average PACs/Hour in 1148 Participants From

Multivariable Linear Regression

Model 1* Model 2F

Characteristic Ratio of Geometric Means 95% ClI Ratio of Geometric Means 95% ClI
Age, per 10y 2.23 1.99-2.49 1.93 1.66-2.23
Men vs women 1.41 1.16-1.73 1.61 1.32-1.97
Race/ethnicity

White Reference Reference

Chinese 0.57 0.43-0.77 0.69 0.51-0.92

Black 1.07 0.82-1.4 1.09 0.83-1.43

Hispanic 0.60 0.46-0.77 0.62 0.48-0.81
BMI, per 5 kg/m? 110 0.98-1.22
Diabetes mellitus 0.91 0.69-1.21
Current smoking 1.06 0.73-1.52
Antihypertensive medication 1.06 0.86-1.31
Systolic BP, per 20 mm Hg 1.10 0.98-1.28
NT-proBNP, per 2-fold increment 1.27 1.16-1.38
eGFR, per 20 mL/min per 1.73 m? 1.16 1.00-1.33
History of clinical AF 2.22 1.17-4.25

AF indicates atrial fibrillation; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; and PAC, premature atrial contraction.

*Model 1 includes only sociodemographic variables: age, sex, and race/ethnicity.
fModel 2 includes sociodemographic variables and all clinical variables in the left column.

event or in analyses restricted to those without a history
of a cardiovascular event. Results were not materially
changed after further adjustment for educational attain-
ment, when chamber volumes were indexed to body
surface area rather than the newly derived allometric
indexes, or after exclusion of participants who reported
use of sympathomimetic or dopaminergic agents.
Examination of models fit with cubic splines did not
provide evidence of departure from linearity in models
examining CMR measures in relation to PAC frequency.

DISCUSSION

In the MESA cohort, impaired LA emptying fraction and
larger LA volume by CMR were associated with more
frequent PACs on ambulatory cardiac monitoring, both
before and after adjustment for sociodemographic and
clinical characteristics and for LV function and structure.
We did not observe associations of LA function and
structure with more frequent runs of SVT after adjust-
ment for sociodemographic and clinical characteristics.

Our findings that greater age, higher NT-proBNP,
and history of clinically detected AF were associated
with more PACs/hour are in agreement with findings
from a Swiss population studied with 24-hour Holter
monitoring." Also like the Swiss study, we found no
association of body mass index, diabetes mellitus, or
hypertension with PACs/hour in a multivariable model.

J Am Heart Assoc. 2021;10:e018093. DOI: 10.1161/JAHA.120.018093

The present analysis, conducted in a multiethnic
population, reveals that Chinese and Hispanic par-
ticipants had fewer PACs on average than White par-
ticipants, both before and after adjustment for clinical
characteristics. Notably, average PACs/hour did not
differ in Black compared with White participants, and
this finding was unchanged in models that included
the LA function and structure measures. Inconsistent
findings have been reported from other studies that
compared PAC frequency in White versus Black par-
ticipants. In the CHS (Cardiovascular Health Study),
baseline 12-lead electrocardiographics revealed more
PACs in Black participants,'® but 24-hour Holter moni-
toring 2 to 5 years after baseline showed more PACs in
White participants.?® In the ARIC (Atherosclerosis Risk
in Communities) study, no difference in PACs between
White and Black participants was found on 2-minute
rhythm strip recordings.?’ The reasons for these incon-
sistent findings are not clear; greatly differing durations
of recording and different methods for identifying and
verifying PACs may be partly responsible. The lack of
difference in PAC frequency between White and Black
MESA participants is, however, consistent with our
finding of no difference in monitor-detected AF in these
same individuals.??> We are not aware of other reports
on extent of runs of SVT in Chinese, Black, or Hispanic
participants. Additional investigation is needed into
the reasons for differences in the association of race/
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*

% difference

(95% ClI)
LA function®, per 10%
Peak longitudinal strain —e— -5 (-12, +3)
Total emptying fraction —— -16 (-25, -7)
Passive emptying fracton ——e—— -17 (-28, -5)
Active emptying fraction —e—i -11 (19, -2)

LA volume?, per 25%
Maximum
Minimum

——e—— +7 (-3, +16)

—e—  +7 (+2, +13)

l I I I I

-20 -10 0 10 20

«— % fewer PACs/hr % more PACs/hr—

Figure 2. Adjusted percentage difference in average
premature atrial contractions (PACs)/hour associated with
left atrial (LA) function and volume from multivariable linear
regression.

*Adjusted for weight, height, sex, age, race/ethnicity, diabetes
mellitus, current smoking, antihypertensive medication use,
systolic blood pressure, estimated glomerular filtration rate, NT-
proBNP (N-terminal pro-B-type natriuretic peptide), history of
clinically detected atrial fibrillation, left ventricular mass and end-
diastolic volume, and monitoring duration. tThe SDs of strain
and each of the emptying fractions were ~10%. LA volume was
indexed for height and weight by sex. A difference in indexed
LA volume of 25% indicates a measured LA volume that is 25%
larger than predicted for height, weight, and sex. The SD of both
maximum and minimum indexed LA volumes was ~25%.

ethnicity with the 2 different measures of SVE studied
herein.

Results from several general population studies, in-
cluding MESA, indicate that larger LA size, impaired LA
function,?*?* and progression in both measures over
time®® are associated with the development of incident
AF. LA enlargement and impaired LA function are also
associated with risk of ischemic stroke and transient isch-
emic attack, independent of AF.?6 These findings, taken
together with the results of the present analysis, provide
support for the hypothesis that LA enlargement, impaired
LA function, and more frequent PACs are all manifesta-
tions of atrial remodeling that provide a substrate for AF,
promote atrial ectopy that may initiate AF, and may estab-
lish an environment favoring formation of thrombi capable
of producing ischemic cerebrovascular disease.

Strengths of our analysis include the large multieth-
nic study population, the careful measurement of car-
diac function and structure by CMR, and the extended
measurement of SVE through ambulatory cardiac moni-
toring. A limitation of the analysis is the inability to deter-
mine cause and effect from an observational study. In
addition, although the assessment of LA function and
structure preceded the assessment of atrial ectopy by
about 6 years, we cannot be certain that the functional
and structural abnormalities preceded the development
of frequent atrial ectopy. Finally, LA enlargement and
functional impairment may have progressed in some
participants during the 6-year interval, such that the re-
lationship between CMR measures and the extent of

J Am Heart Assoc. 2021;10:e018093. DOI: 10.1161/JAHA.120.018093
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ectopy might be different if they had been measured
contemporaneously.

CONCLUSIONS

The findings of our study indicate that impaired LA
function and LA enlargement are associated with more
frequent PACs. Additional research will be needed to
establish the clinical utility of LA CMR imaging and
measurement of PAC frequency as potential indicators
of the risk of cerebrovascular events.
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Table S1. Allometric indices for left atrial maximum and minimum volumes, left

ventricular mass, and left ventricular end-diastolic volume, derived from CMR in the

MESA reference sample.

CMR measure Sex

Derived Index*

LA maximum Men 100 X LA maximum volume / (2.616 X height!%2> X weight®94)
volume (ml _ . .

(m) Women 100 X LA maximum volume / (2.859 X height"9%> X weight®>%4)
LA minimum Men 100 X LA minimum volume / (0.646 X height'%* X weight®¢73)
volume (ml

(mb Women 100 X LA minimum volume / (0.677 X height3%* X weight®67%)
LV mass (g) Men 100 X LV mass / (9.372 X height®3%8 X weight-°%7)

Women 100 X LV mass / (7.515 X height®3%® X weight®*7)

LV end-diastolic Men

volume (ml) Women

100 X LV end-diastolic volume / (9.473 X height!-7%* X weight®-38)
100 X LV end-diastolic volume / (9.357 X height!-7* X weight®-38)

* Height is in meters; weight is in kilograms

LA left atrial; LV left ventricular; CMR cardiac magnetic resonance; MESA Multi-Ethnic Study of

Atherosclerosis




Table S2. Characteristics of participants with and without ambulatory ECG monitoring.

With Ambulatory
ECG monitoring

No Ambulatory
ECG Monitoring

n=1557 n=1728
Age, yr, mean (SD) 67 (8) 68 (9)
Male, % 49% 45%
Race/Ethnicity, %
White 41% 40%
Chinese 14% 12%
African-American 25% 26%
Hispanic 21% 23%
Body mass index, kg/m? , mean (SD) 28 (5) 29 (6)
Height (men), cm 172 (8) 172 (7)
Height (women), cm 159 (7) 158 (7)
Diabetes, % 17% 21%
Current smoking, % 7% 7%
Antihypertensive medication, % 49% 54%
Systolic BP, mmHg, mean (SD) 122 (19) 123 (21)
NT-proBNP,* pg/ml, mean (SD) 122 (221) 120 (202)
eGFR* (mL/min/1.73 m?), mean (SD) 82 (20) 82 (21)
History of clinical atrial fibrillation, % 5% 4%
History of heart failure, % 1% 2%
History of stroke, % 1% 1%
History of myocardial infarction, % 2% 2%

With Cardiac MR
and Ambulatory
ECG monitoring

With Cardiac MR
but no Ambulatory
ECG Monitoring

n=1213 n=955

Left atrial function, mean(SD)
Longitudinal strain (%) 33 (14) 32 (14)
Total emptying fraction (%) 56 (11) 56 (11)



Passive emptying fraction (%)
Active emptying fraction (%)
Structure, mean(SD)
Left atrium
Maximum volume (ml)
Minimum volume (ml)
Left ventricle
Mass (9)

End-diastolic volume (ml)

24 (8)
42 (11)

64 (21)

29 (15)

123 (34)
121 (30)

24 (8)
43 (11)

64 (21)

29 (15)

123 (33)
120 (32)




Table S3. Adjusted association of left atrial function and of left atrial and left ventricular

structure with average PACs/hour from multivariable linear regression*

Model 17 Model 2* Model 3%
Ratio of 95% Ratio of 95% Ratio of 95%
geometric Confidence  geometric Confidence  geometric Confidence
CMR measure means Interval means Interval means Interval
Left atrial function, per 10%
Peak longitudinal strain 0.95 0.88, 1.02 0.96 0.89, 1.03 0.95 0.88, 1.03
Total emptying fraction 0.80 0.72,0.88 0.84 0.76, 0.93 0.84 0.75, 0.93
Passive emptying fraction  0.82 0.71,0.94 0.86 0.75, 0.99 0.83 0.72,0.95
Active emptying fraction 0.85 0.77,0.93 0.89 0.81, 0.97 0.89 0.81,0.98
Structure, per 25%
Left atrium
Maximum volume 1.16 1.07,1.25 1.10 1.01,1.19 1.07 0.97,1.16
Minimum volume 1.13 1.07,1.18 1.09 1.04,1.14 1.07 1.02,1.13
Left ventricle
Mass 1.37 1.17,1.59 1.27 1.08, 1.49 —
End-diastolic volume 1.29 1.12, 1.47 1.21 1.05, 1.38 —

* N of participants included in the analysis ranged from 1091 to 1113 for analyses of left atrial
function and structure, and was 1147 for analyses of left ventricular structure.

T Model 1: Left atrial function measures are adjusted for age, sex, race, height and weight.
Structure measures (volume and mass) are indexed to height and weight by sex and adjusted
for age and race.

¥ Model 2: Left atrial function measures are adjusted as in Model 1 and are further adjusted for:
diabetes, current smoking, use of antihypertensive medication, systolic blood pressure, history
of clinically recognized AF, NT-proBNP, estimated glomerular filtration rate, and history of
clinically-recognized AF. Structure measures (volumes and mass) are indexed and adjusted
as in Model 1, and are further adjusted for the Model 2 clinical characteristics.

§ Model 3: Model 2 further adjusted for left ventricular mass and end-diastolic volume



Table S4. Demographic, clinical, and CMR characteristics of participants with no runs of

SVT and in tertiles of the distribution of average runs of SVT per day*

All 0.04-0.28 =20.29-1.0 1.1-1474
e N No runs runs of runs of runs of
participants ot syt SvT/day  SVTiday  SVT/day

n=1148 n=164 n=327 n=329 n=328
Age, yr, mean (SD) 67 (8) 64 (8) 65 (8) 67 (8) 71 (8)
Male, % 47 46 50 49 44
Race/Ethnicity, %
White 43 29 39 45 51
Chinese 14 20 14 13 12
African-American 24 31 25 20 22
Hispanic 20 20 22 22 16
BMI, kg/m? , mean (SD) 28 (5) 28 (5) 29 (5) 28 (5) 28 (5)
Diabetes, % 15 15 18 15 13
Current smoking, % 7 5 9 7 6
Antihypertensive medication, % 48 45 43 49 52

Systolic BP, mmHg, mean (SD) 120 (18) 117 (17) 119(17) 119(18) 124 (21)
NT-proBNP, pg/ml, mean (SD) 102 (138)  71(72)  80(103) 97 (109) 143 (199)

eGFR (mL/min/1.73 m?), mean
(SD) 82 (20) 85 (20) 83 (19) 82 (19) 79 (21)

History of clinical AF, % 3 0 1 3 6
Left atrial function, mean (SD)
Peak longitudinal strain, % 33 (14) 31 (12) 34 (14) 34 (15) 33 (14)

Total emptying fraction, % 56 (11) 56 (9) 58 (10) 57 (11) 55 (11)



Passive emptying fraction, % 25 (8) 25 (8)
Active emptying fraction, % 43 (11) 42 (9)

Structure, mean (SD)

Left atrium
Maximum volume, ml 63 (20) 62 (18)
Minimum volume, ml 28 (13) 28 (11)
Left ventricle
Mass, g 122 (33) 121 (32)
End-diastolic volume, ml 121 (30) 118 (27)

25 (8)

44 (11)

61 (19)

26 (12)

123 (33)

121 (30)

25 (8) 23 (9)

44 (12) 41 (12)

63 (23) 66 (21)

28 (14) 31 (14)

122 (35) 121 (33)

122 (31) 119 (30)

CMR: cardiovascular magnetic resonance; PAC: premature atrial contraction; BMI: body mass

index; BP: blood pressure; NT-proBNP: N-terminal pro-B-type natriuretic peptide; eGFR:

estimated glomerular filtration rate; AF: atrial fibrillation

* Total N of participants included in the analysis ranged from 1091 to 1113 for measures of left

atrial function and structure, and was 1147 for measures of left ventricular structure.



Table S5. Adjusted association of demographic and clinical characteristics with average

runs of SVT per day in 1148 participants, from multivariable linear regression.

Characteristic Model 1* Model 21
Ratio of 95% Ratio of 95%
geometric Confidence geometric  Confidence
means Interval means Interval
Age, per 10 yr 1.69 1.52,1.89 1.43 1.23, 1.67
Male vs. female 0.89 0.74, 1.07 0.98 0.82,1.18
Race/ethnicity
White Reference Reference
Chinese 0.57 0.44,0.74 0.63 0.47,0.83
African American 0.60 0.47,0.78 0.62 0.48, 0.82
Hispanic 0.64 0.51, 0.82 0.70 0.55, 0.90
BMI, per 5 kg/m? 1.00 0.90, 1.12
Diabetes 0.77 0.59, 1.01
Current smoking 1.11 0.80, 1.55
Antihypertensive medication 1.05 0.87,1.26
Systolic BP, per 20 mm Hg 1.19 1.07,1.33
NT-proBNP, per 2-fold increment 1.20 1.10,1.31
eGFR, per 20 mL/min/1.73 m2 1.11 0.94, 1.30
History of clinical AF 3.64 1.84, 7.20

PAC: premature atrial contraction; BMI: body mass index; BP: blood pressure; NT-proBNP: N-
terminal pro-B-type natriuretic peptide; eGFR: estimated glomerular filtration rate; AF: atrial

fibrillation

* Model 1 includes only sociodemographic variables: age, sex, and race/ethnicity

T Model 2 includes sociodemographic variables and all clinical variables in the left column



Table S6. Adjusted association of left atrial function and of left atrial and left ventricular

structure with average runs of SVT/day from multivariable linear regression*

Model 17 Model 2*
Ratio of 95% Ratio of 95%
geometric Confidence geometric Confidence
CMR measure means Interval means Interval
Left atrial function, per 10%
Peak longitudinal strain 1.05 0.98, 1.13 1.06 0.99, 1.13
Total emptying fraction 0.91 0.82,1.01 0.97 0.87,1.07
Passive emptying fraction 0.95 0.83,1.08 0.99 0.87,1.12
Active emptying fraction 0.92 0.84,1.01 0.97 0.89, 1.06
Structure, per 25%
Left atrium
Maximum volume 1.11 1.03,1.20 1.04 0.96, 1.12
Minimum volume 1.08 1.03, 1.13 1.03 0.98, 1.08
Left ventricle
Mass 1.17 1.02,1.35 1.04 0.89, 1.20
End-diastolic volume 1.17 1.04, 1.32 1.07 0.95,1.21

* N of participants included in the analysis ranged from 1091 to 1113 for analyses of left atrial

function and structure, and was 1147 for analyses of left ventricular structure.

T Model 1: Left atrial function measures are adjusted for age, sex, race, height and weight.
Structure measures (volume and mass) are indexed to height and weight by sex and adjusted
for age and race.

¥ Model 2: Left atrial function measures are adjusted as in Model 1 and are further adjusted for:
diabetes, current smoking, use of antihypertensive medication, systolic blood pressure, history
of clinically recognized AF, NT-proBNP, estimated glomerular filtration rate, and history of
clinically-recognized AF. Structure measures (volumes and mass) are indexed and adjusted
as in Model 1, and are further adjusted for the Model 2 clinical characteristics.



Figure S1. Distributions of (A) average and log-transformed average premature atrial
contractions (PACs) per hour; (B) average and log-transformed average runs of

supraventricular tachycardia (SVT) per day.
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Figure S2. Scatterplot of log (average PACs per hour) by log (average runs of SVT per

day).
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