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BACKGROUND: Atrial fibrillation (AF) is associated with increased stroke risk and accelerated cognitive decline, but the associa-
tion of early manifestations of left atrial (LA) impairment with subclinical changes in brain structure is unclear. We investigated
whether abnormal LA structure and function, greater supraventricular ectopy, and intermittent AF are associated with small
vessel disease on magnetic resonance imaging of the brain.

METHODS AND RESULTS: In the Multi-Ethnic Study of Atherosclerosis, 967 participants completed 14-day ambulatory electro-
cardiographic monitoring, speckle tracking echocardiography and, a median 17 months later, magnetic resonance imaging
of the brain. We assessed associations of LA volume index and reservoir strain, supraventricular ectopy, and prevalent AF
with brain magnetic resonance imaging measures of small vessel disease and atrophy. The mean age of participants was
72years; 53% were women. In multivariable models, LA enlargement was associated with lower white matter fractional ani-
sotropy and greater prevalence of microbleeds; reduced LA strain, indicating worse LA function, was associated with more
microbleeds. More premature atrial contractions were associated with lower total gray matter volume. Compared with no AF,
intermittent AF (prevalent AF with <100% AF during electrocardiographic monitoring) was associated with lower white matter
fractional anisotropy (-0.25 SDs [95% ClI, —0.44 to —0.07]) and greater prevalence of microbleeds (prevalence ratio: 1.42 [95%
Cl, 112-1.79]).

CONCLUSIONS: In individuals without a history of stroke or transient ischemic attack, alterations of LA structure and function,
including enlargement, reduced strain, frequent premature atrial contractions, and intermittent AF, were associated with in-
creased markers of small vessel disease. Detailed assessment of LA structure and function and extended ECG monitoring
may enable early identification of individuals at greater risk of small vessel disease.
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stroke'? and is associated with accelerated cog-  cognitive decline, and dementia.® Yet relatively little is
itive decline.®* However, emerging consen- known about the association of measures of left atrial
sus suggests that atrial cardiomyopathy?® itself, even in (LA) impairment with subclinical abnormalities on brain

A:ial fibrillation (AF) is an important risk factor for ~ the absence of AF, may be causally related to stroke,
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CLINICAL PERSPECTIVE

What Is New?

e The association of early manifestations of left
atrial (LA) impairment with subclinical changes
in brain structure is unclear.

e Our study investigated whether abnormal LA
structure and function, greater supraventricular
ectopy, and intermittent atrial fibrillation are as-
sociated with small vessel disease on magnetic
resonance imaging of the brain.

e QOur analysis found that early manifestations of LA
abnormalities, including enlargement and abnormal
function, were associated with small vessel disease
markers of reduced white matter microstructural in-
tegrity and the presence of microbleeds.

e Participants with intermittent atrial fibrillation
had more evidence of small vessel disease than
those without atrial fibrillation.

What Are the Clinical Implications?

e Alterations of LA structure and function were
associated with increased markers of small ves-
sel disease.

e FEarly assessment of LA structure and function,
including electrocardiographic monitoring, may
identify individuals at risk of small vessel dis-
ease and facilitate intervention.

Nonstandard Abbreviations and Acronyms

CABL Cardiovascular Abnormalities and
Brain Lesions

FA fractional anisotropy

GM gray matter

MESA Multi-Ethnic Study of Atherosclerosis

QSM/SWI quantitative susceptibility mapping/
susceptibility weighted imaging

SVE supraventricular ectopy

SVT supraventricular tachycardia

WM white matter

WMH white matter hyperintensity

magnetic resonance imaging (MRI). Studies of AF in rela-
tion to brain MRI findings have not examined separately
AF that occurs infrequently or is subclinical. We hypothe-
sized that markers of LA abnormality (namely, abnormal
LA function, greater supraventricular ectopy [SVE], and
low-burden AF) are associated with markers of small
vessel disease on brain MRI that are closely associ-
ated with cognitive impairment, dementia, and stroke.”®
Additionally, because gray matter (GM) loss is a late
manifestation of small vessel disease,® we hypothesized
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that these manifestations of LA abnormality are also as-
sociated with reduced GM volume.

In MESA (Multi-Ethnic Study of Atherosclerosis)
Atrial Fibrillation ancillary study, participants with 14 to
18years of close follow-up for clinical cardiovascular
disease completed extended ambulatory electrocar-
diographic monitoring and speckle-tracking echocar-
diography. After a median interval of 17 months, they
completed MRI of the brain. We analyzed associations
of echocardiography-derived measures of LA structure
and function, SVE quantified by ambulatory monitor-
ing, and AF detected either clinically or by monitoring,
with brain volumes and MRI measures of small vessel
disease.

METHODS

The data used in this analysis are available through the
MESA Coordinating Center with an approved paper
proposal.

Study Population

MESA is an observational cohort study of subclini-
cal cardiovascular disease that includes 6814 men
and women 45 to 84years of age and initially free of
clinically recognized cardiovascular disease when en-
rolled at 6 field centers (Baltimore, Maryland; Chicago,
lllinois; Forsyth County, North Carolina; Los Angeles
County, California; New York, New York; and St. Paul,
Minnesota). Study details have been reported previ-
ously.’® The baseline examination for MESA occurred
between 2000 and 2002, and 5 follow-up examina-
tions have been performed, including Exam 6 in 2016
to 2018. During Exam 6, almost all participants had
echocardiography, and a subset of 1942 participants
was invited to participate in the Atrial Fibrillation an-
cillary study, involving extended ambulatory ECG
rhythm monitoring'! in 2016 to 2018, followed by MRI
of the brain in 2018 to 2019. Each field center obtained
Institutional Review Board approval, and all partici-
pants provided written informed consent.

Echocardiography Measures

Resting 2-dimensional and speckle-tracking echocar-
diography was performed at Exam 6 (2016-2018) at
each field center by trained sonographers.'? LA volume
was measured using the biplane method of disks from
apical 4- and 2-chamber views. LA volume index was
defined as maximum biplane LA volume divided by
body surface area.'® Enlarged LA volume index reflects
impaired LV diastolic function.™ Speckle-tracking echo-
cardiography of the LA was performed by an experi-
enced sonographer blinded to other clinical data using
GE EchoPAC software; strain curves were verified by 2
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cardiologists. The endocardial border of each cardiac
chamber was traced, and regions of interest spanning
epicardium to endocardium were defined. LA reser-
voir strain, defined as the sum of booster and conduit
strain, was used in this analysis; lower strain values
correspond to worse LA function.

Ambulatory ECG Measures

Ambulatory ECG monitoring was performed with
the Zio Patch XT (iRhythm Technologies, Inc, San
Francisco, CA), a single-channel patch monitor capa-
ble of recording up to 14 days of continuous cardiac
rhythm. Study staff applied the monitor and asked
the participant to wear it for 14 days and to return it by
mail to the manufacturer for interpretation. A subset of
participants had 2 monitoring periods of up to 14 days
each, with a median interval of 23days between
monitoring periods.! All arrhythmias reported by the
manufacturer were verified by the Epidemiological
Cardiology Reading Center at Wake Forest University
School of Medicine, Winston-Salem, NC.

The rate of premature atrial contractions (PACs) was
expressed as the average rate of PACs per hour. A run of
supraventricular tachycardia (SVT) was defined as >4 con-
secutive PACs and expressed as the average rate of runs
of SVT per 24 hours.'® AF on the monitor was identified as
an irregularly irregular rhythm lasting at least 30seconds,
as previously described." The AF burden was defined as
the percent of monitoring time during which a participant
was in AF, including both AF and atrial flutter.

Clinical AF was identified from study of 12-lead
ECGs at the 2000 to 2002 and 2010 to 2012 MESA
examinations; from International Classification of
Diseases, Ninth or Tenth Revision (ICD9; ICD-10) hos-
pital discharge diagnosis codes identified through
MESA hospitalization follow-up; for participants en-
rolled in fee-for-service Medicare, from inpatient, out-
patient, or carrier claims'®; and by self-report at Exam
6 of a physician diagnosis of AF.

For analyses, prevalent AF was defined as a history
of clinical AF or monitor-detected AF at Exam 6 and
was further categorized as continuous or intermittent
AF. Participants with 100% AF burden during ambu-
latory monitoring were classified as having continuous
AF. Participants with a history of clinical AF who did not
have 100% AF burden during ambulatory ECG monitor-
ing, including those with no AF during monitoring, were
classified as having intermittent AF. We did not use the
terms paroxysmal, persistent, and permanent AF be-
cause the medical record information available on MESA
participants did not permit this clinical classification.

Brain MRI Measures

Brain MRI scans were acquired on 3-Tesla Siemens
scanners. Imaging included 1-mm isotropic sagittal 3D
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T1-weighted, T2-weighted, fluid attenuated inversion
recovery (FLAIR), axial 2D echo-planar diffusion-tensor
imaging, and axial 3D multi-echo quantitative suscep-
tibility mapping/susceptibility weighted imaging, as
previously described.!” Brain MRI variables of primary
interest for the present analysis were 3 measures of
small vessel disease: white matter (WM) fractional ani-
sotropy (FA), WM hyperintensity (WMH) volume, and
microbleeds; and 1 measure of atrophy, total GM
volume. Secondary variables were total brain volume
and total WM volume. FA reflects the degree to which
water diffusion is limited to a single dimension and is
a scalar, ranging from 0, indicating equivalent motion
in all directions, to 1, indicating motion restricted to a
single direction. Decreased WM FA is interpreted as
indicating reduced WM microstructural integrity, which
is a feature of small vessel disease. Microbleeds were
initially identified by a deep learning-based segmenta-
tion method that used T2-weighted images and quan-
titative susceptibility mapping/susceptibility weighted
imaging to segment the lesions and to differentiate mi-
crobleeds from iron deposits.'® Identified lesions were
then reviewed by a radiologist (J.B.W.) who made the
final classification. The 99" percentile of the total mi-
crobleed count distribution was 12 microbleeds. In the
primary analysis, the 8 participants with 12 to 112 mi-
crobleeds (74% lobar) were considered to have outly-
ing values and were excluded.

Participant Characteristics

Data on age, sex, self-reported race and ethnicity,
and educational attainment were collected at baseline
(2000-2002). Other risk factor data were collected at
Exam 6 (2016-2018), including family income, height,
weight, blood pressure, smoking status, glucose,
hemoglobin Alc, and creatinine levels, medication use,
and diabetes status (Data S1). Mean neighborhood
socioeconomic status between baseline exam and
Exam 5 (2010-2012) was calculated from American
Community Survey 2005 to 2009 and 2007 to 2011
estimates'® reflecting education, employment, hous-
ing, household income, and wealth, as described else-
where.?° Participants reported new hospitalizations and
diagnoses at telephone contacts every 9 to 12months
during follow-up. Medical records were obtained and
myocardial infarction, heart failure, stroke, and tran-
sient ischemic attack were adjudicated through 2017
as previously described.'%2"22 Participants were ex-
cluded from this analysis if they had a clinical history
of stroke or transient ischemic attack before Exam 6.

Statistical Analysis

We performed relative risk regression using a Poisson
model®® to examine associations with presence of any
microbleeds. We used linear regression to examine
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associations with total WMH volume, mean WM FA,
microbleed count among those with >1 microbleed,
and total GM volume. Because of their skewed distri-
butions, rates of PACs and SVT were log, transformed,
and regression estimates represent differences in out-
comes per doubling of PACs and SVT. All multivariable
models were adjusted for age, sex, MESA field center,
race and ethnicity, body mass index, smoking status,
cigarette pack-years, systolic and diastolic blood pres-
sure, treated hypertension, high-density lipoprotein
and low-density lipoprotein cholesterol, use of choles-
terol medications, diabetes status, estimated glomeru-
lar filtration rate, educational attainment, income, and
neighborhood socioeconomic status. Covariates were
chosen a priori based on their associations with atrial
arrhythmias and measures of brain structure and small
vessel disease.'” Analyses of AF as an exposure were
adjusted for health insurance status because clinical
AF detection may depend upon health care access.
Analyses of brain volumes were adjusted for total in-
tracranial volume. We used variance inflation factors
to investigate the potential for bias caused by multicol-
linearity in these models.

Total WMH volume and microbleed count had right-
skewed distributions and were log-transformed to min-
imize the influence of large values. Regression results
for WMH volume and microbleed count are expressed
as the percent difference in the brain MRI measure per
increment of the exposure. FA was expressed as a z-
score (in units of SD) to aid in interpretation of results.

In secondary analyses, we used linear regression
to assess the associations of echocardiographic LA
measures, SVE, and AF with total brain volume and
total WM volume. In sensitivity analyses, we excluded
participants with prior myocardial infarction or heart
failure, or those taking oral anticoagulants at Exam 6.
We adjusted for alcohol consumption in addition to
our main models. We ran analyses including 8 par-
ticipants with 12 or more microbleeds who were ex-
cluded from the main analysis. We further examined
models for evidence of nonlinearity using splines and
assessed whether associations differed in subgroups
defined by sex or race and ethnicity. Missing values
in any covariate (<2% missing for all covariates except
41% missing for family income) were imputed using
multiple imputation with chained equations. Stata 14
software (StataCorp, College Station, TX) was used for
the analysis, and a 2-sided P value<0.05 was consid-
ered statistically significant.

RESULTS

Participant Characteristics

A total of 1535 MESA participants completed
>24 hours of ambulatory ECG monitoring with a median
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(interquartile range) monitoring duration of 14.0 (13.5,
26.1) days. Among these participants, 1010 completed
the MRI of the brain a median (interquartile range) of
17 (15-19) months later, and 967 were free of a prior
history of stroke or transient ischemic attack and had
MRI images of the brain that met quality control crite-
ria (Figure 1). Characteristics at Exam 6 of these 967
participants are described in Table 1. Participants had
a mean age of 72years (SD, 8), and 53% were women.
Self-identified race and ethnicity was 26% Black, 12%
Chinese-American, 22% Hispanic, and 40% White.
Characteristics of MESA participants who attended
Exam 6 but were not included in the analysis sample
are also presented in Table 1. Nonparticipants were
slightly older, and a larger proportion had prevalent
cardiovascular disease. Of the 967 participants with
ECG monitoring and brain MRI data, 915 with com-
plete echocardiography data and not in AF at the time
of echocardiography were included in the analyses of
LA volume and strain (Figure 1).

The LA and arrhythmia measures are presented in
Table 2. We identified 116 participants (12%) with preva-
lent AF at Exam 6. Twenty had 100% AF burden during
ambulatory monitoring and were categorized as having
continuous AF. Among the remaining 96, categorized
as having intermittent AF, 65 had a history of AF but
no AF on the monitor. Among the remaining 31 with
AF on the monitor, the median (interquartile range) AF
burden was 0.95 (0.1, 4.9) %. Prevalent AF was iden-
tified by ICD codes in 59 participants, by self-report in
57 participants, and by ambulatory monitoring in 51.
Thirteen participants had AF identified through all 3
methods, 27 only through /CD codes, 23 only through
self-report, and 29 only through ambulatory monitor-
ing. Twenty participants, 14 of whom had prevalent AF,
were on oral anticoagulants at Exam 6. Only 12% of
participants with prevalent AF were on oral anticoag-
ulants, 40% of those with continuous AF and 6% of
those with intermittent AF.

Summary measures for brain MRI outcomes are
presented in Table S1. Briefly, mean total intracranial
volume was 1359 mL (SD, 146), and total GM volume
was 597 mL (SD, 66). Mean WMH volume was 6.6 mL
(SD, 10.1), and mean WM FA was 0.39 (SD, 0.03). A total
of 313 (32%) participants had microbleeds detected,
and among those participants, the mean number of
microbleeds was 2.1 (SD, 1.8). Deep microbleeds (lo-
cated in the basal ganglia, thalamus, internal capsule,
corpus callosum, brainstem, cerebellum, and near the
ventricle) accounted for 19.4% of total microbleeds in
this data set.

Primary Outcomes

In adjusted analysis of LA structure and function,
among participants not in continuous AF at time of
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Time of Echocardiography | )
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908 with 915 with Left Atrial 947 with ECG 939 with
Microbleed Data Echocardiography Data Monitoring Microbleed Data
.
Left Atrial PAC/SVT
Analysis Sample Analysis Sample

Figure 1. Study inclusion diagram.

AF indicates atrial fibrillation; ECG, electrocardiographic; MRI, magnetic resonance imaging; PAC, premature atrial contractions; QC,
quality control; SVT, supraventricular tachycardia; and TIA, transient ischemic attack.

echocardiography, larger LA volume was associated
with lower FA (-0.07 SD per 1 SD higher LA volume
index: 95% Cl, —0.13 to —0.01) and a higher probability
of microbleeds (prevalence ratio per 1 SD: 1.17, 95%
Cl, 1.08-1.27; Figure 2). Among participants with mi-
crobleeds, lower reservoir strain (worse function) was
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associated with more microbleeds (7.6% more micro-
bleeds per 1 SD lower LA strain, 95% ClI, 1.46-13.45).

More frequent PACs were associated with lower
GM volume (-0.76 mL, 95% Cl, —1.52 to —0.01 per rate
doubling, Figure 2). More frequent SVT was not asso-
ciated with any of the brain MRI findings.
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Table 1. Characteristics at Exam 6 (2016-2018) of MESA
Participants Included and Not Included in the Analysis

Not included in
Characteristic Analysis sample analysis sample
N 967 2336
Female, n (%) 514 (53) 1246 (53)
Race and ethnicity, n (%)
Black 231 (26) 620 (27)
Chinese-American 147 (12) 273 (12)
Hispanic 189 (22) 521 (22)
White 400 (40) 922 (39)
Age, y, mean (SD) 72 (8) 75 (9)
Cigarette use, n (%)
Never 460 (48) 1061 (46)
Former 452 (47) 1136 (49)
Current 54 (6) 130 (6)
Systolic BP, mmHg, 127 (21) 129 (21)
mean (SD)
Diastolic BP, mmHg, 69 (10) 68 (10)
mean (SD)
Body mass index, mean 28 (5) 29 (6)
(SD)
HDL cholesterol, mg/dL, 60 (18) 59 (19)
mean (SD)
LDL cholesterol, mg/dL, 107 (35) 105 (35)
mean (SD)
eGFR, mL/min per 77 (19) 74 (21)
1.73m?, mean (SD)
Hypertension medication, | 561 (58) 1471 (63)
n (%)
Diabetes, n (%) 200 (21) 581 (26)
Prevalent cardiovascular 78 (8) 459 (14)
disease*, n (%)
Family income per year, n (%)
<$25000 209 (23) 621 (28)
$25000-$49999 231 (25) 551 (25)
$50000-$99999 287 (30) 584 (26)
>$100000 200 (21) 464 (21)
Education, n (%)
<High school 108 (11) 316 (14)
High school 152 (15) 387 (17)
Some college 230 (24) 558 (24)
College degree 255 (26) 539 (23)
Graduate degree 220 (23) 531 (23)

BP indicates blood pressure; eGFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; and MESA,
Multi-Ethnic Study of Atherosclerosis.

*Prevalent cardiovascular disease = clinical diagnosis of myocardial
infarction, stroke, atrial fibrillation, or heart failure before Exam 6
(2016-2018).

Compared with no AF, prevalent AF was associated
with lower mean WM FA (-0.22 SD, 95% ClI, —-0.39
to —0.04) and higher probability of microbleeds (prev-
alence ratio: 1.44, 95% Cl, 1.16-1.78; Figure 3). In the
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Table 2. Summary of Echocardiographic Left Atrial
Structure and Function Measures and Supraventricular
Arrhythmias at MESA Exam 6 (2016-2018)

Left atrial measures and Mean (SD), median

arrhythmias (IQR), or No. (%) N with data

LA volume index, mL/m?, mean (SD) | 27.7 (8.4) 915

LA reservoir strain (%), mean (SD) | 24.0 (5.7) 915

Premature atrial contractions per 3.6 (1.3-16.7) 947

hour, median (IQR)

Supraventricular tachycardia, 0.4 (0.2-1.2) 947

runs per day, median (IQR)

Prevalent atrial fibrillation, n (%) 116 (12) 967
Intermittent atrial fibrillation, n (%) | 96 (9) 967
Continuous atrial fibrillation, n (%) | 20 (2) 967

IQR indicates interquartile range; LA, left atrial; and MESA, Multi-Ethnic
Study of Atherosclerosis.

analyses of AF subtypes, compared with no AF, par-
ticipants with intermittent AF had lower WM FA (-0.25
SD, 95% ClI, —0.44 to —0.07) and higher probability of
microbleeds (prevalence ratio: 1.42, 95% Cl, 1.12-1.79).
Among participants with microbleeds, continuous AF
was associated with a greater number of microbleeds
(65.9% more, 95% Cl, 7.4-156.0), but intermittent
AF was not. Compared with participants with no AF,
those with continuous AF had smaller total GM volume
(-18.6mL, 95% CI, —32.4 to —4.9, Figure 3).

In sensitivity analyses using splines, we did not find
evidence of nonlinearity of associations described
above. ANOVA inflation factors suggested no mean-
ingful collinearity in the regression analyses. Additional
adjustment for alcohol consumption did not materi-
ally change our findings. Associations did not differ in
subgroups defined by race and ethnicity or sex, when
excluding participants with prevalent myocardial in-
farction or heart failure, when including participants
with 12 or more microbleeds, or when excluding those
taking oral anticoagulants at Exam 6.

Secondary Outcomes

Lower LA reservoir strain was associated with lower
total brain volume (-3.12mL per 1 SD lower strain,
95% Cl, —5.73 to —0.51), but not with total WM volume
(Figure S1). Rates of SVT and prevalent AF were not
associated with total brain volume and total WM vol-
ume (Figure S2).

DISCUSSION

In a community-based multi-ethnic study of older
adults, after adjustment for cardiovascular risk fac-
tors, early manifestations of atrial impairment includ-
ing LA enlargement and abnormal LA function were
associated with markers of small vessel disease of
the brain, including lower mean WM FA, reflecting
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Figure 2. Adjusted?® associations of premature atrial contractions, supraventricular tachycardia, and echocardiography
measures of left atrial structure and function with brain MRl measures.

aAdjusted for age, sex, field center, race and ethnicity, total intracranial volume (for volume measures only), smoking history (never,
current, former), body mass index, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular
filtration rate, systolic blood pressure, diastolic blood pressure, diabetes, hypertension medication, neighborhood socioeconomic
status, education, and income. PAnalysis restricted to those with >1 microbleed (n=313). LA indicates left atrium; MRI, magnetic

resonance imaging; and WM, white matter.

abnormal microstructural integrity, and the presence
of microbleeds. In addition, despite the low AF bur-
den in this subsample, participants with intermittent
AF had more evidence of small vessel disease than
those without AF. Continuous AF was associated with
lower total GM volume, a late manifestation of small
vessel disease.

In the CABL (Cardiovascular Abnormalities and
Brain Lesions) study, LA enlargement and lower emp-
tying fraction by echocardiography were associated
with silent brain infarcts and greater WMH volume on
brain MRI in participants without a history of stroke.?
Although the LA measures and brain MRI findings
studied here were not identical to those in CABL, the
results are concordant: LA enlargement and abnor-
mal function were associated with MRI markers of
small vessel disease of the brain. In another study that
used a qualitative visual scale to rate severity of WMH
changes rather than automated quantification of WMH

J Am Heart Assoc. 2022;11:e026460. DOI: 10.1161/JAHA.122.026460

volume, excessive SVE was associated with higher
WMH burden.?® In the present study, greater SVE was
not associated with WMH volume or FA, but more fre-
quent PACs were associated with lower GM volume.
A previous report that examined clinically detected
AF in relation to total WM FA reported no associa-
tion.?® Several studies have reported no association of
AF with WMH volume?®6-2° or with cortical and lobar
microhemorrhages.?® In the present study, greater
spatial resolution and automated digital image analy-
sis methodology may have offered greater precision
in MRI measures and supplementing clinical AF with
extended ambulatory monitoring more accurately clas-
sified AF. Regarding brain volumes, lower total brain,
total GM and total WM volumes,®° lower regional brain
volumes,?® and lower frontal lobe volume®” have been
reported in individuals with AF than in those without
AF. Consistent with our findings of lower total GM vol-
ume in participants with continuous AF, Stefansdottir
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T T T T T 1
<130 130 05 0s 05 2
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Figure 3. Adjusted®associations between atrial fibrillation (any, intermittent, and continuous) and brain magnetic resonance

imaging measures.

aAdjusted for age, sex, field center, race and ethnicity, total intracranial volume (for volume measures only), smoking history (never,
current, former), body mass index, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular
filtration rate, systolic blood pressure, diastolic blood pressure, diabetes, hypertension medication, neighborhood socioeconomic
status, education, and income. ®N with AF=116. Comparison group is those without any AF (n=851). °N with intermittent AF=96.
Comparison group is those without any AF (n=851). “N with continuous AF=20. Comparison group is those without any AF (n=851).
¢Analysis restricted to those with >1 microbleed (n=313). AF indicates atrial fibrillation; and WM, white matter.

et al reported lower total GM volume with permanent/
persistent AF than with paroxysmal AF.%°

Reduction in WM FA may be a more sensitive or
earlier marker of small vessel disease than increased
WMH volume.®'*2 In the present analysis, the findings
that early manifestations of LA impairment and intermit-
tent AF were associated with reduced WM FA but not
with WMH volume are consistent with this hypothesis.

A small proportion of the participants with AF were
treated with anticoagulation, especially among those
with intermittent AF. Anticoagulation has been associ-
ated with bleeding in patients with microbleeds,*® and
its role in the treatment of patients with abnormal LA
function or supraventricular arrhythmia remains to be
clarified.

Limitations

The number of participants with AF (n=116) in the pre-
sent analysis was relatively small, limiting study power
to identify associations with brain MRl measures.
Selection bias is a possibility, because participants
willing to undergo the ECG monitoring, echocardiog-
raphy, and MRI of the brain were somewhat younger
and healthier than nonparticipants. The present
analysis grouped together cortical and subcortical
microbleeds, but their pathophysiology may differ. In

particular cortical microbleeds may be small hemor-
rhagic emboli, while subcortical microbleeds may be
more related to small vessel disease. Additionally, brain
MRI readings of subclinical infarcts were not available
in this MESA data set. Finally, our analysis included
several tests for significance, and type 1 error is pos-
sible as a result. However, correction for multiple test-
ing would be overly conservative because the various
LA measures are highly correlated with one another
and the outcomes are correlated with one another as
well. We have presented point estimates and 95% Cls
without focusing exclusively on statistical significance.
While the present analysis demonstrates associations
of measures of LA structure and function with meas-
ures of small vessel disease, the cross-sectional nature
of this study does not allow us to infer causal or mech-
anistic links between these measures. Additionally, it
is possible that residual confounding is present in our
analysis from measurement error of covariates or un-
measured confounders. Strengths of this analysis in-
clude the racially and ethnically diverse cohort and the
precise and extensive data collection procedures in
MESA.

Because AF is a growing public health con-
cern, a better understanding of its antecedents and
their association with measures of brain structure
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will inform efforts at prevention and may elucidate
mechanisms contributing to cognitive decline and
dementia. The findings from the present analy-
sis suggest that echocardiography with detailed
measurement of LA structure and function and
extended ECG monitoring to detect subclinical AF
may be important ways to stratify risk and may fa-
cilitate early intervention on modifiable risk factors
to improve brain health.
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Data S1. Supplemental Methods

Participant Characteristics

From data collected at MESA Exam 6 (2016-2018), blood pressure was calculated as the average
of the last two of three seated measurements in the right arm. Total and high-density lipoprotein
(HDL) cholesterol, glucose, HbAlc, and serum creatinine were measured from fasting blood
samples; low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald
equation. Estimated glomerular filtration rate (eGFR) was calculated based on serum creatinine
using the CKD EPI equation®. Diabetes was defined as use of diabetes medication, fasting

glucose > 126 mg/dL, or HbAlc > 6.5%.
Brain MRI Measures

An automated pipeline was applied for pre-processing structural MRIs, segmenting GM and
WM, and defining anatomical regions of interest®®. The sum of GM and WM defined TBV. Total
intracranial volume (ICV) was defined as the sum of all GM, WM, and cerebrospinal fluid. The
volume of WMHSs, or leukoaraiosis, was measured from FLAIR and T1-weighted images using a
deep learning-based segmentation method*¢. Mean WM FA was calculated from diffusion tensor

imaging (DTI) using automated pipelines®”.



Table S1. Summary of brain MRI measures at MESA Exam 6 (2018 — 2019)

Brain MRI Measure

Total Intracranial Volume, mL, mean(SD) 1359 (146)
Total Brain Volume, mL, mean(SD) 1092 (115)
Gray Matter Volume, mL, mean(SD) 597 (66)

White Matter Volume, mL, mean(SD) 496 (56)

White Matter Hyperintensity VVolume, mL, mean(SD) 6.6 (10.1)
White Matter Fractional Anisotropy, mean(SD) 0.39 (0.03)
Participants with any microbleeds, No. (%) 313 (32%)

Total microbleeds, mean(SD) 2.1(1.8)



Figure S1. Adjusted? associations of premature atrial contractions, supraventricular ectopy, and echocardiography measures

of left atrial structure and function with secondary brain MRI measures

Total Brain White Matter
Volume Volume
e mL (95% Cl) — % (95% Cl)
Premature Atrial Contractions o -0.45 (_1 43.0 53) 1o 0.31 (_0 25 0 87)
(per rate doubling) ' e ) e
Supraventricular Tachycardia
(per rate doubling) B -0.76 (-2.00, 0.48) - -0.03 (-0.78, 0.72)
LA Volume Index
(per 1 SD increase) -0.31(-2.90, 2.28) e 0.24 (-1.18, 1.66)
LA Reservoir Strain
% -3.12 (-5.73, -0.51 — -1.12 (-2.56, 0.32
(per 1 SD decrease) ( ) ( )
5 0 5 3 0 5
mL Difference % Difference

2 Adjusted for age, sex, field center, race/ethnicity, total intracranial volume (for volume measures only), smoking history (never,
current, former), body mass index, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular
filtration rate, systolic blood pressure, diastolic blood pressure, diabetes, hypertension medication, neighborhood socioeconomic

status, education, and income

MRI: Magnetic Resonance Imaging; LA = Left Atrium; WM = white matter



Figure S2. Adjusted? associations between atrial fibrillation (any, intermittent,

and continuous) and secondary brain MRI

measures
Total Brain Total WM
Volume Volume
Worse mL (95% Cl) Worse % (95% Cl)

Any AFb —.— -1.94 (-9.65, 5.76) — -0.56 (-4.74, 3.62)
Intermittent AFc —— 1.09 (-6.95, 9.13) — -0.91 (-5.39, 3.57)
Continuous AFd ( . -17.41 (-36.03, 1.22) e 1.22 (-8.54, 10.98)

| [ I I
-35 0 35 -35 0 35

mL Difference

% Difference

2 Adjusted for age, sex, field center, race/ethnicity, total intracranial volume (for volume measures only), smoking history (never,

current, former), body mass index, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular

filtration rate, systolic blood pressure, diastolic blood pressure, diabetes, hypertension medication, neighborhood socioeconomic

status, education, and income

b N with AF = 116. Comparison group is those without any AF (n = 851)

¢ N with intermittent AF = 96. Comparison group is those without any AF (n = 851)
4 N with continuous AF = 20. Comparison group is those without any AF (n = 851)

¢ Analysis restricted to those with >1 microbleed (n=313)



MRI: Magnetic Resonance Imaging; AF = atrial fibrillation; WM = white matter
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