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Abstract

Background: Atrial fibrillation has been associated with cognitive impairment. Whether
subclinical abnormalities in atrial function and substrate predisposing to atrial fibrillation impact

cognitive function has received limited attention.

Methods: We tested associations of echocardiographic markers of atrial structure and function
with cognitive functioning and decline among 510 participants with overweight/obesity and
metabolic syndrome (mean age [standard deviation] of 64.4 [5.2] years in men and 66.5 [3.9] in
women). Left atrial markers (volume index, emptying fraction, strain, function index, and
stiffness index) were estimated based on transthoracic echocardiography. General cognitive
functioning (Mini-mental examination), verbal ability (verbal fluency test), memory and attention
(Digit Span Tests), and processing speed and executive function (Trail-Making Tests A and B)
were assessed at baseline and at the two-year follow-up. Multiple linear regression was used to
test associations of atrial markers (modeled in standard deviation units) with baseline and two-

year changes in cognitive scores adjusting for demographic and health covariates.

Results: Left atrial structure and function was not associated with cognitive function at baseline.
Larger left atrial volume index (standardized B [95% confidence interval] =-0.13 [-0.22, -0.03]),
lower peak longitudinal strain (-0.11 [-0.20, -0.01]), and higher stiffness index (-0.18 [-0.28, -
0.08) were associated with 2-year worsening in Trail-Making Test A. Strain measurements were

also associated with 2-year change in the Controlled Oral Word Association Test.

Conclusion: Overall, adverse markers of left atrial structure and function were associated with
2-year detrimental executive function-related cognitive changes in a sample of participants at
high risk for cardiovascular disease, highlighting left atrial substrate as a potential risk factor for

cognitive decline and dementia.
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Introduction

Atrial fibrillation (AF), a common cardiac arrhythmia associated with high risk of cardiovascular
events, has been identified as an important risk factor for age-related mild cognitive decline and
dementia.”? In 2010, AF affected 6.1 million people in the US and it is expected to rise to 12.1
million in 2030; it has been estimated that approximately 1 in 3 people will develop atrial fibrillation
in their lifetime. Similarly, 6 to 8% of US adults over 60 years suffer from dementia and 37% have
age-related mild cognitive impairment.®> While a breadth of evidence supports AF as an important
risk factor for cognitive impairment and dementia,?* the specific pathways linking these diseases

are not yet well-understood.

The increased risk of cognitive impairment among people with AF is independent of shared risk
factors.® Specific causal pathways potentially responsible for this association include increased
risk of cerebral infarcts, microhemorrhages and cerebral hypoperfusion in people with AF, as
well as a general pro-inflammatory state in AF, although this latter mechanism remains poorly
understood.® Also, the increased risk of cognitive impairment in AF might be a consequence of
abnormalities in the atrial structural and functional substrate, independently of the presence of

the arrhythmia.®

The pathophysiology of AF includes an electrical component that acts on a vulnerable structural
and functional atrial substrate, which facilitates the onset and perpetuation of this arrythmia.” In
this context, markers of atrial remodeling and fibrosis, such as enlarged left atrial (LA) size and
volume, and abnormal LA function, are predictors of AF onset.® Prior studies suggest that LA
abnormalities identified through the electrocardiogram are associated with an increased risk of
dementia independently of AF.° Similarly, LA volume has been associated with cognitive decline
in older adults.™ The association of echocardiographic markers of LA function with cognitive
function and dementia, however, has received limited attention. Therefore, the objective of this

analysis was to assess whether markers of LA structure and function, which provide the AF
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substrate, were associated with cognitive function and cognitive decline among overweight or

obese adults with metabolic syndrome participating in the PREDIMED-PLUS randomized trial.

Methods

Study population

The PREDIMED-PLUS trial is an ongoing multicenter randomized controlled trial aimed at
preventing cardiovascular disease in overweight or obese adults with metabolic syndrome
(ISRCTN89898870). Recruitment started in 2013 and included 3,574 men (age 55-75 y) and
3,300 women (age 60-75 y). Participants were recruited in 23 centers in Spain and randomized
1:1 to an intensive lifestyle intervention (ILI) program based on an energy-restricted
Mediterranean diet, increased physical activity, and cognitive-behavioral weight management or
to a control intervention of low-intensity dietary advice on the Mediterranean diet (not energy-

restricted).™

Inclusion criteria for the PREDIMED-PLUS trial were men aged 55-75 years and women aged
60-75 years, with overweight or obesity (body mass index 27—-40 kg/m?), who at baseline met at
least three components of the metabolic syndrome. Exclusion criteria have been described

elsewhere and included documented history of cardiovascular disease among others. "

For this analysis, we included a sub-sample of 510 PREDIMED-PLUS participants from three
recruiting centers (University of Navarra, Araba University Hospital, Son Espases University
Hospital) who underwent transthoracic echocardiography at baseline and who also had

information on at least one cognitive test at baseline or at the two-year follow-up.

Study protocols were approved by Institutional Review Boards at all participating institutions. All

participants provided written informed consent.

Cognitive function assessments
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At baseline and at the two-year follow-up visit, participants underwent a detailed cognitive

assessment evaluating different domains.

The Mini-mental state examination (MMSE)'3'* test was validated in Spanish population to

assess general cognitive impairment. It is a 30-point questionnaire that produces sub-scales for
time and spatial orientation, immediate and deferred recall, attention, calculation, and language.
These scores are added to produce the overall MMSE score, where a threshold of less than 24

is defined as cognitive impairment.®

We used the Spanish version of the Digit Span Test'® that is part of the Wechsler Adult
Intelligence Scale battery.'” It has a forward component that measures short-term memory and
attention, and a backward component that measures working memory. In the forward test,
participants are requested to repeat a series of random single digits in the order they heard
them, and in the backward test, they are requested to repeat a series of numbers in the inverse

of the order they heard them.

Semantic and phonetic fluency were respectively evaluated by asking participants to mention as

many animals or words containing the letter “P” as possible in 60 seconds.®19

Finally, the Trail Making Test?° measures processing speed and executive function. The Trail
Making Test A, where participants are asked to connect numbers 1 to 25 in the correct order, is
meant to assess cognitive processing skills. The task B consists of connecting numbers and

letters alternatively in the correct order.
Echocardiographic assessment

Participants from three sites were invited to undergo transthoracic echocardiography following a
common protocol. Echocardiographic examinations were performed at baseline using an
ultrasound scanner Vivid 7 or Vivid 9 (General Electric Healthcare). M-mode, doppler imaging

and two-dimensional cine loops for 3 heart beats of standards views were obtained from each
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patient. All images were then digitally stored. The offline ultrasound software EchoPac (GE
Healthcare) was used for image analysis and measurements. For reliability purposes, images
were read at a core reading center (Son Espases University Hospital) by two trained readers

blind to clinical data following recommendations of the American Society of Echocardiography.?’

Markers of LA structure included the LA volume index (LA volume indexed to body surface
area), while markers of LA function included the LA emptying fraction, the peak LA longitudinal

strain, conduit strain, and contractile strain, the LA function index, and the LA stiffness index.

LA emptying fraction was calculated as (Vmax-Vmin)/Vmax, Where Vmax is the maximum volume of
the LA just before the opening of the mitral valve and Vnin is the minimal volume at the closure
of the mitral valve. LA emptying fraction is a measure of the LA volumetric function. The peak
LA longitudinal strain, a marker of LA myocardial function, was measured at the end of the
reservoir phase. The conduit and contractile strains relate to LA function during the diastole:
early diastole strain represents conduit function and late diastole strain represents contractile
function. The LA function index combines the reservoir function, the adjusted LA volume, and
the stroke volume to reflect left ventricular systolic and diastolic function. It was calculated as
(LA emptying fraction x left ventricular outflow tract-velocity time integral) / indexed LA end-
systolic volume.? The LA stiffness index, a measure of LA remodeling and fibrosis, was
calculated as E/e’ ratio divided by peak LA systolic longitudinal strain, where E represents the
early mitral inflow velocity (E wave) and €’ represents the medial and lateral mitral annular

velocity.?
Other Covariates

Participants’ sociodemographic and health characteristics were assessed at baseline via a face-
to-face questionnaire. Sociodemographic variables included age at baseline, sex, marital status
(single or married), education (years of schooling), occupation (employed, unemployed, retired,

housework). Body mass index was measured at baseline and included in the analysis, as well
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as self-reported history of diabetes, hypertension, depression, or non-AF arrythmia. CHA2DS2-
VASc score was calculated using baseline information and was used as a descriptive variable.?*
The recruitment site (Mallorca, Vitoria, or Navarra) was also included as a covariate in this

analysis.
Statistical Analysis

We first conducted exploratory analysis by testing bi-variate unadjusted associations between
markers of LA structure and function and cognitive scores at baseline, as well as associations
with baseline sociodemographic variables using Spearman or Pearson correlations, t-tests and
ANOVAs as appropriate. LA structure and function variables were scaled in standard deviation
units to facilitate comparisons across variables. For LA conduit and contractile strain, we used
the absolute value instead of the negative percentage to keep the direction of our estimates
consistent with peak LA longitudinal strain estimates. All cognitive functioning scores were
standardized to a mean of 0 and a standard deviation of 1 using the mean and standard
deviation of the sample. With the exception of the Trail Making Test, lower values of the
cognitive tests reflect worse cognitive function. To ensure consistency in the interpretation of
results, the analyses used the additive inverse of Trail Making Tests score [-(Trail Making Test)]

to have lower values in this test indicate worse test performance.

Multivariable linear models were used to test cross-sectional associations between markers of
LA structure and function and cognitive functioning outcomes at baseline. We ran models
adjusted only for age, sex and site, and then fully adjusted for sociodemographic characteristics
(marital status, years of schooling, employment), medical history (diabetes, hypertension, minor
arrythmias, depression), body mass index, and smoking (categorized into current, former, or
never smoker), 17-item Mediterranean Diet score,?® and METs per day of moderate to vigorous

physical activity estimated using the long version of the Minnesota leisure time physical activity
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questionnaire.?® Estimates where the 95% confidence interval did not cross the null in both

partially and fully adjusted models were considered significant.

The difference between cognitive function scores at baseline and at the 2-year follow-up was
calculated by subtracting the former from the latter. Multivariate linear regression was used to
test the association between LA structure and function and this difference using a similar

modeling approach that was additional adjusted for intervention arm as a potential confounder.

A sensitivity analyses was performed after excluding participants that were born outside of
Spain (n=20) because Spanish may not be their first language. An additional sensitivity analysis
excluding those with MMSE <24 had been planned but none of the participants had values

below this cutoff.

Results

There were 510 participants included in the analyses, of which 468 (92%) had a repeated
cognitive assessment two years later (Figure 1). Participants were on average 65 years at
baseline, and majority male (60%). The mean body mass index was 32 kg/m?. Men were
significantly more likely to smoke or be former smokers than women and were more physically

active. Women had fewer years of schooling and were more likely to have depression (Table 1).

The mean (xstandard deviation) MMSE scores at baseline were 28.9 (x1.5) and 27.9 (x2.2) for
men and women, respectively. Among men, there was a small decrease of 0.1 between
baseline MMSE score and two-year follow up, while among women there was an increase of 0.1
(Table 2). Similarly, small average decreases were found for semantic fluency, digit span and

the trail making tests a and b; these negative differences were greater among men.

At baseline, none of the LA structural and functional substrate markers were cross-sectionally

associated with cognitive functioning tests (Table 3). Among 468 participants with repeated
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cognitive assessment included in the longitudinal analysis, however, higher LA peak systolic
longitudinal strain was associated more favorable 2-year changes in the Digits Span Test and
Trail Making Test A. Per each standard deviation increase in longitudinal strain, there was a 0.1
standard deviation increase in the 2-year difference for both tests after adjusting for all
sociodemographic and health covariates (Table 4). Larger LA volume index and higher LA
stiffness index were both associated with more decline in Trail Making Test A (-0.13, 95% CI -
0.22, -0.03 and -0.18, 95%CI -0.28, -0.08, respectively). An inverse association was observed
between conduit strain and phonetic fluency, with higher absolute conduit strain associated with

larger declines in phonetic fluency (-0.10, 95%CI -0.17, -0.02) (Table 4).

The sensitivity test excluding foreign born participants did not modify the results.

Discussion

Previous studies have shown associations between cardiovascular risk in general or AF in
particular, and cognitive decline or dementia.?*2” The aim of this study was to test associations
between markers of LA remodeling, which are associated with AF, and cognitive function and
change in a sample of overweight adults with no cardiovascular disease or dementia. We found
no associations of markers of LA structure and function (volume, emptying fraction, strain,
function index, and stiffness index) with various measurements of cognitive function at baseline.
We did, however, find some associations between markers of favorable LA volume and function
(lower LA volume index, higher LA peak longitudinal strain, lower LA stiffness index) and more
favorable 2-year changes in scores of tests related to executive function (Trail Making Test A,
Digits Span Test) among this subsample of participants of the PREDIMED-PLUS intervention

study.


https://doi.org/10.1101/2022.03.11.22272280
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.03.11.22272280; this version posted March 14, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

A large body of evidence supports an association between AF and cognitive decline. In turn,
measures of LA structure and function, which characterize the LA substrate of AF, have been
associated with increased risk of AF and cardiovascular disease.? Less evidence is available of
the potential impact of the AF substrate on cognitive function, although some studies have
suggested that even subclinical cardiac dysfunction and markers of AF risk could be associated

with cognitive decline in older adults. 290

Left atrial volume index has been widely used as a marker of cardiac structural health, where
higher values (LA dilatation) predict worse cardiovascular outcomes. *' Prior work has also
evaluated the association of LA volume with cognitive outcomes. A previous study found
associations between LA volume index and cognitive impairment defined using a cutoff of <25
in the Mini-mental examination in older adults.'® However, a more recent study found that LA
enlargement measured by volume index >34 was not associated with 5-year decline in a
composite cognitive score.® In our analysis, we found an inverse association between LA
volume index and 2-year decline in the Trail Making Test A, but not in the Mini Mental
Examination or in other domains. This is a sample of participants with no severe cognitive
impairment at baseline (based on the trial exclusion criteria) and with a shorter follow-up. It is
possible that the Trail Making Test is more sensitive to small changes related to subclinical
alterations in volume and function because it measures executive functioning and has been

directly linked to activity in the prefrontal cortex.*?

Peak atrial longitudinal strain is a measure of LA function, where lower values reflect impaired
reservoir function. We found that higher peak LA longitudinal strain was associated with less
decline in executive function, specifically in the Trail-Making Test A. Conversely, conduit strain,
a subcomponent of the longitudinal strain and a marker of LA conduit function, was inversely
associated with phonetic scores. The direction of this finding is inconsistent with the LA

longitudinal strain results, making us cautious in the overall interpretation of the results.
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Left atrial stiffness index is a marker of atrial remodeling and indicates deteriorated reservoir
function. It is calculated non-invasively as the quotient of the E/e’ ratio and the LA peak
longitudinal strain 4. In our study, it was associated with worse decline in the Trail Making Test
A, a measure of executive function. To our knowledge this is the first study to find associations
between this index and cognitive function, and further research is necessary to confirm this

association.

We should also consider multiple testing when interpreting our results. Among many tests
conducted, even if most of them were consistent in terms of direction of association and
magnitude of effect, only a few reached the traditional threshold of statistical significance,
raising concerns that some or all could be chance findings due to multiple testing. Hence, while
the results contribute to the general body of evidence in the field, they require confirmation in

separate studies.

Strengths of the study include the careful assessment of LA structure and function using
echocardiography, the relatively large sample size, the excellent retention of study participants
over time, the various measurements of different aspects of cognitive function and repeated
measurements that allowed assessing differences over time, and information on a wide range of

covariates.

The PREDIMED-PLUS trial excluded people with cardiovascular disease or with severe
cognitive functioning from enrollment, which may have limited our ability to study a higher-risk
population and may have affected the baseline analyses. Another limitation of our study is that
cognitive function was only available at two time points and that the follow-up time between the
assessments was only 2 years. Future studies should assess the association between AF
substrate and cognition among populations with higher prevalence of AF and wider variation on

cognitive function, as well as the association with cognitive decline after longer follow-ups.
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In conclusion, better LA structure and function were associated with lower decline in cognitive
tests reflecting the areas of memory and executive function in individuals at high risk of
cardiovascular disease, highlighting the importance of the LA substrate as a potential risk factor

for cognitive decline and dementia.
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Figures and Tables

Figure 1 Flowchart of participants included for this analysis
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Table 1
% or mean (SD) Male (307) Female (203) Total (510)
Site
Mallorca 24 1 36.5 29.0
Navarra 19.5 18.7 19.2
Vitoria 56.3 44.8 51.8
Age (years) 64.4 (5.2) 66.5 (3.9) 65.1 (4.8)
Married 85.0 65.5 77.3
People living in the household 1.4 (1.0) 1.1(0.9) 1.3(1.0)
Schooling (years) 13.0 (5.5) 10.4 (4.4) 12.0 (5.3)
Employed 21.5 9.9 16.9
Health status
Body Mass Index (kg/m?) 32.4 (3.1) 32.9 (3.6) 32.6 (3.3)
Diabetes 22.8 25.1 23.7
Hypertension 84.4 81.8 83.2
Depression 13.0 28.1 19.0
Arrythmia 5.9 5.9 5.9
CHA,DS,-VASc Score for Atrial Fibrillation 1.6 (0.8) 2.8 (0.9) 2.1(1.0)
Stroke Risk
Health Behavior
Current Smoker 10.8 7.2 9.4
Former Smoker 66.8 291 51.8
Mediterranean Diet Score 7.2 (2.7) 8.0 (3.0) 7.5(2.9)
Moderate to vigorous physical activity 332.9 (360.6) 173.5(213.0) 269.4 (319.8)
(METs/day)
General Echocardiographic Measures
Left Ventricle Mean Ejection Fraction (%) 64.9 (6.3) 66.1 (7.9) 65.4 (7.0)
Left Atrial Substrate
Volume Index (mL/m?) 23.3(7.2) 23.1 (8.2) 23.2 (7.6)
Emptying Fraction (%) 58.6 (17.8) 55.9 (10.0) 57.5(15.2)
Peak Systolic Longitudinal Strain (%) 27.8 (6.9) 26.4 (6.6) 27.2 (6.8)
Conduit Strain (%) -12.2 (4.2) -11.5 (4.6) -11.9 (4.4)
Contractile Strain (%) -15.7 (5.3) -14.8 (4.6) -156.3 (5.2)
Function Index (U) 64.3 (41.0) 66.2 (28.8) 65.1 (36.6)
Stiffness Index (U) 0.3 (0.2) 0.4 (0.2) 0.4 (0.2)
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Table 2: Cognitive function at baseline and 2-year difference among 510 participants of the PREDIMED+ study

Cognitive Function Measurement (mean (standard deviation)

Males (n=307)

Females (n=203)

Total (n=510)

Mini-mental examination (score)

Baseline 28.8 (1.6) 28.1 (2.1) 28.5(1.9)

2-year difference -0.1 (1.5) 0.1(1.9 -0.0 (1.7)
Semantic Fluency (score)

Baseline 17.3 (5.4) 15.1 (4.6) 16.4 (5.2)

2-year difference -0.6 (4.7) -0.3 (4.0) -0.5 (4.4)
Phonetic Fluency (score)

Baseline 12.6 (4.5) 11.1 (4.1) 12.0 (4.4)

2-year difference 0.1 (3.7) 0.6 (3.5) 0.3 (3.6)
Digits span total (score)

Baseline 14.2 (3.6) 12.1 (3.1) 13.4 (4.0)

2-year difference -0.3 (2.8) 0.0 (2.2) -0.2 (2.6)
Trail Making Test A (seconds)

Baseline 43.9 (17) 54.2 (24.5) 48.0 (4.0)

2-year difference 2.6 (15.8) 0.7 (27.4) 1.8(21.1)
Trail Making Test B (seconds)

Baseline 111.0 (62.7) 145.6 (79.1) | 124.7 (71.6)

2-year difference 6.4 (50.6) 5.5 (60.7) 6.1 (54.7)
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Table 3: Association of left atrium structure and function with baseline cognitive function scores among 510 participants of

the PREDIMED-PLUS Trial

Left atrial Mini-mental Semantic Phonetic Digits span total | Trail Making | Trail Making
measurements examination fluency fluency (n=389) Test A TestB
Volume Index Model 1 | -0.03 0.06 -0.03 0.01 0.07 0.02
(-0.12, 0.06) (-0.03, 0.15) (-0.13,0.06) | (-0.09, 0.10) (-0.02, 0.15) | (-0.06, 0.11)
Model 2 | -0.03 0.05 -0.05 0.01 (-0.09, 0.06 0.02
(-0.12, 0.06 (-0.04, 0.15) (-0.14.0.04) | 0.11) (-0.03, 0.15) | (-0.07, 0.10)
Emptying Fraction Model 1 | -0.04 -0.04 0.04 -0.01 -0.01 -0.04
(-0.12, 0.05) (-0.12,0.04) (-0.04, 0.12) | (-0.10, 0.08) (-0.09, 0.07) | (-0.12, 0.05)
Model 2 | -0.03 (-0.12, -0.05 (-0.14, 0.01 (-0.07, |-0.01 (-0.10, -0.01 (-0.10, | -0.05 (-0.13,
0.05) 0.03) 0.09) 0.08) 0.07) 0.03)
Peak Systolic Model 1 | -0.01 -0.04 -0.03 -0.06 -0.02 -0.03
Longitudinal Strain (-0.09, 0.08) (-0.13, 0.04) (0.12,0.05) | (-0.16, 0.03) (-0.10, 0.06) | (-0.11, 0.06)
Model 2 | -0.02 (-0.11, -0.05 (-0.14, -0.03 (-0.12, |-0.10 (-0.19, -0.06 (-0.14, | -0.06 (-0.14,
0.06) 0.03) 0.05) 0.00) 0.03) 0.02)
Conduit Strain Model 1 | -0.03 0.00 0.04 0.01 0.00 -0.01
(-0.11, 0.05) (-0.08, 0.08) (-0.12,0.13) | (-0.08, 0.11) (-0.08, 0.08) | (-0.09, 0.07)
Model 2 | -0.04 (-0.13, -0.01 (-0.09, 0.02 (-0.07, |-0.02(-0.11, -0.02 (-0.10, | -0.03 (-0.11,
0.03) 0.07) 0.10) 0.07) 0.06) 0.06)
Contractile Strain Model 1 | 0.00 -0.06 -0.05 -0.08 -0.03 -0.02
(-0.08, 0.08) (-0.14, 0.02) (-0.13,0.03) | (-0.17,0.01) (-0.11, 0.05) | (-0.09, 0.06)
Model 2 | -0.01 (-0.09, -0.06 (-0.14, -0.06 (-0.15, | -0.11(-0.20, - -0.05 (-0.13, | -0.05 (-0.13,
0.07) 0.02) 0.02) 0.02) 0.03) 0.03)
Function Index Model 1 | -0.01 -0.04 0.00 -0.01 -0.03 -0.05
(-0.10, 0.07) (-0.13, 0.04) (-0.08, 0.09) | (-0.10, 0.09) (-0.11, 0.06) | (0.13, 0.04)
Model 2 | -0.01 (-0.10, -0.04 (-0.12, 0.05 (-0.04, |-0.01 (0.10, -0.03 (-0.12, | -0.05 (-0.13,
0.08) 0.04) 0.14) 0.09) 0.05) 0.03)
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Stiffness Index

Model 1 | -0.06 0.00 -0.01 0.07 0.01 -0.01
(-0.14,0.03) | (-0.09, 0.08) | (-0.09,0.08) | (-0.03,0.17) (-0.09, 0.07) | (-0.09, 0.07)

Model 2 | -0.06 (-0.15, | -0.01 (-0.09, | 0.01(-0.08, | 0.09 (-0.01, 0.07 (-0.01, | 0.02 (-0.086,
0.03) 0.08) 0.10) 0.19) 0.16) 0.10)

Model 1: Adjusted by age, sex and site. Model 2: Adjusted by age, sex, site, number of people living in the household, employment

status (yes or no), years of schooling, current smoking (yes or no) and former smoker (yes or no), METS per day of moderate to

vigorous physical activity, Mediterranean diet 17-item score, body mass index, diagnosis of arrhythmia, diagnosis of diabetes, and

diagnosis of depression at baseline. Values are standardized betta coefficients representing standard deviation change in cognitive

function outcomes per a standard deviation increase in left atrial measurements.
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Table 4: Association of markers of left atrium structure and function with 2-year difference cognitive function scores among

468 participants of the PREDIMED-PLUS Trial

Left atrial Mini-mental Semantic Phonetic Digits span total | Trail Making | Trail Making
measurements examination fluency fluency (n=358) Test A TestB
Volume Index Model 1 | 0.02 0.00 0.03 0.01 -0.12 -0.06
(-0.07,0.11) (-0.09, -0.08) | (-0.06, 0.11) | (-0.07, 0.09) (-0.21, -0.02) | (-0.13, 0.02)
Model 2 | 0.02 -0.02 0.02 0.00 -0.12 -0.07
(-0.08, 0.12) (-0.11, 0.06) (-0.07,0.10) | (-0.08, 0.08) (-0.22, 0.02) | (-0.14, 0.01)
Emptying Fraction Model 1 | 0.03 -0.02 0.01 -0.01 0.02 0.03
(-0.06, 0.11) (-0.09, 0.06) (-0.06, 0.08) | (-0.08, 0.06) (-0.07,0.11) | (-0.04, 0.09)
Model 2 | 0.04 -0.00 0.02 0.00 (-0.07, 0.03 0.04
(-0.05, 0.12) (-0.08, 0.08) (-0.06, 0.10) | 0.07) (-0.06, 0.12) | (-0.03, 0.12)
Peak Systole Model 1| g 02 0.01 -0.04 0.08 0.10 0.04
9 (-0.07,0.11) (-0.08, 0.07) (-0.12,0.03) | (0.00, 0.15) (0.01,0.19) | (-0.03, 0.11)
Model 2 | 0.02 0.00 -0.05 0.09 0.11 0.06
(-0.07,0.11) (-0.08, 0.08) (-0.13, 0.03) | (0.00, 0.17) (0.02, 0.20) | (-0.04, 0.13)
Conduit Strain Model 1 | 0.08 -0.03 -0.10 0.04 0.06 0.05
(0.00, 0.17) (-0.10, 0.02) | (-0.17, - (-0.04, 0.12) (-0.03, 0.15) | (-0.02,0.12)
Model 2 | 0.08 -0.02 -0.09 0.03 0.07 0.06
(-0.01, 0.17) (-0.10, 0.06) | (-0.17, - (-0.04, 0.12) (-0.03, 0.16) | (-0.02,0.13)
Contractile Strain Model 1 | -0.03 0.00 0.03 0.07 0.07 0.01
(-0.12, 0.05) (-0.08, 0.08) (-0.05, 0.10) | (-0.01, 0.14) (-0.02,0.16) | (-0.06, 0.08)
Model 2
-0.04 0.02 0.02 0.08 0.08 0.03
(-0.12, 0.05) (-0.06, 0.10) (-0.05, 0.10) | (0.00, 0.15) (-0.01,0.18) | (-0.05, 0.10)
Function Index Model 1 | 0.01 -0.01 -0.02 0.00 0.07 0.05
(-0.08, 0.10) (-0.09, 0.07) (-0.10, 0.06) | (-0.07, 0.08) (-0.03, 0.16) | (-0.02,0.13)
Model 2 | 0.02 0.01 -0.02 0.01 0.08 0.07
(-0.07,0.12) (-0.07, 0.10) (-0.10, 0.07) | (-0.07, 0.09) (-0.03,0.17) | (-0.01, 0.14)
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Stiffness Index

Model 1

0.04 0.03 0.02 0.00 -0.16 -0.02
(-0.05,0.13) | (-0.05,0.11) | (-0.06, 0.10) | (-0.08, 0.09) (-0.25, -0.07) | (-0.09, 0.06)

Model 2 | 0.04 0.01 0.03 -0.02 -0.19 -0.03
(-0.06,0.13) | (-0.07,0.09) | (-0.06,0.11) | (-0.11,0.07) | (-0.29, - (-0.10, 0.05)

Model 1: Adjusted by age, sex, intervention arm, and site. Model 2: Adjusted by age, sex, intervention arm, site, number of people

living in the household, employment status (yes or no), years of schooling, current smoking (yes or no) and former smoker (yes or

no), METS per day of moderate to vigorous physical activity, Mediterranean diet 17-item score body mass index, diagnosis of

arrhythmia, diagnosis of diabetes, and diagnosis of depression at baseline. Values are standardized betta coefficients representing

standard deviation change in cognitive function outcomes per a standard deviation increase in left atrial measurements.
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