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Background-—We investigated whether cardiac parameters in young adulthood are associated with indicators of brain health in
midlife.

Methods and Results-—This study includes 648 participants from the CARDIA (Coronary Artery Risk Development in Young Adults)
study (52% women, 38% black). We studied associations of cardiac parameters assessed by echocardiography (left ventricular
ejection fraction, left atrial volume, and left ventricular mass) in young adulthood (mean age: 30 years) with brain measures
obtained by magnetic resonance imaging (total brain, gray and white matter volume, white matter integrity, abnormal white matter)
in midlife (mean age: 50 years). In 406 individuals with complete measurements, higher left atrial volume was associated with
lower white matter fractional anisotropy, independent of traditional cardiovascular risk factors (b=�0.002; P <0.02). The
association was strongest in black participants and in men.

Conclusions-—Higher left atrial volume in early adulthood is associated with impairment of white matter integrity in midlife.
Interventions to improve cardiac function in young adults may benefit brain health and should be targeted in particular at black
men. ( J Am Heart Assoc. 2017;6:e006750. DOI: 10.1161/JAHA.117.006750.)
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I ntact cardiac function is needed to maintain cerebral
perfusion in order to preserve brain health.1 Mounting

evidence from general and patient populations indicates that
individuals with heart failure have a greater risk of functional

and structural pathologies of the brain, such as ischemic
lesions, atrophy, cognitive impairment, and dementia.1–4 In
heart failure with reduced ejection fraction, decreased cardiac
output could result in insufficient brain perfusion, leading to
accelerated brain aging.1 Moreover, in heart failure with
preserved ejection fraction, systemic inflammation and
microvascular abnormalities, which induce diastolic dysfunc-
tion, likely affect the integrity of the brain.1

The importance of the pathophysiology of the heart–brain
axis is not limited to patients with advanced heart failure. In
cohorts of older adults without symptoms of heart failure,
even subtle cardiac dysfunction is associated with lower brain
volume, ischemic lesions, and impaired integrity of the white
matter.5–9 Subclinical cardiac dysfunction frequently occurs in
the community and is largely underdiagnosed.10 Its indicators,
such as decreased left ventricular ejection fraction (LVEF),
increased left atrial volume (LAV) and higher left ventricular
(LV) mass may serve as reversible risk markers for compro-
mised brain health.11

Recent studies suggest that cardiac dysfunction can already
be detected in young adults, especially among black persons.12

There is a lack of data on whether cardiac function as early as in
young adulthood affects brain health. We aimed to study
whether markers of subclinical cardiac dysfunction obtained by
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echocardiography in young adulthood are associated with
indicators of brain health measured by magnetic resonance
imaging (MRI) in midlife. Because black patients, especially
men, present with cardiac dysfunction at younger ages than
white patients,12,13 in secondary analyses, we investigated
associations of echocardiographic parameters with brain MRI
measures separately by race/ethnicity and sex.

Methods

Data
The data, analytic methods, and study materials are available
to other researchers for purposes of reproducing the results
or replicating the procedure from the CARDIA (Coronary
Artery Risk Development in Young Adults) Coordinating
Center.14 CARDIA complies with data sharing requirements
of the National Institutes of Health by providing limited-access
data sets from various CARDIA examinations to the National
Heart, Lung and Blood Institute (NHLBI) bioLINCC.15 A
description of the NHLBI policies governing the data and
describing access to the data can be found online.16

Study Population
The participants are from the CARDIA study, which has been
described previously.17 Briefly, CARDIA was established in
1985 at 4 centers in the United States (Birmingham, AL;
Chicago, IL; Minneapolis, MN; and Oakland, CA) with the aim
of examining the development and trajectories of cardiovas-
cular disease in young adults. At baseline, participants were
randomly selected within race/ethnicity, sex, and education
strata and were contacted by telephone or door-to-door
recruiters. The original cohort included 5115 persons (52%
black, 55% women). Follow-up examinations were performed

after 2, 5, 7, 10, 15, 20, and 25 years; retention at these time
points was 91%, 86%, 81%, 79%, 74%, 72%, and 72%,
respectively, of the surviving cohort.

At year 25, 719 individuals from the cohort underwent
brain MRI examination at 3 of the CARDIA field centers:
Birmingham, Minneapolis, and Oakland (CARDIA Brain MRI
Substudy). The subsample for the CARDIA Brain MRI Substudy
was selected at the time that the appointments for the
examination at year 25 were made, with the aim of achieving
a balance within 4 strata of ethnicity/race (black/white) and
sex (men/women). Each of the 3 centers had a target sample
size for the study. When this number was reached, enrollment
was ended. Exclusion criteria were contraindications to MRI or
a body size too large to enable the MRI examination.

All participants provided written informed consent at each
exam, and the institutional review board from each participating
institution annually approved the CARDIA study. For the
CARDIA Brain MRI Substudy, separate approval was given by
the institutional review boards of the participating sites and by
the institutional review boards covering intramural research at
the National Institute of Aging. Separate participant written
consent for the CARDIA Brain MRI Substudy was obtained.

Cardiac Parameters
At follow-up year 5 (1990), 2-dimensional and guided M-mode
echocardiography was acquired using an Acuson ultrasound
machine (Siemens Medical Solutions USA), as previously
described.18 We studied 3 echocardiographic parameters that
represent markers of cardiac dysfunction and predictors of
incident heart failure10,19,20: LVEF, LAV, and LV mass. LAV
was derived from M-mode left atrial diameter and
2-dimensional area of the left atrium in the apical 4-chamber
view, using a formula described by Desai.18 LV mass was
calculated from an M-mode measurement of LV diastolic
dimension, interventricular septum thickness in diastole, and
LV posterior wall thickness in diastole, according to a formula
that was reported previously.18 LAV and LV mass were
indexed to body surface area.

Brain Measures
At follow-up year 25 (2010), brain MRI was performed using
3-T MRI scanners located at 3 CARDIA sites (Siemens 3T Tim
Trio/VB 15 platform, Siemens 3T Tim Trio/VB 15 platform,
and Philips 3T Achieva/2.6.3.6 platform), as reported else-
where.21 In the present analyses, parameters of interest were
white matter fractional anisotropy (WMFA) and volumes of
total brain, white matter, gray matter, and abnormal white
matter (AWM), corrected for total intracranial volume.

WMFA was estimated from diffusion tensor imaging and is a
measure of microstructural integrity and connectivity of the

Clinical Perspective

What Is New?

• In a biracial population-based study, we found that higher
left atrial volume in young adulthood was associated with a
marker of structural damage of the brain in midlife.

• This association was strongest for black participants and for
men.

What Are the Clinical Implications?

• Prevention of cardiac dysfunction early in life could benefit
brain health.

• The study suggests preventative strategies should be
targeted to subgroups that may be at higher risk for cardiac
dysfunction.
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white matter. It allows estimation of diffusion of water along
brain fibers and ranges from 0 and 1, where 0 is isotropy
(random motion of water) and 1 anisotropy (diffusion of water
along 1 axis; ie, white matter tract).22 Total brain volume was
estimated as the sum of gray matter and white matter volumes
from the sagittal 3-dimensional T1 sequence. Total intracranial
volume (a measure of head size) was estimated as the sum of
gray matter, white matter, and cerebral spinal fluid volumes
from the sagittal 3-dimensional T1 sequence. AWM volume was
estimated from the sagittal 3-dimensional fluid-attenuated
inversion recovery T1 and T2 sequences and reflects tissue
damaged by ischemia, demyelination, or inflammation and
penumbra surrounding brain infarcts. The values of brain
measures were assessed for outliers that could potentially
influence results. WMFA and volumes of total brain, white
matter, and gray matter followed a normal distribution. The
volume of AWM, however, was skewed, thuswe categorized this
variable into 3 groups: no AWM (volume: 0 cm3), little AWM
(volume: ≤0.3 cm3), and high AWM (volume: >0.3 cm3). The
cutoff of 0.3 cm3 is the median value of AWM. The distributions
of brain measures are presented in Table 1.

Covariates
We selected 7 vascular risk factors, assessed at year 25, to
include in our statistical models as confounders of the
associations between the echocardiographic parameters and
the brain MRI measures: systolic blood pressure (SBP),
diastolic blood pressure (DBP), body mass index (BMI), total
cholesterol, fasting plasma glucose, smoking, and sedentary
behavior.23,24 Blood pressure was measured with a digital
blood pressure monitor (Omron HEM-907XL) 3 times, and the
average of the second and third measurements of the SBP
and DBP was used. BMI was calculated from the assessments
of height and weight. Total plasma cholesterol and fasting
plasma glucose were measured, as described previously.25,26

Smoking status was self-reported and categorized as non-
smoker, current smoker, or former smoker. Sedentary behavior
was assessed by a questionnaire about daily activities and
expressed as hours per week. Moreover, we controlled for
self-reported alcohol intake, which was expressed as total
ethanol consumption in mL/day, and the presence of the
APOE ɛ4 allele that was determined from plasma at year 10 by
a modification of the method of Kamboh and colleagues.27

Other covariates were age, sex (men/women), race/ethnicity
(black/white), field center (Birmingham, Chicago, Min-
neapolis, Oakland), and years of education.

Analytical Sample
Of the 719 people who participated in the CARDIA Brain MRI
Substudy, 699 had complete data on brain MRI. Of those, 51

did not undergo echocardiography at year 5 and thus were
excluded, giving a sample of 648 participants. Information
was available on LVEF for 297 participants, on LAV for 406
participants, and on LV mass for 627 participants (Figure).
There were more black participants among those with

Table 1. Description of the Analytical Sample (n=648):
CARDIA Brain MRI Substudy

Characteristic Value

Demographic characteristics

Age at year 5, y 30.4�3.5

Age at year 25, y 50.4�3.5

Women, n (%) 339 (52)

Black, n (%) 244 (38)

Education, y 15.0�2.3

Cardiac parameters

LVEF, % (n=297) 62.8�7.4

LAV, mL/m2 (n=406) 16.1�4.2

LV mass, g/m2 (n=627) 79.9�18.4

Brain measures

WMFA 0.3�0.02

Gray matter volume, cm3 518.5�53.7

White matter volume, cm3 467.0�59.5

Total brain volume, cm3 985.5�107.2

AWM volume, n (%)

None 127 (20)

Little (≤0.3 cm3) 246 (38)

High (>0.3 cm3) 275 (42)

Covariates

Systolic blood pressure, mm Hg 117.2�14.3

Diastolic blood pressure, mm Hg 72.7�10.6

Total cholesterol, mg/L 193.2�35.3

Fasting plasma glucose, mg/L 96.4�28.8

BMI 28.7�5.7

Sedentary behavior, h/d 6.8�4.0

Alcohol intake, mL/d, median (IQR) 4.8 (0.0–17.0)

APOE ɛ4 allele, n (%) 178 (29)

Smoker, n (%)

Never 393 (61)

Current 95 (15)

Former 153 (24)

Data are presented as mean�SD unless otherwise noted. The information about cardiac
parameters comes from year 5, and all other data come from year 25. AWM indicates
abnormal white matter; BMI, body mass index; CARDIA, Coronary Artery Risk
Development in Young Adults; IQR, interquartile range; LAV, left atrial volume; LV mass,
left ventricular mass; LVEF, left ventricular ejection fraction; MRI, magnetic resonance
imaging; WMFA, white matter fractional anisotropy.
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available values for LVEF (P=0.02) and LAV (P=0.03;
Table S1). Given that data on LV mass were not available in
only 21 individuals, the differences between those who had
data and those who did not were not assessed. Compared
with the rest of the population that underwent the follow-up
exam at year 25 but were not included in the analysis, the
final analytical sample comprised participants with a lower
burden of vascular risk factors and fewer black participants
(Table S2).

Statistical Analyses
Descriptive data of the study population as presented as
mean�SD, median (25th–75th percentiles), or frequency
(percentage). Linear regression analysis was applied to inves-
tigate associations of the echocardiographic parameters with
WMFA, total brain volume, gray matter volume, and white
matter volume. The fit of the models was assessed for
homoscedasticity and normality of the error distribution.
Multinomial logistic regression analysis was used to estimate
odds ratios with 95% confidence intervals (CIs) for associations
of the echocardiographic parameters with high and low AWM
volume compared with no AWM. Echocardiographic parame-
ters were used in all models after transformation into z scores.

The analyses were controlled for confounders in 2 steps.
Model 1 was adjusted for age, sex, race/ethnicity, years of
education, field center, and total intracranial volume. Model 2
was also adjusted for SBP, DBP, BMI, total cholesterol, fasting
blood glucose, smoking status, sedentary behavior, alcohol
intake, and the APOE ɛ4 allele.

In sensitivity analyses, we separately repeated the analy-
ses of interest stratified by race/ethnicity, sex, and target
blood pressure level of SBP/DBP ≥140/90 versus lower and
SBP/DBP ≥120/80 versus lower; these factors in particular
may influence the relationship between cardiac parameters
and brain measures.12,13,24 Furthermore, we reran the
analyses of interest for those individuals who had complete
measures of LVEF (n=297) and LAV (n=406). Because data on
LV mass were missing in only 21 people, we did not perform
the sensitivity analysis in the sample of individuals specifically
with measurements of LV mass. All analyses were performed
using SPSS software version 22 (IBM Corp).

Results
Participants were, on average, 30 years old when they
underwent echocardiography and 50 years old when they
participated in the CARDIA Brain MRI Substudy (Table 1).
There were 339 women (52%) and 244 black participants
(38%). When compared with white participants, black
participants were younger, were less educated, had higher
blood pressure and BMI, spent more sedentary time, and
were more frequently current smokers. Men were less
educated and had higher blood pressure relative to women
(Table S3).

Among the 406 participants with LAV measures, higher
LAV was significantly associated with lower WMFA controlled
for age, sex, race/ethnicity, years of education, field center,
and intracranial volume (ß=�0.003; 95% CI, �0.004 to
�0.001; Table 2, model 1). This association remained statis-
tically significant after adjusting for SBP, DBP, BMI, total
cholesterol, fasting blood glucose, sedentary time, smoking
status, alcohol intake, and the APOE ɛ4 allele (ß=�0.002; 95%
CI, �0.004 to �0.0004; Table 2, model 2).

When stratified by race/ethnicity, LAV was associated with
lower WMFA only in black participants, independent of all
potential confounders (ß=�0.004; 95% CI, �0.007 to
�0.001; Table 3, model 2). When stratified by sex, LAV was
associated with WMFA only in men (ß=�0.003; 95% CI,
�0.005 to �0.0003; Table 3, model 2). There were no
differences in association by level of blood pressure between
LAV and WMFA (not shown). LAV was associated with lower
WMFA in participants with available measurements of LVEF
(n=289; model 1: b=�0.0022 [95% CI, �0.004 to �0.0001];
P=0.04; not shown). LVEF and LV mass were not associated
with WMFA. In addition, none of the cardiac parameters were

Figure. Selection of the study population: CARDIA (Coronary
Artery Risk Development in Young Adults) Brain MRI Substudy.
LAV indicates left atrial volume; LV mass, left ventricular mass;
LVEF, left ventricular ejection fraction; MRI, magnetic resonance
imaging.
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associated with gray matter, white matter, total brain volume,
or AWM volume (Table S4).

Discussion
We investigated whether markers of cardiac function
assessed at age 30 years by echocardiography were linked
to indicators of brain health measured by MRI on average
20 years later. We found that higher LAV was associated with
lower WMFA, particularly in black men. The association
extends the effect of traditional vascular risk factors and
indicates an independent relationship between the size of the
left atrium and the integrity of the white matter. This study
suggests that cardiac function in young adulthood may
influence brain health later in life. This finding is of interest
in the context of identifying early markers of a potentially
increased risk for later-life cognitive decline and dementia.

The association of LAV with WMFA is indicative of a
modest effect of subclinical cardiac dysfunction in young

adulthood on the brain 25 years later. Specifically, this study
suggests that increase in 1 standardized unit of LAV may
result in a decrease in WMFA by 0.002 on a scale between 0
and 1. This effect size is smaller than the magnitude of the
associations of age and traditional vascular risk factors on
WMFA that were previously studied in this middle-aged
population.17 For example, WMFA was reported to decline by
0.008 with every increasing mm Hg of SBP and DBP and by
0.03 with every additional year of age.17 The aggregation of
several risk factors is likely a key factor leading to clinically
meaningful brain damage.24 Lower WMFA may be an early
sign of microvascular pathology in the white matter as it may
precede the development of white matter lesions, which
increase the risk of future cognitive impairment and
dementia.28

Higher LAV relates to LV filling pressures and is associated
with diastolic dysfunction, reflecting long-term exposure to
vascular risk factors, particularly high blood pressure and
obesity.19 Enlargement of the left atrium was previously linked

Table 2. Associations of Cardiac Parameters With WMFA: CARDIA Brain MRI Substudy

Cardiac Parameter

Model 1 Model 2

ß (95% CI) P Value ß (95% CI) P Value

LVEF, per SD (n=297) �0.0003 (�0.002 to 0.002) 0.80 0.0001 (�0.002 to 0.002) 0.94

LAV, per SD (n=406) �0.003 (�0.004 to �0.001) 0.004* �0.002 (�0.004 to �0.0004) 0.016*

LV mass, per SD (n=627) �0.002 (�0.003 to 0.0001) 0.06 �0.001 (�0.003 to 0.0003) 0.11

Each cardiac parameter was transformed into a z score and entered into each model separately. ß is the coefficient for an association of the cardiac parameter (per SD) with the measure
of aging brain. Model 1 is adjusted for age, sex, race/ethnicity, field center, years of education, and intracranial volume. Model 2 is adjusted for age, sex, race, field center, years of
education, intracranial volume, systolic blood pressure, diastolic blood pressure, body mass index, total cholesterol, fasting plasma glucose, smoking status, sedentary time, alcohol intake,
and APOE ɛ4 allele. CI indicates confidence interval; CARDIA, Coronary Artery Risk Development in Young Adults; LAV, left atrial volume; LV mass, left ventricular mass; LVEF, left
ventricular ejection fraction; MRI, magnetic resonance imaging; WMFA, white matter fractional anisotropy.
*Statistically significant at P<0.05.

Table 3. Associations of LAV With WMFA Stratified by Race/Ethnicity and Sex: CARDIA Brain MRI Substudy

Model 1 Model 2

ß (95% CI) P Value ß (95% CI) P Value

Race/ethnicity

White (n=240) �0.001 (�0.004 to 0.001) 0.25 �0.001 (�0.003 to 0.001) 0.42

Black (n=166) �0.004 (�0.007 to �0.001) 0.004* �0.004 (�0.007 to �0.001) 0.007*

Sex

Male (n=197) �0.003 (�0.006 to �0.001) 0.003* �0.003 (�0.005 to �0.0003) 0.026*

Female (n=209) �0.002 (�0.005 to 0.001) 0.21 �0.002 (�0.005 to 0.001) 0.23

ß is the coefficient for an association of left atrial volume (per SD) with WMFA. When stratified by race/ethnicity, model 1 is adjusted for age, sex, field center, years of education, and
intracranial volume; model 2 is also adjusted for systolic blood pressure, diastolic blood pressure, BMI, total cholesterol, fasting plasma glucose, smoking status, sedentary time, alcohol
intake, and APOE ɛ4 allele. When stratified by sex, model 1 is adjusted for age, race/ethnicity, field center, years of education, and intracranial volume; model 2 is also adjusted for systolic
blood pressure, diastolic blood pressure, BMI, total cholesterol, fasting plasma glucose, smoking status, sedentary time, alcohol intake, and APOE ɛ4 allele. BMI indicates body mass index;
CI, confidence interval; CARDIA, Coronary Artery Risk Development in Young Adults; LAV, left atrial volume; MRI, magnetic resonance imaging; WMFA, white matter fractional anisotropy.
*Statistically significant at P<0.05.
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to ischemic lesions, loss of brain tissue, and cognitive
impairment in older patients.11,29,30 In previous studies on
older adults, LVEF and LV mass were associated with
indicators of brain pathology11; we did not find this in this
younger cohort, possibly because other markers of cardiac
disease occur later.31

Recent studies report that patients with dementia are
predominantly affected by heart failure with preserved
ejection fraction and diastolic cardiac dysfunction, indicating
its relevance for and possible influence on brain health.32,33 A
new paradigm of heart failure with preserved ejection fraction
proposed that conditions such as high blood pressure,
obesity, diabetes mellitus, and other comorbidities induce a
systemic inflammatory state.34 This affects the coronary
endothelium and triggers its dysfunction, which contributes to
cardiac remodeling and eventually results in diastolic heart
failure.34

We propose following mechanisms that can explain the
association of LAV with WMFA. First, the state of chronic
inflammation and immune response, as likely present in our
study sample, may induce endothelial dysfunction and
damage of the blood–brain barrier, possibly leading to
increased permeability and failure in maintaining microcircu-
lation in the white matter. Second, because increased LAV
strongly correlates with atrial dysfunction and atrial fibrilla-
tion,19 lower WMFA may be a result of microembolism or
reduced brain perfusion due to insufficient cardiac output in
the setting of silent atrial fibrillation. We were unable to test
this possibility because the numbers of clinical events of atrial
fibrillation are too low for meaningful analysis in this relatively
young cohort.35

This study uniquely includes a well-characterized sample of
participants who have been followed up for 25 years, with
echocardiograms in young adulthood and state-of-the-art
brain imaging in midlife. Another strength is the biracial
nature of the sample; black patients have been underrepre-
sented in previous studies investigating the heart–brain axis.
This study has several limitations. One is the varying number
of participants with values on LVEF and LAV; however, we
assessed whether the smaller samples showed associations
similar to those based on larger samples.

Another limitation is that the study sample was a healthier
group and included fewer black participants than the total
CARDIA cohort. Furthermore, participants who had more
severe cardiac dysfunction in young adulthood12,18 were
underrepresented in our final analytical sample. This could
have created selection bias from demographic and clinical
characteristics of the participants. If the associations of
cardiac parameters with brain measures are similar in those
included and excluded from the analyses, this could lead to
underestimation of the association between LAV and WMFA
that we found in the studied sample. Moreover, there is a

possibility that we did not account for all confounders, and it
is unknown how factors not included in the analyses, such as
treatment for vascular risk factors, affected the outcome.

Previous studies suggest that black persons are dispro-
portionately burdened by heart failure and dementia.12,36 The
present study indicates that young black men in particular
may be at risk for compromised brain health due to cardiac
dysfunction. Because an enlarged left atrium is associated
with previous chronic exposure to vascular risk factors,
especially elevated blood pressure and obesity,19 we propose
that interventions aimed at their reduction to improve cardiac
function may also benefit brain health. We suggest that such
interventions should be targeted early in life and may have the
largest benefit for black men.
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SUPPLEMENTAL MATERIAL 
 

 



Table S1 Among those in the CARDIA Brain MRI sub-study, differences in the analytical 

sample between individuals with and without available measurements of left ventricular ejection 

fraction and left atrial volume 

 

Characteristic LVEF LAV 

 
Known 

(n=297) 

Missing 

(n=351) 
p value 

Known 

(n=406) 

Missing 

(n=242) 
p value 

Age, years 50.3±3.5 50.5±3.4 0.34 50.3±3.6 50.7±3.3 0.13 

Education, years 14.9±2.3 15.2±2.3 0.18 15.1±2.4 15.0±2.2 0.84 

Women, n (%) 144 (48.5) 195 (55.6) 0.07 209 (51.5) 130 (53.7) 0.58 

African Americans, 

n (%) 
126 (42.4) 118 (33.6) 0.02 166 (40.9) 78 (32.2) 0.03 

SBP, mm Hg 116.9±13.1 117.5±15.3 0.60 117.3±14.3 117.1±14.4 0.89 

BMI 28.4±5.5 29.0±5.9 0.16 28.5±5.6 29.1±5.8 0.15 

Sedentary time, 

hours/day 
6.6±4.1 7.0±3.9 0.29 6.7±3.8 7.0±4.2 0.42 

 

LVEF, left ventricular ejection fraction; LAV, left atrial volume; SBP, systolic blood pressure; 

BMI, body mass index. Data are presented as means ± standard deviations or n (%). All data 

come from year 25. Independent sample t-test was used to find differences between groups for 

continuous variables and χ2 test for binary variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table S2 Differences between the study sample and other participants at year 25: CARDIA 

Brain MRI sub-study 

 

  
MRI study sample 

(n=648) 
Other participants (n=2851) p value 

Age, years 50.4±3.5 50.1±3.7 0.4 

Education, years 15.0±2.3 15.0±2.6 0.9 

Women, n (%) 339 (52) 1641 (58) 0.05 

African Americans, n (%) 244 (38) 1396 (49) <0.001 

SBP, mm Hg 117.2±14.3 119.0±15.8 0.01 

DBP, mm Hg 72.7±10.6 74.2±11.0 0.01 

BMI 28.7±5.7 30.5±7.5 <0.001 

Smokers, n (%) 95 (15) 494 (17) 0.02 

Sedentary time, hours/day 6.8±4.0 7.4±4.5 0.01 

 

SBP, systolic blood pressure; BMI, body mass index. Data are presented as means ± standard 

deviations or n (%). Smokers are defined as current smokers. All data come from year 25. 

Independent sample t-test was used to find differences between groups for continuous variables 

and χ2 test for binary variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Table S3 Differences between Caucasians vs. African Americans and men vs. women: CARDIA 

Brain MRI sub-study 

 

Characteristic 
Caucasians 

(n=404) 

African 

Americans 

(n=244) 

p value 
Men 

(n=309) 

Women 

(n=339) 
p value 

Age, years 51.0±3.3 49.4±3.5 <0.001 50.3±3.4 50.5±3.5 0.41 

Education, years 15.6±2.2 14.1±2.1 <0.001 14.8±2.2 15.3±2.3 0.01 

SBP, mm Hg 113.8±12.5 122.9±15.5 <0.001 119.4±12.5 115.2±15.6 <0.001 

BMI 27.7±5.4 30.4±5.9 <0.001 28.4±4.6 29.0±6.6 0.13 

Smokers, n (%) 45 (11) 50 (21) <0.001 50 (16.2) 45 (13.3) 0.32 

Sedentary time  5.8±2.9 8.4±4.9 <0.001 7.1±4.2 6.6±3.8 0.13 

 

SBP, systolic blood pressure; BMI, body mass index. Data are presented as means ± standard 

deviations or n (%). All data come from year 25. Smokers are defined as current smokers. 

Independent sample t-test was used to find differences between groups for continuous variables 

and χ2 test for binary variables 

 

 

 

 

 

 

 

 

 

 



 
 

Table S4 Associations of cardiac parameters with brain volumes: CARDIA Brain MRI sub-

study 

Cardiac parameter, 

per SD 
ß (95% CI) 

 Gray matter  White matter  Total brain  

LVEF (n=297) 
-0.763 

(-3.103; 1.577) 

 

) 

 

1.512 

(-1.285; 4.309) 

0.749 

(-2.582; 4.079) 

 
LAV (n=406) 

-0.042 

(-2.187; 2.103) 

 

-1.915 

(-4.444; 0.615) 

-1.957 

(-4.952; 1.039) 

 
LV mass (n=627) 

0.892 

(-1.016; 2.800) 

-0.027 

(-2.147; 2.093) 

 

0.864 

(-1.647; 3.376) 

 
 Abnormal white matter volume 

 None Little (≤ 0.3 cm3) High (> 0.3 cm3) 

 n 

Reference 

n 
OR  

(95% CI) 
n 

OR  

(95% CI) 

LVEF 62 120 
0.94  

(0.68; 1.30) 
115 

1.04  

(0.74; 1.46) 

LAV 82 164 
0.73  

(0.54; 0.97) 
160 

0.92 

(0.69; 1.22) 

LV mass 122 236 
1.18  

(0.92; 1.52) 
269 

1.15 

(0.90; 1.49) 

 

LVEF, left ventricular ejection fraction; LAV, left atrial volume; LV mass, left ventricular mass; 

CI, confidence interval; SD, standard deviation; OR, odds ratio.  

 

ß with 95% CI is derived from linear regression and is the coefficient for an association of the 

cardiac parameter (per standard deviation) with the measure of brain volume. OR with 95% CI is 

derived from multinomial logistic regression for an association of the cardiac parameter with 

high and little abnormal white matter volume, when compare to no abnormal white matter.  

 

The models are adjusted for age, sex, race/ethnicity, field center, years of education and 

intracranial volume. Each cardiac parameter was transformed into Z score and entered into each 

model separately. 
 

 

 
 


