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Abstract

Background and aims—Auortic atherosclerosis is an aggregate marker of vascular risk factor
exposure and has been associated with intracranial atherosclerosis and stroke. We hypothesized
that atherosclerosis of the descending aorta (DA0) could be a risk marker for brain aging and
injury.

Methods—We evaluated 1527 participants (mean age 59.9 years, 53.5% women) in the
Framingham Offspring cohort who underwent both aortic and brain MRI. Participants were free of
clinical stroke, dementia, or other neurological illness at the time of axial MRI of the thoracic and
abdominal DAo and subsequent brain MRI. We related the prevalence and burden of aortic plaque
to total cerebral brain volume (TCBV) and white matter hyperintensity volume (WMHV). An
additional analysis compared incidence of stroke or TIA in participants with and without DAo
plaques.

Results—Presence of thoracic DAo plaque (8%) was associated with decreased TCBV in sex-
pooled analysis (-0.77, SE 0.25, p=0.002, equivalent to 4.5 years of aging) and with increased
WMHYV only in men (0.26, SE 0.12, p=0.032, equivalent to 6.5 years aging). We observed similar
associations of DAo plaque burden with TCBV and WMHV. There were 43 strokes and 11 TIAs
in prospective follow-up (median 7 years). Presence of DAo plaque was not associated with
subsequent stroke or TIA.

Conclusions—In this cross-sectional community-based study, we found DAo plaque is
associated with accelerated brain aging. These data underscore the potential implications of
incidentally identified subclinical aortic atherosclerosis and question whether targeted intervention
in these high risk individuals can modulate cognitive decline.
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Introduction

Previous studies have linked the presence and burden of aortic atherosclerosis with cognitive
impairment, magnetic resonance imaging (MRI) indices of brain aging and injury, and
stroke.(1-4) Vascular injury to the brain can occur because of embolism from atheroma in
the aortic arch or may be related to a chronic disruption of central hemodynamics. The role
of the latter mechanism is emphasized by investigations of aortic wall stiffness and the
damaging effects of excessive pressure and flow in the cerebral microcirculation (5).

Aortic plague may be a marker of overall atherosclerotic plaque burden (6), concomitant
intracranial atherosclerotic disease (7), or systemic phenomena that can affect brain structure
through neuronal loss. In the setting of large vessel atherosclerosis, cerebral damage may be
mediated by elevated homocysteine levels or increased von Willebrand factor and
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hypercoagulability (8, 9). The severity of thoracic aortic intimal changes has been associated
with both antioxidants and inflammatory markers in the serum, such as uric acid and high
sensitive C-reactive protein (10), implicating chronic systemic oxidative and inflammatory
processes, potentially damaging to the brain.

Few investigations have associated descending aortic plaque of the thorax or abdomen to
brain changes or injury (11, 12). Blood flow in the descending aorta is separate from
cervical and cerebral circulation, thus plaques in the descending aorta may serve as more
specific markers of generalized atherosclerosis or microvascular damage, relative to
ascending aortic plaques. Additionally, aortic atherosclerosis may not be fully correlated
with results of other non-invasive measures of subclinical atherosclerosis, such as coronary
artery calcification and carotid intima-media thickness by ultrasound (13).

We sought to evaluate the cross-sectional association between descending aorta (DA0)
plaque prevalence and burden and total cerebral brain volume (TCBV) and white matter
hyperintensity volume (WMHV). In additional analysis, we studied the prospective relation
of DAo plaque prevalence to incidence of stroke in a community-based sample.

Patients and methods

Study population

The Framingham Offspring cohort was recruited in 1971 and comprises 5,124 participants
who have been evaluated nine times. Non-simultaneous brain MRI and cardiovascular
magnetic resonance (CMR) imaging were performed during and after the seventh
(‘baseline”) examination cycle (1998-2001) between 1999 and 2005. Persons with clinical
stroke, dementia or other neurological conditions that could affect brain MRI measures were
excluded. Participants with a history of atrial fibrillation were excluded as well as those with
a prosthetic valve. Of the 2,219 participants with available brain MRI data, 1,576 had
attended the baseline examination and had undergone CMR; 49 were excluded because of
missing data on education and other risk factors, yielding a study sample of 1,527 for the
present investigation. The median length of time between brain MRI and cardiac MRI was
3.7 years (Q1 3.0, Q3 4.6). The Institutional Review Boards of Boston University Medical
Center and Beth Israel Deaconess Medical Center approved the study protocol and written
informed consent was obtained from all study participants.

Baseline examinations

Educational achievement was dichotomized at high school graduation. Body mass index
(BMI) was the ratio of measured weight in kilograms to the square of height in meters (kg/
m?2). Serum total cholesterol, high-density lipoprotein cholesterol levels, and triglycerides
were measured at the baseline exam. We determined whether lipid lowering therapy was
used. Plasma total homocysteine levels were measured at the prior exam (1995-1998) using
high-performance liquid chromatography with fluorescence detection.

Information on vascular risk factors was collected at the baseline exam, including the
components of the Framingham Stroke Risk Profile (FSRP), which has been described and
validated for predicting stroke risk (14). The FSRP risk factors include systolic blood
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pressure, use of antihypertensive therapy, diabetes mellitus (defined as a fasting blood
glucose of 2126 mg/dL, a previous diagnosis of diabetes, or using hypoglycemic medication
or insulin), current smoking status, atrial fibrillation, and previous cardiovascular disease
including diagnoses of coronary heart disease, heart failure, or peripheral vascular disease.

Carotid intima-media thickness (IMT) was measured using carotid ultrasound studies,
acquired following a standard protocol I(15) during the sixth examination cycle (1995—
1998). Methods for ultrasound imaging of the carotid arteries, and measurement of IMT, are
described in a previous report (16). Coronary artery calcium score (CAC) was calculated in
participants who underwent a non-contrast cardiac multidetector computed tomography
(MDCT) scan during the seventh examination cycle (1998-2001). MDCT protocols and
methods for calculation of Agatston Score for prevalence of coronary artery calcium are
previously described (17, 18).

Cardiovascular Magnetic Resonance (CMR)

Brain MRI

CMR acquisition, measurement techniques, and inter-rater reliability of aortic plaque
measurement have been described previously (19). Briefly, a commercial 1.5T whole-body
CMR system (Gyroscan ACS-NT or Achieva, Philips Medical Systems) was used to
perform thoraco-abdominal aortic CMR. Approximately thirty-six transverse slices were
obtained,; this included twelve 10-mm thick slices, with a 10-mm gap, spanning the aortic
arch and thoracic DAo and twenty-four 5-mm thick slices spanning the abdominal DAo to
the origin of the common iliac arteries. Atherosclerotic plaque was defined as a
characteristic luminal protrusion of =1 mm in radial thickness that could be distinguished
from the minimal residual blood signal (Fig. 1) by a single blinded observer (NO-M). DAo
plaques were divided according to their location into thoracic or abdominal plaques, above
and under the diaphragm. For plaque prevalence, participants were dichotomized by
presence or absence of plaque. Plaque burden was defined as the percent of axial slices
demonstrating plaque.

Acquisition and data processing of brain MRI scans, as well as volumetric measurement
techniques and inter-rater reliability have been previously reported (20, 21). The TCBV is
the ratio of total brain parenchymal volume to total cranial volume to correct for differences
in head size. The measurements of brain volume were done on coronal sections. TCBV was
measured through a mathematical modeling of the resulting images after a manual removal
of all non-brain elements from the images. This was done by operator-guided tracing of the
dura mater within the cranial vault (including the middle cranial fossa but above the
posterior fossa and cerebellum). The measurements of TCBV included the supra-tentorial
gray and white matter without the CSF.

WMHV was measured by summation of first and second echo images from T2 sequences
after removal of the CSF, and was also reported as a proportion of the total cranial volume,
allowing correction for head size. The summed data were adjusted for the heterogeneous
imaging intensities and a log normal distribution was fitted.
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Statistical analysis

Results

Our primary analysis investigated two dichotomous predictor variables: 1) presence or
absence of plaque in the thoracic DAo and 2) presence or absence of any DAo plaque
(thoracic, abdominal, or both). Multivariable linear regression analysis was used to relate the
two predictor variables to continuous measures of TCBV and WMHYV (outcome variables;
separate analyses for each). Crude associations were determined, adjusting for age and sex
only (Model 1). Previous studies have shown that levels of stroke risk factors are related to
brain volume and WMHYV (22), so such stroke risk factors were included as additional
covariates. Specifically, covariates in the regression models were age, sex, and baseline
systolic blood pressure, smoking, diabetes, education, BMI, total cholesterol:high density
lipoprotein ratio, triglycerides, use of antihypertensives, lipid lowering therapy, prior
cardiovascular disease, and homocysteine (Model 2). To gain further insight into the added
value of CMR measurements of aortic plaque prevalence in the descending aorta, a final
model additionally adjusted for CAC and carotid IMT (Model 3). Previous studies have
suggested a difference by sex associated with aortic atherosclerosis (19, 23), so analysis was
stratified by sex a priori. Sensitivity analyses were performed to relate plaque burden in the
DAo (continuous variable) to TCBV and WMHYV, using the above models. All analyses were
pre-specified.

In additional analysis, sex-specific Cox models were used to study the association of DAo
plaque with probability of stroke after verifying the assumption of proportionality of
hazards. The predictor variables were: 1) presence or absence of plaque in the thoracic DAo
and 2) presence or absence of any DAo plaque (thoracic, abdominal, or both). We adjusted
for age, sex, education, diabetes, BMI, systolic blood pressure, smoking, lipid lowering
therapy, prior cardiovascular disease, and homocysteine. Participants were followed for
incident stroke from the date of CMR to December 2012.

p-values presented are two-sided, and were declared significant at a two-sided 0.025 level of
significance. Analyses were carried out using SAS version 9.3.

Plaque in the thoracic DAo was observed in 60/710 (8.4%) of men and 58/817 (7.1%) of
women. All participants with plaque in the thoracic DAo had plaque in the abdominal DAo.
The prevalence of plaque in either the thoracic or abdominal DAo in men was 333/710
(47%) and in women 392/817 (48%). Baseline characteristics are presented in Table 1,
displaying the overall sample and the sample stratified by sex. Table 2 displays baseline
characteristics stratified by presence of plaque in the thoracic DAo and sex. Among those
with any DAo plaque, the mean percentage of MRI axial slices with plaques (“plaque
burden™) was 11.7% (SD 11.3%. min 3.1%, max 77.7%). Participants with CMR
measurements of aortic plaque who also had measurements of CAC and carotid IMT
included 371 males and 447 females.

Associations between DAo plaque prevalence and TCBV are presented in Table 3.
Compared to persons without DAo plaque in the thorax, persons with plaque had a
significantly lower mean TCBYV, after controlling for vascular risk factors (—=0.77%,
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SE=0.25; p=0.002). The association remained after additional adjustment for CAC and
carotid IMT (-0.98%, SE=0.39; £=0.012). In sex-stratified analysis, controlling for vascular
risk factors, mean TCBV was lower in both men and women with a thoracic DAo plaque
(-0.39%, SE=0.35, p=0.27 and -1.13%, SE=0.35, p<0.001, respectively), and the
association remained significant in women with additional adjustment for CAC and carotid
IMT (-1.69%, SE=0.58; p=0.004). Observed brain volume loss in women with a thoracic
DAo plague, controlling for vascular risk factors, was equivalent to that associated with 8.8
years of aging in women in the overall study sample. In the sex-pooled analysis, lower mean
TCBYV was equivalent to 4.5 years of aging in the men and women of the overall study
sample.

Table 4 displays results for the analysis associating DAo plaque prevalence with WMHV.
Overall, plaque prevalence in the thoracic DAo was not associated with WMHV. In sex-
stratified analysis, only men with thoracic DAo plaque had a mean increase in WMHV
(0.26%, SE=0.12, p=0.03). The association was attenuated, but still reached significance,
with adjustment for CAC and carotid IMT (0.38%, SE=0.19; p=0.040). The quantified
increase in WMHYV in men with thoracic DAo plaque, controlling for vascular risk factors,
was equivalent to 6.5 years of aging in males in the overall study sample. We found no
association between prevalence of any DAo plaque (thoracic, abdominal, or both) and
WMHV.

Supplemental Tables 1 and 2 display results for the sensitivity analyses associating DAo
plaque burden with TCBV and WMHYV, respectively. Compared to the analyses with aortic
plaque prevalence, similar associations were observed. Adjusting for vascular risk factors,
plaque burden in the thoracic DAo was associated with a lower mean TCBYV in sex-pooled
analysis (—0.018%, SE=0.008, p=0.02) and lower mean TCBV in both men and women
(-0.006%, SE=0.01, p=0.52, and —0.037%, SE=0.01, p=0.004, respectively). The
associations in sex-pooled analysis and in women persisted when additionally adjusting for
CAC and carotid IMT. Overall DAo plaque burden (thoracic, abdominal, or both) was
associated with lower mean TCBV in sex-pooled analysis adjusting for vascular risk factors
(-0.015, SE=0.007, p=0.03) and in the final model adjusting for CAC and carotid IMT
(-0.021, SE=0.011; p=0.027). Plaque burden in the thoracic DAo in men only was
associated with an increase in WMHYV in both the models adjusting for vascular risk factors
(0.007, SE=0.003, p=0.04) and additionally CAC and carotid IMT (0.012, SE=0.006;
£~=0.027). We found no association between overall DAo plaque burden and WMHV.

We performed additional analysis for the association of DAo plaque with subsequent
incident stroke. Median duration of follow up for incident stroke was 7.0 years (Q1 5.9, Q3
7.9). There were 43 strokes (36 ischemic and 7 hemorrhagic) ascertained during follow up
and 11 TIAs (Table 1). We did not observe a statistically significant association between the
presence of plaques in the DAo and stroke/TIA, stroke alone, or ischemic stroke alone.
Results for risk of stroke are presented in Supplemental Table 3.

Atherosclerosis. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Aparicio et al. Page 7

Discussion

In our cross-sectional analysis of the aorta and brain, we observed that the presence and
burden of thoracic DAo plagque was associated with lower TCBV. The loss of brain volume
associated with thoracic DAo plaque was equivalent to 8.8 years of aging in women and, in
sex-pooled analysis, 4.5 years of brain aging. We observed an increase in WMHYV equivalent
to 6.5 years of aging in men who had thoracic DAo plaque.

There was no statistically significant effect modification by sex, perhaps due to limited
power to detect an interaction. Previous research with the FHS Offspring cohort identified
greater aortic plaque burden in older women than in men of corresponding age and greater
burden in women than in men in the absence of hypertension.(19, 23) Women and men have
differences in the presence or progression of white matter hyperintensities and cerebral brain
volume.(22, 24-26) Differences may be due to variation in heritability of WMHV,(27)
menopause and hormonal effects, or sex differences in cardiovascular risk profile,(28) with
implications for clinical outcomes.(29)

Previous studies suggest that arterial disease at varying locations might differentially
influence the presence or progression of brain aging or cerebrovascular disease.(1, 28, 30) A
report from the Second Manifestations of ARTerial disease (SMART) Study observed that
the presence of white matter lesions and silent infarcts on brain MRI may be higher in
patients with symptomatic atherosclerotic disease, compared with findings from community-
based studies.(30) The investigators analyzed brain changes in patients with coronary artery
disease, peripheral arterial disease, and abdominal aortic aneurysm. A prior report from the
Framingham Study associated the prevalence of carotid artery calcification with a decrease
in global and regional brain volumes and an increase in WMHV.(16)

Occasional studies have identified the DAo as a source for retrograde embolism, typically
from complex atheromas (size > 4 mm) in close proximity to the arteries of the neck. (31,
32) Generally, atherosclerosis in the DAo is a marker of atherosclerotic burden and ongoing
systemic processes that cause brain injury, such as microvascular damage from increased
vascular pulsatility pressure,(5) as opposed to a direct source of cerebral embolism.(32, 33)
In the Rotterdam Scan Study, abdominal aortic atherosclerosis at mid-life, measured on
radiographs, was associated with the presence of periventricular white matter lesions in late-
life, but not with subcortical white matter lesions.(11)

Aortic atherosclerosis has been strongly associated with arterial stiffness.(34) Stiffness in the
large arteries may promote cerebral microvascular dysfunction through hypertension,
increased blood pressure variability, or excessive flow pulsatility, manifesting as white
matter disease in the brain.(5, 35) We showed a cross-sectional association of aortic
atherosclerosis with markers of brain injury in a relatively young study sample, with a mean
age of 60 years old. Thus, the cumulative adverse effects of impaired autoregulation and
intermittent relative ischemia may have onset at an earlier age, perhaps in mid-life. This
mechanism is supported by recent studies from the FHS Third Generation cohort showing
associations between aortic stiffness and both decreased white matter integrity and the
presence of white matter hyperintensities.(35, 36)
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The strengths of our study include the large community-based sample evaluated and the
sensitivity and specificity of brain MRI for quantifying brain volume and WMHV. CMR is
comparable to transesophageal echocardiography and computed tomography for imaging
aortic plaques(37) but less invasive and free of radiation exposure. CMR is increasingly
being used in clinical and research settings.(38, 39)

Our study had a cross-sectional design, so we were unable to establish a temporal
relationship between the development of the aortic plaques and changes in brain MRI traits.
Because MRI markers of brain aging and injury tend to remain stable or progress over time,
we would expect that the time lag between brain MRI and cardiac MR performed in our
study would underestimate the strength of the associations. Future studies may confirm a
relationship between aortic atherosclerosis and progression of brain changes over time,
including the occurrence of silent cerebral infarctions and cerebral microbleeds.

The imaging protocol did not measure ascending aortic or arch plaque, limiting the analysis
to plaque of the DAo. Our cohorts are middle-aged and mainly of European descent, so
further prospective confirmatory studies using diverse population samples are warranted.
Relationships with grey and white matter volumes can be studied in future investigations.
The current study was likely underpowered to detect modest associations with stroke
prospectively, given the low number of stroke and TIA events. This was likely due to the
young mean age of our sample and the exclusion of participants with atrial fibrillation.

In conclusion, descending thoracic aortic plaque is associated with measures of accelerated
brain aging. These observations underscore the potential implications of incidentally
identified subclinical aortic atherosclerosis for brain morphology, and perhaps, downstream
function. Further studies are needed to clarify a causal and temporal relationship between
large vessel disease and brain changes and to determine whether targeted intervention in
these high risk individuals modulates cognitive decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Atheromatous plaque in the descending aorta was associated with lower brain
volume

. Brain volume loss was equivalent to 8.8 years of aging in women, 4.5 years
overall

. White matter hyperintensity volume was increased in men with thoracic aortic
plaque

. Plaque in the descending aorta was not associated with subsequent stroke/TIA
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Figure 1.

Transverse cardiovascular magnetic resonance image of the abdominal aorta and an aortic

plaque, from a Framingham Offspring Cohort participant.

IVC, inferior vena cava; Ao, aorta. lllustration adapted from www.mountsinai.org with
permission from Dr. Allan Stewart. Copyright 2016, Icahn School of Medicine at Mount

Sinai.
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Thoracic DAo plaque burden€, %, mean+SD

Table 1
Study sample characteristics, overall and by sex.

| Overall | Men | Women
N (%) | 1527 | 710 (46.5) | 817 (53.5)
Age, years, mean£SD | 59.949.1 | 60.0£9.2 | 59.84+9.0
Systolic BP, mmHg, mean+SD | 125+18 | 126+16 | 124+19
Antihypertensive treatment, % | 28 | 32 | 25
Diabetes mellitus, % | 9 | 12 | 6
Triglycerides, mg %, mean+SD | 134492 | 1444109 | 125472
Total cholesterol/HDL ratio, mean+SD | 4114 | 46+1.4 | 3.6x1.2
Lipid treatment, % | 18 | 21 | 15
Prevalent CVD, % | 8 | 12 | 6
tHcy, umol/liter, mean+SD | 8.2+2.6 | 8.9+2.4 | 7.5+2.5
BMI, kg/m?2, mean+SD | 27.945.0 | 28.5+4.2 | 27.3£5.5
Current smoking, % | 10 | 10 | 10
Education level?, mean+SD | 3109 | 3209 | 3.00.9
Plaque present in the thoracic DAo, % | 8 | 8 | 7
Any plaque present in the DAob, % | 47 | 41 | 48

| 1.87+8.22 | 2.2249.26 | 1.57£7.19

|

Any DA plague burden?. %, mean+SD 5.56+9.77 | 5.49+10.26 | 5.62+9.33

TCBYV, mean+SD | 78.26+3.07 | 77.80+3.27 | 78.67+2.82

WMHYV, mean+SD | -3.15+0.99 | —-3.21+0.96 | -3.10+1.01

Incident stroke/TIA€

Ischemic stroke, n (%) 36 (2.4) 20 (2.8) 16 (2.0)
Hemorrhagic stroke, n (%) 7(0.5) 2(0.3) 5(0.6)
TIA, n (%) 11(0.7) 8(1.1) 3(0.4)

BMI,body mass index; BP,blood pressure; DAo,descending aorta; CVD,cardiovascular disease; HDL,high density lipoprotein; WMHV,log-

Page 14

transformed white matter hyperintensity volume:total cranial volume ratio; SD,standard deviation; TCBV,total cerebral brain volume:total cranial

volume ratio; tHcy,total homocysteine; TIA transient ischemic attack.

aEducation grading on a scale of 1 to 4 for (1) no high school education, (2) high school education, (3) some college education, and (4) college

degree.

bThoracic DAo, abdominal DAo, or both.
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C I . . .
Percent of MRI axial slices with plaque in the thoracic DAo.

d - . . . .
Percent of MRI axial slices with plaque in the thoracic or abdominal DAo.

EStroke or TIA ascertained in prospective follow up (median duration of follow up 7.0 years, Q1 5.9, Q3 7.9).
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Table 2

Study sample characteristics, by prevalence of plaque in the descending thoracic aorta and sex.

| Thoracic plaque present in the DAo | No plaque in the thoracic DAo
| Men | Women | Men | Women

N (%) | 60 (8.4) | 58 (7.1) | 650 (91.5) | 759 (92.9)
Age, years, mean+SD | 67.8+7.0 | 66.3+7.5 | 59.3+9.0 | 59.3+8.9
Systolic BP, mmHg, mean+SD | 132419 | 134+23 | 125+16 | 123+18
Antihypertensive treatment, % | 55 | 43 | 30 | 24
Diabetes mellitus, % | 10 | 12 | 12 | 6
Triglycerides, mg %, mean+SD | 157+152 | 136465 | 143+105 | 124+73
Total cholesterol/HDL ratio, mean+SD | 4.6+1.4 | 4.0+1.3 | 4.6+1.4 | 3.6+1.2
Lipid treatment, % | 33 | 26 | 20 | 14
Prevalent CVD, % | 25 | 19 | 10 | 4
tHcy, pmol/liter, mean+SD | 9.9+£3.3 | 8.3+2.6 | 8.8+2.3 | 7.5%£2.5
BMI, kg/m?2, mean+SD | 28.2+4.4 | 26.0+4.4 | 28.5+4.2 | 27.4%5.6
Current smoking, % | 20 | 26 | 9 | 9
Education levelZ mean+SD | 2909 | 2.7+0.8 | 32409 | 3.00.9
Thoracic DAo plague burden?, %, mean+SD | 26.28+19.68 | 22.10+16.65 | 0 | 0
Any DA plague burden®, %, mean+SD | 22.53+19.52 | 18.84+17.30 | 3.92+7.14 | 4.61£7.53
TCBV, meanSD | 75.58+3.32 | 76.80+2.94 | 78.00+3.19 | 78.81+2.76
WMHV, mean+SD | -2.58+1.04 | -2.72£0.95 | -3.27+0.93 | -3.13+1.01
Incident stroke/TIAY

Ischemic stroke, n (%) 2 (3.3) 1(1.7) 18 (2.8) 15 (2.0)

Hemorrhagic stroke, n (%) 0(0.0) 1(1.7) 2(0.3) 4(0.5)

TIA, n (%) 2(3.3) 0(0.0) 6(0.9) 3(0.4)

BMI, body mass index; BP, blood pressure; DAo, descending aorta; CVD, cardiovascular disease; HDL, high density lipoprotein; WMHYV, log-
transformed white matter hyperintensity volume:total cranial volume ratio; SD, standard deviation; TCBV, total cerebral brain volume:total cranial
volume ratio; tHcy, total homocysteine; TIA, transient ischemic attack.

aEducation grading on a scale of 1 to 4 for (1) no high school education, (2) high school education, (3) some college education, and (4) college
degree.

bPercent of MRI axial slices with plaque in the thoracic DAo.

C - . . . .
Percent of MRI axial slices with plague in the thoracic or abdominal DAo.
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dStroke or TIA ascertained in prospective follow up (median duration of follow up 7.0 years, Q1 5.9, Q3 7.9)
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