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Abstract Introduction: We tested the hypothesis that brain arterial dilatation increases the risk of Alzheimer’s
dementia (AD).
Methods: We studied dementia-free participants in the Washington Heights-Inwood Columbia
Aging Project who had a brain MRI and post-MRI dementia adjudication. We measured the axial
T2-proton density diameters of the intracranial carotids and basilar diameters and used Cox models
to obtain AD hazard ratios and 95% intervals.
Results: Of 953 participants (mean age 77 = 7 y, women 64%, 71% nonwhite) followed on average
for 3 = 3 years, 76 (8%) developed AD. In a model adjusted for demographics, vascular risks, apoli-
poprotein E (APOE)-¢€4, and white matter hyperintensities, larger carotid diameters increased the risk
of AD, defined categorically as > 90th percentile (HR 4.34, 1.70-11.11) or continuously (HR 1.44
per SD, 1.07-1.94).
Discussion: Understanding the pathophysiology of the association between AD and brain arterial
dilatation may reveal new clues to the vascular contributions to AD.
© 2019 the Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction between vascular disease and AD. Individuals with incident
stroke are at higher risk of subsequent dementia [4], and
those with dementia are at higher risk of subsequent stroke
[5]. In fact, cognitive decline may precede incident stroke,
but incident stroke accelerates the slope of decline thereafter
[6]. Even among individuals without clinical cerebrovascu-
lar disease, there is substantial evidence that “silent” MRI
biomarkers of cerebrovascular disease, such as white matter
hyperintensities (WMH), brain infarct, and microhemorrh-
ages, relate to AD [7-9].

Although most brain large artery studies have focused on
ILAA, we believe that ILAA is not the only brain large artery
phenotype that relates to AD. Atherosclerosis is typically
associated with reduction in luminal diameters [10,11],
which may limit distal flow causing hypoperfusion
*Corresponding author. Tel.: +(212) 305-1710; Fax: +(212) 305-3741. [12,13]. Dolichoectasia, on the other hand, is a form of
E-mail address: j23233 @cumc.columbia.edu brain large artery disease that consists of dilatation and/or

The prevailing hypothesis of Alzheimer’s disease (AD)
pathogenesis is that amyloid deposition initiates a cascade
of biological events that lead to dementia and that mini-
mizing amyloid deposition or removing amyloid may pre-
vent, slow, or arrest AD [1,2]. However, the amyloid
pathway may not be the only target to modify the natural
history of AD. In addition to amyloid deposition,
individuals with AD often suffer from cerebrovascular
disease. For example, individuals with AD have a high
prevalence of intracranial large artery atherosclerosis
(ILAA) and small vessel disease at the time of death [3].
Additional clinical data further support the relationship
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tortuosity [14]. We previously validated the construct of
brain arterial diameters as a normally distributed spectrum
of brain arterial health in which individuals with the smallest
and the largest brain arterial diameters have a higher risk of
vascular events than individuals with more average arterial
diameters [15,16]. We have also demonstrated in an
autopsy sample that nonatherosclerotic brain arterial aging
consists of luminal dilatation, elastin loss, internal elastic
lamina gaps, and concentric thickening of the intima. A
higher prevalence of pathological markers of brain arterial
aging is associated with AD independent of brain infarcts,
large artery amyloidosis, and ILAA [17].

It is uncertain whether brain arterial dilatation may pre-
dict the risk of AD in living individuals. Understanding the
role that brain arterial dilatation plays in cognitive decline
and/or AD may uncover new pathways to reduce the risk
of dementia. In this study, we tested the hypothesis that brain
arterial dilatation is an MRI risk factor for AD.

2. Methods
2.1. Sample

The Washington Heights-Inwood Columbia Aging Proj-
ect enrolled Northern Manhattan community members in
three recruitment waves, beginning in 1992 (n = 2125),
1999 (n = 2183), and 2010 (n = 2124), using a sample of
Medicare beneficiaries >65 years old. At the baseline (i.e.,
enrollment visit), trained research staff obtain medical and
neurological history and conduct a standardized physical
and neurological examination. Each participant receives an
assessment of health and function and a neuropsychological
battery [18]. Age, ethnicity, and sex were self-reported. Par-
ticipants are followed approximately every 18—24 months
and functional and cognitive data are collected at each visit.
Hypertension, diabetes, and dyslipidemia were defined as
self-reported diagnosis or self-reported use of medications
to treat these conditions. Smoking was defined as current
at the time of MRI and based on self-report.

2.2. Magnetic resonance imaging

Participants who remained free of dementia in their last
neuropsychological testing and evaluation were invited to
undergo structural MRI beginning in 2004 and in 2011. In
2004, MRI images were obtained on a 1.5 T Philips Intera
scanner with the following specification: T1-weighted (repe-
tition time = 20 ms, echo time = 2.1 ms, field-of-view
240 cm, 256 X 160 matrix, 1.3 mm slice thickness), T2-
weighted FLAIR (repetition time = 11,000 ms, echo
time = 144.0 ms, inversion time = 2800, field-of-view
25 cm, 2nex, 256 X 192 matrix with 3-mm slice thickness)
and proton density (repetition time = 2675 ms, echo
time = 12 ms, field-of-view 220 X 165 X 140, 4 mm slice
thickness). In 2011, MRI images were obtained on a 3T Phi-
lips scanner with the following specifications: T1-weighted
(repetition time = 6.6 ms, echo time = 3.0 ms, field-of-

view 256 X 256 X 165, 1.0 mm slice thickness), T2-
weighted FLAIR (repetition time = 8000 ms, echo
time = 332 ms, field-of-view = 240 X 240 X 180,
0.43 mm slice thickness) and proton density (repetition
time = 4000 ms, echo time = 38 ms, field-of-view
230 X 187 X 148, 4 mm slice thickness). Images were
acquired axially in both instances.

2.3. Brain arterial diameter measurements

For the axial proton density images, we identified the
“black void” (Fig. 1) corresponding to the cross-sectional
diameters of the ascending portion of the supraclinoid
intracranial internal carotid artery (ICA) and the basilar ar-
tery (BA) at its most proximal segment to obtain their axial
diameters. Each void was measured twice to form an X
shape that could capture variation in arterial angle, and
both measurements were averaged to obtain the corre-
sponding arterial diameter for each given void. The diam-
eters of the left and right ICA as well as the BA were
normalized and then averaged to obtain a global measure
of diameters. We also averaged and normalized the diam-
eter of both ICAs to reflect anterior circulation diameters
and used the BA diameter alone to reflect the posterior cir-
culation flow. All arterial measurements were obtained by
a vascular neurologist. To evaluate for reliability, we ob-
tained measures of reliability in 100 scans read by a
pregraduate student and a neurologist. The intraclass corre-
lation coefficient between a pregraduate student and
vascular neurologist was 0.75 for the BA, 0.53 for the right
ICA, and 0.56 for the left ICA and the intraclass correlation
coefficient between a neurologist and vascular neurologist
was 0.77 for the BA, 0.74 for the left ICA, and 0.68 for
the right ICA. This suggests a good reliability among
more experienced readers. The relatively lower reliability
with the carotid arteries is probably due to the varying cur-
vatures and angles using axial T2 black voids as compared
with flow-based measurements.

2.4. Other MRI variables

Whole-brain WMH volumes were quantified with in-
house developed software from FLAIR images [19]. Briefly,
a Gaussian curve was fit to map voxel intensity values after
stripping the skull. Voxels >1.8 and 2.1 standard deviations
above the image mean intensity value for the first and second
imaging samples, respectively, were labeled for subsequent
quantification. The number of labeled voxels was summed
and multiplied by voxel dimensions to yield total WMH vol-
umes in cm>. Brain infarcts (cortical and subcortical) were
defined by a pathology-informed algorithm that segregates
chronic cavitated brain infarcts from large perivascular
spaces [20]. Infarcts were coded if there was a discrete hypo-
intense T1-weighted lesion >5 mm in axial diameter with a
corresponding hyperintense ring in FLAIR. This method has
good to excellent reliability [21].



J. Gutierrez et al. / Alzheimers & Dementia B (2019) 1-9 3

Very large diameters

Very small diameters

Fig. 1. Example of MRI measurements of brain arterial diameters. We measured the cross-sectional axial voids in brain MRI T2 sequences. Each artery was
measured twice as demonstrated by the green lines intersection each round void. The two measurements in each artery where averaged to account for naturally
occurring curvature and circular deformation of brain arteries as they course through the subarachnoid space intracranially.

2.5. Neuropsychological evaluation and diagnostic
procedures

Using standardized criteria, and through a consensus con-
ference, a multidisciplinary team, including neuropsycholo-
gists and neurologists reviewed the cognitive, functional,
and medical data collected at each visit and ascertained
the diagnosis of AD [22]. MRI measurements were not
included in the consensus review, and thus diagnoses were
made blind to MRI variables. For this analysis, AD was
used as the outcome of interest. We excluded participants
with AD diagnosis ascertained before, simultaneously to,
or within one year after the MRI visit to exclude prevalent
AD (N = 35).

2.6. Statistical analyses

We constructed Cox proportional models with AD as the
main outcome and brain arterial diameters as the main pre-
dictors to obtain hazard ratios and their 95% confidence in-
tervals. Time to event was defined as the time of MRI to the
time of AD diagnosis or the date last seen during follow-up.
We used separate models for the global, carotid, and basilar
arterial diameters, expressed continuously or categorized by
deciles. We first obtained the crude AD incidence rate per
1000 person-years using categories of brain arterial diame-

ters ranked by percentiles. Based on prior study relating
intracranial arterial diameters to systemic atherosclerosis
[23], we defined arbitrarily these categories as “small brain
arterial diameters” if < 10th percentile (n = 98), “average
brain arterial diameters” if > 10th but <90th percentile
(n = 801), and “large” brain arterial diameter as > 90th
percentile (n = 99). In each subsequent model, we progres-
sively adjusted for possible confounders and reported the
adjusted hazard ratios and their 95% confidence intervals.
Because normal transformation of anthropometric traits re-
lates better to certain genetic outcome [24], we explored
whether the strength and direction of association between
AD and brain arterial diameters (in standard deviations)
would differ from models using a normalized score versus
the raw diameters (in millimeters). We evaluated nonlinear
associations using restricted cubic splines macro in SAS
[25], which computes the coefficient of the spline with a pre-
determined number of knots to test the null hypothesis that a
given relationship is linear using a chi square distribution
[26]. Finally, we investigated whether the association be-
tween AD and brain arterial diameters varies by sex and
by apolipoprotein E (APOE) status. All adjusted model
included head size, the most important anthropometric
determinant of brain arterial diameters. The statistical anal-
ysis was carried out with the SAS software, version 9.4 (SAS
Institute Inc., Cary, NC).



4 J. Gutierrez et al. / Alzheimer’s & Dementia B (2019) 1-9

3. Results
3.1. Cohort description

We included 953 Washington Heights-Inwood Columbia
Aging Project participants (mean age 77 = 7'y, women 64%,
non-Hispanic white 29%, non-Hispanic black 34%, and His-
panic 37%) with available data for this analysis (Table 1).
Participants were followed on average for 4 = 3 years (range
1-13 years). During follow-up, 76 participants developed
AD (8 %).

3.2. Risk of AD and brain arterial diameters

Participants with the largest (i.e. > 90th percentile)
average carotid diameters had the highest yearly crude rate
of incident AD (37 cases per 1000 person-years) compared
to those with average (23 cases per 1000 person-years) or
smaller carotid diameters (17 cases per 1000 person-years)
or compared with any other group based on brain arterial di-
ameters (Table 2). In a time-based analysis, and adjusting
gradually for possible covariates, the rate ratio of AD was
higher among participants with larger normalized brain arte-
rial diameters, globally (HR 1.37, 1.02-1.83), but particu-
larly among those with larger normalized carotid arterial
diameters (HR 1.44, 1.07-1.94, Table 3). The strength of as-
sociation between larger normalized carotid arterial diame-
ters and AD risk did not change after adjusting for brain
infarcts or WMH volume. There was no association between

Table 1
Characteristics of the sample studied (N = 953).
Incident
Alzheimer’s
Nondemented dementia P
(N = 877) (N = 176) value
Age (mean = SD) 76.6 + 6.3 80.7 = 6.0 <.001
Female sex (%) 63 79 .005
Ethnicity (%)
Non-Hispanic white 29 16 <.001
Non-Hispanic black 35 26
Hispanic 34 58
Years of education (mean * SD, 11 x5 8£5 <.001
median, IQR)
Hypertension (%) 64 49 .006
Diabetes (%) 21 15 .19
Dyslipidemia (%) 35 22 .02
Current smoking (%) 5 7 .52
Apo E4 (%, homo- or heterozygous) 27 35 11
Silent brain infarcts (by MRI, %) 35 38 .61
White matter hyperintensities 41 %60 4.6 =56 .50
volume (mean = SD)
Right ICA diameter (in mm, 4.1 0.7 4.1 £0.7 34
mean = SD)
Left ICA diameter (in mm, 42 *0.8 4.1 £0.8 25
mean = SD)
Basilar artery (in mm, mean = SD) 2.6 = 0.7 24+ 0.7 .59

Abbreviations: SD, standard deviation; IQR, interquartile range; APO,
Apolipoprotein; MRI, magnetic resonance imaging; ICA, right internal ca-
rotid artery; mm, millimeter.

the normalized BA diameter and AD risk. Using raw diam-
eters demonstrated a similar direction of the association as
when using normalized diameters but with a smaller effect
size. The relationship between brain arterial diameters and
AD risk is shown in Fig. 2.

Plotting the risk of AD over time by brain arterial diam-
eter evidence that the risk of AD for those with large average
carotid arteries rose after the 4th year of follow-up, whereas
the trajectories of risk were equivocal for the other groups
(Fig. 2, column 2).

3.3. Risk of AD and brain arterial diameters by APOE-¢4
status and sex

In a stratified analysis by APOE-€4, the point estimate of
risk was similar for carotid diameters in APOE-g4—negative
versus —positive participants (HR 1.47 vs. 1.79, P = .76 for
the interaction, Table 4). The point estimate of risk attribut-
able to BA diameters was higher, but not significantly
different, for APOE-g4—negative versus APOE-g4—positive
participants (HR 1.16 vs. 0.67, P = .27 for the interaction,
Table 4). There was no statistical interaction between brain
arterial diameters with sex (P = .47 for the interaction,
Table 4).

4. Discussion

Brain arterial diameters are imaging biomarkers of
vascular health: very small or very large brain arterial diam-
eters are pathological, and predict higher vascular risks [15].
We tested the hypothesis that brain arterial diameters may
relate to AD risk. We present evidence that in individuals
from a multiethnic urban cohort, those with larger carotid ar-
teries are at a higher risk of AD independent of vascular risk
factors and of MRI evidence of cerebrovascular disease.
Although our study is underpowered to definitively confirm
effect modification by sex or APOE-¢g4 status, our data sug-
gest that the risk may be higher among women. These results
confirm recent observations that larger brain arterial diame-
ters (measured by MRA) relate to poorer cognitive perfor-
mance and greater cognitive decline over time [16], as
well as to pathological evidence relating brain arterial dila-
tation occurring as part of aging with AD independent of
brain infarcts or ILAA [17]. The association between dilated
arteries and AD may imply a role in the pathogenesis but
further work would be needed to establish such a causal
inference.

In the absence of repeated measures of brain arterial diam-
eters in the sample or mechanistic data, it is worth discussing
plausible pathophysiological models that may help in
contextualizing the reported associations. The first argument
pertains to the coupling between brain metabolic demand and
brain arterial diameters. In addition to the expected differ-
ence in brain arterial diameters dictated by the metabolic de-
mands of the supplied organ, there are acquired and inherited
factors that may contribute to brain arterial remodeling [27].
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Table 2

Crude Alzheimer’s disease incidence rate per 1000 person-year by brain arterial diameters category.

Average carotid and basilar diameters

Average carotid artery diameters ~ Basilar artery

Incidence rate

(95% confidence intervals)

Incidence rate
(95% confidence intervals)

Incidence rate
(95% confidence intervals)

Diameters < 10th percentile
Diameters between the 10th to 90th percentile
Diameters > 90th percentile

19.6 (9.8-31.1)
27.6 (9.8-39.2)
29.1 (13.1-64.9)

17.3 (8.2-36.3)
26.6 (20.7-34.2)
48.7 (24.4-97.4)

249 (11.9-52.3)
26.2 (20.4-33.6)
31.8 (15.2-66.8)

In principle, the greater the brain metabolic demand the
higher the need for blood supply. This is demonstrated by
the positive linear relationship between the middle cerebral
artery diameter with the percentage of the hemisphere sup-
plied by this artery [28], and the strong positive correlation
between head size (a surrogate of brain volume) with brain
arterial diameters [29]. This biological principle, that is,
the supply matches the demand, is intuitive and it is not
restricted to the brain and its arteries, but also applies to aortic
(matching the body surface area) [30] and coronary diame-
ters (matching heart weight) [31]. AD consists of neuronal
loss [32,33] and decreased brain metabolic activity [34].
Together, these changes will most likely lead to decrease
and not increase blood flow demand. Arteries remodel out-
ward with increased and not decreased blood flow [35,36].
Consequently, the notion that neurodegeneration of the
brain parenchyma precedes or is causally related to
dilatation of the carotid arteries, which supply more than
75% of the total brain flow [28,37], is counterintuitive, and
consequently it may not be the underlying explanation to
the findings reported here.

The association between larger carotid diameters and AD
risk may also be explained by shared risk factors. For
example, traditional risk factors such as hypertension and
smoking have been associated with AD risk [38,39], as
well as with dilatation of the brain arteries [14]. Confound-
ing effects by traditional vascular risk factors as an explana-

Table 3
Risk of Alzheimer’s disease and brain arterial diameters.

tion to our findings is less likely given that the point estimate
for AD risk attributable to carotid artery dilatation changed
little after adjusting for traditional vascular risk factors. It is
also possible that carotid artery dilatation and AD may share
common genes, or that genes relating to AD risk or carotid
artery dilatation are in linkage disequilibrium with other
causative genes. There is data that partially support this hy-
pothesis. For example, in a large meta-analysis of >30,000
individuals with GWAS, some single-nucleotide polymor-
phisms that correlated with head size also correlated with
height. In this same sample, there was a high genetic corre-
lation between intracranial volume with adult cognitive
function and Parkinson’s disease [40]. Therefore, it is
possible that genes related with morphometric traits, such
as brain arterial diameters, will also relate to cognition.
We have previously reported that the single most important
anthropometric trait associated with brain arterial diameter
is intracranial volume, and in the absence of intracranial vol-
ume, height is the second best predictor [29]. It is possible
that some single-nucleotide polymorphisms determining
height may determine brain arterial diameters and may
correlate with adult cognition. Interestingly, there was no ge-
netic correlation between AD and intracranial volume, but
the study did not consider brain arterial diameter (a more
direct trait to brain blood supply) as a possible confounder.
The potential confounding role for shared genes should be
further explored.

Model 1

Model 2 Model 3 Model 4

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Normalized carotid and basilar arteries average diameter 1.31 (1.02-1.67)
(per SD)

Normalized carotid arteries average diameter (per SD)

Normalized basilar artery diameter (per SD)

Raw carotid and basilar arteries average diameter
(per mm)

Raw carotid arteries average diameter (per mm)

Raw basilar artery diameter (per mm)

1.37 (1.06-1.77)
1.07 (0.82-1.37)
1.17 (1.01-1.36)

1.25 (1.04-1.51)
1.09 (0.78-1.56)

1.36 (1.04-1.77)

1.46 (1.11-1.1.93)

1.04 (0.79-1.36)
1.20 (1.03-1.40)

1.31 (1.08-1.60)
1.06 (0.72-1.54)

1.35 (1.03-1.76)

1.47 (1.11-1.94)
1.01 (0.77-1.33)
1.20 (1.02-1.40)

1.32 (1.08-1.61)
1.02 (0.70-1.50)

1.39 (1.06-1.83)

1.49 (1.12-1.97)
1.04 (0.79-1.39)
1.22 (1.03-1.43)

1.33 (1.08-1.63)
1.08 (0.72-1.60)

Abbreviations: CI, confidence interval; SD, standard deviation; mm, millimeter.

Analytic notes:
Model 1: Adjusted for head size and brain MRI strength.

Model 2: Model 1 plus age (at the time of MRI), sex, ethnicity, and years of education.

Model 3: Model 2 plus hypertension, diabetes, dyslipidemia and smoking.

Model 4: Model 3 plus silent brain infarcts and white matter hyperintensities volume.
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A Timecourse of risk of AD by brain arterial diameters used categorically
Carotid

Carotid

Basilar artery

and basilar diameters

/'\ 05

010 /

005 /

DO QLN T

Follow-up time (in years)

artery diameters

4 6

diameter

——o—— Average diameters —e—— Large diameters ——e—— Small diameters

Carotid
and basilar diameters

OrF oM Q- ®NT

Carotid

artery diameters

Brain arterial diameters (by standard deviation)

Risk of AD by brain arterial diameters used continuously

Basilar artery
diameter

Fig. 2. Risk of Alzheimer’s disease (AD) and brain arterial diameters. The top row described the risk of AD by time. It is apparent that the risk of AD increases
after year 5 of follow-up. Among participants with large carotid arteries, the risk increases substantially compared with those with small or more average carotid
artery diameters. There appeared to be u-shaped relationship between basilar artery diameters and risk of AD, but the association was not statistically significant.

A third possible explanation is that carotid artery dilata-
tion may precede or cause neuronal degeneration. For
example, there is evidence that arterial dilatation is accom-
panied by elastin loss and fragmentation of the internal
elastic lamina, features that most likely increase brain arte-
rial stiffness [17,41]. There is also evidence that arterial
stiffness begins in the aorta early in life, and with aging,

Table 4

spreads to peripheral branches, and eventually the brain
[41-43]. It is rare to have brain arterial disease in the
absence of aortic or cervical carotid disease, and thus a
centrifugal spreading of arterial disease is a model better
supported by the current literature [44.,45]. In this context,
brain arterial dilatation may be considered a biomarker of
generalized arterial stiffness. The relationship between

Risk of Alzheimer’s disease and brain arterial diameters by APOE-g4 status and sex.

Hazard ratio (95% CI)

APOE-€4 negative

APOE-€4 positive

P value for the interaction

Normalized carotid and basilar arteries average diameter (per SD) 1.41 (0.99-2.01) 1.42 (0.86-2.36) .95

Normalized carotid arteries average diameter (per SD) 1.45 (1.00-2.11) 1.71 (1.03-2.84) .79

Normalized basilar artery diameter (per SD) 1.12 (0.78-1.61) 0.81 (0.48-1.36) .53
Men ‘Women

Normalized carotid and basilar arteries average diameter (per SD) 2.04 (1.10-3.79) 1.29 (0.94-1.76) 51

Normalized carotid arteries average diameter (per SD) 2.27 (1.13-4.59) 1.38 (1.01-1.89) 47

Normalized basilar artery diameter (per SD) 1.39 (0.72-2.67) 0.97 (0.70-1.36) 54

Abbreviations: CI, confidence interval; SD, standard deviation; mm, millimeter.

Analytic notes:
Model 1: Adjusted for head size and brain MRI strength.

Model 2: Model 1 plus age (at the time of MRI), sex, ethnicity, and years of education.
Model 3: Model 2 plus hypertension, diabetes, dyslipidemia, and smoking.
Model 4: Model 3 plus silent brain infarcts and white matter hyperintensities volume.
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arterial stiffness and AD risk is supported by the fact that
central measures of aortic stiffness are related to poorer
cognition [46,47] and to brain amyloid deposition [48]. If
the link between systemic arterial stiffness and AD risk is
further confirmed, it would offer a plausible and novel path-
ophysiological model for explaining the abundant data
relating vascular risk factor and vascular disease to AD
risk [49].

The results presented here may be generalizable to
similar multiethnic cohorts. The role of brain arterial dila-
tation in middle-age adults or in other ethnicities is less
certain. The measurement of brain arterial diameters using
axial T2 images is not unprecedented [50], but using a
more proper imaging modality to assess the lumen (i.e.,
MRA) would decrease error and may produce narrower
confidence intervals. Furthermore, we do not have data
regarding the collateral status through the circle of Willis
nor the prevalence of intracranial stenosis, which is a lim-
itation. This limitation is especially important because we
have reported that the combined diameter of the left poste-
rior cerebral artery and the left posterior communication
artery may relate to episodic memory and is associated
with greater cognitive decline [51]. Consequently, we
cannot rule out a contribution of the posterior circulation
to the risk of dementia. In addition, we do not believe
that the lack of intracranial stenosis data may negate the re-
ported association between carotid arterial dilation and AD
given that intracranial stenosis relates to atherosclerosis,
and atherosclerosis is not often found pathologically in
dilated brain arteries [52,53]. The persistent association
between AD risk and brain arterial diameters expressed
as millimeters or as standard deviations suggests that raw
diameters may be useful and easier to extrapolate to
clinical populations.

In summary, and with these limitations in mind, we pre-
sent data showing that carotid artery dilation is associated
with a higher risk of AD. Understanding the mechanism
by which carotid artery dilatation increases the risk of AD
may offer a novel insight into the pathophysiology of AD
and thus lead to explore new pathways to curb the societal
burden of AD.
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RESEARCH IN CONTEXT

1. Systematic review: Imaging biomarkers of cerebro-
vascular disease, such as brain large artery atheroscle-
rosis, brain infarct, or white matter hyperintensities,
have been associated with an increased risk of Alz-
heimer’s disease (AD). Brain arterial dilatation has
been associated with an increased risk of vascular
events and cognitive decline, but whether individuals
with brain arterial dilatation are at a higher risk of AD
remains unexplored.

2. Interpretation: In this work, we found evidence that in-
dividuals with brain arterial dilatation are at a higher
risk of AD independent of demographics, vascular
risk factor, education, brain infarcts, and white matter
hyperintensities. There was no evidence of effect inter-
action by sex or APOE-g4.

3. Future directions: Confirming these results mecha-
nistically may point a new direction in the under-
standing of the vascular contribution to AD.
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