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Mechanisms underlying brain arterial remodeling are uncertain. We tested the hypothesis
that arterial size and location are important determinants of arterial characteristics.
We collected large and penetrating brain arteries from cadavers with and without
HIV. Morphometric characterization was obtained from digital images using color-based
thresholding. The association of arterial size and location with lumen diameter, media and
adventitia area, media proportion, a wall thickness, wall-to-lumen ratio and stenosis was
obtained with multilevel mixed models and a P value ≤ 0.05 was considered significant.
We included 336 brains, in which 2279 large arteries and 1488 penetrating arteries
were identified. We found that arterial size was significantly associated with all arterial
characteristics studied of large and penetrating arteries with exception of arterial stenosis
in large arteries. After adjusting for size, an independent association was found between
lumen diameters, media and adventitia thickness with artery locations. Arterial stenosis
was also associated with artery location in both large and penetrating arteries. In summary,
significant effects of size and/or location were found in arterial characteristics typically used
to define arterial remodeling. Brain arterial remodeling characteristics differ across arterial
sizes and location, and these differences should be controlled for in future studies of brain
arterial remodeling.
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INTRODUCTION
Arterial remodeling is the process in which arteries undergo
structural and functional changes upon exposure to biologi-
cal stimuli including mechanical and chemical factors. Arterial
remodeling represents an adaptive response that leads to differ-
ent phenotypes, including thickening or thinning of the arterial
wall, lumen dilatation or narrowing of the lumen, or combina-
tions of these (Gibbons and Dzau, 1994). This adaptive response
can sometimes turn pathological and cause disease. For exam-
ple, atherosclerosis, a form of inward remodeling, is associated
with myocardial infarction (MI) and stroke, two of the leading
causes of mortality and disability in the US (Mosca et al., 2013).
Progressive dilatation of the aorta can lead to aortic aneurysm, a
form of outward remodeling, that can rupture and cause death
(Mcmillan et al., 1997). Although less well studied, there is evi-
dence suggesting that progressive dilatation of brain arteries, i.e.,
dolichoectasia (DE), is associated both with compressive effects
on adjacent brain tissue and greater risk of cerebrovascular events
(Passero and Rossi, 2008; Gutierrez et al., 2011a,b). It is thought
that vascular risk factors play a role in the development of DE,

but it can also occur in their absence (Gutierrez et al., 2011a,b).
Understanding the mechanisms underlying arterial remodeling
offers an opportunity to understand the physiopathology of arte-
rial disease and to identify pathways that can lead to new, targeted
therapeutic interventions.

Infection with HIV has also been associated with DE
(Kossorotoff et al., 2006; Eugenin et al., 2008; Goldstein et al.,
2010; Gutierrez and Ortiz, 2011). The mechanisms underlying
this association are not fully understood. There is evidence, how-
ever, that the in the era of effective anti-retroviral (ARV) therapy,
the aging population with HIV infection has an increasing preva-
lence of vascular events and dementia as a major cause of morbid-
ity and mortality (Hassler, 1962; Connor et al., 2000; Triant et al.,
2007; Ovbiagele and Nath, 2011). Multiple mechanisms have been
invoked to try to explain this phenomenon. For example, some
investigators have found an increased prevalence of traditional
vascular risk factors in the HIV population compared to non-HIV
controls (Guaraldi et al., 2011; Gutierrez et al., 2013a,b). The use
of some ARV is associated with dyslipidemia and with the subse-
quent development of MI (Friis-Moller et al., 2003; Worm et al.,
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2010). Direct viral infection of the arterial wall and myocardium
has been invoked as the cause of HIV vasculopathy and car-
diomyopathy in adults and children (Herskowitz et al., 1994;
Eugenin et al., 2008). We and others have demonstrated patho-
logical evidence of brain arterial remodeling associated with HIV,
but the small samples in these studies preclude a firm conclusion
about the specificity for this change to HIV or other HIV-related
co-morbidities (Eugenin et al., 2008; Gutierrez et al., 2012a,b).
However, prior studies have not systematically controlled for
expected differences in arterial characteristics according to their
size, which presumably might lead to estimates errors.

We assembled a collection of cadaveric large and penetrating
(i.e., small) brain arteries, the Brain Arterial Remodeling Study
(BARS), with the overall purpose of studying the mechanisms
underlying brain arterial remodeling related to aging and to vas-
cular risk factors, with particular focus on the ways in which HIV
infection alters this remodeling. The goal of this initial analysis is
to test the hypothesis that arterial size (as determined by interad-
ventitial diameter) and location (e.g., internal carotid vs. middle
or anterior cerebral artery) are significant determinants of lumen
diameter, media thickness, media proportion, adventitia thick-
ness, wall thickness, wall-to-lumen ratio and degree of stenosis
that may need to be considered in future studies of brain arterial
remodeling.

MATERIALS AND METHODS
Arteries were obtained from 336 brains, from which 2279
large brain arteries and 1488 penetrating arteries were collected
(Figure 1). The brains were obtained from four different sources
of tissue collection, including the Manhattan HIV Brain Bank
(MHBB) at the Mount Sinai School of Medicine (N = 189),
the Macedonian/New York Psychiatric Institute Brain collec-
tion (N = 104), the New York Brain Bank/Alzheimer’s Disease
Research Center at Columbia University (N = 25), and the Brain
Endowment Bank at University of Miami (N = 18). The descrip-
tions of each tissue collection, the population from which the
brains were obtained, and the variable definitions are listed
in Table 1. Two clinical groups of interest were identified as
cases: individuals with HIV (N = 138) and individuals with
pathologically-confirmed Alzheimer disease (AD) as a model of
pathological aging (N = 25). HIV(−) and AD(−) controls were
matched 1:1 by age (±5 years) and sex, where possible, to the
cases. All brain sources had approval by the IRB at their respective
institutions.

The components of the circle of Willis were identified
in brains in 10% buffered formalin and dissected from the
brain parenchyma for better visualization and handling. Five-
millimeter transverse arterial blocks were obtained from the
proximal (i.e., closer to the heart) and distal (just proxi-
mal to a bifurcation) locations of the supraclinoid internal
carotid artery (ICA), the first segments of the middle, ante-
rior, and posterior cerebral arteries, the basilar artery (BA)
and the intracranial portion of the vertebral arteries (VA)
according to availability from both hemispheres. An additional
5-mm arterial segment was obtained from the proximal loca-
tion of the second segment of the middle cerebral artery
(MCA) after its primary bifurcation (Figure 1). Arteries were

embedded in paraffin and 6-µm thick cuts were obtained for
H&E, elastic Van Gieson (EVG), trichrome and Congo red
staining. Digital images were obtained from stained arteries
using Olympus Soft Imaging Solutions software and a micro-
scope with constant illumination, with 10× magnification and
scale = 0.643 µm/pixel. Penetrating arteries were identified
as smaller arteries seen in the periphery of a large artery
(Figure 1).

The methods used to obtain morphometric arterial charac-
teristics have been previously described with good-to-excellent
reliability for quantitative measurements (Gutierrez et al., 2012a).
Color-based thresholding was applied to EVG digital files
using ImageJ software (WS Rasband, ImageJ, U.S. National
Institutes of Health, Bethesda, Maryland, USA, imagej.nih.
gov/ij/, 1997–2011) to quantify the areas of the lumen and arte-
rial layers. A shrinkage-correction factor of 1.25 for areas and 1.16
for perimeter was applied to all measures obtained (Glagov et al.,
1987; Stary et al., 1992). Additional arterial characteristics were
obtained using standard mathematical formulas (Supplementary
file). Arterial stenosis was determined using the method described
by Glagov et al. (1987).

STATISTICAL ANALYSIS
Seven characteristics were used as dependent variables for the
analysis of arterial anatomy and pathology: lumen diameter,
media thickness, proportion of the wall occupied by the media
(i.e., media proportion), adventitia thickness, wall thickness (i.e.,
intima, media and adventitia), wall-to-lumen ratio and degree of
stenosis. Because large differences in size among large and pene-
trating arteries, stratified analysis was carried out by artery type
(i.e., large vs. penetrating arteries). The assumptions of normal-
ity, linearity and homoscedasticity were assessed with histograms,
skewness, kurtosis (<1.0 were considered compatible with nor-
mal distribution), and Q–Q plot. When doubt remained, we
also used Kolmogorov–Smirnov test for further assessment. Data
transformation was used to achieve normality or near-normality
as recommended elsewhere (Nishioka et al., 1996; Tabachnick
and Fidell, 2007). In light of the co-dependence among arteries
obtained from the same individual and the variable number of
arteries per case, we used multilevel mixed models to evaluate for
a statistically significant association between the dependent vari-
ables with arterial size. If the association was found significant,
then adjustment for arterial size was carried out by dividing the
dependent variables by interadventitial diameter. A new model
was run using artery location as a predictor of the size-adjusted
estimate to see whether a lasting effect can be ascertained to arte-
rial location independent of size. Type III effects were used to
obtained beta coefficients and their standard errors. The statis-
tical software used for the analysis was SAS software, version 9.3
(SAS Institute Inc., Cary, NC).

RESULTS
SAMPLE CHARACTERISTICS
The sample mean age was 52.8 ± 14.5 SD years (median 50,
IQR 16, range 21–102), 32% were women, 22% Hispanic, 28%
Black, and 50% non-Hispanic white. HIV was present in 41%
(N = 138) and 8% (n = 25) had AD.

Frontiers in Physiology | Vascular Physiology February 2014 | Volume 5 | Article 56 | 2

http://www.frontiersin.org/Vascular_Physiology
http://www.frontiersin.org/Vascular_Physiology
http://www.frontiersin.org/Vascular_Physiology/archive


Gutierrez et al. Brain arterial remodeling study

FIGURE 1 | Examples of arterial identification. (A) Circle of Willis, identification, and section of arterial segments. (B) Identification of penetrating arteries
neighboring the parent large artery. D, distal; P, proximal.

BRAIN ARTERIAL ANATOMY
The number of large artery segments available from each case var-
ied depending on the methods in each independent study. The
number of arterial segments ranged from 1 to 18, with a mean of
7 segments per case; 90% of the cases had 4 or more segments.
In 38% of the cases, homologous arteries from both hemispheres
were included.

The interadventitial diameters of large arteries ranged from
7.8 to 1.0 mm (Mean 3.0 ± 0.9 mm). As the large arteries

enter the skull and give off branches, they decrease in size.
Comparing proximal vs. more distal segments of the same large
artery, not only did the large arteries taper in interadventi-
tial diameter, but the lumen and all the components of the
arterial wall also became smaller. The exception to this rule
appears to be the posterior cerebral artery (PCA), in which
the wall is thicker distally compared to the more proximal seg-
ment (Table 2). The percentage of lumen stenosis appears greater
in larger arteries, although the difference is less marked than
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Table 1 | Characteristics of the tissue repositories from which the brain arteries were obtained.

Manhattan HIV Brain

Bank (MHBB)

Macedonian/NYSPI Brain

Collection

New York Brain Bank

(NYBB)

Brain Endowment Bank

(BEB)

Institution Mount Sinai School of
Medicine

New York Psychiatric
Institute

Columbia University
Medical Center

University of Miami

Type of study Cohort, living subjects
followed prospectively until
they die

Cross-sectional,
retrospective data collection

Cross-sectional,
retrospective data collection

Cross-sectional,
retrospective data collection

Population studied Individuals with HIV and
HIV negative controls

Individuals with psychiatric
diseases and negative
controls

Individuals with
neurodegenerative disease
including AD

Individuals with neurological
and psychiatric diseases
and negative controls

Number of donors
for this study

N = 189
(HIV+ = 133)

N = 104
(AD+ = 1, All HIV−)

N = 25
(All HIV−, AD+)

N = 18
(HIV+ = 5, all AD−)

Origin of the studied
sample

Predominantly from inner
city neighborhoods in
Manhattan (East and
Central Harlem), Bronx, and
Brooklyn, NY

78% obtained from
Macedonia, 22% obtained
from a hospital-based
autopsy service in NY

Metropolotan area of New
York, NY

Metropolitan area, Miami,
FL

Vascular risk factor
definition

Chart review, self-report
during professional
interview, or inferred based
on medication list

Chart review of subjects
who die institutionalized,
and/or psychological
autopsy based on family
interviews

Chart review, self-report by
interview of prospective
donors

Chart review, self-report by
interview of prospective
donors

Laboratory results Obtained at scheduled
visits during follow up

Retrieved from chart
reviews when available

Retrieved from chart
reviews when available

Retrieved from chart
reviews when available

Website link MHBB M/NYPSI Brain Collection NYBB BEB

Age (mean ± SD) 50.0 ± 10.6 50.3 ± 11.9 81.9 ± 9.8 55.7 ± 23.1

Male sex (%) 70 71 44 56

Ethnicity (%)

NH-whites 24 88 88 67

NH-Blacks 41 7 0 33

Hispanics 35 5 12 0

Abbreviations: AD, Alzheimer Dementia; NH, non-Hispanic; SD, standard deviation; NYSPI, New York Psychiatric Brain Institute.

other arterial characteristics. The relative thickness of the arte-
rial wall compared to the lumen diameter (wall-to-lumen ratio)
increases as the artery becomes more distal in most large arteries,
with the exception of the ICA where the wall becomes rela-
tively thinner compared to the lumen as it enters the brain
(Figure 2A).

The interadventitial diameters of the penetrating arteries
ranged from 66 to 1902 µm (Mean 401 ± 256 µm). The size of
the penetrating arteries was directly related to the size of the par-
ent vessel in the anterior circulation, but it was inversely related
in the vertebrobasilar system. Specifically, the penetrating arter-
ies from the ICA were larger than those of the MCA, which
were larger than those of the anterior cerebral artery (ACA).
The penetrating arteries from the VA, however, were larger than
those of the BA despite the BA having a larger diameter than
the VAs. The penetrating arteries arising from distal segments of
large arteries were larger than those of the proximal segments of

the same artery, with the exception of the ACA and ICA where
proximal segments were actually larger (Table 3). The wall-to-
lumen ratio varies by penetrating artery size. In larger penetrating
arteries, the lumen is proportionally wider than in smaller pen-
etrating arteries where the wall occupies a greater proportion
of the total arterial area (Figure 2B). The absolute thickness of
the media decreases as the penetrating artery becomes smaller
distally but the proportion of wall thickness occupied by the
media remains more stable at about a third of the total wall
thickness.

RELATIONSHIP OF ARTERY LOCATION AND SIZE TO ARTERIAL
CROSS-SECTION MEASURES
We evaluated the associations between arterial size (as determined
by interadventitial diameter) with each of the elements evaluated
in Tables 2, 3. All the studied characteristics were significantly
associated with arterial size, with the notable exception of the
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FIGURE 2 | Relationship between arterial size and wall-to-lumen ratio.

(A) Large arteries, largest to smallest. (B) Penetrating arteries, largest to
smallest.

degree of stenosis. The estimates were consistent among the dif-
ferent clinical groups (Table 4). We observed that the effects of
arterial size were very similar for the lumen, wall thickness and
media thickness of large and small arteries. The beta coefficients
for adventitia thickness, wall-to-lumen ratio and media propor-
tion were greater for small arteries than for large arteries. Larger
arteries did not have greater degree of stenosis, but a relation-
ship between arterial size and stenosis was noted for penetrating
arteries.

Adjusting for size demonstrated an independent association
between artery location with lumen diameter, media thickness
and adventitia thickness in both, small and large arteries. For wall
thickness, wall-to-lumen ratio and media proportion, control-
ling for size sufficed to explain differences among arteries with
no independent effect attributed to artery location. Controlling
for size disclosed an independent effect of artery location with
stenosis for large arteries. For small arteries, stenosis was neg-
atively associated with arterial size. After adjusting for size, an
independent association was found between stenosis and arterial
location.

DISCUSSION
The BARS represents a collection of large and penetrating arteries
assembled to study brain arterial remodeling and its association
with cerebrovascular events and dementia. Issues pertaining to
the brain arterial anatomy are of great importance and should
be considered when studying brain arterial remodeling, indepen-
dent of the studied population. We have demonstrated that the
assumptions of arterial characteristics vary significantly by size
and location of the arteries studied. Because each of our cases is
represented by a different number and arterial locations, we will

have to use size-adjusted arterial characteristics for all aspects of
remodeling presenting in this analysis and also adjust by artery
location when studying the lumen, the media and adventitia
thicknesses and stenosis so that estimates we obtain are reflective
of the factors used to model the outcomes and not a result of the
random selection of arteries included per case.

We found that the effects of size on different arterial charac-
teristics were relatively fixed across clinical groups, which suggest
that by principle, arterial size accounts for a proportion of the
variance across individuals regardless of the clinical character-
istics studied in this report. Whether this can be extended to
other groups remains uncertain. These findings strengthen our
argument that adjusting for size is of paramount importance
when arteries obtained from different locations and of differ-
ent sizes are analyzed. This is applicable to small and large
arteries. We found that the beta estimates for lumen, wall and
media absolute thicknesses were almost identical between large
and small arteries. This might suggest that for any given size,
there is a fixed demand in wall tensile strength as given by
the wall and media thicknesses (Gasser et al., 2006). Based
on the different beta coefficients of small arteries compared
to large arteries, it can be inferred that the adventitia is rela-
tively thicker, that the wall is proportionally thicker than the
lumen and that the media is relatively thinner in the smallest
arteries.

Arterial stenosis of large arteries was not significantly associ-
ated with arterial size per-se, but it was with artery location. The
propensity of some arterial locations to develop stenosis might
be related to factor not attributable to size per se, for example,
anterior vs. posterior circulation. There might be some value in
studying why brain arteries have differences in morphometric
features that are exclusive of size per-se or of location. Because
the anterior and the posterior circulation differ in their embry-
ological origins, branching patterns, and flow velocities, it may be
that some differences found by arterial location might be related
to posterior vs. anterior circulation, although that is a secondary
analysis that will also be explored in the future in the context of
demographic and clinical data that we purposefully left out of this
first analysis.

Studying the remodeling of brain arteries has a long history.
Pioneers of brain arterial pathology have described their obser-
vations over the last centuries, with incremental sophistication
in their methods (Willis et al., 1684; Morgagni, 1761; Durand-
Fardel, 1854; Padget, 1944; Hassler, 1962; Fisher, 1965). However,
we find many reasons to justify a renewed interest in this topic.
Most of the old studies included populations with no risk fac-
tor control and therefore, likely to have exaggerated forms of
arterial damage. Socioeconomic and demographic variables have
changed significantly in the US and make these old findings
less generalizable to the current US population, particularly to
those with HIV. Finally, newer techniques to evaluate protein
expression, in the form of immunohistochemistry, RNA quantita-
tion, and proteonomics, can generate mechanistic proposals that
lead to newer, target interventions to modify pathological arte-
rial remodeling. We and others have used these newer imaging
techniques to study arterial lumen- and/or wall-based remodeling
in contemporary samples. However, purely lumen-based studies
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Table 4 | Beta coefficients for arterial size in association with arterial characteristics by clinical group.

Arterial Artery HIV−, AD− HIV+, AD− HIV−, AD+
characteristic type (beta coefficient ± SE ) (beta coefficient ± SE ) (beta coefficient ± SE )

Artery size Artery location Artery size Artery location Artery size Artery location

(interadventitial) (after adjusting) (interadventitial) (after adjusting) (interadventitial) (after adjusting)

(diameter, um) (by size) (diameter, um) (by size) (diameter, um) (by size)

Lumen
(um)

LA 0.81 ±0.007 −0.006 ± 0.0002 0.82 ±0.007 −0.005 ± 0.0002 0.80 ±0.002 −0.008 ± 0.0007

SA 0.79 ±0.005 −0.001 ± 0.0002 0.80 ±0.006 −0.001 ± 0.0003 0.82 ±0.012 − 0.001 ± 0.0006

Wall thickness
(um)

LA 0.09 ±0.003 0.0003 ± 0.0002 0.09 ±0.003 0.0001 ± 0.0002 0.10 ±0.008 0.0006 ± 0.0005

SA 0.10 ±0.003 −0.001 ± 0.028 0.10 ±0.003 −0.001 ± 0.001 0.09 ±0.006 −0.002 ± 0.001

Media
thickness (um)

LA 0.03 ±0.001 −0.001 ± 0.0001 0.03 ±0.001 −0.001 ± 0.0002 0.02 ±0.002 0.001 ± 0.0005

SA 0.04 ±0.001 −0.002 ± 0.0006 0.04 ±0.002 −0.004 ± 0.0007 0.04 ±0.003 −0.004 ± 0.001

Adventitia
thickness (um)

LA 0.01 ±0.001 0.001 ± 0.0002 0.02 ±0.001 0.001 ± 0.0003 0.01 ±0.002 0.001 ± 0.0006

SA 0.05 ±0.002 −0.002 ± 0.0006 0.04 ±0.002 −0.002 ± 0.0008 0.04 ±0.005 − 0.001 ± 0.001

Wall-to-lumen
ratio

LA 0.001 ± 0.0001 0.0002 ± 0.0001 0.001 ± 0.0001 0.0002 ± 0.0001 0.001 ± 0.0001 0.0001 ± 0.0002

SA 0.004 ± 0.0002 −0.0001 ± 0.0006 0.005 ± 0.0004 −0.0002 ± 0.0007 0.005 ± 0.0004 0.002 ± 0.001

Media
proportion (%)

LA −0.001 ± 0.0002 0.76 ± 0.60 −0.001 ± 0.0002 −0.73 ± 0.65 −0.003 ± 0.0006 0.77 ± 0.19

SA 0.007 ±0.001 0.04 ± 0.02 0.008 ±0.001 0.04 ± 0.02 0.008 ± 0.002 −0.02 ± 0.03

Stenosis
(%)

LA 0.0005 ± 0.0003 0.002 ± 0.0004 0.0001 ± 0.0003 0.002 ± 0.0005 − 0.0006 ± 0.0008 0.003 ± 0.001

SA −0.007 ± 0.0007 0.007 ± 0.001 −0.006 ± 0.001 0.008 ± 0.002 −0.005 ± 0.002 0.004 ± 0.002

Statistical significance:

P-value ≤ 0.05.

P-value > 0.05.

Abbreviations: AD, Alzheimer Dementia; SE, standard error; LA, large artery; SA, small artery; um, micrometers.

can underestimate the degree of arterial disease since the lumen is
not usually affected until later in the remodeling process (Glagov
et al., 1987). For the wall imaging studies, the imaging resolution
is usually not less than 200 microns per pixel, which is not enough
to decipher precisely the thickness of each arterial layer (Gutierrez
et al., 2011a,b; Skarpathiotakis et al., 2013). Based on these limi-
tations, we believe that a pathology study with a reliable arterial
characterization as we have attempted is of high importance
for the better understanding and treatment of cerebrovascular
diseases.

Because HIV-associated brain arterial remodeling is a major
focus of interest, the demographic structure of the sample reflects
an attempt to match 1:1 in age and sex the cases with HIV.
Comparing age- and sex-matched individuals with and without
HIV in a large sample should help elucidate whether HIV infec-
tion is associated with a unique arterial pathophysiology or if
the associated sociodemographic and clinical variables explain
the arterial changes observed in arteries from those with HIV
(Chetty et al., 2000; Connor et al., 2000; Gutierrez et al., 2012a,b).
The increased life expectancy of individuals infected with HIV in
the post-ARV era has led to a shift in the morbidity and mor-
tality profile compared to those in the pre-ARV era (Hooshyar
et al., 2007). Vascular disease and dementia are major contrib-
utors to morbidity and mortality in the aging HIV population,
but it remains unknown to what extent HIV infections per-se

are responsible for the increased rates of dementia and stroke as
opposed to the contribution of vascular risk, comorbidities, and
aging itself (Hassler, 1962; Ovbiagele and Nath, 2011; Gutierrez
et al., 2013a,b). To test the hypothesis that HIV infection has an
independent effect on arterial remodeling, we included individ-
uals with HIV with age ranging from 30 to 84 years old. Forty
percent are older than 40 years and 10% are older than 60 years.
To explore the hypothesized contribution of HIV to pathological
aging, we also included in the sample individuals with AD that
would allow comparisons of arterial characteristics observed in
these individuals to those with HIV.

The detailed characterization of the arteries in this study, the
relatively large sample, and the variety of demographic and vas-
cular risk factors included in the BARS are major strengths.
However, autopsy-based studies are not usually considered a
good source of generalizable results but rather provide accu-
rate and more precise data from which to generate hypotheses
about pathophysiology that can later be tested at a population
level (Saracci, 1993; Haneuse et al., 2009). Selection bias seen
in these studies is the main problem when making inferences
about the general population (Jorgensen et al., 1994; Haneuse
et al., 2009). To try to have a more objective idea of this bias
in this study, we compared the BARS sample to the US and
NYC populations than most of the tissue donors come from
(Table 5). The selection bias appeared greater for the non-HIV
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Table 5 | Cardiovascular profile of the studied sample compared to the US and NY populations.

HIV negative (21 or older) HIV positive*

BARS NHANES NYC-HANES BARS NHANES NYC-

(present study population) (2009–2010) (2004) (present study population) (2009–2010) HANES†

Age (years)

Mean ± SD
(SE for NNAHES
and NYC
HANES)

55.4 ± 17 47.3 ± 0.1 46.0 ± 0.7 46.7 ± 6.8 44.0 ± 0.6 na

Median 51 46 43 47 42 na

Range 81 59 68 30 35 na

Male sex (%) 73 50 (48–51) 46 (43–48) 75 74 (57–92) 57

Ethnicity (%)

NH whites 74 66 (58–74) 38 (36–41) 17 22 (1–50) 10

Hispanics 14 16 (9–23) 26 (24–28) 33 23.2 (15–31) 30

Black 12 11 (9–13) 23 (20–24) 50 55 (28–82) 55

Hypertension (%) 38 30 (27–33) 26 (23–28) 59 26 (8–44) na

Diabetes (%) 15 9.0 (8–10) 8 (7–10) 16 17 (1–43) na

Dyslipidemia (%) 19 41 (38–53) 31 (28–33) 21 38 (1–82) na

Smoking (%) 48.5 20 (18–22) 24 (21–26) 52 36 (2–52) na

Cocaine use (%) 6 3 (2–4) 3 (2–4) 41 20 (5–37) na

ARV use** (%) Not applicable 53 53 (25–80) na

*NHANES limited testing HIV serology to age range 20–59 years old.
**For autopsy population, ARV use determined at the time of death.
†Ref: Nguyen et al. AIDS. 2008 Jan 11; 22(2):281–287, unweighted estimates.

Risk factors definition: Hypertension (htn), diabetes (dm) and dyslipidemia in NHANES and NYC-HANES were limited to self-report of a physician diagnosis of htn or

use of antihypertensives, self-report of a physician diagnosis of dm or use of hypoglycemic medications including insulin, and self-report of a physician diagnosis of

dyslipidemia or use of hypolipemic drugs. Smoking was defined as individuals who reported smoking more than 100 cigarettes in their life time and who currently

smoke either some or all days. Cocaine use was defined as present if it occurred over the year prior to the interview. HIV status in NHANES was determined

by a positive ELISA HIV test in blood. The HIV results from NYC-HANES are not publicly available. For the NHANES and NYC-HANES prevalence of vascular risks

factors, the estimates were weighted to account for oversampling and non-response. We used survey procedures to obtain the means and their standard errors.

The analysis was carried out with SAS software, version 9.3 (SAS Institute Inc., Cary, NC).

Abbreviations: ARV, antiretroviral therapy; na, not applicable; NYC, New York City; NHANES, National Health and Nutrition Examination Survey.

population than for those with HIV. This might be due to
the origin of the studied participants with HIV, who were
captured from communities (predominantly East Harlem, The
Bronx and Brooklyn) where HIV is common (2.9% of the gen-
eral population, vs. 1.4% for NYC) (Gutierrez et al., 2013a,b),
in a city with one of the highest rates of HIV prevalence in
the US (2011). Since 42% of the BARS HIV(−) participants
come from Macedonia and are predominantly non-Hispanic
whites, this might confound effects related to health care sys-
tem, environment and habits when compared to that of the
US population. Controlling for the origin of the brains can
help identifying confounding effect; however, results from the
non-HIV population in the BARS should be interpreted with
caution in regards to the generalizability to the US and NYC
populations.

Additional sources of error and bias can be inherent to the
classification of vascular risk factors, dementia, and stroke. For
risk factors, self-report can lead to underdiagnoses which might
create either a bias or error that deviate the results toward the null
hypothesis. For example, if we had used continuous measurement
cutoffs to attribute vascular risk factors in the NHANES popula-
tion, the rates would be higher for HTN by 6%, for DM by 2%,
and for dyslipidemia by 13%. As for the BARS population, the
group with HIV is part of the MHBB prospective cohort and thus,
the underdiagnoses might be less than in the general population,
as there is extensive and repetitive patient interview and verifi-
cation through chart documentation. For the other three sources
of brains, the chart review might have also decreased the rates of
underdiagnoses, but it would be difficult to accurately assess this
bias.
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In summary, the BARS represents a large, well-characterized
collection of large and penetrating brain arteries of individuals
with HIV and HIV negative controls. Because the assumptions
about arterial morphometric characteristics are strongly corre-
lated with arterial size and location, controlling for these factors
should provide more accurate estimates. The aims of the BARS
are to better understand the factors leading to brain arterial
remodeling phenotypes as a way to further advance the knowl-
edge of brain arterial remodeling biology and discover potential
new avenues to cope with the rising incident of vascular events,
particularly in the aging HIV population.
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