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Abstract

BACKGROUND: To investigate a comprehensive array of MRI-based biomarkers of 

cerebrovascular disease in a cohort of PLWH and relate these imaging biomarkers to cognition.

SETTING: Cross-sectional, community-based

METHODS: Participants were PLWH in New York City ≥ 50 years old. They underwent a 

brain MRA/MRI to ascertain seven MRI markers of cerebrovascular disease: Silent brain infarcts, 

dilated perivascular spaces, microhemorrhages, white matter hyperintensity volume, white matter 

fractional anisotropy and mean diffusivity (measures of white matter integrity), and intracranial 

large artery stenosis. Participants underwent a battery of neurocognitive tests to obtain individual 

and global cognitive scores representative of various aspects of cognition.

RESULTS: We included 85 participants (mean age 60 ± 6 years, 48% men, 78% non-Hispanic 

black), the majority with well controlled HIV (75% with CD4 count > 200 cell/mm3 and viral 

load < 400 copies/mL at or near the time of the MRI scan). Silent brain infarcts, intracranial large 

artery stenosis and poor white matter integrity were associated with poorer performance in at least 
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one cognitive domain, but the sum of these three MRI markers of cerebrovascular disease was 

associated with lower working memory (B=−0.213, P=0.028), list learning (B=−0.275, P=0.019), 

global cognition (B=−0.129, P=0.007).

CONCLUSIONS: We identified silent brain infarcts, intracranial large artery stenosis and poor 

white matter integrity as exposures that may be modifiable and may therefore influence cognitive 

decline. Additionally, these MRI markers of cerebrovascular disease may help identify PLWH at 

higher risk of cognitive decline, which may be more amenable to targeted therapies.
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INTRODUCTION

With the advent of combined antiretroviral therapy (cART), people living with HIV (PLWH) 

are living longer. Yet the aging of the HIV population parallels a rise of dementia in this 

population.1,2 Differentiating dementia and other HIV-associated neurocognitive disorders 

(HAND) has not been well achieved in PLWH. For example, there is evidence that in PLWH 

with persistent immunosuppression due to HIV, or PLWH who have had an AIDS diagnosis, 

HAND may be explained by direct brain damage from opportunistic infections, neoplasia or 

stroke.3–6 On the other hand, direct central nervous system infection by HIV appears directly 

related to central nervous system inflammation,7,8 and has been associated with HAND even 

with well-controlled HIV infection,9,10 suggesting that further investigation is warranted to 

understand the relationship between neurodegenerative disease and HIV.

In addition to neurodegenerative disease, PLWH are at a higher risk of cerebrovascular 

disease, overt (e.g. stroke) or covert (also known as silent or with no distinct symptoms). 

Cerebrovascular disease is an important consideration in the context of neurodegenerative 

disease because in non-HIV infected individuals, it is associated with a higher risk of 

dementia and poorer cognition. For example, people with intracranial large artery stenosis 

are at a higher risk of dementia.11–13 Similarly, silent brain infarcts and white matter 

hyperintensities are markers of cerebrovascular disease and have been associated with 

dementia, poorer cognition and neurodegeneration.14,15 People with stroke are at higher 

risk of dementia16 and those with dementia are at a higher risk of stroke.17 The mechanisms 

by which cerebrovascular disease contributes to dementia warrant further investigation. In 

fact, cerebrovascular disease may contribute to HAND, and markers of covert MRI-based 

cerebrovascular disease have been associated with HAND in PLWH.18,19

Most studies on the vascular contributions to HAND have not included brain arterial 

imaging. Because brain large artery disease, specifically intracranial large artery stenosis 

is an important predictor of stroke and cognition in people without HIV, we hypothesize 

that intracranial large artery stenosis may contribute to HAND in addition to other covert 

magnetic resonance imaging (MRI)-based biomarkers of cerebrovascular disease. The 

purpose of this study was to investigate a comprehensive array of covert MRI-based 

biomarkers of cerebrovascular disease in a cohort of PLWH and relate them to cognitive 

performance.
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METHODS

Sample description:

Recruitment for the study began in January 2019 and ended in July 2019. Participants were 

recruited from a registry of individuals who had participated in prior studies and consented 

to be contacted for future studies, as well as through study flyers posted at HIV-related 

community-based organizations in New York City. Snowball sampling was also used as 

enrolled participants shared flyers with their peers. Inclusion criteria were the following: a) 

50 years or older; b) having an HIV/AIDS diagnosis; c) taking antiretroviral therapy (ART); 

d) able to communicate and read in English; e) comfortable using a tablet to complete a 

survey; f) able to undergo a MRI safely; and g) a total error score of 20 or less on the Short 

Orientation Memory Concentration Test (to evaluate capacity to consent). Participants were 

excluded if they were pregnant, provided ineligible responses pertaining to the MRI criteria, 

or scored greater than 20 on the Short Orientation Memory Concentration Test. All research 

activities were reviewed and approved by the Columbia University Irving Medical Center 

Institutional Review Board (IRB). Demographic data such as age, sex and race/ethnicity 

were self-reported. Vascular risk factors were identified by a combination of self-report and 

evidence of medication use to treat a given risk factor. History of CD4 counts and viral load 

near the time of visit were self-reported or extracted from the local medical records for those 

participants that followed their care at our institution.

Procedures:

Eligible participants provided written informed consent at their initial in-person visit. Each 

participant attended two visits, one included a neuropsychological assessment, a blood draw, 

and a demographic survey, and the second visit included a magnetic resonance imaging 

(MRI) scan.

Neuropsychological Assessment, Survey Assessment Measures, & Biological 
Specimens—A combination of neuropsychological tests were put together at the guidance 

of a neuropsychologist (MP) to thoroughly assess mental status, verbal intelligence, 

attention, recall, processing speed, language, memory, depression symptoms, and adaptive 

function. The tests were administered in the following order: Craft Story 21 Recall, 

Benson Complex Figure Copy, Number Span Test: Forward, Number Span Test: Backward, 

Category Fluency (animals & vegetables), Trail Making Test (Part A & B), Craft Story 

Recall, Benson Complex Figure – Recall/Recognition, MINT (Multilingual Naming Test), 

Verbal Fluency (C, F, L), Buschke Selective Reminding Test – Learning Trials, Grooved 

Peg Board, Oral Trail Making Test (Part A & B), Neuro-QOL Depression Questionnaire, 

WHODAS 2.0 short form, Buschke Selective Remind Test – Delayed Recall/Recognition, 

NIH Toolbox Flanker Test, NIH Toolbox Pattern Comparison Test, NIH Toolbox Sorting 

Working Memory Task, Wide Range Achievement Test (WRAT- 4th edition) – Word 

Reading, and Montreal Cognitive Assessment (MoCA). Once participants completed the 

neuropsychological testing, they completed a demographic survey on an iPad.

Magnetic Resonance Imaging—MRI scans were obtained with a 3T scanner (Siemens 

MAGNETOM Prisma) with a 64- channel coil at the Columbia University Zuckerman 
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Institute. The MRI scans were then administered by a certified MRI technologist conducted 

the following sequences: 3DT1 MP-RAGE (voxel size 1×1×1mm, isometric, TR/TE (ms) 

2300/2.26, field of view 256 mm, echo spacing 6.8 ms); T2-weighted FLAIR (voxel size 

0.45×0.45×0.90 mm, TR/TE (ms) 5000/387, field of view 230mm, echo spacing 3.62 ms); 

SWI (voxel size 0.86×0.86×1.50 mm, TE/TR 27/20, flip angle 15 degrees, field of view 

220mm); MRA time of flight (voxel size 0.26×0.26×0.5mm, TR/TE (ms) 21/3.42, flip angle 

18 degrees, field of view 200mm); and diffusion tensor images (voxel size 2×2×2.6mm, 64 

non-collinear directions).

White matter hyperintensity volume was derived from T2-weighed FLAIR scans. Briefly, 

a Gaussian curve was fit to map voxel intensity values. All voxels that were above 1.5 

standard deviations from the image mean intensity were labeled. After manual edits of false 

positives, remaining voxels were classified as WMH. The number of labeled voxels was 

summed and multiplied by voxel dimensions to yield total white matter hyperintensities 

volumes in cm3.20 From T1 and FLAIR images, silent brain infarcts and dilated perivascular 

spaces were ascertained using a pathology-informed algorithm previously described with 

good to excellent reliability.21 DTI images were eddy current corrected and fractional 

anisotropy and mean diffusivity maps were computed using the FMRIB Diffusion Toolbox 

(FSL v6.0 fsl.fmrib.ox.ac.uk/fsl/fslwiki/). Each subject’s FA and MD maps were normalized 

and projected onto a mean FA tract skeleton using the FSL Tract-Based Spatial Statistics 

(TBSS). Mean FA and mean diffusivity were computed from these skeletonized images 

using tracts-of-interest from the JHU-ICBM-DTI-81 white matter labels atlas. Abnormal 

white matter integrity was defined by the highest fractional anisotropy quartile and lowest 

mean diffusivity quartile. The brain MRA was read by two readers using the WASID criteria 

to define stenosis.22 Intracranial large artery stenosis was defined as any luminal stenosis > 

50% in the major branches of the circle of Willis and vertebrobasilar system. Examples of 

these MRI phenotypes are shown in Figure 1.

Statistical Analysis

Descriptive statistics were used to calculate the demographic characteristics and vascular 

risk factors of the study participants.

Neurocognitive Domains: Participants’ scores on each of the neuropsychological measures 

were transformed into z-scores to permit comparison across the different domains of 

cognitive and neuropsychiatric functioning, using the means and SD’s of the study sample. 

SPSS package v20 (IBM SPSS Statistics) was used to conduct the factor analysis. Principal 

component analysis with oblimin rotation was used to explore the factors underlying 

the neurocognitive variables. All neurocognitive measures were considered for the initial 

analysis. The number of factors to be retained was guided by Kaiser’s criterion (eigenvalues 

> 1)23 and visual inspection of the scree plot. We labeled each factor with guidance from a 

neuropsychologist to characterize the items loading on a domain. We considered loadings of 

> .40 to reflect a variable selectively loading on a given factor to characterize the data. The 

reliability of the variables in each factor was assessed using Cronbach’s alpha coefficients > 

.80. The factor analysis yielded a 5-factor model that included Working Memory, Paragraph 
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Memory/Naming, List Learning, Mental Sequencing, and Speed. We obtained a global 

cognitive score by averaging the z-scores of these five domains.

Following the factor analysis, we conducted linear regression models for each cognitive 

domain separately with the following exposure variable for each model: silent brain 

infarcts, upper quartile of white matter hyperintensities volume, abnormal white matter 

integrity, microhemorrhages, perivascular spaces and intracranial large artery stenosis. We 

adjusted for demographic and vascular risk factors (which included hypertension, diabetes, 

dyslipidemia and current smoking) in addition to status of HIV infection (controlled versus 

not controlled). Given small sample size, we considered a P value between 0.20 and 0.05 

suggestive of a trend, and a P value of < 0.05 as statistically significant. We choose the 

exposure variable that emerged with at least a trend to form a cumulative cerebrovascular 

disease score to evaluate the impact of the cumulative cerebrovascular disease score in 

cognition.

RESULTS:

The sample was comprised of 85 participants (mean age 60 ± 6 years, 48% men, 78% 

non-Hispanic black). Demographic characteristics are provided in table 1. The majority had 

hypertension (66%) and well controlled HIV (75%, defined by CD4 count > 200 and viral 

load < 400 copies at or near the time of the MRI visit). A third of the sample (33%) had 

evidence of silent brain infarcts, 5% of microhemorrhages, 12% of intracranial large artery 

stenosis, and 44% had imaging evidence of abnormal white matter integrity as defined by a 

low fractional anisotropy and/or high mean diffusivity.

In the univariate analysis, silent brain infarcts and intracranial large artery stenosis were 

associated with poorer cognition in at least one cognitive domain (table 2). The association 

between silent brain infarcts and poorer cognition attenuated after adjustment for vascular 

risk factors and demographic covariates, while the association between intracranial large 

artery stenosis and list learning remained significant. Abnormal white matter integrity was 

associated with poorer mental sequencing and global cognition only after adjusting for 

demographics and education. There was no statistical association or trends between white 

matter hyperintensities volume, microhemorrhages or perivascular spaces with cognitive 

performance.

In a post hoc analysis, we created a score that reflected the cumulative burden of MRI-based 

biomarkers of covert cerebrovascular disease in PLWH (CVD score) by adding on the covert 

MRI-based biomarkers of cerebrovascular disease that scored at last a trend of an association 

with any of the five cognitive domains. We used silent brain infarcts, abnormal white matter 

integrity and intracranial large artery stenosis to create the score (range 0–3) based on the 

results described in table 2. The CVD score was 0 in 36% of participants, 1 in 46%, 2 

in 13% and 3 in 5%. In the adjusted models for age, sex, ethnicity, education attainment, 

vascular risk factors, ApoE4 and status of HIV infection, CVD score was associated with 

lower working memory (B=−0.213, P=0.028), list learning (B=−0.275, P=0.019), global 

cognition (B=−0.129, P=0.007) and a trend toward lower mental sequencing (B=−0.099, 

P=0.08). Other predictors of cognitive performance in these models are reported in table 3.
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DISCUSSION:

We present data from a cross-sectional study of 85 PLWH who underwent a brain MRI 

to assess for MRI-based biomarkers of covert cerebrovascular disease and related these to 

cognitive performance. We found that the presence of silent brain infarcts, abnormal white 

matter integrity and intracranial large artery stenosis relate to some aspects of cognition, 

and that the cumulative prevalence of these three MRI biomarkers relates to poorer working 

memory, list learning, and global cognition. These associations were independent of sex, 

age, ethnicity, education, viral suppression, vascular risk factors and ApoE4. Expectedly, 

higher education attainment was associated with better overall cognition. Findings from this 

study identified: 1) vascular exposures that may be modifiable and may therefore influence 

cognition in PLWH; and 2) PLWH at higher risk of cognitive decline for testing targeted 

treatment.

Covert cerebrovascular disease represents an important contributor to cognition and 

dementia. This has been well-established in non-HIV infected cohorts, but this is the first 

study to provide evidence of this relationship in PLWH using a comprehensive array of 

covert MRI-based biomarkers of cerebrovascular disease including brain arterial imaging, 

an often neglected marker of brain health. Compared to clinically overt cerebrovascular 

disease like stroke, covert cerebrovascular disease is at least 3–4 times more frequent.24 

Furthermore, covert cerebrovascular disease is a risk factor for stroke and dementia.14,25,26 

Therefore, timely identification of covert cerebrovascular disease and understanding its role 

in stroke and dementia may help identify individuals at higher risk of future stroke and 

dementia with the potential for intervention to prevent further decline.

Although there is extensive evidence relating these imaging biomarkers of covert 

cerebrovascular disease to cognition and dementia risk among people without HIV, there 

is less evidence of the role of these combined imaging biomarkers in PLWH. Most studies of 

covert cerebrovascular disease do not include a brain MRA or other types of arterial imaging 

to inform the status of brain large artery disease such as intracranial large artery stenosis. 

The study examining intracranial large artery stenosis in PLWH is of great importance 

because ethnic minorities are at an increased risk of both intracranial large artery stenosis 

and HIV.27–29 Consequently, the inclusion of brain MRA in this work is a strength. The 

prevalence of intracranial stenosis has been studied mostly in the context of stroke and in 

hospital-based samples,30–33 but not in non-stroke or the general HIV-infected populations. 

The prevalence of intracranial large artery stenosis was 12%, half of what has been reported 

in samples of hospitalized patients.34 More importantly, intracranial large artery stenosis 

was a predictor of poorer verbal learning independent of vascular risk factors, HIV control 

and ApoE4. These findings mirror other non-HIV infected cohorts. 12,35,36 Nonetheless, 

the pathophysiology of the association remains uncertain, and there is partial evidence that 

intracranial large artery stenosis may decrease brain blood flow,37,38 which may trigger 

downstream mechanisms leading to neurodegeneration in addition to increased risk of 

stroke. Other non-atherosclerotic arteriopathies such as dolichoectasia (consisting of dilated 

brain arteries) are associated with poorer cognition, higher risk of dementia, and among 

PLWH, longer and deeper immunosuppression.11,31,39,40 Therefore, inclusion of brain MRA 
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for systematic evaluation of such brain large artery phenotypes provides new insights into 

the role of brain large artery disease in HAND and other cerebral outcomes in PLWH.

White matter hyperintensities volume and/or integrity are imaging biomarkers of covert 

cerebrovascular disease frequently studied among PLWH. For example, White matter 

hyperintensities have been associated with decreased frontal cortical volume,26 longer 

duration of HIV infection, 41 and aging.42 Although we did not find any association 

between white matter hyperintensities volume and cognition, markers of abnormal integrity 

in white matter such as low fractional anisotropy and high mean diffusivity did show a 

trend towards poorer cognition, a finding replicated in some 43,44 but not all studies.45 

The etiology of white matter disease in people with HIV has been attributed to aging, 

hypertension, historical effects of AIDS (with gliosis, which appears white in FLAIR 

images), and ongoing neuroinflammation.42,44,45 Intensive blood pressure control reduces 

the risk of mortality, vascular events (including stroke), and cognitive impairment in people 

without HIV.46–50 Therefore, it is likely that the same benefit would likely be achieved 

for hypertensive PLWH, especially for PLWH who suffer from disproportionate burden of 

traditional risk factors (e.g. hypertension, diabetes, dyslipidemia and smoking), and vascular 

disease.2,51 It is less clear, however, whether modifying other therapeutic targets such as 

neuroinflammation could prevent, delay or improve cognition in PLWH. This hypothesis 

may be worth exploring in future studies.

The prevalence of silent brain infarcts in this cohort is higher than what is reported 

elsewhere (33% versus 4%).52 The disparity may be in part due to differences in definition 

of silent brain infarcts, variability in healthcare systems across countries (United States 

versus France) and the underlying vascular health of the samples being compared. Prevalent 

silent brain infarcts in our study sample was associated with poorer language fluency and 

global cognition, and these associations attenuated after adjusting for vascular risk factors 

and demographics, suggesting that these confounders may partially mediate the effects of 

silent brain infarcts on cognition. The prevalence of silent brain infarcts has been extensively 

studied in people without HIV, and consistently reported to be associated with higher risk of 

vascular events,25 dementia15 and poorer cognition.53 Given the disparities in traditional risk 

factor among PLWH, it is not surprising that silent brain infarcts are more common among 

PLWH than in HIV negative controls. Although there are no findings from randomized trials 

to firmly support a specific clinical algorithm among people with incidentally found silent 

brain infarcts, independent of HIV status, the difference between silent brain infarcts and 

stroke is explained better by silent brain infarcts localization in more a clinically silent area 

(left hemisphere) and smaller infarct size than a different pathophysiology of silent brain 

infarcts compared to strokes.24 Further research on this topic would help guide clinical 

management of people with incidentally found silent brain infarcts, but the data from this 

study support the notion that silent brain infarcts are important determinants of poorer 

cognition in PLWH.

In post-hoc analyses, we found that a composite score representing the cumulative 

prevalence of silent brain infarcts, white matter abnormal integrity and intracranial large 

artery stenosis, was associated with poorer cognition in PLWH. Cumulative brain injury may 

decrease brain plasticity and remodeling to allow for compensation in the expected cognitive 
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deficit. The cumulative prevalence of these imaging biomarkers may also reflect more 

severe vascular disease, which in turn could represent an epiphenomenon of poorer vascular 

health. Because of the heterogeneous prevalence of the individual component of the vascular 

score, we cannot infer the relative weight of each of them in the individual component of 

cognition. In a relatively small sample like ours, the additive model of effect size attributed 

to each biomarker may improve power to detect an association with cognition. The sample 

size made it difficult to evaluate the individual association between individual vascular risk 

factors and the imaging biomarkers. Similarly, results in table 2 would not survive multiple 

comparison adjustment and should be considered preliminary. Nonetheless, intense therapy 

of the four main modifiable vascular risks (e.g. hypertension, diabetes, dyslipidemia, and 

smoking) is a goal that should be pursued regardless of whether these risk factors were 

related to poorer cognition or not. Replication of these results in samples that include other 

racial and ethnic groups and less urban setting may increase the certainty of the association 

between covert MRI-based biomarkers of cerebrovascular disease and poorer cognition to 

a broader HIV population. Lastly, the relationship between cerebrovascular disease and 

Alzheimer pathology in the aging HIV population remains a relative underexplored area that 

may yield new insights into HAND.
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Figure 1: 
Examples of MRI-based biomaerks of covert cerebrovascular disease in this study.
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Table 1:

Sample characteristics (N=85)

Age (in years, mean ± SD, range) 60 ± 6, 50–75

Men 48%

Ethnicity

Non-Hispanic black 78%

Hispanic 22%

Education attainment Incomplete high school or lower 26%

Completed high school 23%

Some college 25%

College or higher 26%

Hypertension 66%

Diabetes 18%

Dyslipidemia 37%

Current smoking 48%

Viral load >400 copies/ML 20%

CD4 count (mean ± SD) 636 ± 356

CD4 count < 200 10%

Nadir CD4 < 200 65%

Silent brain infarcts 33%

Microhemorrhages 5%

White matter hyperintensity volume(median, mean ± SD) 4.34, 6.2 ± 6.1

White matter abnormal microstructure 44%

Intracranial large artery stenosis 12%

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

GUTIERREZ et al. Page 14

Table 2:

Association between MRI-based biomarkers of covert cerebrovascular disease and cognitive performance 

among people living with HIV.

Working 
Memory

Paragraph 
Memory/
Naming

List Learning Mental 
Sequencing

Speed Global 
cognition

Silent brain infarcts

Model 1 −0.34 ± 0.15* −0.01 ± 0.19 −0.22 ± 0.19
−0.17 ± 0.09

‡ −0.01 ± 
0.11

−0.16 ± 0.08*

Model 2
−0.28 ± 0.16

‡ 0.08 ± 0.19 −0.22 ± 0.19 −0.14 ± 0.09 −0.03 ± 
0.12

−0.12 ± 0.08

Model 3
−0.29 ± 0.16

‡ 0.06 ± 0.19 −0.23 ± 0.19
−0.17 ± 0.09

‡ −0.02 ± 
0.12 −0.13 ± 0.08

‡

White matter 
hyperintensity volume 
upper quartile

Model 1 0.08 ± 0.17 0.01 ± 0.19 0.16 ± 0.22 −0.09 ± 0.11 −0.11 ± 
0.12

0.09 ± 0.09

Model 2 0.14 ± 0.18 0.01 ± 0.20 0.25 ± 0.21 −0.04 ± 0.11 −0.11 ± 
0.13

0.04 ± 0.09

Model 3 0.15 ± 0.18 −0.01 ± 0.20 0.22 ± 0.21 −0.05 ± 0.11 −0.14 ± 
0.13

−0.02 ± 0.09

Lowest FA quartile plus 
highest MD quartile

Model 1 −0.03 ± 0.13 0.14 ± 0.16 −0.20 ± 0.16 −0.08 ± 0.08 −0.09 ± 
0.10

−0.03 ± 0.07

Model 2 −0.08 ± 0.15 0.08 ± 0.18 −0.13 ± 0.17
−0.17 ± 0.09

‡ −0.08 ± 
0.12

−0.09 ± 0.08

Model 3 −0.13 ± 0.15 0.10 ± 0.18 −0.10 ± 0.18
−0.17 ± 0.09

‡ −0.05 ± 
0.12 −0.09 ± 0.07

‡

Microhemorrhages

Model 1 −0.26 ± 0.35 0.59 ± 0.42 0.42 ± 0.42 −0.13 ± 0.20 −0.16 ± 
0.24

0.10 ± 0.18

Model 2 −0.34 ± 0.35 0.50 ± 0.40 0.46 ± 0.41 −0.15 ± 0.21 −0.15 ± 
0.25

0.07 ± 0.18

Model 3 −0.27 ± 0.35 0.58 ± 0.41 0.45 ± 0.43 −0.21 ± 0.21 −0.14 ± 
0.26

0.08 ± 0.18

Perivascular spaces

Model 1 0.03 ± 0.02 <0.001 ± 0.02 0.02 ± 0.02 0.01 ± 0.01 0.003 ± 
0.01

0.01 ± 0.01

Model 2 0.02 ± 0.02 −0.01 ± 0.02 0.02 ± 0.02 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01

Model 3 0.02 ± 0.02 −0.01 ± 0.02 0.02 ± 0.02 0.02 ± 0.01 0.005 ± 
0.01

0.01 ± 0.01

Intracranial large artery 
stenosis

Model 1 −0.06 ± 0.24 −0.25 ± 0.29 −0.74 ± 0.28* 0.12 ± 0.15 0.21 ± 0.17 −0.12 ± 0.12

Model 2 −0.05 ± 0.24 −0.26 ± 0.30 −0.72 ± 0.27* 0.08 ± 0.15 0.19 ± 0.17 −0.13 ± 0.12

Model 3 −0.02 ± 0.25 −0.39 ± 0.28 −0.69 ± 0.28* 0.21 ± 0.16 0.20 ± 0.18 −0.16 ± 0.12

Analytic notes:
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Model 1: Univariate analysis

Model 2: Adjusted for age, sex, education and ethnicity

Model 3: Adjusted for age, sex, education, ethnicity, vascular risk factors (hypertension, diabetes, smoking, dyslipidemia), ApoE4 genotype and 
well controlled HIV (suppressed viral load and CD4 > 200)

−All model for white matter disease were adjusted by total cranial volume

*
Identifies statistical significance with a p-value <0.05

‡
Identifies an existing trend with a p-value <0.10

Abbreviations: FA, fractional anisotropy; MD, mean diffusivity.
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Table 3:

Role of cerebrovascular score in cognition among PLWH

Working 
Memory

Paragraph 
Memory/Naming

List Learning Mental 
Sequencing

Speed Global 
cognition

B estimate ± SE

Age (in year) 0.006 ± 0.013 0.027 ± 0.015 −0.030 ± 0.015‡ 0.009 ± 0.008 −0.005 ± 
0.010

−0.003 ± 0.006

Men 0.019 ± 0.179 0.115 ± 0.213 −0.393 ± 0.214‡ 0.079 ± 0.106 −0.071 ± 
0.137

−0.015 ± 0.088

Non-Hispanic black −0.115 ± 0.181 0.073 ± 0.215 0.073 ± 0.217 −0.166 ± 0.107 −0.062 ± 
0.137

−0.050 ± 0.088

Education attainment 
(ordinally)

0.098 ± 0.048* 0.097 ± 0.059 0.131 ± 0.062* 0.068 ± 0.031* −0.036 ± 
0.037

0.069 ± 0.024*

ApoE4 0.294 ± 0.164‡ 0.028 ± 0.195 −0.142 ± 0.196 0.006 ± 0.097 −0.025 ± 
0.125

0.044 ± 0.081

Sum of vascular risk 
factors (range 0–4)

−0.066 ± 0.091 0.129 ± 0.093 −0.167 ± 0.094‡ 0.018 ± 0.047 0.024 ± 
0.059

−0.004 ± 0.038

Well controlled HIV −0.092 ± 0.172 0.030 ± 0.204 −0.024 ± 0.207 −0.117 ± 0.102 0.122 ± 
0.132

−0.016 ± 0.084

Cumulative 
cerebrovascular score 
(range 0–3)

−0.213 ± 
0.095*

−0.053 ± 0.113 −0.275 ± 0.114* −0.099 ± 0.056‡ 0.046 ± 
0.076

−0.129 ± 0.046*

Analytical notes

*
Identifies statistical significance with a p-value <0.05

‡
Identifies a trend defined by a p-value 0.05–0.10.
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