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Abstract

Our aim was to examine the clinical relevance of white matter hyperintensities (WMH) in HIV. We 

used an automated approach to quantify WMH volume in HIV seropositive (HIV+; n = 65) and 

HIV seronegative (HIV−; n = 29) adults over age 60. We compared WMH volumes between HIV+ 

and HIV− groups in cross-sectional and multiple time-point analyses. We also assessed 

correlations between WMH volumes and cardiovascular, HIV severity, cognitive scores, and 

diffusion tensor imaging variables. Serostatus groups did not differ in WMH volume, but HIV+ 

participants had less cerebral white matter (mean: 470.95 [43.24] vs. 497.63 [49.42] mL, p = 

0.010). The distribution of WMH volume was skewed in HIV+ with a high proportion (23%) 

falling above the 95th percentile of WMH volume defined by the HIV− group. Serostatus groups 

had similar amount of WMH volume growth over time. Total WMH volume directly correlated 

with measures of hypertension and inversely correlated with measures of global cognition, 

particularly in executive functioning, and psychomotor speed. Greater WMH volume was 

associated with poorer brain integrity measured from diffusion tensor imaging (DTI) in the corpus 
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callosum and sagittal stratum. In this group of HIV+ individuals over 60, WMH burden was 

associated with cardiovascular risk and both worse diffusion MRI and cognition. The median total 

burden did not differ by serostatus; however, a subset of HIV+ individuals had high WMH burden.
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Introduction

White matter hyperintensities (WMH) become more common with age in HIV-uninfected 

(HIV−) adults and are thought to relate to vascular, inflammatory, or blood brain barrier 

changes (Maniega et al. 2015; Shoamanesh et al. 2015). Small WMHs can be found on 

MRIs of otherwise healthy older adults (Boone et al. 1992; Ylikoski et al. 1995); but they 

are also associated with cerebrovascular disease, dementia, and multiple sclerosis (Debette 

and Markus 2010; Fern et al. 2014).

White matter changes were a common feature of HIV-associated dementia (HAD) before 

antiretroviral treatment was widely used. They have also been described in less severe HIV-

related cognitive disorders (Pomara et al. 2001). An early study of HIV+ participants 

completed before the widespread use of combination antiretroviral therapy (cART) noted 

incidental white matter changes (McArthur et al. 1990). A recent study found that middle-

aged HIV+ men had a higher WMH burden that correlated with cognitive deficits, 

cardiovascular risk factors, and duration of suppressed CD4 T-lymphocyte counts (Su et al. 

2016). Prior studies detected no association of WMH burden with HIV disease severity 

biomarkers such as duration of disease or CD4 T-lymphocyte counts (Bornstein et al. 1992; 

Haddow et al. 2014). Instead, white matter abnormalities in HIV have been associated with 

other medical conditions (e.g., hepatitis C), use of cART, demographic variables (e.g., 

ethnicity), cardiovascular factors (e.g., hypertension and diabetes), and advancing age 

(Haddow et al. 2014; Morgello et al. 2014; Soontornniyomkij et al. 2014).

People living with HIV have a greater relative risk for cardiovascular disease and other 

medical comorbidities, and this frequency increases with age (Islam et al. 2013; Kendall et 

al. 2014). HIV+ individuals with cerebrovascular risk have increased cognitive difficulties 

(Foley et al. 2010; Nakamoto et al. 2011). These cognitive difficulties range from mild 

motor and information-processing abnormalities to severe dysfunction. Cognitive 

abnormalities tend to impact routine activities of daily living (Morgan et al. 2012). HIV 

infection most prominently affects the domains of motor functioning, attention, processing 

speed, executive functioning, and memory (Heaton et al. 1995, 2004).

There is some suggestion that, in general, WMH are related to global cognitive decline, as 

well as more specific decline in processing speed and executive functioning (Debette and 

Markus 2010). However, limited data exists to inform the clinical relevance and 

determinants of WMH in older HIV+ patients. To date, studies that considered the cognitive 

impact of WMH included subjects with only mild WMH burden (Soontornniyomkij et al. 
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2014) or a younger sample (Su et al. 2016), in contrast to the burden found in many subjects 

over age 60, as presented in the current work.

Studies have noted that WMH changes may precede brain atrophy and more distal white 

matter changes (Debette and Markus 2010; Maillard et al. 2014; Maniega et al. 2015). 

Indeed, reduced white matter integrity has been found in older HIV+ individuals (Nir et al. 

2014). However, an association between WMH and white matter integrity changes has not 

been explored in HIV. Here we aimed to characterize WMH and its impact on cognitive 

function in older HIV+ adults compared to healthy HIV− age and sex-matched controls, and 

investigate associations between WMH and other white matter integrity metrics. We 

hypothesized that WMH burden would correlate with cardiovascular variables but not 

measures of HIV severity, and that WMH burden would associate with worse 

neuropsychological test performance, particularly on tasks that rely on frontostriatal 

function. In a subset of individuals, we explored the change in WMH volume over time by 

serostatus to test whether HIV potentiates the speed of change in WMH burden.

Methods

Participants

HIV+ participants over age 60 (n = 65) were recruited from the community. Exclusion 

criteria were neurological conditions known to impact cognition including stroke, 

opportunistic brain infection, loss of consciousness for greater than 30 min, or current illicit 

drug use. Participants also had to be able to speak English and identify a proxy to inform 

their daily function as it related to cognition. HIV+ participants were recruited regardless of 

cognitive symptoms. Demographically matched HIV− controls (n = 29) were selected from 

a healthy aging cohort at UCSF who underwent similar neuropsychological testing and were 

imaged with the same MRI protocol on the same scanner. All HIV− participants were 

between 60 and 70 years old. All participants signed UCSF IRB-approved consent forms. 

This study conforms to the standards set forth by the World Medical Association’s Code of 

Ethics in the Declaration of Helsinki.

Image acquisition

All MRIs were collected on the same Siemens Magnetom TrioTim 3T scanner, with the 

following settings: a whole-brain 3D–T1 magnetization prepared rapid acquisition gradient-

echo (MPRAGE (T1)) sequence (voxel size =1.0 × 1.0 × 1.0 mm3, repetition time (RT) 

=2300 ms, echo time (TE) =2.98 ms, flip angle (FA) =9°) and fluid-attenuated inversion 

recovery (FLAIR, voxel size =1.0 × 1.0 × 1.0 mm3, RT =6000 ms, TE =389 ms, FA =120°). 

Diffusion sequences were collected for diffusion tensor imaging (DTI) analysis (100 × 100 

matrix; FOV =220 mm; 55 slices; voxel size =2.2 × 2.2 × 2.2 mm3; TR =8000 ms; TE =109 

ms). Sixty-five separate images were acquired for each subject’s scan: one T2-weighted 

image with no diffusion sensitization (b0 image) and 64 distinct diffusion-weighted images 

(DWI; b = 2000 s/mm2).
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Image processing

FLAIR images were processed using the FMRIB software library (FSL, http://

fsl.fmrib.ox.ac.uk/fsl/fslwiki/) FAST utility to normalize the field bias gradient. The T1 

MPRAGE structural images were analyzed using the FreeSurfer image analysis software 

(http://surfer.nmr.mgh.harvard.edu). To produce skull-stripped FLAIR images, we used the 

T1-weighted images and processed them through the first six stages of FreeSurfer (recon-all

—autorecon1). All skull-stripped T1 images were visually inspected for accuracy with 

manual corrections when necessary. T1 images were nonlinearly warped to a minimum 

deformation template using a constrained cubic spline interpolation. The T1 warp 

parameters were then applied to the FLAIR images to produce warped, skull-stripped 

FLAIR images (Schwarz et al. 2009).

We quantified WMH using a previously described method (Schwarz et al. 2009). In brief, 

warped, skull-stripped FLAIR images were processed through a Bayesian Markov Random 

Field approach to output a volumetrically quantifiable binary WMH mask. WMH volumes 

and counts per lobe were obtained using inclusive regional masks. After initial automated 

segmentation through FreeSurfer version 5.1, each subject’s image went through individual 

quality checks and was manually corrected with a built-in editing software. Cerebral white 

matter volumes were extracted using the FreeSurfer regions of interest (ROI).

Diffusion images were pre-processed with FSL to create tensor-derived measures of 

fractional anisotropy (FA), and mean, axial, and radial diffusivity. The FA maps were then 

registered using the Advance Normalization Tools (ANTs) software package with a mutual 

information cost function (Tustison et al. 2014) to the ENIGMA-DTI template, and further 

processed with the ENIGMA-DTI protocols (http://enigma.usc.edu/protocols/dti-protocols/) 

(Jahanshad et al. 2013; Kochunov et al. 2014) for quality control and to extract regional 

summary measures on the skeletonized image (Smith et al. 2006). A priori ROIs were 

determined based on the likelihood that they may be linked to cognitive abilities of interest 

as follows: corpus callosum (CC), sagittal stratum (SS), anterior limb of the internal capsule 

(ALIC), posterior limb of the internal capsule (PLIC), and external capsule (EC).

Cardiovascular disease (CVD) risk factors

Diabetes, hypertension, and hypercholesterolemia variables were collected by self-report, 

medication, and medical chart review, and augmented by clinical data captured during the 

research visit. A 12-h fasting serum was captured within 3 months of neuroimaging. 

Diabetes was defined as a fasting glucose level greater than 125 mg/dL or current clinical 

diagnosis from medical history. Hypertension (HTN) was defined as having a systolic blood 

pressure >140 mmHg or diastolic >90 mmHg; and hypercholesterolemia as having a fasting 

cholesterol level >200 mg/dL or current clinical diagnosis from medical history. Body mass 

index (BMI) was calculated as ((weight (pounds)/height (inches) squared)) ×703). Smoking 

history was defined as total tobacco use of more than 100 cigarettes in a lifetime with 

separate analyses examining ever vs. never smokers.
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HIV variables

Clinical HIV variables were gathered during a structured physician interview including self-

report of HIV duration and nadir HIV CD4+ T-lymphocyte count. CD4+ T-lymphocyte 

subsets and plasma HIV RNA levels were measured in local laboratories if not captured in 

clinical care within 3 months of the evaluation. Laboratory values were not available for five 

HIV+ participants.

Neuropsychological assessment

Participants completed a 90-min neuropsychological test battery that included the national 

Alzheimer’s Disease Research Center’s (ADRC) uniform dataset, a UCSF Memory and 

Aging Center Bedside Screen (Delis et al. 2000; Heaton 2004; Kramer et al. 2003; 

Weintraub et al. 2009), and tests of psychomotor and motor speed, as previously published 

(Chiao et al. 2013). Raw neuropsychological scores were transformed into z-scores using 

published or local (grooved pegboard test) age and education stratified normative data. 

Summary neuropsychological scores (NPZ) for cognitive domains (global, psychomotor 

speed, attention, memory, visuospatial, and executive functioning) were defined by 

averaging individual z-scores within each of the domains.

Statistical methods

We compared demographic characteristics of the HIV+ and HIV− groups by chi-squared 

analysis for categorical variables, one-way analysis of variance for parametric continuous 

variables and the Kruskal-Wallis test for non-parametric variables. To examine associations 

between predictors of interest and WMH burden, we employed Pearson correlation 

coefficients and chi-squared analyses. In general, we used one-way analysis of variance and 

the Kruskal-Wallis tests initially to examine differences between the HIV+ and HIV− 

groups; we then used general linear models to assess differences between groups, examine 

interactions between predictors, and control for predictors that were significantly associated 

with our outcome variable (p < 0.05) but were not predictors of interest. The raw values for 

WMH volume were positively skewed, so a square root transformation was applied to the 

data before use in general linear models. To analyze WMH volume change over time, we 

used mixed models controlling for the duration between scan acquisition dates. Analyses 

were two-sided with on overall p value of 0.05 (corrected for multiple comparisons, for 

multiple domains and other tests, as necessary), using the false discovery rate (Benjamini 

1995). Statistical analyses were performed in Stata v 14.1 and SPSS v 22.2.

Results

Demographics

Among the 94 participants enrolled, 65 were HIV+ (Table 1). The HIV+ participant mean 

age was slightly younger (1.5 years difference, p = 0.012) and they reported fewer years of 

formal education (1.5 years difference, p < 0.026) than those in the HIV− group. Three HIV

+ participants were over the age of 70.
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WMH burden by HIV status

The median WMH volume within the HIV+ group did not differ from that of the HIV− 

control group (median [range] of 2.78 [0 to 22.34] mL vs. 3.18 [0 to 6.91] mL, respectively 

(p = 0.687; Fig. 1). This finding remained after controlling for age, education, and total 

cerebral white matter volume (CWMV) (p = 0.198). However, HIV+ participants had lower 

total CWMV compared to HIV− controls (mean difference =26.68 mL; p = 0.010), a finding 

independent of age (p = 0.117) or education (p = 0.459). In multivariable models, covariates 

that met our threshold for inclusion as WMH volume predictors (e.g., those with p < 0.05) 

were age, education, and CWMV (coefficients =.054, −.103, and .003; p = 0.027, 0.007, and 

0.043, respectively), but not HIV serostatus (coefficients =0.224; p = 0.251). Excluding HIV

+ participants over the age of 70 did not alter the outcomes of the analyses.

Given the skewed distribution of WMH (Fig. 1), we then examined the distribution by group 

noting that the number of cases at the upper extremes differed by HIV status with 24/65 

(37%) of HIV+ participants having WMH volumes that were >75th percentile of controls 

and 15/65 (23%) having a burden greater than the 95th percentile of controls (p < 0.091). 

The distribution of the proportion of WMH volume per white matter volume in each lobe 

(e.g., frontal WMH/frontal CWMV) was highest in the occipital lobe (1.8%), then parietal 

(0.9%), frontal (0.7%), and lastly temporal (0.4%). We identified no difference in lobar 

volume of WMH or distribution of WMH volumes by serostatus in a paired analysis.

We examined correlations between WMH volume and WMH counts (i.e., number of lesions) 

noting strong associations for HIV+ (r = 0.897, p < 0.001) and HIV− control groups (r = 

0.735, p < 0.001). Visually, we noted a variable pattern of WMH distribution among 

participants. Some had prominent periventricular hyperintensities that included capping 

(white matter signal abnormalities that abut the ventricles, and are particularly prominent 

around the ventricular horns) and some discrete and deep white matter lesions (distribution 

“typical” of cerebrovascular disease (CVD)). Others had only discrete deep white matter 

lesions with little or no periventricular capping (“atypical” of CVD, Fig. 2) (Yoshita et al. 

2006). Roughly, 41% of HIV+ and 48% of HIV− participants had white matter lesion 

distributions classified as mostly “typical” of CVD, 32% of HIV+, and 21% of HIV− 

participants had mostly “atypical” white matter lesion distributions. The remaining 

participants had mixed distribution types. Groups did not significantly differ in the type of 

white matter lesion distribution. However, of the participants who had the largest WMH 

volumes (>75th percentile), HIV+ participants were more likely to have an “atypical” 

distribution (p = 0.038).

Cognitive measures and WMH volumes

The HIV+ group performed worse than controls on cognitive measures: global cognition 

(difference =−0.752, p < 0.001), memory (difference =−0.942, p < 0.001), visuospatial 

(difference =−0.628, p < 0.001), executive functioning (difference = −0.665, p < 0.001) and 

attention (difference =−0.144, p < 0.001), and psychomotor speed (difference =−0.497, p = 

0.012). After controlling for CWMV, total WMH volumes inversely correlated to global 

cognition (coefficient =−0.172, p = 0.035), executive functioning (coefficient =−0.328, p = 

0.001), and psychomotor speed (coefficient =−0.331, p = 0.009). HIV serostatus did not 
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modify the effect of WMH volume on cognitive measures. Only executive functioning was 

significantly associated with CWMV (coefficient =0.003, p = 0.042).

Associations between CVD risk factors, HIV severity variables, and WMH volume

We identified a greater burden of total WMH volume in participants with hypertension in a 

model with both groups combined (median total WMH volume: hypertension =3.52 mL, 

without hypertension =2.30 mL, p = 0.021). There was no detectable interaction of 

hypertension and HIV serostatus on total WMH volume (p > 0.2). No other cardiovascular 

risk factors (BMI, hypercholesterolemia, smoking history, current blood pressure, or 

diabetes) were associated with WMH volumes or HIV serostatus interactions. In the HIV+ 

group, we did not identify significant correlations between total WMH volumes and key 

HIV variables including plasma HIV RNA (p = 0.330), proximal CD4 T-lymphocyte count 

(p = 0.849), nadir CD4 T-lymphocyte count (p = 0.580), or estimated duration of HIV 

infection (p = 0.800). Adding use of a protease inhibitor (current, past, or never) to these 

models did not change the results. However, CWMV was significantly related to estimated 

duration of HIV infection (coefficient =1.83, p = 0.032) and current CD4 count (coefficient 

=0.06, p = 0.016). There were no other significant relationships between CWMV and HIV 

virus variables or cardiovascular risk factors.

WMH volumes and DTI

We identified correlations between WMH volume and white matter integrity by DTI. When 

age, HIV status, and total WMH volumes were entered into a model to predict regional 

fractional anisotropy, total WMH volumes were significant (p = 0.005), whereas age and 

education were not. Total WMH volume predicted FA in two priori chosen regions of 

interest: corpus callosum (coefficient =−0.010, p = 0.012) and sagittal stratum ((SS): 

coefficient =−0.016, p = 0.001). Total WMH volumes were marginally associated with 

fractional anisotropy in the external capsule (EC, p = 0.057), but were unrelated to the 

anterior limb of the internal capsule (p = 0.112) or posterior limb of the internal capsule 

(PLIC, p = 0.745).

Longitudinal evaluation of WMH

Among individuals with more than one MRI (HIV−: n = 22; HIV+: n = 28), the duration 

between scans was similar for HIV+ and HIV− participants (mean [SD] = 2.13 [.189] vs. 

1.68 [.164] years; p = 0.09). Total brain WMH volumes increased with time [median change 

(range) =0.90 [−2.52–9.05] mL] as did lobar WMH volumes (frontal: median change (range) 

=0.163 (−0.491–1.884) mL, temporal: median change (range) =0.079 (−0.43–0.68) mL, 

parietal: median change (range) =0.087 (−1.03–3.35) mL, occipital: median change (range) 

=0.14 (−0.63–1.99) mL; all p’s ≤ 0.001). Using a mixed model that evaluated WMH volume 

change over time, initial WMH volume (p < 0.001) and age (p = 0.036) were significant 

covariates; hypertension and HIV serostatus were not significant covariates (p’s > .14).

Discussion

In this study, we found similar median WMH volumes across serostatus groups despite 

smaller total CWMV in the HIV+ group, which suggests a greater ratio of abnormal to 
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normal white matter in HIV+ adults over 60 years old. We identified a subset of HIV+ 

individuals over age 60 with a substantially high burden of WMH. Our analyses and careful 

inspection of individual cases would suggest that the pathophysiology for cases above the 

75th percentile was similar to other cases and not differing by serostatus; but, it remains 

possible that there is a unique contribution to the underlying pathophysiology for the HIV+ 

group in these extreme cases. Notably, this was not driven by confluent white matter changes 

by visual inspection, but, instead by the sum of smaller discrete lesions, since those with 

greatest burden were more commonly noted to have an “atypical” distribution. A larger 

sample would be needed to delineate this accurately.

We also sought to understand the clinical relevance of these WMH. As expected, our HIV+ 

group performed worse than the HIV− group on global cognitive measures and in specific 

domains including memory, visuospatial skills, executive functioning, attention, and 

psychomotor speed. WMH volumes were inversely related to global cognition, psychomotor 

speed, and executive functioning; and these relationships were similar across serostatus 

groups. This is consistent with published work revealing associations between white matter 

changes and cognitive difficulties (McMurtray et al. 2007; Ovbiagele and Saver 2006). As 

WMH volumes were greatest in the frontal lobes, our findings are consistent with the well 

accepted associations between frontostriatal white matter abnormalities (Ipser et al. 2015; 

Pfefferbaum et al. 2009) and associated frontal-executive cognitive deficits in HIV+ 

individuals (Plessis et al. 2014).

Among the correlates, we aimed to investigate pathological mechanisms; only hypertension 

reached a threshold of significance. Other factors (e.g., diabetes mellitus, body mass index, 

smoking history, and hypercholesterolemia) were not associated with WMH volume in this 

sample. We may have lacked power for these investigations given the relatively good health 

of our sample (e.g., only 11% of HIV+ participants had diabetes), a smaller control sample, 

and a lack of African American participants, a population where these associations have 

been reported (Haddow et al. 2014; Nyquist et al. 2014). Previous investigations have 

revealed relationships between white matter signal abnormality and both older age and 

cerebrovascular risk factors (McMurtray et al. 2008). In these other studies, like ours, no 

associations were identified with HIV disease biomarkers (McMurtray et al. 2007). The sum 

of the literature would thus suggest that typical cerebrovascular factors rather than HIV 

factors are more important, a finding that has important clinical implications related to 

prevention.

To extend these findings to brain architecture, we examined the relationship between WMH 

burden and white matter integrity by DTI, assessing brain regions on DTI that did not have 

overt white matter lesions. Independent of age and HIV status, greater WMH volumes were 

related to lower measures of white matter integrity in the corpus callosum and sagittal 

stratum, and marginally related to the external capsule. Thus, the WMH burden may be an 

extreme manifestation of broader and more subtle brain injury as measured through DTI. 

Other recent studies report this phenomenon as well, and suggest that WMH are 

mechanistically associated with more diffuse white matter degradation (Maniega et al. 

2015). These findings are consistent with a model where white matter changes occur along a 

continuum in which WMH are the most advanced form, or, at the very least, that there are 
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shared pathologies (Maillard et al. 2014). However, what remains to be answered is if 

several small discrete lesions have the same cognitive impact as one or two large confluent 

lesions, and what are the common and distinct mechanisms that underlie the two types of 

lesions.

In a separate study of these same study participants, we found pervasive white matter 

microstructural defects in HIV+ older adults compared to controls and inverse associations 

with neuropsychological testing performance (Nir et al. 2014). Others have reported that 

CD4 count, viral load, and other blood and CSF markers were associated with reduced white 

matter integrity (Wright et al. 2015), indicating that, unlike our study of WMH, alternative 

HIV-related pathways may underlie white matter changes on DTI. We found associations 

between CMWV, CD4 count, and duration of HIV infection, which is similar to past studies 

of abnormal white matter in HIV (Jernigan et al. 2011). This suggests that there are distinct 

or parallel biological processes that impact cerebral white matter integrity and white matter 

volume from those that influence WMH volume.

Unexpectedly, we found a positive relationship between CWMV and duration of HIV 

infection, independent of age. Increased white matter volume due to white matter edema has 

been reported in patients with CADASIL (De Guio et al. 2015); a similar but less severe 

process may also be present in older adults who have lived with the HIV virus for longer 

periods of time. Alternatively, this may represent a survival bias with those living for more 

than two decades with HIV having resilience features. Future studies that examine the 

relationship between duration of HIV infection and gray matter volume and change over 

time may help to clarify this finding—the absence of which is a limitation of this study.

Recent studies imply that older age may increase WMH burden, but our study was not 

designed to address this issue as we had a limited age range, enrolling only participants over 

age 60. Others identify age effects; although it is less clear if age itself or the duration of risk 

factors (e.g., hypertension) is most important (Seider et al. 2015). The main contributing 

factor is unlikely to be HIV disease duration as we found no association with HIV disease 

duration and total WMH volume. Additionally, our HIV− group was 1.5 years older than our 

HIV+ group, which may increase the chance of a type II error with respect to an interaction 

between age and HIV effects. Arterial remodeling is a pathological process that occurs along 

a continuum and may be a candidate for a progressive pathological state that may 

accumulate damage over time (Gutierrez et al. 2015).

Our study did not identify a synergistic impact of HIV on other variables related to brain 

WMHs, or a reciprocal relationship between HIV and associated variables (such as 

cerebrovascular risks or cART medication effects). We examined if current, past, or never 

use of a protease inhibitor had an impact on our findings, based on a recent report linking 

cerebrovascular disease to protease inhibitor use (Soontornniyomkij et al. 2014). However, 

we have limited ability to examine in more depth the role of individual antiretrovirals or 

class of antiretroviral medications, given that the WMH observed likely developed over 

years and detailed antiretroviral therapy histories are not available in the sample. Instead, we 

found that initial WMH volume and age were the most important contributors to WMH 

volume change.
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In ad hoc analyses, we found an inverse relationship between WMH volumes and education 

(r = −0.28, p = 0.006). There is limited and conflicting evidence on the impact of education 

on WMH burden (Mortamais et al. 2014), and our coincidental finding points to the need for 

further exploration on the impact of cognitive reserve, and mediation analyses with life style 

factors that are related to education and impact on white matter, such as diet and exercise.

The strengths of this paper include a quantitative approach to study WMH volumes, which 

provides better sensitivity and reliability than qualitative approaches (Schwarz et al. 2009). 

Additionally, our study included two points to detect change over time. We also showed a 

relationship with cognition, which increases the clinical significance of WMH in HIV. 

Finally, our study includes individuals over age 60, while prior research had limited 

sampling of individuals in this somewhat older range.

In summary, our HIV+ group had greater WMH burden (ratio of WMH volume to CWMV) 

overall than the HIV− group despite similar total WMH volume. WMH were inversely 

related to global cognitive performance, and measures of executive function and 

psychomotor speed. Hypertension was the only significant cardiovascular factor to associate 

with WMH volume; HIV severity variables were not detectably associated. WMH volumes 

inversely correlated with FA in white matter areas not directly impacted by white matter 

lesions, suggesting more distal effects. WMH volumes changed significantly and similarly 

over time for both HIV+ and HIV− groups. Age and initial WMH volume were significant 

predictors of change in WMH volume over time.
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Fig. 1. 
WMH burden by HIV serostatus 15/65 cases (23%) of HIV+ participants had a total WMH 

volume >95th percentile of controls (dark lines median, light lines =25th/75th percentile)
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Fig. 2. 
Representative examples of distributions thought to be “typical” (top) and atypical (bottom) 

of cerebrovascular disease
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