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Abstract

Objective: Inflammation may contribute to brain white matter health in people living with HIV
who report cognitive symptoms despite adherence to combination antiretroviral therapy (CART)
and viral suppression. We explored relationships between diffusion tensor imaging (DTI) metrics
of white matter, plasma biomarkers of immune activation, and cognitive function in the HIV-
infected population.

Design: Retrospective study of older adults living with HIV who are cART adherent, virally
suppressed, and self-report cognitive symptoms.

Methods: MRI, blood draws, and standardized neuropsychological test scores (NPZ) were
collected from HIV-infected individuals. DTI metrics (FA, MD, RD, AD) and plasma biomarkers
(sCD163, sCD14, neopterin, IP-10, MCP-1) were quantified. Statistical analysis explored
associations between biomarker levels or NPZ and DTI metrics using ROI analyses and a
voxelwise approach.
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Results: 43 participants with median (IQR) age of 64 (62—66 years), CD4 count of 600 (400-760
cell/mm3) who were all virally suppressed (<100 copies/mL) were selected. Higher levels of
MCP-1 associated with lower FA and higher MD (p<0.05) across white matter tracts including
corpus callosum, corona radiata, and superior longitudinal fasciculus. Higher neopterin associated
with higher MD in the genu of corpus callosum, and higher sSCD14 associated with lower FA in
the bilateral superior corona radiata (p<0.05). Worse global performance and speed domain scores
associated with higher MD and lower FA, and worse executive domain scores associated with
lower FA (p<0.05).

Conclusions: Elevated inflammatory plasma biomarkers link to white matter abnormalities
among virally suppressed individuals. DTI abnormalities associate to cognitive performance. We
conclude that inflammatory processes impact clinically relevant brain health indices despite viral
suppression.

Keywords

MRI; Diffusion Tensor Imaging; Neuroimaging; Neurocognitive Disorders; White Matter;
Inflammation

Introduction

According to the CDC, about 169,000 people living with HIV (PLWH) in the United States
were over the age of 60 by the end of 2016, representing 17% of the HIV-infected
population. The largest percentage increase in HIV prevalence rates from 2012 to 2016 was
in the 65 and older population [1]. Among well-treated older PLWH, HIV-associated non-
AIDS comorbidities, including neurological complications, remain common. Among PLWH
generally, milder cognitive impairment may affect up to 50% of PLWH [2]. PLWH can
experience poor performance across a range of cognitive domains, including executive,
attention, and information processing speed [3]. Increasing age is a risk factor for having
HIV-associated cognitive dysfunction, motivating analyses in this age group [4-6].

Chronic immune activation and inflammation in response to HIV infection are associated
with increased general morbidity and are a commonly proposed mechanism for the
persistence of cognitive impairment despite viral suppression [7,8]. PLWH often display
evidence of ongoing immune activation in both plasma and cerebrospinal fluid (CSF), even
after reaching undetectable plasma viral RNA and among asymptomatic individuals [9-11].

In this study, we examined several promising biomarkers: soluble CD163 (sCD163), soluble
CD14 (sCD14), neopterin, interferon gamma-induced protein 10 (IP-10/CXCL10), and
monocyte chemoattractant protein 1 (MCP-1/CCL2). Although these biomarkers are not
specific to HIV, they have been previously linked to poorer outcomes in HIV. sCD163 and
sCD14 are non-specific monocyte/macrophage markers which are shed during activation,
and have previously been linked to HIV outcomes, including cognitive impairment [10,12—
16]. Neopterin is produced by monocyte/macrophages and thus can also provide information
on the activity of these cells [17]. Likewise, neopterin has been linked to poorer brain health
in HIV [18]. IP-10 is a chemokine which has been associated with inflammatory diseases; it
has been found to stimulate HIV-1 replication through monocyte-derived macrophages and
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lymphocytes [19,20]. MCP-1 is a chemokine and is a potent monocyte chemoattractant,
produced by a variety of cells including monocytes/macrophages [21]. In the context of HIV,
it has been implicated in blood-brain barrier disruption and glial activation, as well as brain
injury [22,23].

Studies exploring associations among brain imaging metrics and soluble biomarkers often
include a study population where some participants do not have viral suppression or are not
on cART. Identifying that elevated inflammatory biomarkers in a persistently suppressed and
treatment-adherent study group link to brain integrity and cognitive performance would
provide valuable insight into the pathophysiology of cognitive impairment.

Diffusion Tensor Imaging (DTI) is a commonly used non-invasive Magnetic Resonance
Imaging (MRI) technique based on the diffusion of water, which allows for the
characterization of white matter microstructure integrity. Quantified DTI metrics include
fractional anisotropy (FA), a measure of the directionality of water diffusion, mean
diffusivity (MD), a measure of the magnitude of water diffusion, axial diffusivity (AD), a
measure of the water diffusivity in the primary direction, and radial diffusivity (RD), a
measure of the water diffusivity in the transverse directions [24,25]. In this study, we took an
imaging outcomes-focused approach, with the primary aim being to understand the patterns
of relationship between several plasma biomarkers of inflammation in the context of HIV
infection and brain integrity measured by DTI metrics of brain white matter. We leveraged a
clinically relevant population of treatment-adherent and virally suppressed, but cognitively
symptomatic, older adults. We hypothesized that a greater degree of inflammation evidenced
by higher biomarker concentrations would be associated with worse brain integrity,
represented by lower FA or higher MD. To demonstrate clinical relevance, we also examined
the relationship between DTI metrics and neuropsychological test performance in domains
often impaired among PLWH, hypothesizing that abnormal DTI metrics would be reflected
in worse performance across the executive, attention, and speed domains, and the global
averaged score.

2. Methods

2.1 Participants

HIV-infected participants over 60 years of age were retrospectively drawn from the UCSF
HIV Over 60 Cohort and from pre-intervention assessments from enrollees in a separate
ongoing trial underway at the University of California, San Francisco. Participants were
recruited between March 2013 and September 2017. Per study protocols, all participants
were aged 60 or older, reported persistent viral suppression and were virally suppressed
(defined as plasma HIVV RNA <100 copies/mL) at the time of examination. All reported
adherence to cART for at least 12 months, and endorsed cognitive symptoms, as defined by
an endorsement of “almost always,” “very often,” or “fairly often” for at least one cognitive
symptom on the Patient Assessment of Own Functioning (PAOF) questionnaire [26].
Baseline CD4 count and viral load were quantified from clinical labs. In two individuals
where laboratory measures were not available, we substituted self-reported current CD4
count. Participants self-reported estimated CD4 nadir when known (n=37). Following
Frascati guidance at consensus conference attended by a neuroHIV clinician (VV) and at
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least one neuropsychologist (BM), individuals were categorized using HAND nosology [27].
In accordance with Frascati guidelines for classifying comorbid conditions into secondary,
contributing, and confounding conditions, individuals were excluded if they had
confounding conditions such as major neurological or psychiatric conditions (e.g.
schizophrenia, multiple sclerosis), current brain infection, thyroid abnormality, self-reported
current substance use disorder, major stroke, or significant traumatic brain injury.
Individuals remained eligible for enrollment if they had potential contributing conditions not
considered the primary reason for cognitive impairment, compatible with HAND criteria.
Participants were selected for this study based on successful acquisition of baseline
structural and diffusion MRI scans, blood draws, and neuropsychological tests.

2.2 Biomarker Acquisition

Cryopreserved plasma aliquots were thawed and prepared following kit manufacturer’s
guidelines. MCP-1, sCD163, and IP-10 were measured using a custom multiplex kit (RD
Systems, MN, USA), acquired on a Luminex 200™ analyzer (Luminex), and analyzed using
Bio-Plex Manager™ software (Bio-Rad). Neopterin and sCD14 were measured by ELISA
(Neopterin competitive enzyme immunoassay, ALPCO, NH, USA; Human CD14
Quantikine ELISA kit, RD Systems), optical density read on a microplate spectrophotometer
(Bio-Rad), and standard curve interpolation conducted on Prism version 7.0b (Graphpad
Software Inc., CA, USA). Samples were run in duplicate and the CV of replicates were less
than 10%.

Examination of biomarker distributions revealed two outliers greater than 4 SDs above the
biomarker distribution means — one for neopterin and one for MCP-1. Because these values
were considered physiologically plausible, we substituted these outlier values with the next
most extreme value in the biomarker distribution during statistical analysis, as has been done
previously by our group [15]. The biomarker distributions of sCD163 and IP-10 were logqg
transformed prior to statistical analysis.

2.3 MRI Acquisition

All participants underwent whole-brain imaging on either a Siemens TIM Trio 3 Tesla MRI
scanner with a 12-channel head coil or a Siemens Prisma FIT 3 Tesla MRI scanner with a
64-channel head coil. Diffusion imaging was acquired on the Trio with a 2.2x2.2x2.2mm
voxel size, 220x220 FOV, 8,200ms TR, 86ms TE, 180° flip angle, gradients applied in 64
directions with a b-value of 2000 s/mm? and 0 s/mm2. Diffusion imaging on the Prisma was
acquired with 2.0x2.0x2.0mm voxel size, 69 slices, 220x220 FQV, 2,420ms TR, 72.2ms TE,
85°/180° flip/refocusing angle, 3 factor multi-band acceleration, EPI factor 110, gradients
applied in 96 directions with b-values of 2500 s/mm? and 0 s/mm2. All images were visually
inspected for quality, excluding any acquisitions which excessive motion or artifacts which
would compromise processing.

2.4 Neuropsychological Testing

All participants underwent neuropsychological testing with a median (range) of 39 (0-128)
days from the baseline MRI scan. The 90-minute standardized neuropsychological testing
battery is designed to capture a wide range of cognitive domains, including episodic
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memory, language, attention, executive functions, psychomotor speed, motor, and visuo-
spatial abilities. As described and utilized in our prior studies, raw scores were standardized
and summarized as normalized z-scores (NPZ) in each domain and global averaged scores
[28-30].

2.5 Image Processing and Analysis

Image processing was carried out on within scanner model groups to control for minor
anatomical and diffusion metric differences between the scanners. Diffusion image
processing began with denoising [31]. The FSL MCFLIRT algorithm was utilized to align
images to the primary volume of the sequence [32]. Data reflecting absolute displacement
parameters beyond 1mm were removed. Background voxels not considered brain tissue were
removed using the BO acquisitions to provide a mask with Otsu thresholding with a 4mm
radius and 4 iterations to minimize intra-class variance [33,34]. FSL Eddy was applied using
the realigned diffusion images, mask, and b-vectors and b-values to correct for eddy current-
induced distortions [35]. The susceptibility distortion corrected diffusion images were then
fitted using Dipy with a non-linear least-squares approach to create the DTI tensor maps
[34]. The DTI-TK package was used to construct within-scanner group templates, and align
and normalize DTI tensor maps to these templates [36].

We performed region of interest (ROI) analysis by warping the Johns Hopkins University
(JHU) white matter atlas into the within-scanner group template spaces [37]. We then
employed ANTSs ImagelntensityStatistics to calculate average FA and MD values in the
genu, body, and splenium of the corpus callosum, the right and left anterior, superior, and
posterior corona radiata, and the right and left superior longitudinal fasciculus as defined
previously by our group [38]. Average FA and MD values per atlas label from both scanner
groups were combined into a multi-scanner ROl analysis (n=43) by building a generalized
linear model using the statsmodels (statsmodels 0.9.0) package in Python 2.7, regressing
each diffusion metric against biomarker levels and neuropsychological testing results, with
the inclusion of age and scanner as covariates [39]. To limit multiple comparisons, we
examined AD and RD in secondary analyses where significant associations with FA or MD
alterations were noted to better characterize the changes. In addition, we performed
exploratory analyses by including either duration of infection or the presence of comorbid
conditions as covariates in the regression model to examine if these had any effect on the
results.

Tract-Based Spatial Statistics (TBSS) is a commonly used diffusion imaging analysis
method which projects subjects’ FA data onto a mean FA tract skeleton before performing
voxelwise statistical analysis on the voxels within that skeleton in order to improve
sensitivity, objectivity, and interpretability [40,41]. The statistics are corrected for multiple
comparisons by applying 5000 permutations with FSL Randomise and threshold-free cluster
enhancement (tfce) [41-43]. We used TBSS to explore the spatial distribution of
associations between elevated biomarkers and DTI measurements across the brain white
matter without relying on a prioriregions. TBSS was performed individually on within-
scanner groups in accordance with the suggestion of the developers.
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3. Results

3.1 Study Participants’ Characteristics

Study participants were predominantly white (91%), male (86%), and well educated (67%
completed at least a bachelor’s degree, Table 1). All were over 60 years of age, with a
median (IQR) age of 64 (62-66) years old. According to self-reported date of HIV
diagnosis, all but two participants had been known to be infected with HIV for at least a
decade, with a median (IQR) duration of infection of 27 (24-31) years. The median (IQR)
CD4 count was 600 (400-760) cells. For those that knew their estimated CD4 nadir (n=37,
86%), the median (IQR) was 150 (50-235). The most common potential secondary or
contributing risk factors for impairment included treated depression (n=9), followed by past
heavy use of alcohol or non-specified substance use and treated sleep apnea (n=6 for each).

3.2 Neuropsychological Performance

The most impaired domain in our population was motor (-1.19 + 1.20 standard deviations
from normal), and the least impaired domain was memory (0.03 + 0.87 standard deviations
from normal). Among our 43 participants, the majority were categorized as mildly impaired
(37, 86% with MND), with one participant (2%) reaching criteria for HI\V-associated
dementia and the remaining five (12%) not having sufficient abnormality on
neuropsychological testing to meet HAND criteria, despite symptoms.

3.3 Diffusion Imaging Associations

Higher plasma MCP-1, neopterin, and sSCD14 levels were associated with worse DT metrics
across multiple regions of the brain (all p-values <0.05, Figure 2). In particular, higher
MCP-1 was associated with worse brain integrity in eight out of the eleven ROIs studied
(73%, regression coefficients range [5.47E-04 to 1.23E-03], all p<0.05) and was linked to
both FA and MD across the corpus callosum. Elevated neopterin was associated with higher
MD in the genu of the corpus callosum (regression coefficient 5.42E-03, p=0.012), and
elevated sCD14 was associated with lower FA in the bilateral superior corona radiata
(regressions coefficients range [-1.30E-08 to —1.02E-08], all p<0.05, Figure 2). Regressing
IP-10 and sCD163 levels against either FA or MD did not meet statistical significance at
p<0.05 in any ROI studied.

AD and RD were run in secondary analyses to further characterize the regions in which
biomarkers significantly associated to the MD or FA levels (Table 2). In the regions where
MCP-1 and neopterin were significantly associated with MD, AD and RD also significantly
associated (p<0.05, with the exception of the direct association between MD in the splenium
of corpus callosum with MCP-1, p=0.056). All significant biomarker associations were
directionally consistent with each other, including a direct relationship with MD, RD, and
AD, and an indirect relationship with FA.

Exploratory analyses including duration of infection and presence of comorbid conditions as
covariates in the regression models were run to test the effect of inclusion. Duration of
infection did not affect any results — the same regions associated with the same diffusion
measures, and duration of infection did not significantly associate with any DTI metrics.
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Adjusting for the presence of comorbid conditions in regression models retained most
results as when run without their inclusion (Table 2). With the added covariate, neopterin no
longer linked to MD in the genu of corpus callosum, and MCP1 no longer linked to AD in
the body of corpus callosum, bilateral superior corona radiata, and left superior longitudinal
fasciculus, and no longer linked to any diffusion metric in the splenium of corpus callosum
at p<0.05, although the direction of the regression coefficient was retained.

Furthermore, there were strong links between neuropsychological performance and worse
DTI metrics (Figure 2). Decreased FA across the corpus callosum, corona radiata, and
superior longitudinal fasciculus associated with poorer performance on the global averaged
score (regression coefficients range [1.50E-02 to 2.26E-02], all p<0.05), as well as the
executive and speed domains (regression coefficients range [7.40E-03 to 1.38E-02] and
[7.92E-03 to 1.57E-02] respectively, all p<0.05). Poorer global performance also associated
with higher MD in the corpus callosum and superior corona radiata (regression coefficients
range [-3.43E-02 to —2.21E-02], all p<0.05), and poorer speed domain performance was
associated with higher MD in the left posterior corona radiata (regression coefficient
-1.59E-02, p=0.031). Correlations between the attention domain and neuropsychological
test performance did not reach significance at p<0.05 in any of the studied ROls.

TBSS analysis on the Siemens Prisma scanner images (n=20) revealed correlations at
p<0.05 between elevated sSCD14 and decreased FA in the left corona radiata, and
correlations at p<0.05 between elevated MCP-1 and higher MD in widespread regions of the
brain (Figure 3A, Figure 3B). TBSS analysis on the Siemens Trio scanner images (n=23)
revealed correlations at p<0.05 between elevated MCP-1 and both lower FA and higher MD
in the corpus callosum (Figure 3C, Figure 3D). Neopterin, IP-10, and sCD163 did not reach
significance in any voxels in the skeleton, and sCD14 did not reach significance in any voxel
on the Siemens Trio images.

4. Discussion

We demonstrate a link between elevated non-specific plasma biomarkers of inflammation
and physiological changes in brain integrity among predominately older men living with
chronic HIV infection and suppressed plasma HIV RNA. On ROI analysis, higher plasma
MCP-1, neopterin, and sCD14 levels each associated with either higher MD, lower FA, or
both, which is consistent with the direction of change expected with brain white matter
injury. Both ROI and voxel-wise TBSS analysis highlight that elevated plasma MCP-1 is
prominently associated with lower FA and higher MD across widespread areas in the brain.
We performed secondary statistical analyses on AD and RD metrics in the regions that MD
and FA were significantly associated to elevated biomarkers to better characterize the white
matter alterations, where we found that the increased diffusivity detected by MD was
reflected by significantly higher metrics in both RD and AD.

Diffusion MRI is a sensitive but non-specific method of characterizing white matter, and
these associations may be explained by the potential interaction of a variety of different
physiological and pathological conditions in the brain. Higher MD and lower FA, as we
linked to higher inflammatory biomarker levels, are generally interpreted as reflecting worse
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integrity, though areas of crossing white matter fibers complicate interpretation. Alterations
in MD and RD are consistent with previous findings in HIV literature, and were proposed to
indicate inflammatory demyelination, though definitive interpretation in the context of
multiple potentially underlying processes including inflammation, demyelination, axonal
injury, or cell infiltration may be difficult [11,44-47]. AD can be interpreted as reflective of
axonal health, and ongoing axonal injury measured by elevated CSF neurofilament protein
(NFL) was identified in both HIV-associated dementia and cognitively asymptomatic HIV
patients [48,49]. In the context of multiple sclerosis, a disease characterized by
inflammatory demyelination and axonal injury, both AD increases and decreases have been
found; potential explanations include an unclear directional effect of chronic inflammation
on AD over long periods of time or that AD increases may reflect compensatory
mechanisms in the presence of white matter damage [50]. The associations with higher AD
we find in our study were not previously reported and warrant further investigation.
Widespread involvement of MCP-1 implicates monocyte-associated inflammation in
peripheral blood associated with central nervous system alterations and could include blood-
brain barrier disruption as contributors to white matter integrity as detected by DTI analysis
[51,52]. This is supported by the associations of neopterin, an immune activation marker,
and sCD14, a monocyte activation marker [17,53,54]. Overall, these results are in-line with
the hypothesis that in PLWH, persistent inflammation and immune activation impact brain
health despite persistent viral suppression.

Connections between DTI metrics and neuropsychological test scores in the global,
executive, and psychomotor speed domains add further evidence that the physiological
changes we identify have clinical relevance, and are consistent with our previously published
data [55]. In our initial analysis, we failed to find significant associations between plasma
biomarkers and neuropsychological testing. Previous results with larger study populations
(n=253) and others (n=68) connected inflammatory biomarkers with neuropsychological test
scores, suggesting that we had insufficient power in the current study to identify these
associations, though our samples may have also differed in the degree of impairment or in
other demographic variables [10,15].

Our study population was carefully selected to consist of older individuals under stable and
successful antiretroviral treatment. This approach strengthens the clinical relevance of our
conclusions as these findings demonstrate that despite optimal adherence to cART and
suppression of viral RNA to unquantifiable levels, white matter damage remains linked to
elevated inflammatory biomarkers. This suggests that CART may not be enough to fully
eliminate the physiological changes in the brain we detect by DTI, in turn correlating to
neuropsychological performance. The selection of individuals who are cognitively
symptomatic similarly strengthens the clinical relevance of our finding, as this is the
population likely to seek care for cognitive issues. However, broad generalizability of these
data to individuals with substantial cognitive confounding conditions and to those who are
asymptomatic or inadequately treated is not possible. The presence of potential risk factors
classified as secondary or contributing does not preclude HAND diagnosis but may play a
non-negligible role in white matter health. It was not possible for us to exclude all
comorbidities as the majority of these older participants present at least one (n=29, 67%).
Inclusion of comorbidities as a covariate in our models did not significantly alter our results
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linking FA, MD, and RD to MCP-1, although many AD associations no longer met
significance and neopterin was no longer linked to MD. These may reflect lower sensitivity
and low power due to smaller sample size. Our results suggest that within the HIV-infected
population, the contributions of elevated MCP-1 and sCD14 to white matter health are likely
to be significantly associated independent of other comorbidities.

Most of our participants have a long history of infection over two decades (n=41, 95%).
Thus, the white matter injury we detect may be a legacy of the pre-cART era that is unable
to be fully recovered by cART introduction. In our models, we did not detect any
associations between duration of infection and DTI metrics. The associations with current
levels of inflammatory biomarkers indicate that, although the initial trigger could have been
historical, the effects are enduring. These findings are complementary to our prior work
demonstrating an increased atrophy rate associated with HIV infection in a similarly well-
controlled study population, though there exists conflicting literature reporting stable
atrophy rates [56,57].

It is important to consider the setting of this study to understand external validity. The
participant population was gathered retrospectively and consists only of self-reported
cognitively symptomatic PLWH. This process increased the likelihood that testing
abnormalities were true changes from baseline, but also excludes impaired individuals with
asymptomatic neurocognitive impairment (ANI), which may make up nearly 70% of HAND
cases [2]. Likewise, our population consists of aging, predominantly white male individuals,
so the results cannot be generalized to a younger age range, or to populations of different
ethnic backgrounds or women.

Due to technical changes that occurred at our center over the course of this study, images
were acquired on an MRI machine before (Siemens TIM Trio) and after (Siemens Prisma
FIT) a software and hardware upgrade, as reported in the methods, which may confound the
ROI results where we examined them as one group. Due to the differences in pulse sequence
and hardware, the DTI metrics between the scanners differed slightly in both magnitude and
variance (Supplemental Table 1). However, we controlled for this in our statistical analysis,
and within-scanner ROl analyses demonstrated similar trends (Supplemental Figure 1).
Thus, we are confident that the scanner change does not significantly bias the findings.
Because we lack a matched control sample population of either HIV-infected asymptomatic
or HIV-uninfected individuals to compare to, we can only discuss the links between relative
biomarker elevation and diffusion metrics within the HIV-infected, virally suppressed, and
symptomatic population. Our study is cross-sectional, which restricts our ability to assign
causal direction to the association between inflammatory biomarkers and white matter
alterations. As the biomarkers we examined are non-specific, the associations to HIV are
inferred but cannot be definitely confirmed. A longitudinal study including seronegative
individuals would better capture the impact of time on the progression of both the
biomarkers and the DTI metrics. Future work is planned to examine the impact of higher
baseline inflammatory and immune activation markers on quantitative imaging measures of
the brain over time.
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In conclusion, we demonstrate that in virally suppressed HIV-infected older adults who are
optimally adherent to cART with persistently suppressed plasma HIVV RNA, elevated
inflammatory and immune activation plasma biomarkers MCP-1, neopterin, and sCD14
associate with higher MD and lower FA, pointing to brain white matter microstructure
abnormality and further evidencing the importance of myeloid origin cells in the
pathogenesis of brain abnormalities in older PLWH. Poorer cognitive performance also links
to these metrics, supporting the hypothesis that persistent immune activation and
inflammation despite viral suppression impacts brain integrity and may contribute to
cognitive impairment in the cCART era.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Results of biomarkersregressed against DT| metrics.
Regression coefficients of biomarkers presented with 95% confidence intervals. Only

associations where p<0.05 are reported. (A) Higher MCP-1 levels linked to lower FA in the
corpus callosum and higher MD values in widespread regions including the corpus callosum
and corona radiata. (B) Higher neopterin levels linked to higher MD in the genu of corpus
callosum. (C) Higher sCD14 levels linked to lower FA in the bilateral superior corona

radiata.

*: p<0.05. **: p<0.01. ***: p<0.001.
ACR: anterior corona radiata. BCC: body of corpus callosum. GCC: genu of corpus
callosum. PCR: Posterior corona radiata. SCC: splenium of corpus callosum. SLF: superior

longitudinal fasciculus.
L: Left. R: Right.
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Figure 2: Results of neurocognitive test performance regressed against DT1 metrics.
Regression coefficients of neurocognitive test performance in standardized z scores

presented with 95% confidence intervals. Only associations where p<0.05 are reported. (A)
Better performance globally is linked to lower MD and higher FA values in widespread
regions. (B) Better executive domain performance is linked to higher FA values in
widespread regions. (C) Better speed of processing domain performance is linked to higher
FA in widespread regions and to lower MD in the left posterior corona radiata.

*: p<0.05; **: p<0.01; ***: p<0.001
ACR: anterior corona radiata. BCC: body of corpus callosum. GCC: genu of corpus
callosum. PCR: Posterior corona radiata. SCC: splenium of corpus callosum. SLF: superior

longitudinal fasciculus.
L: Left. R: Right.
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Figure 3: DTI metrics significantly associate with plasma biomarker levels of MCP-1 and sCD14
in TBSS analysis.

Significant correlations (p<0.05, red-yellow) are overlaid against the mean FA template and
mean FA skeleton (cyan) created during TBSS analysis. Analysis was run on the images
acquired from the two MRI scanners independently. (A): sCD14 indirectly associates with
FA on the Siemens Prisma MRI scanner in the left corona radiata. (B): MCP-1 directly
associates with MD on the Siemens Prisma MRI scanner across the white matter skeleton,
including the corpus callosum and corona radiata. (C): MCP-1 indirectly associates with FA
on the Siemens Trio MRI scanner in the corpus callosum. (D): MCP-1 directly associates
with MD on the Siemens Trio MRI scanner in the corpus callosum.
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Table 1:

Demographic and clinical variables of HIV+ participants.

Measure HIV+ Participants (n=43)
Age in years, median (IQR) 64 (62-66)
Sex, n (%) male 39 (90.7%)

Race, n (%) white

37 (86.0%)

Years of Education, median (IQR) 16 (15-18)
HAND Diagnosis by Frascati, n (%)
Normal, n (%) 5 (11.6%)
Mild Neurocognitive Disorder (MND), n (%) 37 (86.0%)
HIV-associated Dementia (HAD), n (%) 1(2.3%)
MRI Scanner Model
3T Siemens Trio, n (%) 23 (53.5%)
3T Siemens Prisma, n (%) 20 (46.5%)

CD4 count cells/pL, median (IQR)

600 (400 — 760)

Estimated CD4 nadir cells/uL, median (IQR)

150 (50-235)

Viral Load <100 copies/mL, n (%) 43 (100%)
Self-reported Infection Duration in years, median (IQR) 27 (24-31)
Neuropsychological Testing Z-scores, mean + standard dev.
Global -0.55+0.57
Executive Domain -0.61+1.12
Attention/Working Memory Domain -0.56 +0.74
Speed of Processing Domain -0.69 + 1.04
Memory Domain 0.03+0.87
Verbal Domain -0.61+0.82
Motor Domain -1.19+1.20
Plasma biomarker levels, mean + standard dev.
MCP-1 pg/mL 64.1+24.6
sCD163 pg/mL 3.68E5 * 2.22E5
1P-10 pg/mL 64.8 £50.2
Neopterin nmol/L 120+4.6

sCD14 pg/mL

2.36E6 * 9.20E5

Potential Secondary or Contributing Risk Factors for Impairment *(n, %)
Past heavy alcohol use
Marijuana/THC

Past cocaine use

6 (14.0%)
4(9.3%)
2 (4.65%)
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Measure HIV+ Participants (n=43)
Past methamphetamine use 3(7.0%)
Past other/unspecified substance use 6 (14.0%)
Treated depression 9 (20.9%)
Treated sleep apnea 6 (14.0%)
Past Hepatitis C infection 3(7.0%)
Vascular risk factors 2 (4.65%)
Dyslexia 2 (4.65%)
Diabetes 1(2.3%)

Non-ART Medications, median (IQR) 8(4-12)

*
: Some participants had multiple risk factors. Total participants with at least one risk factor was 29 (67%)
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Table 2:

Results of secondary and exploratory regression analyses

Biomarker ROI Metric Regression Coefficient p-value Adjusted Regression Coefficient  Adjusted p-value

AD 1.37E-03 <0.001 *** 1.04E-03 0.005 **
ACR_L MD 1.21E-03 0.002 9.53E-04 0012 *
RD 1.14E-03 0.005 ** 9.08E-04 0.025 *
AD 1.01E-03 0.008 ** 6.98E-04 0.055 *
ACR_R MD 9.96E-04 0.007 ** 7.68E-04 0.039 *
RD 9.87E-04 0012 * 8.02E-04 0.046 *

AD 8.79E-04 0028 * 6.49E-04 0.109
FA -7.72E-04 0.008 ** -6.70E-04 0.028 *

BCC
MD 1.13E-03 0.004 ** 9.28E-04 0.020 *
RD 1.26E-03 0.002 ** 1.07E-03 0.012 *
AD 1.16E-03 0.005 ** 6.72E-04 0.049 *
FA -7.59E-04 0.006 ** -6.54E-04 0023 *
GCC
MD 1.23E-03 <0.001 *** 8.52E-04 0.005 **
MCP-1

RD 1.26E-03 <0.001 9.43E-04 0.004 **

FA -4.51E-04 0.041 * -3.35E-04 0.135

SCC MD 7.27E-04 0.022 * 5.42E-04 0.091

RD 7.20E-04 0.021 * 5.48E-04 0.083

AD 1.25E-03 0.019 © 9.29E-04 0.083
SCRL MD 9.67E-04 0007 ** 8.14E-04 0028 *
RD 8.23E-04 0.008 ** 7.56E-04 0.020 *

AD 1.00E-03 0.038 * 7.10E-04 0.144
SCR_R MD 7.57E-04 0014 * 6.24E-04 0.049 ©
RD 6.34E-04 0.014 5.82E-04 0033 *

AD 5.30E-04 0.030 * 4.65E-04 0.070
SLF L MD 5.47E-04 0022 * 4.96E-04 0.048 *

RD 5.55E-04 0.029 © 5.12E-04 0.056

AD 6.41E-03 0.007 ¥ 2.83E-03 0.172

Neopterin GCC MD 5.41E-03 0.012 * 2.50E-03 0.201

RD 4.91E-03 0.026 * 2.33E-03 0.273
SCR_L FA -1.30E-08 0.006 ** -1.43E-08 0.002 **

sCD14

SCR_R FA -1.02E-08 0041 * -1.15E-08 0018 *

Only associations where unadjusted p-value<0.05 are reported. Inclusion of AD and RD in the models demonstrates that links between
inflammatory biomarkers levels and MD are also indicative of links between inflammatory biomarker levels and both AD and RD. Adjusting the
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model to include the presence of comorbid conditions as a covariate demonstrates that despite the loss of power in the model, many ROIs remain
significantly associated at p<0.05, and others retain a pattern suggestive of a trend.

*
1 p<0.05.

Aok

1 p<0.01.

*ok

*
1 p<0.001.

ACR: anterior corona radiata. BCC: body of corpus callosum. GCC: genu of corpus callosum. PCR: Posterior corona radiata. SCC: splenium of
corpus callosum. SLF: superior longitudinal fasciculus. L: Left. R: Right.

L: Left. R: Right.
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