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Abstract

We evaluated white matter microstructure integrity in perinatally HIV-infected youths receiving 

cART compared to age- and gender- matched healthy youths through DTI metrics using voxel-

based morphometry (VBM). We investigated fourteen perinatally HIV infected patients (age 

17.92± 2.5 years) on cART and seventeen healthy youths (HC) (age 17.95± 3.0 years) using a 3T 

MRI scanner. Four DTI derived metrics were fractional anisotropy (FA), mean diffusivity (MD), 

axial diffusivity (AD) and radial diffusivity (RD). Statistical analysis was done with voxel-based 

analysis of covariance (ANCOVA), with age and gender as covariates. Region-of-interest 

secondary analyses for the statistical significant regions were also performed. Regional increases 

in FA in the PHIV youth were found in left middle frontal gyrus, right precuneus, right lingual 

gyrus and left supramarginal gyrus. Increased MD was found in the right precentral gyrus while 

decreased MD was found in the white matter of the right superior parietal lobule and right inferior 

temporal gyrus/fusiform gyrus. Regions of increased/decreased RD overlapped with regions of 

increased/decreased MD. Both increased and decreased AD were found in three to four regions 

respectively. The regional FA, MD, RD and AD values were consistent with the voxel-based 

analysis findings. The findings are mostly consistent with previous literature, but increased FA has 

not been previously reported for perinatally HIV-infected youths. Potentially early and prolonged 

therapy in our population may have contributed to this new finding. Both toxicity of antiretroviral 
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therapy and indolent infection must be considered as causative factors in the DTI metric changes 

that we have observed.
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Brain; human immunodeficiency virus (HIV); combination anti-retroviral therapy (cART); 
diffusion tensor imaging (DTI); fractional anisotropy (FA); mean diffusivity (MD); radial 
diffusivity (RD); axial diffusivity (AD); voxel based morphometry (VBM)

Introduction:

Progress in the treatment of human immunodeficiency virus (HIV) infection with 

combination antiretroviral therapy (cART) has transformed HIV into a chronic disease (Lee 

et al. 2006; Moore and Chaisson 1999; Palella et al. 1998; Patel et al. 2008) in both adults 

and perinatally HIV-infected (PHIV) children and youths. Despite the success of cART, 

current studies show many HIV-infected individuals who continue to have neurocognitive 

difficulties and may experience indolent ongoing brain injury despite cART medications 

(Winston et al. 2015; Liner et al. 2010; Whitehead et al. 2014; Kolson 2017; Laughton et al. 

2013).

As discussed in recent reviews (Ellis et al. 2009; Connolly et al. 2005; Wood et al. 2009; 

Robertson et al. 2012; Musielak and Fine 2016; Ellis et al. 2007), HIV damage to the central 

nervous system (CNS) may be the result of direct infection with HIV, opportunistic 

infections, or toxicity from antiretroviral medications. Persistent inflammation may also be a 

cause of neurological sequelae. Neuroimaging could potentially be an effective, noninvasive 

tool for monitoring the status of the CNS in chronic HIV infection. Potentially, imaging 

biomarkers could indicate the need for a change in therapy before neurocognitive findings 

are detectable using neurocognitive assessments. To date, neuroimaging studies, based on 

structural brain MRI, show neurological abnormalities in perinatally HIV-infected children 

including ventricular enlargement, and atrophy of cortical and subcortical regions (Hoare et 

al. 2014; Johann-Liang et al. 1998; Ackermann et al. 2014). In our previous brain structural 

study using voxel based morphometry (Sarma et al. 2013), we found white matter (WM) 

atrophy in perinatally HIV-infected youths in brain areas including the bilateral posterior 

corpus callosum (CC), bilateral external capsule, bilateral ventral temporal WM, mid 

cerebral peduncles, and basal pons.

Diffusion tensor imaging (DTI), an MRI technique that provides indices of diffusion of 

water between tissues (Basser and Pierpaoli 1996), also can be used to study cerebral white 

matter (WM) microstructure and subcortical inflammatory changes associated with HIV 

infection (Thomason and Thompson 2011; Pomara et al. 2001; Stebbins et al. 2007; Hoare 

et al. 2012). Diffusion data allow characterization of water diffusivity with the diffusion 

tensor at each voxel, and a variety of quantitative indices can be calculated from the DTI 

tensor that reflect the magnitude and orientation of water diffusion, which are influenced by 

the underlying structure. Two commonly used DTI metrics for characterizing WM integrity 

are fractional anisotropy (FA) and mean diffusivity (MD). FA is a normalized measure 

(values between 0 and 1) indicating directional selectivity of water diffusion, and represents 
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the degree of alignment of the underlying fibers in a voxel (Beaulieu 2002). FA is higher in 

organized WM tracts, reflecting slow diffusivity perpendicular to the fibers and a fast 

diffusivity along them (Pierpaoli et al. 1996). FA is lower in less ordered tissues, such as 

gray matter (GM), while it approaches zero in cerebrospinal fluid (CSF) (Wozniak and Lim 

2006). MD can serve as a measure of generalized tissue breakdown, and represents the 

average magnitude of diffusive motion in all directions. MD is affected by cell size, shape, 

and integrity (Pierpaoli et al. 1996) and declines with increasing tissue barriers, such as cell 

membranes and myelin sheaths (Basser and Pierpaoli 1996). Axial diffusivity (AD) and 

radial diffusivity (RD) are additional DTI derived metrics respectively measuring water 

diffusivity parallel and perpendicular to the principal direction of the WM fibers providing 

greater detail on microstructural properties. Increased RD is associated with demyelination 

(Song et al. 2005) and dysmyelination (Song et al. 2002), whereas decreased AD occurs 

with axonal damage (Loy et al. 2007).

These DTI measures in clinical populations serve as markers of pathology and change over 

time, and in vertically HIV-infected children and youths could provide information on the 

location of white matter microstructural changes that correlate with clinical variables. 

However, it is unclear how accurately the directional diffusivities relate to specific 

pathologies in perinatally HIV-infected children and youths, especially with regard to 

discerning the effects of chronic lifelong infection and prolonged treatment. Although DTI 

has been used in HIV- infected adults to document abnormal WM microstructure (Pomara et 

al. 2001; Stebbins et al. 2007; Berger and Avison 2001; Stubbe-Drger et al. 2012; Wright et 

al. 2012; Hoare et al. 2011), there are relatively few groups who have studied DTI in 

perinatally HIV-infected youth (Hoare et al. 2012; Hoare et al. 2014; Hoare et al. 2015; 

Cohen et al. 2016; Jahanshad et al. 2015).

In the present study, using DTI metrics (MD, FA, AD and RD), we evaluated the WM 

microstructure integrity in perinatally HIV-infected youths receiving cART compared to age- 

and gender-matched healthy controls utilizing voxel-based analysis, which are closely 

related to voxel-based morphometry (VBM) (Ashburner and Friston 2000). VBM-type 

analyses provides a global and comprehensive assessment of group differences with voxel-

by-voxel statistical comparisons throughout the brain. Being an automated technique, it has 

been noted to be reliable and reproducible. Detection of WM damage could be an indicator 

of future neurodevelopmental deficits and may guide clinical treatment whereas absence of 

measurable differences could be reassuring. Furthermore, we sought to examine any 

association between white matter microstructure and HIV disease and treatment variables 

among these youths, including higher current viral load, highest known viral load, lowest 

known CD4 count, lowest known CD4 %, current CD4 count, age at initiation of treatment 

for HIV, and length of HIV treatment.

Materials and Methods:

Subjects

We investigated fourteen perinatally HIV infected patients (age 17.92± 2.5 years, range 

14.3–22.5) and seventeen healthy controls (HC) (age 17.95 years± 3.0, range 13.4–23.6). 

The perinatally HIV-infected subjects were recruited from four medical centers providing 
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care for these youths in the Los Angeles area: Los Angeles County Harbor-UCLA Medical 

Center (Torrance, CA), Miller Children’s Hospital of Long Beach (Long Beach, CA), David 

Geffen School of Medicine at UCLA (Los Angeles, CA), and Children’s Hospital Los 

Angeles (Los Angeles, CA). The healthy controls were recruited from family members of 

the subjects, the general pediatric clinic at Los Angeles County Harbor-UCLA Medical 

Center, the UCLA university community, local junior college community, the Los Angeles 

Biomedical Research Institute community and the general community. The protocol was 

approved by the institutional review board (IRB) both at Los Angeles Biomedical Research 

Institute at Harbor-UCLA Medical Center and at the University of California at Los 

Angeles. All subjects completed study procedures voluntarily. Signed informed consent was 

obtained from subjects 18 years or older and from the parents or legal guardians of younger 

subjects. Subjects between the ages of 13–17 years signed an assent for participation.

Study criteria—Study inclusion criteria were similar to our previous studies (Nagarajan et 

al. 2012; Sarma et al. 2013) and consisted of the following: (1) 13–30 years of age; (2) 

perinatal acquisition of HIV or confirmation of HIV-uninfected status with Ora–Quick 

(OraSure Technologies, Bethlehem, PA 18015) buccal scraping (for HIV− subjects); (3) 

current treatment with combination antiretroviral medication for HIV-infected subjects; (4) 

post-menarchal status for all females since all females were studied in the follicular phase of 

the menstrual cycle to reduce variability; (5) right-hand dominance; and (6) negative urine 

pregnancy test if female. We excluded participants if they had: (1) a history of CNS 

opportunistic infection or other CNS condition (other than HIV); (2) severe metabolic 

disturbances, such as hepatic or renal failure; (3) metallic implants or braces or permanent 

retainers or other MRI exclusions; (4) claustrophobia; (5) Attention Deficit/Hyperactivity 

Disorder; (6) pregnancy (by interview and urine pregnancy test before scanning); (7) 

smoking (nicotine); (8) alcohol or other substance use/abuse including marijuana; (9) active 

psychiatric diagnosis; (10) severe school difficulties in control subjects; (11) chronic 

medication other than asthma medication in control subjects; (12) female subjects in luteal 

phase of menstrual cycle; and (13) hepatitis C infection.

Each subject fulfilling the study criteria was assessed with DTI scans. For HIV+ subjects, 

the following additional data were collected from the chart review: age at first treatment for 

HIV; HIV viral load close to time of testing; highest known viral load; CD4 T cell counts 

close to time of testing; lowest known CD4; lowest known CD4%; current antiretroviral 

therapy; known presence of HIV encephalopathy; and history of maternal substance abuse 

during pregnancy.

MRI

All MRI studies were performed using a 3T MRI scanner (Siemens Medical Solution, 

Erlangen, Germany), using a 16-channel phased-array head ‘receive’ coil. To minimize head 

movement, foam pads were placed on either side of the head. DTI was performed using a 

single-shot multi-section spin-echo echo-planar pulse sequence [repetition time (TR) = 

10,000 ms; echo-time (TE) = 90 ms; flip angle = 90°; average = 4, gradient duration = 20 ms 

in the axial plane, with a 130 × 130 matrix size, 256 × 256 mm2 field of view (FOV), 2.0 

mm slice thickness, 75 slices, 0 interslice gap, and a readout bandwidth of 1347 Hz/pixel. 
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For each slice, diffusion gradients were applied along 64 independent orientations with b = 

700 sec/mm2 after the acquisition of b = 0 sec/mm2 (b0) images. High-resolution 3-

dimensional T1-weighted anatomical scans were collected using a magnetization-prepared 

rapid-acquisition-gradient-echo pulse sequence (TR = 2200 ms; TE = 2.2 ms; inversion time 

= 900 ms; flip angle = 9°; matrix size = 256 × 256; FOV = 240 × 240 mm; slice thickness = 

1.0 mm; number of slices = 176).

Data Processing

The statistical parametric mapping package SPM12 (https://www.fil.ion.ucl.ac.uk/spm/

software/spm12/), DTI-Studio (Jiang et al. 2006), MRIcroN (Rorden et al. 2007), and 

custom MATLAB-based software were used for evaluation of images, data processing, and 

analyses. The Diffusion Toolbox for SPM was used to process the DTI data. The diffusion 

tensor was calculated at each voxel, from which whole-brain maps of FA, MD, AD and RD 

were derived. The normalization parameters derived from b0 images were used to normalize 

DTI maps, which were then smoothed with an 8 mm Gaussian filter.

Region-of-interest (ROI) analyses were used to determine average values for the diffusivity 

parameters from those brain locations that show significant differences between PHIV-

infected youths and control groups, based on VBM analysis. Regional ROI masks were 

created for distinct brain regions using clusters identified by VBM procedures, and used to 

calculate average FA, MD, RD, and AD values using normalized and smoothed maps.

Statistical Analyses

To define regional differences in FA, MD, AD and RD values between patients and controls, 

statistical analysis was done with VBM (Ashburner and Friston 2000) using analysis of 

covariance (ANCOVA) model with age and gender as covariates. We established 

significance at a height threshold of p < 0.001 (uncorrected) and an extent threshold of 30 

voxels.

Statistical Package for the Social Sciences (SPSS, V 24.0, IBM, Chicago, IL) software was 

used to examine demographic and regional diffusivity parameters from ROI analyses. The 

independent samples t-tests were performed to examine age, and gender differences between 

PHIV-infected and healthy control groups. The average values for FA, MD, RD, and AD 

from ROI analyses for different locations were compared between PHIV-infected youths and 

healthy controls with multivariate ANCOVA (covariate: age and gender).

Results:

Demographic and clinical data of PHIV and control subjects are summarized in Table 1. No 

significant differences were found in age and gender between the two groups. Ten of the 

fourteen subjects had a log viral load < 1.68 while receiving cART. Of the 14 patients, five 

had evidence of HIV encephalopathy. For 12 subjects, there was no evidence of maternal 

substance abuse during pregnancy. For the remaining two patients, one had evidence of 

maternal substance abuse and the information was unknown for the other.
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Voxel-wise comparisons of DTI matrices FA, MD, RD and AD revealed significant regional 

group differences. Regional increases in FA in the PHIV youth group compared to the HC 

group were found in 4 regions (Figure 1), including left middle frontal gyrus, right 

precuneus, right lingual gyrus and left supramarginal gyrus. No regions showed decreased 

FA values in PHIV youths compared to HC. Voxel-wise comparisons of MD between the 

groups revealed regions of significantly decreased and increased diffusivity in the PHIV 

subjects compared to the HC subjects (Figure 2). Increased mean diffusivity was found in 

the right precentral gyrus in the PHIV subjects. Decreased mean diffusivity was found in 

PHIV subjects in 2 regions, including the white matter of the right superior parietal lobule 

and right inferior temporal gyrus/fusiform gyrus. Although both increased and decreased 

MD was observed in selected cerebral locations in the PHIV youths, there was no direct 

overlap of specific lobar locations.

Regions of increased/decreased RD in the PHIV group overlapped with regions of increased/

decreased MD in the same group (Figure 3). Specifically, right precentral gyrus showed 

increased, and right superior parietal lobule and inferior temporal gyrus/fusiform gyrus 

showed decreased RD in the PHIV subjects compared to HC. Figure 4 shows regions of 

increased/decreased AD in PHIV youths relative to healthy control subjects. Three brain 

sites in PHIV patients showed significantly increased AD values, including left putamen, left 

parietal operculum, and cerebellar vermal lobules. Decreased AD was observed in the right 

inferior temporal gyrus/fusiform gyrus, right posterior cingulate gyrus, right superior 

parietal lobule, and left precuneus. Two regions of decreased AD in the PHIV group 

overlapped with regions of decreased MD and RD. These regions included right inferior 

temporal gyrus/fusiform gyrus, and right superior parietal lobule. The regional FA, MD, RD 

and AD values derived from multiple brain areas from PHIV-infected youths and healthy 

controls are presented in Table 2. The ROI analysis results are consistent with the voxel-

based analysis findings reported above.

Association of disease markers with DTI parameters among PHIV youth

Scan CD4 count, lowest known CD4, lowest known CD4%, scan viral load, highest known 

viral load, length of first treatment, age at diagnosis, and age at first treatment were not 

associated with either of FA, MD, RD and AD when age and gender were used as covariates 

of interest.

Discussion:

In this study, we used VBM-based DTI analysis to study the integrity of WM, and the 

relationship between DTI measures and clinical parameters in perinatally HIV-infected 

youths receiving current cART. Results presented here indicate that PHIV-infected youths 

have DTI-derived microstructural alterations compared to healthy controls in several brain 

regions. In PHIV-infected youths, we found both decreased and increased MD. Differences 

in FA were more consistent, with increases noted in the PHIV youths compared to the 

healthy controls. Regions displaying significantly increased and decreased MD in the PHIV-

infected youths were also found to have significantly increased and decreased RD and AD 

compared to the healthy controls. Although both increased and decreased MD, RD and AD 
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values were observed in several cerebral locations in the PHIV-infected youths, no direct 

overlap of specific locations with increased values with that of decreased were noticed.

Both lower and higher FA have been reported previously in HIV-infected adults (Pomara et 

al. 2001; Hoare et al. 2011; Wu et al. 2006; Thurnher et al. 2005; Li et al. 2010), but this is 

the first report showing increased FA in perinatally HIV–infected youths although another 

study with a similar population to our own found decreased FA using different techniques 

(total brain FA and tractography) (Uban et al. 2015). Hoare et al. (Hoare et al. 2015) 

compared DTI metrics with clinical parameters in a younger population than ours receiving 

cART. In that study, decreased FA was associated with being on a second line regimen and 

younger age. Inclusion criteria was cART for a minimum of 6 months. In contrast, our 

population had been treated for an average of 155 months. Another group (Ackermann et al. 

2016) also found lower FA in younger (age 5 years) HIV-infected children with predominant 

involvement of the corticospinal tracts while Jankiewicz et al. (Jankiewicz et al. 2017) 

studied 7 year old children with HIV and found two regions with lower FA.

Our finding of higher FA may represent increased white-matter integrity and/or myelination 

or microscopic deficits of axonal structures or decreases in axonal diameter, packing 
density, and branching in those areas. When myelinated nerve sheaths are affected in a 

patient population, they may exhibit excessive hyperplasia leading to a high FA value of 

WM. This may contribute to cognitive deficits often seen in PHIV youths (Wood et al. 2009; 

Hoare et al. 2012; Nagarajan et al. 2012; Cohen et al. 2015). A similar interpretation was 
made for increased FA found in Williams Syndrome (Hoeft et al. 2007) and obsessive-
compulsive disorder (Lochner et al. 2012), with the changes potentially associated with 
anomalous cognitive function in the two conditions. Similar to our findings, Stebbins et 

al. (Stebbins et al. 2007) also found increases in FA in adult HIV patients and suggested an 

alternate hypothesis. According to these investigators, loss of the complexity of the white-

matter matrix in those regions may lead to increased FA. FA can be high in a voxel which 

contains only parallel white matter fibers. A damaged matrix may result in loss of crossing 

and leave the parallel fibers intact resulting in a paradoxical increase in FA. One indicator of 

such a process would be an increase in MD, a measure of tissue damage, in the same WM 

regions (Hoare et al. 2011; Thurnher et al. 2005). We did not observe significantly increased 

MD together with the increased FA in the same regions to support this hypothesis.

Another possible explanation for higher FA is increases in fiber tract density. FA is 

associated with fiber tract density in the owl monkey brain (Choe et al. 2012). This 

possibility could be investigated further in our data set using fiber tracking algorithms such 

as FACT (Mori et al. 1999).

Our findings of variable MD changes in PHIV youths relative to healthy controls may 

account for previous discordant reports of changes in DTI parameters in this population 

(Pomara et al. 2001; Uban et al. 2015; Stebbins et al. 2007; Pfefferbaum et al. 2007; Chang 

et al. 2008; Chen et al. 2009). Stebbins et al. (Stebbins et al. 2007) found widespread 

increases noted in the HIV-seropositive sample compared to the HIV-seronegative sample. 

Pomara et al. (Pomara et al. 2001) observed no significant differences in MD, but found 

trend of both increased and decreased MD in HIV+ patients compared to healthy controls. 
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Most of these studies were on older patients. Increased MD may represent 

neurodegeneration of white matter, where neuronal loss during neurodegeneration 

corresponds to increased water molecules, likely resulting in higher MD (Uban et al. 2015; 

Cho et al. 2008) and can be a sensitive indicator of developmental problems observed in 

some of the PHIV-infected youth (Filippi et al. 2003). Smaller WM volumes have been 

observed among PHIV-infected youths in our previous study (Sarma et al. 2013) which 

support this hypothesis. Another reason for increased MD may be inflammation. Ongoing 

detectable neuro inflammation (Anthony et al. 2005) has been reported in HIV patients even 

after the introduction of highly active cART. Inflammatory activity may be a marker of 

neurological progression from asymptomatic to symptomatic disease stages in HIV (Chang 

et al. 2004). Ragin et al. (Ragin et al. 2006) reported that elevation of macrophage 

chemoattractant protein-1 (MCP-1), an inflammatory chemokine, has been correlated with 

increased MD in the centrum semiovale, the putamen, and caudate of patients with HIV 

infection.

Higher RD in PHIV-infected youths may reflect failure of the cells to develop fully and 

create the sheath around the axon resulting in less myelination of tracts (Chen et al. 2009). 

AD is thought to reflect water diffusivity parallel to axonal fibers and increased axial 

diffusivity is usually associated with a better WM integrity. However, co-occurring with 

higher RD as we have found, it may represent simultaneous axonal and myelin degeneration 

(Roosendaal et al. 2009; Metwalli et al. 2010).

Observed reduction in diffusivity measures (MD, AD, and RD) in PHIV-infected youths in 

our study are in agreement with the finding by Wright et al. (Wright et al. 2012) on elder 

HIV+ patients receiving cART. According to these investigators, decreased diffusivity 

measures may reflect macrophage and microglia infiltration due to active viral replication 

within the CNS or alternatively, there may be increased cytotoxic edema. As a result, the 

free path of water diffusion may be decreased by the presence of inflammatory cells and 

surrounding debris (Wright et al. 2012; Wang et al. 2011).

Though no correlation was found in our study between diffusivity changes and duration of 

therapy, it is to be noted that all PHIV-infected youths in our study were receiving cART at 

the time of the MRI scan. cART may effectively suppress the HIV systemic burden, but poor 

penetration of some antiretroviral medications into the CNS may provide insufficient 

protection. Long-term cART regimens may cause mitochondrial toxicity, impaired 

neurogenesis and lead to neuronal loss (Marra et al. 2009; Robertson et al. 2010). These 

findings suggest that a longer HIV treatment may be associated with potential neurotoxicity 

in the brains of PHIV-infected youths, which may affect the anisotropy and diffusivity 

parameters.

Limitations:

Limitations of our study include the relatively small sample size, and the cross-sectional 

nature of the data, which limits our ability to assess the impact of HIV on brain development 

over time. In addition, cognitive analysis was not a part of our analysis and intrinsically, we 

are not able to address the question of whether changes in diffusion parameters exhibit an 
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early marker of consequent decline in cognitive abilities. Our healthy controls were matched 

for age and sex to PHIV-infected youth, accounting for the possible interactions of age and 

gender allowing for meaningful group comparisons. Despite these potential limitations of 

the study, our results may shed light on white matter integrity damage in PHIV-patients 

during a longer duration of therapy.

Conclusion:

In PHIV-infected youths, we found white matter integrity changes in terms of increased FA 

and both increased and decreased MD, RD and AD. Greater HIV-related disease severity 

early in life may impact organization and/or myelination of underlying white matter 

microstructure in these youths. Larger cohorts and longitudinal studies are needed to 

improve our understanding of the pathogenesis of cerebral injury in perinatally HIV-infected 

youths.
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Figure 1: 
(A) Regions of significantly increased FA in PHIV-infected youths compared to healthy 

controls (red-yellow, scaled by t statistic). Significance thresholds were set for P < 0.001 

(uncorrected for multiple comparisons), with an extent threshold of 30 voxels for the 

analysis. Voxels evidencing significant differences in FA are displayed on axial sections of a 

canonical brain image. The right side of the images represent the right side of the brain. 

Numbers indicate Z coordinates in mm relative to the SPM template. (B) Sketch indicating 

location of 6 axial slices in coronal plane.
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Figure 2: 
(A) Regions of significantly increased MD (red to yellow) and decreased MD (blue to green) 

in PHIV-infected youths compared to healthy controls (t-statistic scale). Significance 

thresholds were set for P < 0.001 (uncorrected for multiple comparisons), with an extent 

threshold of 30 voxels for both analyses. Voxels evidencing significant differences in MD 

are displayed on axial sections on a canonical brain image with the color scale indicating the 

magnitude of Z values. The right side of the images represent the right side of the brain. 

Numbers indicate Z coordinates in mm relative to the SPM template. (B) & (C) Sketch 

indicating location of 4 axial slices in coronal and sagittal plane respectively.
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Figure 3: 
(A) Regions of significantly increased RD (red to yellow) and decreased RD (blue to green) 

in PHIV-infected youths compared to healthy controls (t-statistic scale). Significance 

thresholds were set for P < 0.001 (uncorrected for multiple comparisons), with an extent 

threshold of 30 voxels for both analyses. Voxels evidencing significant differences in RD are 

displayed on axial sections of a canonical brain image with the color scale indicating the 

magnitude of Z values. The right side of the images represent the right side of the brain. 

Numbers indicate Z coordinates in mm relative to the SPM template. (B) & (C) Sketch 

indicating location of 4 axial slices in coronal and sagittal plane respectively.
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Figure 4: 
(A) Regions of significantly increased AD (red to yellow) and decreased AD (blue to green) 

in PHIV-infected youths compared to healthy controls (t-statistic scale). Significance 

thresholds were set for P < 0.001 (uncorrected for multiple comparisons), with an extent 

threshold of 30 voxels for both analyses. Voxels evidencing significant differences in AD are 

displayed on axial sections of a canonical brain image with the color scale indicating the 

magnitude of Z values. The right side of the images represent the right side of the brain. 

Numbers indicate Z coordinates in mm relative to the SPM template. (B) & (C) Sketch 

indicating location of 7 axial slices in coronal and sagittal plane respectively.
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Table 1:

Demographic and clinical characteristics of PHIV-infected youths and healthy controls. P-value shown for 

group differences assessed with independent samples t-test (age) or chi-square (sex distribution).

Characteristics PHIV-infected (n=14) Healthy (n=17) P-value

Age (years) 17.92 ± 2.48 17.95 ± 2.95 0.97

Sex (Male : Female) 5 : 9 7 : 10 0.77

CD4 T-cell count 630.18 ± 307.45 - -

Age at ART initiation (months) 59.71 ± 57.31 - -

Age at HIV diagnosis (months) 51.64 ± 53.41 - -

Duration ART (months) 155.35 ± 64.68 - -

Log viral load < 1.68 10 - -
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Table 2:

Regional FA, MD, RD and AD value changes in PHIV youths compared to healthy control.

Regions PHIV Youth Healthy Control P-value

FA

Left middle frontal gyrus 0.22 ± 0.05 0.16 ± 0.02 <0.001

Right precuneus 0.36 ± 0.06 0.25 ± 0.07 <0.001

Right lingual gyrus 0.33 ± 0.08 0.21 ± 0.06 <0.001

Left supramarginal gyrus 0.23 ± 0.05 0.18 ± 0.03 0.001

MD (×10−3 mm2.s−1)

Right precentral gyrus 0.73 ± 0.05 0.68 ± 0.04 0.002

Right superior parietal lobule 0.86 ± 0.11 1.16 ± 0.28 <0.001

Right inferior temporal gyrus/fusiform gyrus 1.00 ± 0.12 1.29 ± 0.17 <0.001

RD (×10−3 mm2.s−1)

Right precentral gyrus 0.56 ± 0.05 0.51 ± 0.04 0.018

Right superior parietal lobule 0.74 ± 0.14 1.07 ± 0.32 <0.001

Right inferior temporal gyrus/fusiform gyrus 0.90 ± 0.13 1.20 ± 0.16 <0.001

AD (×10−3 mm2.s−1)

Left Putamen 1.12 ± 0.06 1.04 ± 0.05 <0.001

Left parietal operculum 1.16 ± 0.08 1.06 ± 0.06 0.012

Cerebellar Vermal Lobules 1.03 ± 0.10 0.96 ± 0.08 0.010

Right inferior temporal gyrus/fusiform gyrus 1.22 ± 0.14 1.54 ± 0.19 <0.001

Right posterior cingulate gyrus 2.10 ± 0.81 2.72 ± 0.81 0.027

Right superior parietal lobule 1.13 ± 0.08 1.38 ± 0.27 <0.001

Left precuneus 1.06 ± 0.10 1.15 ± 0.12 0.025
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