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Abstract: Despite advances in the treatment of patients with human immunodeficiency virus (HIV), HIV-asso-
ciated neurocognitive disorder occurs in 15-50% of HIV-infected individuals, and may become more apparent
as ageing advances. In the present study we investigated regional cerebral blood flow (rCBF) and regional cere-
bral metabolic rate of glucose uptake (rCMRglc) in medically and psychiatrically stable HIV-1-infected partici-
pants in two age-groups. Positron emission tomography (PET) and magnetic resonance imaging (MRI)-based
arterial spin labeling (ASL) were used to measure rCMRglc and rCBF, respectively, in 35 HIV-infected partici-
pants and 37 HIV-negative matched controls. All participants were currently asymptomatic with undetectable
HIV-1 viral loads, without medical or psychiatric comorbidity, alcohol or substance misuse, stable on medica-
tion for at least 6 months before enrolment in the study. We found significant age effects on both ASL and PET
with reduced rCBF and rCMRglc in related frontal brain regions, and consistent, although small, reductions in
rCBF and rCMRglc in the anterior cingulate cortex (ACC) in HIV, a finding of potential clinical significance.
There was no significant interaction between HIV status and the ageing process, and no significant HIV-related
changes elsewhere in the brain on PET or ASL. This is the first paper to combine evidence from ASL and PET
method in HIV participants. These finding provide evidence of crossvalidity between the two techniques, both in
ageing and a clinical condition (HIV). Hum Brain Mapp 34:2484-2493,2013.  © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Since its introduction in 1996, highly active antiretroviral
therapy (HAART) for human immunodeficiency virus
(HIV) has led to dramatic decreases in HIV-associated
mortality and morbidity for these individuals [Detels
et al., 2001; Dore et al., 2003; Hammer et al., 1997; Palella
et al, 1998]. However, rates of cognitive impairment
remain high: for example, the CHARTER study reported
33% for asymptomatic neurocognitive impairment, 12% for
mild neurocognitive impairment, and 2% HIV associated
dementia [Heaton et al., 2010, 2011]. Robertson et al. [2007]
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found 39% neurocognitive impairment, and Simoni et al.
[2010] 69%. In a recent review, Schouten et al. [2011]
described abnormal scores on neuropsychological tests in
15-50% of HIV-infected individuals in studies from differ-
ent parts of the world.

HIV-1 is known to enter the CNS early in the course of
infection, even before antibodies are detectable in the
blood [Thurnher and Donovan-Post, 2008]. As a result, the
brain may be affected by a variety of HIV-1 associated
abnormalities, with knowledge of these abnormalities
being important for detection and diagnosis and for initia-
tion of treatment [Thurnher and Donovan-Post, 2008].
Neuroimaging has already offered significant insight into
the nature and extent of underlying HIV-1 CNS changes
[Paul et al., 2008] and the availability of newer techniques
offers the opportunity to expand upon this further [Tucker
et al., 2004]. In our own previous study, we found a region
of reduced gray matter volume in the superior and medial
frontal gyri [Towgood et al., 2012]. Of particular interest is
the potential to identify surrogate markers of disease bur-
den, particularly early in the disease process. These
markers could help identify those at risk of developing
neurocognitive disorders and/or dementia [Ances et al,,
2009] and may in turn be beneficial for drug trials in early
CNS infection [Thompson et al., 2006].

Positron emission tomography (PET) has been used to
explore regional cerebral metabolic rate of glucose
(rCMRglc) in a limited number of studies in HIV-infected
participants and has provided some important insights into
the nature of HIV-infection. A consistent finding from these
investigations in symptomatic HIV-1 infection has been of
increased basal ganglia uptake [Hinkin et al., 1995; Rotten-
berg et al., 1996; van Gorp et al., 1992]. Two hypotheses
have been put forward to explain this result. The first is that
globally reduced uptake in the cortex, with relative sparing
of subcortical uptake, produces the appearance of elevated
uptake in the latter [van Gorp et al., 1992]. The second hy-
pothesis attributes this finding to an absolute increase in
uptake in subcortical structures. In all of these studies,
[18F]2—ﬂuoro-2—deoxy-D-glucose (FDG) PET was used to
investigate rCMRglc in participants with acquired immuno-
deficiency syndrome (AIDS). Whilst these studies all
reported on participants in the pre-HAART era, the single
study conducted to date conducted with participants from
the post-HAART era confirms these findings [von Giesen
et al., 2000]. Very few asymptomatic HIV-infected partici-
pants have been included in existing studies.

A recent advance in neuroimaging which offers the
potential to further explore the physiological changes asso-
ciated with HIV-infection is arterial spin labeling (ASL).
ASL is a magnetic resonance imaging (MRI) technique
which can be used to generate reliable maps of regional
cerebral blood flow (rCBF) in a noninvasive manner, and
has shown promise for evaluation of the central nervous
system disorders [Detre and Alsop, 1999; Detre et al.,
2009]. In addition, ASL appears to be a reliable correlate of
regional tissue metabolism. It is also a sensitive marker of

tissue pathology as shown recently in the case of Alzhei-
mer’s Disease [Chao et al. 2010].

To date only two studies have explored the use of ASL
in HIV-infection [Ances et al., 2006, 2009]. These research-
ers found reduced caudate rCBF in HIV-1-infected patients
with cognitive impairment [Ances et al., 2006] and
reduced lenticular nucleus and caudate rCBF in individu-
als who had only recently seroconverted (become HIV
positive), and who were not yet expressing any signs of
neuropsychological impairment [Ances et al., 2009].

The main objective of the current study was to describe
the rCBF and rCMRglc in the brains of HIV-1 positive
individuals who were medically and psychiatrically
asymptomatic and stable on HAART. We selected a study
population which was not confounded by other risk fac-
tors, such as history of alcohol or substance use/depend-
ence or by significant previous neurological or psychiatric
disorder. This offered the significant advantage of poten-
tially detecting HIV-related cerebral changes, independent
of confounding factors. Detailed cognitive and structural
MRI findings in our samples are reported elsewhere [Tow-
good et al., 2012].

MATERIALS AND METHODS
Participant Population

A total of 95 participants who self-reported as “men
who have sex with men” were recruited between October
2005 and December 2008. They were divided into four
groups: HIV-l-infected patients aged 20-40; those aged
50-75, and age- and education-matched younger (20—40)
and older (50-75) HIV negative healthy controls.

To participate in the study, HIV-1-infected participants
were required to have been stable on HAART with unde-
tectable viral loads of <50 copies ml~! and CD4 cell count
>200 cells pl " for at least 6 months. HAART regimens had
been prescribed as clinically judged by the primary HIV
physician and, with the exception of two cases, all HIV-1-
infected participants were being treated with at least one
CNS penetrating antiretroviral drug at the time of the study.
All participants were of white/Caucasian ethnicity and pro-
ficient in the English language. Research Ethics Committee
approval for the project was granted by the Joint South Lon-
don and Maudsley and Institute of Psychiatry Research
Ethics Committee (Approval Number 05/Q0706/267). Con-
sent was obtained according to the Declaration of Helsinki.

Participants underwent a brief medical and neurological
examination performed by an HIV physician. Blood sam-
ples were obtained to verify HIV status, CD4 cell count
and plasma levels of HIV-RNA burden and to check for
the presence of syphilis and hepatitis B and C infection as
well as full blood count, renal and liver function, bone
and lipid profile, vitamin B12, folate and glucose levels,
thyroid stimulating hormone (TSH), and C-reactive pro-
tein. All participants were also evaluated for psychiatric
disorder or a history of alcohol and substance usage using

* 2485 o



¢ Towgood et al.

95 participants investigated
for recruitment

19 excluded due to
contraindications (10 HIV-1
infected, 9 HIV negative)

All 76 participants allocated
to MRI arm.

(20 young and 18 older
HIV+ participants; 18
young and 20 older HIV-
participants)

!

76 completed MRI scan

!

4 excluded due to excessive
movement during scanning
(3 HIV+, 1 HIV negative)

!

72 included in MRI analysis

PET arm restricted to 60
participants due cost and
logistical issues.

(20 young and 20 older
HIV+ participants; 10
young and 10 older HIV-
participants

60 completed PET scan

!

60 included in PET analysis

Figure 1.
Study recruitment.

a structured clinical interview administered by a consul-
tant psychiatrist to establish a diagnosis according to
DSM-IV criteria [American Psychiatric Association, 1994].
In addition, depression and anxiety symptoms were
assessed using the Beck Depression Inventory (BDI) and
the Beck Anxiety Inventory (BAI) [Beck, 1987; Beck and
Steer, 1990].

Participants were excluded if they met criteria for any
previous or current CNS-AIDS-defining-conditions as
defined by the CDC classification of confounding neuro-
logical disorder; history of head trauma with loss of con-
sciousness for more than 10 min or had a history of
harmful alcohol or substance usage. Harmful alcohol
usage was defined as more than 25 U of alcohol per week.
Harmful substance usage was defined as any use of canna-
bis within the 2 weeks prior to screening or use more fre-
quently than once a month; use of other substances such
as MDMA or cocaine more than three times a year, or any
use of heroin. Other exclusion criteria were chronic medi-
cal illness that might affect cognition such as cardiac, he-
patic, or renal dysfunction, moderate to severe psychiatric
disorder, and/or current use of psychotropic medication.
Patients with contraindications for MRI scans were also
excluded.

Details of patient recruitment are presented in Figure 1.

Procedures
Neuropsychological examination

A range of neuropsychological tests of known reliability and
validity were administered. These were broadly based on the
Heaton et al.,, [1995] HIV battery, although equivalent tests
developed and standardized in the United Kingdom were
substituted where available. The tests were administered by
trained psychologists according to standardized procedures.
The order of testing was the same for all participants. The neu-
ropsychological battery took ~ 2 h to administer.

The revised National Adult Reading test [Nelson and
Willison, 1991] was administered as a test of general pre-
morbid ability. General intelligence was assessed based on
the vocabulary, digit-symbol coding, similarities, block
design, matrix reasoning, digit span, digit symbol, and
letter-number sequencing subtests from the Wechsler
Adult Intelligence Scale (Third Edition) [Wechsler, 1997].

Image acquisition

ASL and conventional MRI scans were acquired on a
General Electric SIGNA HDx 3.0T MR scanner (General
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Electric, Milwaukee WI) at the Centre for Neuroimaging
Sciences, Institute of Psychiatry, King’s College London.
For radiological purposes, we acquired a T,-weighted fast
spin echo (FSE) sequence (Tg = 4,380 ms, Tg = 65 ms, slice
thickness = 4 mm, 36 slices, image matrix = 320 x 320,
reconstructed as 512 x 512, FOV = 24 x 24 sz) and a
fluid attenuated inversion recovery (FLAIR) sequence
(Tr = 8,000 ms, Ty = 2,000 ms, Tg = 127 ms, with the
same slice prescription and resolution).

Resting state rCBF measurements were made using a
pseudo-continuous ASL technique developed by Dai et al.
[2008]. In this technique, arterial blood is labeled using a
1.5-s train of Hanning shaped RF pulses of 1,500 ps dura-
tion and 500 ps spacing. After a postlabeling delay of
1.5 s, the image is acquired with a 3D fast spin echo (FSE)
spiral multishot readout (TE 32 ms; TR = 5,500 ms; ETL =
64). Two factors make this an ideal sequence for resting-
state perfusion studies: first, the long adiabatic RF pulse
labels a substantial amount of arterial blood and therefore
increases the amplitude of the perfusion contrast (contrast
to noise ratio). Second, the FSE signal readout minimizes
signal losses due to magnetic susceptibility induced gra-
dients, an artifact commonly observed when using gradi-
ent recalled, echo planar imaging techniques, particularly
in the basal ganglia, orbito-frontal areas and inferior tem-
poral regions. Images are reconstructed to a 256> matrix,
such that the resulting rCBF maps have a voxel size of 1 x
1 x 3 mm®. Three pairs of tagged-untagged images were
collected, together with two calibration volumes for flow
quantification, for a total acquisition time of 6:08 min.

PET scans were performed in the PET Imaging Centre
at St Thomas’s Hospital, King’s College London, using a
GE Discovery ST PET/CT scanner (GE Medical System,
Milwaukee, WI) with a 15.4-cm axial field of view. Partici-
pants were instructed to refrain from eating or drinking
anything except water for 3 h prior to the scan. On arrival
each participant was cannulated in the antecubital fossa
and injected with 250 MBq (18F)-FDG. After a 30-min
uptake period in which they rested in a dimly lit quiet
room the participants were put on the PET scanner, with
their head secured by a head rest. A planar CT scout was
acquired to localize the participant’s brain in the PET field
of view. A single low dose CT was also acquired for
attenuation correction of the PET scan.

Each PET scan was acquired in 3D mode over 15 min
and reconstructed using the 3D FORE algorithm and 2D
filtered back projection with scatter correction, geometric
correction and CT-based attenuation correction. The result-
ing images had voxel dimensions 128 x 128 x 47 with

voxel sizes 2 x 2 x 3.27 mm°.

Image processing

For the ASL images, the preprocessing steps were con-
ducted in the following manner. First, extracerebral signal
was removed from the T,-weighted FSE scan using the
“brain extraction tool” (BET;, the Functional Software

Library, Oxford Centre for Functional Magnetic Resonance
Imaging of the Brain, University of Oxford, UK). The
resulting “skull stripped” T, volume and its corresponding
binary mask were then coregistered to the rCBF map.
Next, the coregistered, brain-only mask was multiplied by
the rCBF map to remove extracerebral signal from this
scan. The skull stripped T, and rCBF maps were coregis-
tered back to the space of the original T,-weighted scan.
Finally, the original T-weighted scan was normalized to
the MNI (Montreal Neurological Institute) T, template pro-
vided in the SPM suite (SPM5, Wellcome Department of
Imaging Neurosciences, University College London, UK)
and the transformation matrix was applied to both the
rCBF map and the T,-weighted scan to transform them
into standard anatomical space. All normalized rCBF
maps were manually inspected to assess the quality of the
normalization using major anatomical landmarks as well
as reference points on the surface of the brain. Trans-
formed images were then smoothed with a Gaussian
kernel with a full width half maximum of 6 mm.

PET images were also spatially normalized into stand-
ard anatomical space (again conforming to the standard
MNI template used in SPM5) to allow interparticipant
averaging and comparison. Transformed images were then
smoothed with a Gaussian kernel with a full width half
maximum of 6 mm. Although FDG rCMRglc images do
provide a sensitive measure of rCMRglc, they are not fully
quantitative. Regional differences in rCMRglc were there-
fore explored by normalizing the whole brain uptake for
each scan.

Statistical methods

Voxel wise analysis. An independent samples f test was
computed to assess global CBF variability across the two
groups, HIV-1 infected and HIV negative. Differences in
rCBF between the HIV-l-infected participants and HIV
negative controls were then evaluated using SPM5. A two-
way (HIV-1 status by Age group) analysis of covariance
model was fitted at each intracerebral voxel in standard
space, covarying for mean whole brain global perfusion.
Because of the well known insensitivity of ASL in white
matter, an absolute threshold of 20 ml/100 g/min was
applied to the CBF maps to eliminate the majority of white
matter tissue from the statistical comparison.

Differences in FDG uptake between the HIV-1-infected
participants and HIV negative controls were also eval-
uated using SPMb5. Again, a two-way (HIV-1 status by
Age group) analysis of covariance model was fitted at
each intracerebral voxel in standard space, with images
normalized to the whole brain mean rCMRglc. For all
analysis an uncorrected voxelwise P value of 0.001 and a
cluster P value of 0.05 (corrected for multiple comparisons)
were set as our threshold for significant values.

Region of interest analysis. To aid comparison with previ-
ous research that found significant rCBF changes in HIV
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TABLE I. Means (SD) for baseline characteristics of study participants for ASL analysis

HIV infected

HIV negative

Older group (N = 15)

Younger group (N = 20)

Older group (N = 19) Younger group (N = 18)

Age 56.67 (5.12) 34.25 (4.39) 56.16 (6.52) 31.39 (6.13)
1Q

WAIS FSIQ* 118.67 (11.88) 115.55 (11.33) 118.63 (10.78) 120.22 (13.14)
WAIS VIQP 116.73 (12.50) 112.95 (11.67) 117.42 (13.37) 118.00 (12.84)
WAIS PIQ¢ 116.79 (13.19) 115.05 (15.26) 116.05 (9.41) 118.44 (14.42)
Mood

Depression 5.64 (4.52) 4.50 (5.07) 3.32 (2.98) 3.82 (5.89)
Anxiety 7.71 (7.15) 3.42 (4.32) 4.21 (5.89) 2.82 (3.38)

HIV variables

CD4 cells mm ™! 700.87 (261.8)
Nadir CD4 cells mm ™’ 166.93 (98.0)
Yrs since diagnosisal 12.0 (8.0)
Yrs since treatment? 9.2 (4.49)

596.45 (191.4)
175.4 (101.72)
8.10 (4.40)
5.0 (2.32)

*Wechsler adult intelligence scale third edition full scale intelligence quotient, standardized scores.
PWechsler adult intelligence scale third edition verbal intelligence quotient, standardized scores.
“Wechsler adult intelligence scale third edition performance intelligence quotient, standardized scores.

dSignificant differences found between groups.

[Ances et al, 2009] we conducted a region of interest
analysis within the caudate and lenticular nuclei. rCBF
and rCMRglc values from these regions were extracted
using the WFU Pick Atlas facility within SPM5. Mean
rCBF values within each of these regions were calculated
for each participant. An independent ¢ test analysis was
conducted to explore the difference between HIV-infected
participants and healthy controls. An alpha level of 0.05
uncorrected was set as our threshold for significant
values.

RESULTS
Demographic Data

Tables I and II describe the basic demographic, HIV-1
history, and immune status data for the four participant
groups. Full details of neuropsychological outcome in this
population have been reported in a previous paper [Tow-
good et al., 2012]. No significant differences were observed
in terms of age, IQ, or mood variables between HIV-1-
infected older participants and their matched HIV-negative

TABLE Il. Means (SD) for baseline characteristics of study participants for PET analysis

HIV infected

HIV negative

Older group (N = 20)

Younger group (N = 20)

Older group (N = 10) Younger group (N = 10)

Age 58.70 (6.62) 34.25 (4.39) 58.90 (8.52) 31.90 (4.20)
1Q

WAIS FSIQ* 117.35 (12.41) 115.55 (11.33) 122.20 (11.15) 118.90 (15.46)
WAIS VIQP 117.05 (12.76) 112.95 (11.67) 121.80 (16.57) 117.90 (16.48)
WAIS PIQ¢ 113.95 (13.92) 115.05 (15.26) 121.80 (16.57) 116.10 (14.78)
Mood

Depression 5.17 (4.20) 4.50 (5.07) 3.10 (3.73) 3.22 (2.44)
Anxiety 6.37 (6.57) 3.42 (4.32) 5.70 (7.85) 2.11 (1.96)

HIV variables

CD4 cells mm ™!
Nadir CD4 cells mm ™!
Yrs since diagnosis®
Yrs since treatment?

735.5 (343.53)

170.7 (91.99)

13.00 (7.00)
8.85 (4.26)

596.45 (191.4)
175.4 (101.72)
8.10 (4.40)
5.0 (2.32)

*Wechsler adult intelligence scale third edition full scale intelligence quotient, standardized scores.
PWechsler adult intelligence scale third edition verbal intelligence quotient, standardized scores.
“Wechsler adult intelligence scale third edition performance intelligence quotient, standardized scores.

dSignificant differences found between groups.
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TABLE Ill. Means (SD) for global CBF

HIV HIV
infected negative P value
(N=35) (N =37) (t test)
Mean global rCBF 394.70 (72.48) 416.49 (86.20) 0.251

older controls, or between HIV-1-infected younger partici-
pants and their matched HIV-1-negative controls. In addi-
tion, no significant differences were noted on current CD4
and nadir CD4 cell counts between the HIV-1-infected
younger group (20- to 40-years old) and HIV-1-infected
older group (50- to 75-years old). A significant difference
was however noted between these two HIV-1-infected
groups for years since diagnosis (Mann-Whitney U =
102.5, P = 0.023) and years since commencing HIV treat-
ment (Mann-Whitney U = 87.5, P = 0.006).

Voxelwise Analysis
rCBF

Global CBF. The ASL data showed no significant differ-
ence in whole brain global rCBF between the groups (see
Table III).

Figure 2.
ASL: Areas of significantly (cluster level corrected P < 0.05)
reduced regional cerebral blood flow (rCBF) in older relative to
younger participants in three clusters in the frontal lobes in the
midline and left dorso-lateral frontal regions. Slides in radiologi-
cal convention with left hemisphere to the right of the image.

Figure 3.
ASL: Areas of significantly (cluster level corrected P < 0.05)
increased regional cerebral blood flow (rCBF) in older relative
to younger participants in four clusters situated in sub cortical
white matter bilateral putamen (lenticular nucleus) and bilateral
pulvinar (posterior thalamus). Slides in radiological convention.

Main effect of aging. Significant effects of aging were
detected with the older individuals having significantly
decreased rCBF (relative to whole brain mean) in three
clusters in the frontal lobes in the midline and left dorso-
lateral regions (cluster level corrected P < 0.05, see Fig. 2).
In the absence of absolute threshold masking, there was
also significantly increased rCBF (relative to the whole
brain mean) in four clusters situated in subcortical white
matter, bilateral putamen (lenticular nucleus) and bilateral
pulvinar (posterior thalamus), (cluster level corrected P <
0.05, see Fig. 3).

Main effect of HIV status. There were no significant
effects of HIV status detected.

Interaction between HIV status and age. No significant
interactions were detected between HIV-1 status and aging
on measures of rCBF.

Regional cerebral metabolic rate
of glucose (rCMRglc)

Main effect of aging. Significant effects of aging were
detected with the older individuals having significantly
decreased rCMRglc (relative to whole brain mean) in left
dorso-lateral frontal and bilateral midline frontal/anterior
cingulate regions (cluster level corrected P < 0.05, see
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Figure 4.
PET: Area of significantly (cluster level corrected P < 0.05) reduced regional cerebral metabolic
rate of glucose (rCMRglc) in older relative to younger participants in left dorsolateral and bilat-
eral midline frontal/anterior cingulate regions. Slides in radiological convention.

Fig. 4). Significantly increased rCMRglc (relative to whole
brain mean) was found in bilateral pulvinar and white
matter, upper brain stem, and cerebellar regions (cluster
level corrected P < 0.05, see Fig. 5).

Main effect of HIV status. There were no significant
effects of HIV status detected.

Interaction between HIV status and age. No significant
interactions were detected between HIV-1 status and aging
on measures FDG uptake.

Region of Interest Analysis

We did not find evidence of significantly reduced rCBF
in the lenticular nucleus or the caudate for HIV-1-infected
participants versus controls for rCBF (see Table IV) or
for rtCMRglc (see Table V), although we did find a trend
toward significance for rCBF in the lenticular nucleus (P <
0.06).

Further analysis

As we considered it important to verify the negative
results in relationship to HIV status we performed a sec-
ondary analysis in which we deliberately traded specificity
for additional sensitivity (i.e., accepted the likelihood of a
higher number of Type I errors, to still further reduce the
likelihood of Type II errors). By relaxing the voxel-wise
threshold value at P = 0.01 and the cluster P value to an
uncorrected value of P < 0.05, a single significant cluster
appeared for the main effect of HIV status in the PET data
set and the ASL data set (see Fig. 6). Interestingly, these
clusters were located in near-identical anatomical regions,

in the right anterior and inferior portion of the anterior
cingulate cortex (ACC), in each independent data set.

DISCUSSION

PET and ASL imaging in HIV-1 infection offer the
potential to reveal regional, metabolic and physiological
changes in the brain during the early stages of HIV-1
infection [Ances et al., 2009; Chang et al., 2003]. In PET
investigations, symptomatic HIV-infection has shown to be
associated with increased basal ganglia uptake [Hinkin
et al., 1995; Rottenberg et al., 1996; van Gorp et al., 1992].
In addition, Ances et al. [2006, 2009] have similarly found
significant reductions in caudate and lenticular nucleus
blood flow and volume in HIV-l-infected patients using
ASL.

To date there is limited evidence with regard to rCBF
and FDG uptake in asymptomatic HIV-infection, and no
studies which have used both together. This study did not
replicate the findings of Ances et al. [2009] of reduced
rCBF in the lenticular nucleus in HIV-1-infected partici-
pants in the asymptomatic stage, although we did find a
trend (P < 0.06) toward a significant effect in the lenticular
nucleus. However, as Ances et al. [2009] note, many of
their participants had detectable plasma viral loads,
whereas our sample all had undetectable plasma viral
loads. Other potentially important differences between the
studies are treatment rates. In the current study 100% of
participants were treated with HAART medication. In the
Ances et al. [2009] study this rate was 82%. These differen-
ces in treatment, and in particular differences in the CNS
penetration effectiveness, may also partially explain the
differences in our findings.
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Figure 5.
PET: Areas of significantly (cluster level corrected p < 0.05)
increased regional cerebral metabolic rate of glucose (rCMRglc)
in older relative to younger participants in bilateral pulvinar and
white matter, upper brain stem, and cerebellar regions. Slides in
radiological convention.

In examining for age effects, we found significantly
reduced rCBF and reduced FDG uptake (P < 0.05, cluster
level corrected in both cases) in bilateral midline frontal
and left dorso-lateral frontal regions; and increased rCBF
and rCMRglc in various regions including the pulvinar
(posterior thalamus) bilaterally. These findings match the
results of studies of normal ageing which have found

TABLE IV. rCBF (ASL) region of interest values (ml of
blood per 100 g)

HIV infected HIV negative
(N = 35) (N =137)
Mean SD Mean SD t P
Caudate N 3421 6.14 36.82 7.99 155  0.126
Lenticular N 38.98 4.60 41.84 745 270  0.056

TABLE V. RCMRglc (PET) region of interest values
(% of whole brain uptake)

HIV infected HIV negative

(N = 40) (N = 20)
Mean SD Mean SD t P
Caudate N 113.28 1412 11445 1672 0285 0.777
Lenticular N 158.06 7.06 159.13 885 0504 0.616

reduced rCBF in a number of limbic and association cortex
areas including cingulate, parahippocampal, superior tem-
poral, medial frontal, and posterior parietal cortices bilat-
erally, and in the left insular and left posterior prefrontal
cortices [e.g., Martin et al., 1991]. Interestingly, in further
analyses, we found that by relaxing our significance levels
(P < 0.05, uncorrected) we were able to detect areas of
reduced rCBF and rCMRglc in near identical anatomical
regions involving the ACC. Whilst this should be regarded
as preliminary, very few studies in any disorder to date
have included both PET and ASL, and the two findings to-
gether provide convergent evidence.

The ACC is an area involved in higher cortical functions
and has been hypothesized to play a role in initiation,
motivation and goal-directed behaviors [Devinsky et al.,
1995]. The ACC has also been hypothesized to play a role
in the regulation of affect, and lesions of the region have
been found to produce such changes as disinhibition, and
impulsivity [Devinsky et al., 1995]. It has been suggested

Figure 6.
Area of reduced (A) regional cerebral blood flow (rCBF) and
(B) regional cerebral metabolic rate of glucose (rCMRglc) in
HIV-infected participants relative to HIV-negative controls in the
right anterior and inferior region of anterior cingulate cortex
(cluster level uncorrected P < 0.05). Slides in radiological
convention.
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that oxidative stress-mediated neuronal apoptosis associ-
ated with HIV-infection may damage the attention net-
work, including the ACC [Ernst et al., 2009]. Alternatively,
it could be argued that impaired ACC function might pre-
dispose HIV-infected individuals to engaging in behavior
which increases their risk of secondary infection and cog-
nitive impairment. A third possibility is that changes
observed were because of HAART medication, rather than
any premorbid or disease-related factors.

In this study of medically and psychiatrically stable
HIV-1-infected participants, there was no significant inter-
action between HIV status and the ageing process. This
finding is consistent with our findings in a parallel study
investigating gray and white matter integrity [Towgood
et al., 2012], although we did find a region of HIV-related
loss of gray matter volume in the superior and medial
frontal lobes in that investigation. However, in the present
study, we have found related age reductions in rCBF and
rCMRglc in bilateral midline frontal and left dorso-lateral
frontal regions on ASL and PET, respectively. We have
also found converging evidence of reduced rCBF and
rCMRglc in the ACC in HIV which, although minor in
degree in these asymptomatic HIV participants, may be a
precursor of future behavioral change and have clinical
significance. In addition, it is important to note that this is
the first paper to combine evidence from ASL and PET
methods, and it is encouraging that we have obtained sim-
ilar results using both techniques. Further examination of
the correlation between these two imaging techniques
would be valuable. Our study has also indicated that there
are no significant HIV-related changes elsewhere in the
brain if HIV has been well controlled and confounding
disorders, including substance or alcohol misuse, have
been avoided.
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