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Abstract

Impaired facial emotion recognition abilities in HIVV+ patients are well documented, but little is
known about the neural etiology of these difficulties. We examined the relation of facial emotion
recognition abilities to regional brain volumes in 44 HIV-positive (HIV+) and 44 HIV-negative
control (HC) adults. VVolumes of structures implicated in HI\VV- associated neuropathology and
emotion recognition were measured on MRI using an automated segmentation tool. Relative to
HC, HIV+ patients demonstrated emotion recognition impairments for fearful expressions,
reduced anterior cingulate cortex (ACC) volumes, and increased amygdala volumes. In the HIV+
group, fear recognition impairments correlated significantly with ACC, but not amygdala
volumes. ACC reductions were also associated with lower nadir CD4 levels (i.e., greater HIV-
disease severity). These findings extend our understanding of the neurobiological substrates
underlying an essential social function, facial emotion recognition, in HIV+ individuals and
implicate HIV-related ACC atrophy in the impairment of these abilities.
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1. INTRODUCTION

Several studies have reported reduced facial emotion recognition abilities in disorders that,
like HIV infection (Clark & Cohen, 2010), are associated with frontostriatal dysfunction.
Impairments have been noted in individuals with Parkinson’s disease (Clark, Neargarder, &
Cronin-Golomb, 2008; Devlin et al., 2010; Dujardin et al., 2004; Lawrence, Goerendt, &
Brooks, 2007; Sprengelmeyer et al., 2003), Huntington’s disease (Johnson et al., 2007;
Sprengelmeyer et al., 1996), obsessive compulsive disorder (Sprengelmeyer et al., 1997),
and HIV (Clark, Cohen, Westbrook, Devlin, & Tashima, 2010). Facial emotion recognition
is a core component of the human experience (Darwin, 1872/1965). Accordingly, deficits in
facial emotion recognition have been tied to increased interpersonal problems in a number of
patient groups (Clark et al., 2008; Kornreich et al., 2002), including HIV (Clark et al., 2010).

Despite a clear link between facial emotion recognition abilities and quality of life metrics in
HIV+ individuals (Clark et al., 2010), except for a handful of studies (Baldonero et al.,

2013; Clark et al., 2010; Heilman, Harden, Weber, Cohen, & Porges, 2013; Lane, Moore,
Batchelor, Brew, & Cysique, 2012), facial emotion recognition impairments in HIV+
cohorts have received little investigation. Results from these studies have been somewhat
varied, with most reports indicating that HIV+ patients demonstrate impairments in
recognizing negative emotions (Lane et al., 2012), particularly fear (Baldonero et al., 2013;
Clark et al., 2010), and one indicating that facial emotion recognition impairments are non-
specific (Heilman et al., 2013).

With only a few studies on the topic to date (Schulte, Muller-Oehring, Sullivan, &
Pfefferbaum, 2012), there is a dearth of information regarding the neural etiologies of
emotion processing abnormalities in HIV+ patients. Improved understanding of the neural
correlates of these functions in HIV+ individuals would contribute both to our general
understanding of HIV-associated neuropathology in relation to neuropsychiatric functions,
and to our ability to properly conceptualize and treat these impairments. An important
question relating to neuropsychiatric symptoms in HIV+ patients, which has yet to be
answered fully, is whether affective difficulties have a purely neurologic or more
psychogenic origin. Resolution of this issue would have strong treatment-related
implications for HIV+ patients with psychiatric complaints. Thus, there is a clear need to
investigate the neurobiological substrates of emotion processing impairments, including
facial emotion recognition difficulties, in HIV+ patients in order to better elucidate these
issues.

The current study tested the hypothesis that facial emotion recognition impairments are
associated with brain volume abnormalities in HIV+ patients. Emotion processing involves a
large network of brain regions (Adolphs, 2002b; Fusar-Poli et al., 2009), the primary core of
which are also implicated in HIV-related neuropathology, including the amygdala (Ances,
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Ortega, Vaida, Heaps, & Paul, 2012; Clark et al., 2012), frontal cortices (Kallianpur et al.,
2012; Kuper et al., 2011; Pfefferbaum et al., 2012), and basal ganglia structures (Ances et
al., 2012; Becker et al., 2011). Using structural magnetic resonance imaging (MRI), we
assessed the volumes of five brain regions affected by HIV infection that are also known to
contribute heavily to facial emotion recognition processes. These key regions included the
amygdala (Adolphs, 2002b; Adolphs, Tranel, Damasio, & Damasio, 1994; Ances et al.,
2012; Clark et al., 2012), anterior cingulate cortex (Kallianpur et al., 2012; Kuper et al.,
2011; Murphy, Nimmo-Smith, & Lawrence, 2003), orbitofrontal cortex (Adolphs, 2002a;
Kallianpur et al., 2012; Tsuchida & Fellows, 2012), caudate (Ances et al., 2006; Becker et
al., 2011; Fusar-Poli et al., 2009), and putamen (Becker et al., 2011; Fusar-Poli et al., 2009).
Based on prior data indicating that HIVV+ patients perform poorly on the recognition of
negative emotions (Baldonero et al., 2013; Clark et al., 2010; Lane et al., 2012), and given
the strong contribution of the anterior cingulate and amygdala to these functions in particular
(Adolphs et al., 1994; Fusar-Poli et al., 2009; Phan, Wager, Taylor, & Liberzon, 2002), we
hypothesized that HIV-related volumetric abnormalities in these two regions would correlate
with emotion recognition impairments in our HIV+ sample.

2. METHOD

2.1 Participants

Participants included 44 HIV-seropositive (HIV+) and 44 demographically comparable
HIV-negative control (HC) adults whose facial emotion recognition impairments have been
characterized previously (Clark et al., 2010). The current group of 88 participants represents
the sub-set of individuals from the original cohort of 100 participants (Clark et al., 2010) for
whom MRI data were available. As noted in the original report, HIV+ participants were
recruited from The Miriam Hospital Immunology Center. HC participants were
acquaintances of HIVV+ participants or were recruited from the community. All participants
obtained greater than 23 points on the Mini-Mental Status Exam (MMSE) (Folstein,
Folstein, & McHugh, 1975) and all were native English speakers, both of which were
inclusion criteria for the study. Scores on the MMSE ranged from 25 to 30 in the HIV+
group, and from 26 to 30 in the HC group. Participants were excluded on the basis of
reported history of uncorrected abnormal vision; developmental or learning disability; major
psychiatric illness (e.g., schizophrenia, bipolar disorder); neurological illness affecting the
central nervous system; and traumatic head injury with loss of consciousness >10 minutes.
Substance use exclusion criteria included current alcoholism; use of heroin/opiates or any
intravenous drug within the past 12 months; and use of cocaine within the past 3 months.
The Miriam Hospital’s Institutional Review Board approved this research. All participants
gave their informed consent and were financially compensated for their time. See Table 1
for details of participant characteristics.

Disease duration in the HIV+ group was estimated using self-report; this information was
verified against the medical record. Average length of HIV infection was 13.3 years. History
of CART use, current CD4 levels, and nadir CD4 levels (i.e., the lowest ever CD4 count on
record) were obtained from the medical record. Eighty-six percent (38/44) of HIV+
participants were taking antiretroviral (ARV) medications, with nearly all of these
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individuals (37/38) on two or more ARV medications. Current CD4 levels were available
for all but one participant and ranged from 114 to 1320 cells/ul. Nadir CD4 levels ranged
from 0 to 488 cells/pl.

Current depression symptoms were estimated using the Center for Epidemiologic Studies
Depression Scale (CESD) (Radloff, 1977). CESD scores were available for all HC, and all
but one HIV+ participant. Clinically significant levels of depression (CESD >15) were
reported by 57% of the HIV+ participants and 27% of the HC participants. The Kreek-
McHugh-Schluger-Kellogg scale (KMSK), which characterizes lifetime exposure to alcohol,
cocaine, and opiates (Kellogg et al., 2003), estimated history of alcohol and drug use. In the
HIV+ and HC groups, 57% and 55% respectively scored above the cutoff for lifetime
dependence on alcohol (KMSK-Alcohol >10), meaning that about half of the participants
likely met criteria for alcohol dependence at some point in their lifetime. In terms of cocaine
use, 59% and 25% of the HIVV+ and HC participants respectively met criteria for lifetime
dependence (KMSK-Cocaine >10). Twenty-one percent and 7% of the HIV+ and HC
participants respectively met criteria for lifetime opiate dependence (KMSK-Opiates >8).

2.2 Materials

Emotion Recognition—~Facial emotion recognition was assessed by presenting
participants with 84 Ekman and Friesen photographs (Ekman & Friesen, 1976) ona 17”
laptop computer. Twelve (6 male, 6 female) images were displayed from each of the
following six prototypic emotion categories: Anger, Disgust, Fear, Happy, Sad, and
Surprise, plus Neutral. E-Prime software (http://www.pstnet.com) displayed the stimuli in a
random order. Participants were asked to select the emotion label that best represented the
emotion expressed in the image; responses were chosen from seven emotion labels
displayed below each facial image. Participants responded orally, without a time limit.
Responses were entered into the computer by the experimenter. Percent correct recognition
was calculated for each facial emotion category.

Landscape Categorization Control—A non-emotional image categorization control
task, known to be a suitable control for the emotion recognition task (Clark et al., 2008), was
administered. Participants viewed 84 black-and-white photographs of landscape images,
which are matched to the difficulty level of images in the emotion recognition task (Clark et
al., 2008). Twelve images were presented from each of the following categories: Canyon,
City, Forest, Mountain, Shore, Town and Tropical. Administration procedures were identical
to those of the emotion recognition task. Participants selected the landscape category label
that best described the image from the list of seven possible categories presented on the
screen below each image. Data from two HC participants were lost as a result of technical
errors.

Word-Definition Matching—A word-definition matching task was administered prior to
the Emotion Recognition and Landscape Categorization tasks to ensure that all participants
were able to adequately conceptualize the meaning of the terms used as responses in these
tasks. Participants matched the seven emotion labels (Anger, Disgust, Fear, Happy, Sad,
Surprise, Neutral) and seven landscape labels (Canyon, City, Forest, Mountain, Shore,
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Town, Tropical) to their definitions. All participants correctly matched these terms with
their definitions.

Facial Recognition—General face perception abilities were assessed using the 13-item
version of the Benton Test of Facial Recognition (A. L. Benton, Sivan, Hamsher, Varney, &
Spreen, 1994). During this test participants viewed target photographs of unfamiliar faces
and identified images of the target from a selection of six facial photographs below. Data
from this measure were not available for 2 HIV+ and 3 HC participants.

2.3 Magnetic Resonance Imaging

MRI scans were conducted within two weeks of the completion of the emotion recognition
tasks described above. Structural images of the brain were obtained using a 3-Tesla scanner
(Siemens TIM Trio; Siemens, New York, NY). High-resolution T1-weighted MPRAGE
images were acquired in the sagittal plane (resolution=0.86mm x 0.86mm x 0.86mm;
TR=2250ms; TE=3.06ms; TI=900ms; flip angle=9°; FOV=220mm).

Brain volumes were estimated using the Individual Brain Atlases using Statistical
Parametric Mapping Software (IBASPM) (Aleman-Gomez, Melie-Garcia, & Valdés-
Hernéandez, 2006) toolbox version 1.0 for Statistical Parametric Mapping 5 (SPM5;
Wellcome Department of Imaging Science; www.fil.ion.ucl.ac.uk/spm/). The automated
process involves segmenting individual brain volumes into gray matter, white matter, and
cerebrospinal fluid, which were then normalized using nonlinear registration to the MNI152
template. This process permitted the calculation of volume estimates for each parcellation
and for total intracranial volume. Brain segmentations were visually inspected for accuracy
(e.g., correct alignment); none were discarded. Grey matter voxels were then aligned to a
map of 116 anatomically labeled structures (Tzourio-Mazoyer et al., 2002), and inverse-
transformed into their native spaces, yielding volume measures for individual brain
structures in original space based on an MNI anatomical atlas. Volumetric data were
examined for five regions of interest (ROI) bilaterally: amygdala, anterior cingulate cortex
(ACC), orbitofrontal cortex (OFC), caudate, and putamen (Figure 1). ROl volumes were
corrected for total intracranial volume by dividing each by the total intracranial volume.

2.4 Data Analysis

Independent-sample t-tests and chi-square tests assessed differences in demographic
variables between the HIV+ and HC groups. A mixed design repeated measures ANOVA
with factors of group (HIV+, HC) and emotion category (Anger, Disgust, Fear, Happy,
Neutral, Sad, Surprise) examined performance on the facial emotion recognition task.
Similarly, performance on the landscapes categorization task was examined using a mixed
design repeated measures ANOVA with factors of group (HIV+, HC) and landscape
category (Canyon, City, Forest, Mountain, Shore, Town, Tropical). This approach was also
used to compare the HIV+ and HC groups’ ROI volumes, using factors of group (HIV+,
HC) and ROI volume (amygdala, ACC, OFC, caudate, putamen). In these analyses,
demographic variables that differed significantly according to group status were entered as
covariates. Planned comparisons t-tests were conducted when a significant main effect of
group or interaction effect was observed. For those ROIs demonstrating significant group
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differences, Pearson correlations were computed to explore the relation between HIV-
disease factors (current CD4 levels, nadir CD4, length of HIV infection) and ROI volumes.

Linear regression was implemented to examine the association between ROI volumes and
emotion recognition for those emotions in which significant group differences were
observed. We restricted this analysis to the HIVV+ group, as our goal was to understand the
relation between brain volumes and facial emotion recognition deficits in HI\VV+ patients
specifically. ROI volumes were entered into the model as independent variables, and
performance on the emotion recognition task was entered as the dependent variable.
Demographic variables that differed between the HIV+ and HC groups, and were also found
to correlate with the HIV+ group’s performance on the emotion recognition task were
included in the linear regression model in order to control for their potential contribution to
emotion recognition performance.

3. RESULTS

3.1 Participant Characteristics

3.2 Emotion

The HIV+ and HC groups did not differ significantly in age (t[74.6]=.98, p=.33), current
cognitive status (MMSE score: t[86]=.99, p=.32), or gender (x2=.00, p=1.00). There was a
higher proportion of Caucasian to non-Caucasian participants in the HC group compared to
the HIV+ group (y2=4.74, p=.03). HIV+ participants showed a trend toward lower education
levels (t[78.2]=1.91, p=.06), and reported significantly higher rates of depression
(t[77.6]=2.50, p=.02). Significant group differences were not observed on the KMSK-
Alcohol scale (KMSK-A, t[86]=.00, p=1.00); however, prior rates of cocaine (KMSK-C)
and opiate (KMSK-O) use were significantly higher in the HIVV+ compared to the HC group
(t[86]=4.23, p<.001 and t[75.3]=2.14, p=.04, respectively). Facial perception skills did not
differ significantly between HIV+ and HC (Benton Test: t[81]=1.22, p=.23). Table 1 shows
mean raw scores for the HIVV+ and HC groups on these measures.

Recognition and Landscape Categorization Measures

Consistent with findings from the larger cohort (Clark et al., 2010), HI\VV+ patients in this
sub-sample exhibit a significant impairment in fear recognition. Table 2 shows group
performances on the emotion recognition and landscapes categorization tasks. Analyses of
the emotion recognition task revealed a significant main effect of group (F[1,86]=4.59, p=.
03), a significant main effect of emotion category (F[6,516]=77.70, p<.001), and a non-
significant group by emotion interaction (F[6,516]=1.68, p=.63). After correcting the model
for group differences in education, the main effect of group was just above trend-level
(F[1,85]=2.40, p=.06, one-tailed). Ethnicity (Caucasian/non-Caucasian), depression levels
(CESD), and history of prior drug use (KMSK-C, KMSM-O) did not contribute significantly
to the model when entered as covariates (p’s >.05) and were thus removed from the
analyses. To examine the main effect of group, we conducted planned comparison t-tests,
which indicated that the HIV+ group demonstrated significantly poorer recognition of
fearful expressions compared to HC (t[86]=2.80, p=.006). The groups did not differ
significantly in recognition scores for any other emotion (all p’s >.26). This group difference
in fear recognition remained even after controlling for group differences in education levels,
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ethnicity, depression symptoms, prior cocaine use, and prior opiate use (F[1,80]=5.28, p=.
02).

As in the original larger sample (Clark et al., 2010), HIV+ and HC groups in this sub-sample
did not differ significantly in their performances on the non-emotion landscape
categorization control task, where the main effect of group (F[1,84]=.001, p=.98), and group
by landscape interaction (F[6,504]=1.70, p=.12) were non-significant. The addition of
education level, ethnicity (Caucasian/non-Caucasian), CESD, and KMSK scores (KMSK-C,
KMSK-O) as covariates did not significantly modify these results. Furthermore, independent
t-tests did not reveal significant differences between the HIV+ and HC group’s abilities to
categorize specific types of landscape stimuli (all p’s>.05). Trend-level differences were
noted however for tropical images, on which the HIV+ group outperformed HC (t[84]=1.90,
p=.06). This difference was reduced when controlling for the demographic variables on
which the groups differed (F[1,78]=2.09, p=.15). Altogether, these results confirm the
specificity of the HIV+ group’s deficits in fear recognition.

3.3 MRI Volumetrics

3.4 Relation

3.5 Relation

Mean ROI volumes for each group are shown in Table 3. Intracranial volumes did not differ
significantly between groups (t[86]=1.10; p=.28), permitting valid group comparisons using
intracranial-corrected ROI volumes. Results from the repeated measures ANOVA with
factors of group (HIV+, HC) and ROI volume, covarying for differences in education,
depression, ethnicity, and prior drug use (KMSK-C, KMSK-0), revealed a significant group
by ROl interaction (F[4,320]=2.34, p=.05), a non-significant main effect of group
(F[1,80]=1.66, p=.20), and a significant effect of ROI (F[4,320]=31.23 p<.001). These
effects were investigated further using planned comparisons t-tests, which revealed that the
HIV+ group demonstrated greater amygdala volumes (t[86]=2.02, p=.05), and reduced ACC
volumes (t[86]=2.13, p=.04) compared to HC. Group differences in amygdala and ACC
volumes were associated with medium effect sizes (r=.21 and .22, respectively), and were
observed even after controlling for demographic differences in education, depression,
ethnicity, and prior drug use (amygdala: F[1,80]=4.28, p=.04; ACC: F[1,80]=2.81, p=.10).
No additional group differences in ROl volumes were significant (p’s>.05).

of Amygdala and ACC Volumes to HIV-Disease Characteristics

We computed Pearson correlations to examine the relation of HIV-disease factors (current
CD4 levels, nadir CD4, length of HIV infection) to ACC and amygdala volumes in the HIV
+ group. For the ACC, trend-level effects were seen for nadir CD4 levels (r[44]= .27, p=.
08), indicating that those patients with a history of more severe immunological suppression
tended to demonstrate smaller ACC volumes. A similar trend was observed for length of
infection (r[44]= -.27, p=.08); however, this relation was rendered non-significant (r[41]=
-.16, p=.31) after controlling for the effect of age. Correlations between amygdala volumes
and HIV-disease factors were non-significant (all p’s >.05).

of Amygdala and ACC Volumes to Fear Recognition in HIV+

Our primary aim was to examine whether there was a relation between HIV patients’
emotion recognition impairments and ROl volumetric abnormalities. We thus conducted a
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linear regression analysis (R%=.13; F[2,41]=3.08, p=.06) to examine the relation of amygdala
and ACC volumes to fear recognition abilities in the HIV+ group. Results revealed that fear
recognition impairments were significantly related to reductions in the ACC (B=7,167.49,
95% Confidence Interval [CI1]=905.83 — 13,429.16, 3=.35 [t=2.31, p=.03]) (Figure 2),
whereas the relation with amygdala volumes was non-significant (B=5,645.87, Cl=
—-34,457.79 — 45,749.53, =.04, [t=0.28, p=.78]). In this analysis, ACC volumes accounted
for 11% of the variance in fear recognition. The relation between ACC volume reductions
and fear recognition impairments was significant (B=6,315.87, CI=170.82 — 12,460.92, =.
31, [t=2.08, p=.04]) even after controlling for cocaine use history (B= -.69, Cl=-1.73 - .35,
= -.20 [t= -1.35, p=.19]), which was the only demographic variable with between-group
differences found to have a significant or trend-level correlation with fear recognition
(r[44]= -.28, p=.07) in the HIV+ group. We further assessed whether the relation between
ACC volumes and fear recognition was driven by their shared associations with nadir CD4
levels and, potentially, other markers of HIV-disease history and severity. We found that
ACC volumes remained significantly related to fear recognition abilities (B=8,656.24,
Cl=2,473 - 14,838.53, =.44, [t=2.83, p<.01]) even after controlling for HIV-disease factors
(current CD4 levels, nadir CD4, length of HIV infection).

Amygdala and ACC volumes were not statistically related to accuracy in identifying any
other emotion in the HIV+ group (all p’s >.05). Amygdala and ACC volumes did not
correlate significantly with performance on any of the categories of the Landscape
Categorization task (all r’s <[.20], p's > .21).

of ACC and Amygdala Volumes to Emotion Recognition in HC

As an exploratory measure in the HC group, Pearson correlations were computed to examine
the relation of ACC and amygdala volumes to emotion recognition accuracy scores. A

significant correlation was observed between amygdala volumes and accuracy at identifying
neutral expressions (r[44]=.31, p=.04). No additional correlations were significant in the HC

group.

of Age to Emotion Recognition Abilities and ROI Volumes

Neuroimaging studies provide evidence of accelerated aging processes in HIV+ adults
(Chang et al., 2014; Holt, Kraft-Terry, & Chang, 2012; Thomas, Brier, Snyder, Vaida, &
Ances, 2013), with some indication that aging may increase HIV-related neural change
(Clark & Cohen, 2010; Cysique et al., 2013). In addition, studies of facial emotion
recognition in non-HIV samples indicate that older adults are less accurate at recognizing
fearful expressions than younger adults (Calder et al., 2003; Circelli, Clark, & Cronin-
Golomb, 2013). Accordingly, we assessed whether age was associated with performance on
the Emotion Recognition task or with ROI volumes in HIV+ and HC groups using Pearson
correlations. These results should be considered preliminary in light of our sample sizes and
the fact that the study was not designed to examine age effects in our groups. Correlations
between age and fear recognition were non-significant in the HIV+ and HC groups (r[44]=
-.17, p= .26 and r[44]=.03, p=.87, respectively). In contrast, age correlated positively with
sad recognition in the HIV+ group (r[44]=.35, p=.02) and disgust recognition in the HC
group (r[44]=.33, p=.03), the latter of which is consistent with prior reports (Calder et al.,
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2003; Circelli et al., 2013; Suzuki, Hoshino, Shigemasu, & Kawamura, 2007). Correlations
between age and performance on the Landscape Categorization task were non-significant in
the HIVV+ and HC groups (all p’s >.05), which parallels previous findings (Circelli et al.,
2013).

Analyses of ROI volumes revealed that, in the HIV+ group, age correlated negatively with
ACC and putamen volumes (r[44]= -.31, p=.04 and r[44]= -.36, p=.02, respectively). In the
HC group, age correlated negatively with putamen and caudate volumes (r[44]= -.41, p<.01
and r[44]= -.35, p=.02, respectively). Because increasing age was associated with smaller
ACC volumes in HIV+, we assessed whether age accounted for the observed relation
between ACC volumes and fear recognition impairments in the HIVV+ group using linear
regression. This analysis indicated that ACC volumes remained significantly related to fear
recognition in the HIV+ group, even after controlling for age (B=6,961.94, C1=595.49 —
13,328.39, f=.34, [t=2.21, p=.03]).

4. DISCUSSION

With the advent of cART, HIV has been transformed into a chronic illness with the
possibility for long-term survival. In this context, greater emphasis is placed on reducing the
burden of psychiatric difficulties in order to improve health-related quality of life for
individuals with HIV (Briongos-Figuero, Bachiller-Luque, Palacios-Martin, De Luis-
Roman, & Eiros-Bouza, 2011; Sherbourne et al., 2000). HIVV+ adults suffer
disproportionately higher rates of psychiatric symptoms (T. D. Benton, 2008; Bing et al.,
2001; Ciesla & Roberts, 2001; Do et al., 2014; Morrison et al., 2002; Paul et al., 2005; Tate
et al., 2003), as well as broader emotion processing impairments, including deficits in facial
emotion recognition (Baldonero et al., 2013; Clark et al., 2010; Heilman et al., 2013; Lane et
al., 2012). Facial emotion recognition difficulties in HIV+ adults are associated with
increased interpersonal problems (Clark et al., 2010), which can exacerbate existing
psychiatric symptoms (Fleishman et al., 2000; Richardson et al., 2001). Yet, the etiology of
these difficulties remains largely unknown. Studies that seek to identify the neural correlates
of facial emaotion recognition difficulties in HIVV+ adults are thus crucial, given their ability
to elucidate the contribution of HIVV-associated neuropathology to emotion processing
impairments, and the potential for this knowledge to translate into improved
conceptualizations of, and treatment approaches for HIV- related affective difficulties.

The current study examined the relation of facial emotion recognition impairments in HIV+
individuals to HIV-associated abnormalities in grey matter volume. Our MRI volumetric
analyses focused on five critical brain regions known to be affected by HIV infection and
also involved in facial emotion recognition processes, including the amygdala, anterior
cingulate cortex (ACC), orbitofrontal cortex (OFC), caudate, and putamen. A specific
impairment in fear recognition was observed in the HIV+ sample — a finding that was
initially documented in our previous study (Clark et al., 2010), from which a sub-sample of
participants was drawn for the present investigation. New findings emerging from the
current study include the observation that HIVV+ patients demonstrate smaller ACC volumes
and larger amygdala volumes compared to HIV-negative control (HC) participants.
Moreover, we observed that ACC volume reductions were associated with fear recognition
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impairments in HIV+ individuals. We also report that individuals with a history of more
severe immunosuppression (i.e., lower nadir CD4 levels) had smaller ACC volumes. This
finding suggests that ACC reductions in the current sample are related to HIV infection and
its neuropathological effects (Gonzalez-Scarano & Martin-Garcia, 2005), and further
supports the link between low nadir CD4 levels and neural atrophy in HIV (Cohen et al.,
2010; Jernigan et al., 2011). Taken as a whole, our results provide strong evidence that HIV-
related atrophy in the ACC contributes to fear recognition impairments in HIV+ individuals.

A number of recent studies have reported facial emotion recognition impairments in
individuals with HIV (Baldonero et al., 2013; Clark et al., 2010; Lane et al., 2012). Such
findings are not unexpected given the well-characterized emotion recognition deficits in
other neurological conditions with similar frontostriatal pathology, such as Parkinson’s
disease, obsessive compulsive disorder, and Huntington’s disease (Clark et al., 2008; Clark,
Oscar-Berman, Shagrin, & Pencina, 2007; Devlin et al., 2010; Dujardin et al., 2004; Johnson
etal., 2007; Lawrence et al., 2007; Sprengelmeyer et al., 1996; Sprengelmeyer et al., 2003;
Sprengelmeyer et al., 1997). Although neuropsychological evidence has been reported that
suggests facial emotion recognition impairments in HIV+ adults are related to frontostriatal
abnormalities (Baldonero et al., 2013; Lane et al., 2012), to our knowledge, the current study
is the first to investigate the neural correlates of these impairments in HIV+ individuals
using structural MRI.

Our observation that a selective deficit in fear recognition was associated with volume
reductions in the ACC suggests that abnormalities in this region may underlie some of the
facial emotion processing difficulties observed in HIVV+ patients. These findings are in line
with prior studies that have reported a relation between ACC abnormalities and facial
emotion recognition impairments in other patient groups with frontostriatal dysfunction,
including Parkinson’s disease (Baggio et al., 2012) and Huntington’s disease (Hobbs et al.,
2011). Moreover, there is strong support for the involvement of the ACC, particularly the
rostral ACC, in the processing of emotional stimuli such as faces. A meta-analysis of
neuroimaging studies examining neural contributions to various emotional processing tasks
found that paradigms requiring a cognitive component, such as emotional appraisal or rating
of emotional stimuli, specifically engaged the ACC (Phan et al., 2002). These findings are
supported by more recent functional MRI studies indicating that the ACC is reliably
activated during facial emotion recognition tasks (Fusar-Poli et al., 2009; Murphy et al.,
2003). The ACC has also been linked to social interactions and theory of mind (Beckmann,
Johansen-Berg, & Rushworth, 2009). Taken together, our results are consistent with a larger
literature implicating the ACC in psychosocial functions, particularly facial emotion
recognition.

While our data indicate a strong relation between ACC volumes and fear recognition deficits
in HIV+ patients, the specific contribution of the ACC to fear recognition remains unclear.
The ACC shares extensive connections with the amygdala and OFC (Beckmann et al., 2009;
Carmichael & Price, 1995; Vogt & Pandya, 1987). These two regions play a critical role in
facial expressions recognition (Adolphs, 2002b), particularly for fearful expressions
(Adolphs et al., 2005; Adolphs et al., 1999). In processing emotional stimuli, the amygdalae
aid in determining the salience of a stimulus, and the OFC utilizes this information to guide
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decisions (Adolphs, 2010). Within this network, the ACC appears to be specifically
recruited during affective tasks that possess a high cognitive-demand (e.g., rating emotional
stimuli); its involvement is thought to support the integration of emotional and cognitive
processes (Phan et al., 2002). In this way, the ACC is believed to help inhibit the processing
of task-irrelevant information, particularly when processing ambiguous emotional stimuli
(Bishop, Duncan, Brett, & Lawrence, 2004; Egner, Etkin, Gale, & Hirsch, 2008; Etkin,
Egner, Peraza, Kandel, & Hirsch, 2006). Fearful expressions are unique in that they are the
most difficult for healthy adults to categorize accurately within a forced-choice emotion
labeling paradigm (Biehl et al., 1997; Rapcsak et al., 2000). As a result, fearful expressions
are thought to be more ambiguous than other expressions in this context (Adolphs, 2002b).
It is possible that these characteristics could lead to processing impairments, specifically for
fearful expressions, in the context of ACC dysfunction. Interestingly, the role of the ACC in
processing ambiguous stimuli is reported to be preferential for emotional (versus non-
emotional) stimuli (Egner et al., 2008). In the current study, we observed a significant
correlation between HIV+ patients” ACC volumes and recognition performance for fearful
expressions, whereas ACC volumes were unrelated to their performance on the equally
challenging non-emaotional task (i.e., Landscape Categorization). These results are consistent
with, and provide support for, the notion of ACC specificity for resolving ambiguous
affective stimuli (Egner et al., 2008). Accordingly, we posit that ACC atrophy might disrupt
processes involved in resolving ambiguous affective stimuli, leading to the observed
impairment in fear recognition in the HIV+ group. Further examination of the ACC and its
network, using additional MRI techniques (e.g., fMRI, DTI), is needed to provide greater
clarity regarding the ways in which ACC abnormalities might contribute to facial emation
recognition impairments in HIV+ patients.

Our results revealed relative increases in amygdala volumes in the HIV+ group when
compared to HC, yet notably these enlargements were statistically unrelated to fear
recognition impairments. Although amygdala enlargements have been associated with
cognitive impairments in HIVV+ patients (Clark et al., 2012), studies examining affective
functions in non-HIV samples have indicted that larger amygdala volumes are associated
with improved social functions in otherwise healthy adults (Bickart, Wright, Dautoff,
Dickerson, & Barrett, 2011; Kanai, Bahrami, Roylance, & Rees, 2012; Von Der Heide,
Vyas, & Olson, 2014). It is well documented that the amygdalae support social interactions
and are critical to emotional information processing (Adolphs, 2010; Baxter & Croxson,
2012; Fossati, 2012). In this context, our data provide strong evidence that HIV-related
increases in amygdala volumes do not underlie the observed impairments in facial emotion
recognition. While our data provide the first indication that HIV-related amygdala
enlargements are not associated with facial emotion recognition impairments in HIV+
patients, further investigation is required to determine whether increases in amygdala
volumes may be associated with other affective and/or psychological manifestations, such as
increased anxiety rates (Schienle, Ebner, & Schafer, 2011), in HIV+ patients.

In summary, the current findings extend our understanding of the neural substrates of facial
emotion recognition deficits in individuals with HIV. This study provides the first evidence
for a structural basis of HIV-related deficits in facial emotion recognition, and specifically
implicates ACC volume reductions in these processes. We suggest that HIV-related ACC
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atrophy might compromise functions within the extended neural network that supports facial
emotion recognition, and could thereby contribute to difficulties in processing facial
expressions of fear. The current findings extend prior work (e.g., Paul et al., 2005)
indicating that psychological difficulties, which occur disproportionately in HIV+ patients
(T. D. Benton, 2008; Bing et al., 2001; Ciesla & Roberts, 2001; Clark et al., 2010; Do et al.,
2014; Morrison et al., 2002; Paul et al., 2005; Tate et al., 2003) and significantly impact
quality of life (Clark et al., 2010), might arise from HIV-associated neurological changes, as
opposed to being purely psychogenic. Additional studies that utilize a variety of
neuroimaging techniques (e.g., fMRI, MRS, DTI, etc.) are needed to provide a fuller
understanding of the neuropathological etiology of facial emotion recognition impairments
in HIV+ adults. It is likely that alterations in affective functions do not only result from
regional neuroapoptosis and morphometric abnormalities, but may also evolve through
additional mechanisms implicated in the development of HIV-associated neurological
change, including regional alterations in neuronal excitability and changes in specific
neurotransmitter systems (Berger & Arendt, 2000; Gelman et al., 2012; Hammoud et al.,
2010; Keblesh, Hu, & Xiong, 2009). Future studies that illuminate these processes will
increase our understanding of the neural etiologies of HIV-related psychosocial
impairments, which may foster the development of novel therapeutics and interventions
aimed at combating these impairments.
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Figure 1.
Note: Bilateral regions of interest (ROI) included the amygdala (red), anterior cingulate

cortex (ACC; yellow), orbitofrontal cortex (OFC; extending into Brodmann areas 10, 11,
and 47; blue), caudate (green), and putamen (violet). The images depict ROIs as defined for
a typical participant in original space; sagittal (left), coronal (middle), and axial (right) views
are shown in neurological orientation (right is right).

(Editorial note: Figure 1 is intended for color reproduction in print.)
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Note: Relation between ACC volumes and fear recognition abilities in the HIV+ group.
ACC = anterior cingulate cortex.
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Demographic Characteristics of the Participant Groups

Table 1

HIV+ Group
(M/F = 29/15)

HC Group
(M/F = 28/16)

Variable Mean SD Mean  SD
Age (years) 46.4 8.0 443 121

Range 23-65 24-74
Education (years) 12.4 24 13.6 3.3
% Right-handed 91 89
Ethnic composition (% Caucasian) 48* 73*

% African American 32 16

% Hispanic American 2 2

% Asian American 2 2

% Biracial or “Other” 16 7
Mini-Mental Status Exam (/30) 28.3 11 285 11
Length of infection (years) 13.3 7.7 n/a
Nadir CD4 (cells/|ul) 157 123 n/a
Current CD4 (cells/|ul) 437.7 2612 n/a
Viral load, Number of patients

Undetectable (<75 copies/mL) 35 n/a
Detectable (=75 copies/mL) 8 nfa
% on ARV medications 86.4 nla
CESD (/60) 202" 153 q3p* 114
KMSK - Alcohol (/13) 9.4 4.1 9.4 3.7
KMSK — Cocaine (/16) 102°% 61 4§t 61
KMSK - Opiate (/13) 31* 47 13r 32
Benton Test of Facial Recognition (/27) 21.9 2.6 225 2.3

Page 20

Note: HC = HIV-negative Control; M/F = Male-Female; ARV = antiretroviral; CESD = Center for Epidemiologic Studies Depression Scale;

KMSK = Kreek-McHugh-Schluger- Kellogg scale. Asterisks indicate that the groups’ means are significantly different at the level.

*

p<.05

*%

p<.01
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Table 2
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Performance on the Emotion Recognition and Matched Landscape Categorization Tasks

HIV+ HC HIV+ HC
Emotion Mean SD Mean SD Landscape Mean SD Mean SD
Anger 75.7 18.3 79.9 18.0 Canyon 780 206 788 17.0
Disgust 790 195 833 166 City 80.3 149 839 116
Fear 51.7°* 210 ga0** 201 Tropical 771 191 683 237
Happy 98.6 3.2 98.7 3.1  Forest 95.6 9.2 97.4 5.0
Neutral 89.1 15.3 915 10.9 Mountain 845 129 877 11.8
Sad 70.7 19.8 72.2 20.2  Town 73.7 175 714 205
Surprise 895 135 922 9.2  Shore 80.3 127 817 138
All Faces 79.2 9.0 83.1 8.1  All Landscapes 81.4 7.9 81.3 5.4

Note: Mean percentage of facial expression and landscape images that were correctly identified by each group. HC = HIV-negative Control.
Asterisks indicate that the groups’ means are significantly different at the level.

*%

p<.01
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Mean ROI Volumes (cm3) for Each Group

HIV+ Group HC Group
Brain Region (bilatera) Mean SD Mean SD
Orbitofrontal Cortex 16.26 3.02 1651 271
Anterior Cingulate Cortex  799* 159 g7g* 157
Amygdala 312 039 304¢ 045
Caudate 832 156 833 124
Putamen 795 138 799 1.30

Table 3
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Note: ROI = region of interest; HC = HIV-negative Control. Asterisks indicate that the groups’ ROl means, when corrected for intracranial volume,

are significantly different at the level.

*
p<.05
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