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Abstract

Objective: Emotion processing has received little research focus in HIV, but emerging evidence suggests that abilities such as facial affect
discrimination may be features of HIV-associated neurocognitive disorder (HAND). The present study hypothesized that individuals with
HAND would evidence an emotion processing deficit relative to cognitively unimpaired individuals with HIV and seronegative comparison
participants on a task assessing these abilities. Moreover, it was expected that this deficit would be significantly associated with social as-
pects of everyday functioning.

Method: To explore these hypotheses, 37 HIV+ individuals with HAND, 46 HIV+ without HAND, and 38 HIV-seronegative comparison
participants were administered the CogState Social Emotional Cognition Task (SECT) and the UCSD Performance-based Skills
Assessment-Brief (UPSA-B).

Results: Results revealed that the HAND group was more likely to have impaired accuracy and slower reaction time relative to the com-
parison groups on the SECT task. In fact, individuals with HAND were almost 10 times more likely to be impaired on emotion processing
accuracy than HIV+ without HAND. Among individuals with HIV, accuracy (but not reaction time) was independently related to a func-
tional capacity measure tapping social ability, but not to a similar measure without a social component (UPSA-B Communication and
Finances subscales, respectively).

Conclusions: These results suggest that disruption of emotion processing may be an important feature of HAND that has clinical value as
an independent predictor of real-world activities that involve social components. Future research should prospectively investigate this rela-
tionship, which may inform of intervention strategies for improving everyday functioning.
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Introduction

In the era of combination antiretroviral therapy (cART), it is estimated that approximately 30%—-50% of individuals in-
fected with HIV meet criteria for an HIV-associated neurocognitive disorder (HAND; Heaton et al., 2011), which has an
annual incidence rate of approximately 10%—-15% (e.g., Bhaskaran et al., 2008). HAND is the neurobehavioral hallmark of
HIV-associated neuropathologies, which are diverse in both their neurobiology (Everall et al., 2009) and brain networks
affected, but tend to be most prevalent in the frontostriatal circuits (e.g., Ellis, Calero, & Stockin, 2009). The neuropsycholog-
ical profile of HAND is also heterogeneous (e.g., Dawes et al., 2008), but executive functions, attention/working memory,
information processing speed, episodic memory, and motor skills are the most commonly impaired domains (Woods, Moore,
Weber, & Grant, 2009). HIV-associated neurocognitive impairment can adversely affect different aspects of everyday func-
tioning (Heaton et al., 2004), including vocational outcomes (van Gorp, Baerwald, Ferrando, McElhiney, & Rabkin, 1999)
and automobile driving (e.g., Marcotte et al., 1999). HAND is also associated with suboptimal health behaviors, such as
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medication non-adherence (Hinkin et al., 2002) and poorer retention in care (Jacks et al., 2015), as well as lower health-
related quality of life (e.g., Parsons, Braaten, Hall, & Robertson, 2006).

Altered emotional and social functioning have received much less empirical attention in HIV disease as possible features
of HAND, particularly syndromic HAND in which everyday functioning is compromised. Given that emotion processing is
an integral part of our everyday social lives (Darwin, 1872/1965), it may offer an avenue for investigation into functioning
abilities with social components. Recognizing the emotions of others and utilizing this information to respond appropriately is
a key aspect of fruitful communication (e.g., Fridlund, 1991). Typically measured via tests of facial affect recognition (though
less frequently measured as nonverbal communication such as emotional prosody), the ability to identify emotions in others is
a widely studied aspect of social cognition across many bodies of literature with typically robust results in clinical populations
(e.g., Parkinson’s disease, Narme et al., 2013; traumatic brain injury, Genova et al., 2015). Moreover, the facial expression of
basic emotions is viewed as pan-culturally universal (Ekman, 1972) and it lends itself to easy study in laboratory settings
(Lane, Moore, Batchelor, Brew, & Cysique, 2012). The neural systems that support overall emotion processing are diverse
(e.g., Fusar-Poli et al., 2009), including multiple frontal cortices, the basal ganglia, and the amygdala, which are regions that
are also preferentially affected by HIV-related neuropathologies (e.g., Ances, Ortega, Vaida, Heaps, & Paul, 2012; Becker
et al., 2011; Kiiper et al., 2011). Thus, it is reasonable to expect that emotion processing deficits could be a feature of HAND
(Clark et al., 2015). In fact, social cognition is one of the six central cognitive domains that comprise diagnoses of HIV-
associated neurocognitive disorders as defined by the latest edition of the Diagnostic and Statistical Manual of Mental
Disorders (5th ed.; American Psychiatric Association, 2013). However, we know little about the nature, extent, and functional
relevance of emotion processing deficits in the context of HIV disease.

While the literature on the effects of HIV on emotion processing is still developing, early studies have provided important
insights. As a group, HIV+ persons show moderately slower response times and reduced accuracy identifying and discrimi-
nating amongst facial emotional expressions (Gonzalez-Baeza et al., 2014; Heilman et al., 2013; Lane et al., 2012; Lysaker
et al., 2012), with several of the studies finding specific effects for processing negative emotions such as sadness (Gonzalez-
Baeza et al., 2014) and fear (Baldonero et al., 2013; Clark et al., 2015; Clark, Cohen, Westbrook, Devlin, & Tashima, 2010),
which may be related to lower anterior cingulate cortex volumes (Clark et al., 2015). The HIV literature has not revealed con-
sistent associations between emotion processing and mood, demographics, or traditional markers of disease severity in HIV
(Baldonero et al., 2013; Clark et al., 2010; Heilman et al., 2013; Lane et al., 2012). With regard to neurocognitive correlates
of emotion processing in HIV, verbal memory has been associated with facial emotion recognition (Baldonero et al., 2013),
and psychomotor speed and cognitive flexibility are associated with both reaction time to fear and happiness discrimination
(Lane et al., 2012). Although most studies did not specifically include HAND in their analyses, there is preliminary evidence
that individuals with HAND may be particularly susceptible to deficits in facial emotion processing. In a series of uncon-
trolled secondary analyses, Lane and colleagues (2012) reported medium-to-large effect sizes for HAND in emotion proces-
sing accuracy and response times for both positive and negative emotions (including fear). In contrast, Baldonero and
colleagues (2013) did not observe a disproportionate effect of HAND in HIV, as evidenced by secondary analyses showing
that HIV+ individuals with and without HAND (i.e., Asymptomatic Neurocognitive Impairment) had comparable deficits in
facial emotion recognition in relation to seronegatives. Thus, a prospective, case-controlled study of emotion processing in a
well-characterized group of individuals with HAND (i.e., HAND diagnosis based upon a well-validated, comprehensive bat-
tery of neuropsychological tests that can also support correlate analyses) may help to clarify these conflicting findings.

The clinical relevance of emotion in HIV disease is supported by data from other neuropsychological populations, which
suggest that this cognitive function may be a unique predictor of social functioning and capacity. For example, in the schizo-
phrenia literature, several studies have found that emotion processing had a relationship with social functioning (Hooker &
Park, 2002; Pan, Chen, Chen, & Liu, 2009; Poole, Tobias, & Vinogradov, 2000), or was a mediator between cognitive and
social functioning (Addington, Saeedi, & Addington, 2006). To date, we are aware of only two studies examine the associa-
tion between emotion processing and everyday functioning in HIV disease. Clark and colleagues (2010) reported that errors
in identifying anger showed moderate univariate correlations with self-reported difficulties in intimate social relationships,
specifically with maintaining a feeling of social connectedness. By way of contrast, Lane and colleagues (2012) reported that
performance on a comprehensive battery of emotion processing was not associated with a self-report measure of general
ADLs in HIV disease. Thus, HIV-associated difficulties in emotion processing may be particularly sensitive to the social as-
pects of everyday functioning. Additionally, performance-based measures of the capacity to perform daily activities are
known to be particularly sensitive to functioning difficulties in HAND (Blackstone et al., 2012), and as such they may have
greater utility than self-report approaches in identifying and describing the relationship between emotion processing and
everyday functioning.

The current study therefore sought to determine the affect of HAND on emotion processing using a standardized, clinical
social cognition measure. It was hypothesized that HAND would be associated with moderate deficits on measures of emotion
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processing speed and accuracy as compared to HIV+ individuals without HAND and HIV— comparison participants. In addi-
tion we aimed to estimate the unique contribution of HIV-associated facial emotion processing deficits to real-world func-
tional capacity as measured by a well-validated performance-based measure. It was hypothesized that after controlling for
overall level of neurocognitive impairment and other relevant disease factors, deficits in emotion processing would be associ-
ated with poorer functional capacity on a task with strong social demands (i.e., communication), but not with performance on
a parallel functional task with minimal social demands (i.e., finances).

Methods

Participants

One-hundred-twenty-one participants were enrolled from ongoing studies at a neuroAIDS research center, whose recruit-
ment sources included local HIV clinics and community-based organizations. Exclusionary criteria included a severe psychiat-
ric diagnosis (e.g., schizophrenia), neurological condition (e.g., seizure disorder, stroke, closed head injury with loss of
consciousness greater than 15 min), or active illicit drug (assessed via positive urine toxicology) or alcohol (assessed via
Breathalyzer) use. Substance use disorder within 30 days of the evaluation, as assessed by Composite International
Diagnostic Interview (CIDI, version 2.1; World Health Organization, 1998), also served as a study exclusion criterion.
Medmira rapid tests were used to establish HIV serostatus. Using the parent center’s comprehensive assessment of medical,
psychiatric, and neuropsychological information (see details in the Classification of HAND section.), HAND was categorized
in accordance with Frascati research diagnostic criteria (Antinori et al., 2007). The three primary study groups of interest
were: HIV- (n = 37), HIV+ without HAND (HAND—; n = 46), and HIV+ with HAND (HAND+; n = 38).

Classification of HAND

Study participants’ clinical functioning was comprehensively characterized as part of the larger study. The neurocognitive
batteries used to derive HAND classifications were constructed utilizing Frascati criteria (Antinori et al., 2007). The seven do-
mains (and their component parts) tested were: (a) processing speed (WAIS-III Digit Symbol, Weschler, 1997; Trailmaking
Test Part A, Reitan & Wolfson, 1985; and CogState reaction time on the detection and identification subtests); (b) attention/
working memory (PASAT-50, Gronwall, 1977; and CogState accuracy on the one-back and two-back substests); (c) learning
(CogState accuracy on one-card learning; HVLT-R Total 1-3, Brandt & Benedict, 2001; and BVMT-R Total 1-3, Benedict,
1996); (d) memory (CogState accuracy on continuous paired associates; HVLT-R Delayed Recall, Brandt & Benedict, 2001;
and BVMT-R Delayed Recall, Benedict, 1996); (e) verbal fluency (letter/FAS and animals, Delis, Kaplan, & Kramer, 2001);
(f) executive functions (Trailmaking Test Part B, Reitan & Wolfson, 1985; WCST-64 perseverative responses, Heaton, 1993;
and Iowa Gambling Task total, Bechara, 1994); and (g) motor (Grooved Pegboard Test dominant and non-dominant hands,
Klgve, 1963). Following a well-validated method described previously (Carey et al., 2004), a Global Deficit Score (GDS)
was derived from T-scores (converted from relevant raw scores adjusting for demographics). A categorization of global neuro-
cognitive impairment was then determined using a GDS cutpoint of >0.5 to classify HAND. Among HIV+ participants, 45%
of individuals were classified with HAND, which were further classified into diagnostic categories based on absence vs. pres-
ence of everyday functioning impairment and degree of neurocognitive impairment (Antinori et al., 2007): 15 persons with
Asymptomatic Neurocognitive Impairment (ANI), 20 with Minor Neurocognitive Disorder (MND), and 3 with HIV-
associated Dementia (HAD). Consistent with our exclusion criteria (see Participants section) and the Frascati HAND criteria,
participants with significant medical, neurological or psychiatric conditions known to affect cognition were not included so
that the effects of HAND were not confounded.

Social Emotional Cognition Task (SECT)

The Social Emotional Cognition Task (SECT), a subtest of the CogState (www.cogstate.com), is a computer-administered
task designed to assess emotional processing aspects of social cognition. This task has been validated as a measure of social
cognition in controls and schizophrenic patients using the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT)-
Managing Emotions task from the Measurement and Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) battery (with a correlation of 0.45 for controls and 0.59 for schizophrenia; Pietrzak et al., 2009) and as a measure
of facial affect recognition in traumatic brain injury (with a correlation of approximately 0.4 relative to two valid and reliable
facial affect recognition tasks; Yim, Babbage, Zupan, Neumann, & Willer, 2013). The task entails 48 trials, and each trial
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shows an array of four images that convey emotion for 15s. The images are displayed as computerized faces or as sets of
eyes. Participants were asked to use a computer mouse to select one of the four images in the array that was different from
the others on each trial, but no guidance as to the nature of the difference was given (i.e., instructions read “tap the odd one
out.””). Some trials of this task involve discriminating between facial affect presentations of different emotions (e.g., neutral
vs. fear) and others require discriminating between intensities of facial affect for the same emotion (e.g., mild fear vs. extreme
fear). There were also control items in which four sets of neutral eyes were shown depicting eye gaze direction (no emotion
displayed), and one pair of eyes was looking in a different direction than the other three sets. Both speed of response and
accuracy were measured for each trial. The CogState program performs computerized scoring that yields a mean reaction time
score (raw) and an arcsine-corrected accuracy score. For the accuracy score, age corrections were applied using CogState
Normative Data (www.cogstate.com), and these scores were then converted into T-scores for ease of interpretation. A cutpoint
of one standard deviation below the mean (T < 40) was used to define mild impairment, which is consistent with a well-
validated standard approach (Carey et al., 2004). One prior study has examined SECT in the context of HIV, and a possible
effect of HAND was detected in posthoc analyses (i.e., Lane et al., 2012).

UCSD Performance-based Skills Assessment-Brief (UPSA-B)

The UPSA-B (Mausbach, Harvey, Goldman, Jeste, & Patterson, 2007) is a measure of daily functional capacity utilizing
performance on analogs of real-world tasks developed via factor analysis as shortened form of a previous measure (Patterson,
Goldman, McKibbin, Hughs, & Jeste, 2001). The UPSA-B has been validated in multiple populations, including schizophre-
nia and bipolar disorder (Mausbach et al., 2010). This shortened form of the UPSA takes approximately 15 min to complete
and covers two domains: Communication and Finances. In the Communication subscale tasks, the participants were supplied
with a telephone and asked to role-play various tasks, most of which involve using communication skills for eliciting informa-
tion from or to relaying information to another person; these tasks include retrieving a phone number from Information, dial-
ing a phone number from memory, responding to an emergency, and leaving a detailed message with hospital staff regarding
rescheduling an appointment. One point is given for each correctly completed aspect of the nine subtasks, for a raw score
ranging from O to 9. The Finances subscale involved participants using supplied currency to count out a certain amount, make
appropriate change, and properly fill out a check to pay a bill. A point is earned for each correctly completed aspect of the 10
subtasks (with two points for the change-making task), for a raw score ranging from O to 11. The raw score totals for each
subscale are converted to a percentage correct (total points/total possible points) and then multiplied by 50 to get the total sub-
scale scores (maximum score = 50). Our analyses used these raw subscale scores, which are not adjusted for demographic
characteristics.

Clinical Characterization

Information on estimated duration of HIV infection, AIDS status, nadir and current CD4 counts, current cART regimen,
plasma levels of HIV RNA, and hepatitis C infection was gathered via neuromedical exam, history, and phlebotomy/labs.
Presence of current and lifetime mood and substance use disorders were assessed via the CIDI.

Data Analysis

An examination of potential covariates from demographic and clinical characteristics was undertaken using ANOVA or X*
tests, as appropriate. These included age, education, gender, ethnicity, degree of cognitive impairment (measured by GDS),
current and lifetime major depression, current and lifetime generalized anxiety, lifetime substance abuse/dependence, and hep-
atitis C. To be included as a covariate in our analyses, a factor was required to (1) differ significantly between the three study
groups and (2) demonstrate a significant relationship with one of the cognitive or functional tasks of interest. The effects of
HAND on the SECT and UPSA-B variables were assessed using Wilcoxon rank sums tests. The associations between SECT
and the UPSA-B measures were examined using simultaneous linear regression in the HIV+ group, with a critical value of
p < .05. All statistical analyses were performed with JMP version 11.2.

Results

As seen in Table 1, the three groups were generally similar on demographic factors, with the exception of a greater proportion
of men in HIV+ groups, X* = 8.7, p = .01. HIV+ participants were also more likely to have had a diagnosis of Major
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Depressive Disorder at some point in their lives, X = 16.0, p = .003. These factors were not included as covariates, as neither
was significantly related to the measures of interest (ps > .10). There were no differences between the groups on history of
GAD, history of substance use disorder, or hepatitis C infection (ps > .10). In comparing HIV+ groups with and without
HAND, there were no differences on HIV clinical characteristics (ps > .10) with the exception of detectable viral load, xX? =309,
p < .05, which was not related to any primary outcome of interest. Significant group differences were observed in the expected
directions on the UPSA outcome measures, including the Communication and Finances subscales, and are shown in Table 2.

HAND Effects on SECT and UPSA-B

No significant effect of HAND group was observed on SECT accuracy as a continuous variable (p > .10). However, using
a standard cutpoint of 1 SD, a significantly higher proportion of HAND+ subjects were impaired on SECT accuracy relative
to HAND- (no participants in the HIV- group were impaired, and therefore a Fisher’s Exact Test was conducted between the
HAND+ and HAND- groups), X*> = 5.4, p = .04 (see Table 2 for proportion impaired in each group). No demographic, psy-
chiatric, cognitive (i.e., HAND severity), or standard HIV disease factors differed between the SECT impaired and unimpaired
groups. In the HAND group, SECT accuracy was significantly correlated with the memory domain (r = .4, p < .05), and cor-
relations with all other domains were non-significant (ps > .05). There was also a significant between-group effect of HAND
on SECT reaction time (p < .001, 712 = .11), with the HAND+ group being slower than both HAND- (p = .003, d = .78) and
HIV- (p < .001, d = .74) groups (see Table 2 for average reaction times by group). In the HAND group, SECT reaction time
was significantly correlated with the information processing speed domain (r = .4, p < .05) only (all other ps > .05).

Table 1. Descriptive characteristics of the sample

Demographics HIV- (n =37) HAND- (n = 46) HAND+ (n = 38)
Age (years) 44.3 (12.9) 46.59 (9.52) 43.95 (10.52)
Education (years) 13.9 (2.3) 14.13 (2.64) 13.08 (2.01)
Sex (% female)* 32% 9% 13%
Ethnicity (% Caucasian) 59% 63% 53%
Psychiatric & substance use
Current/Lifetime** Major Depressive disorder (%) 3%124% 2%I58% 5%/68%
Current/Lifetime Generalized Anxiety disorder (%) 8%/14% 0%I7% 8%/21%
Lifetime Substance Use Disorder (%) 49% 66% 71%
HIV/medical characteristics
Duration of HIV infection (months) — 8.73 [3.42, 22.2] 13.02 [5.09, 19.34]
AIDS status (%) — 55% 54%
Nadir CD4 (cells/ul) — 220.5 [81.5, 354.75] 199 [22, 326.5]
Current CD4 (cells/pl) — 676 [438, 854] 622 [321, 855.5]
cART status (% prescribed) — 89% 89%
HIV Plasma RNA (% undetectable)* — 91% 79%
Hepatitis C (% positive) 15% 11% 13%

Note: *p < .05, **p < .01. Data presented as Mean (standard deviation) and Median [IQR] unless otherwise noted. HAND = HIV-associated neurocognitive
disorders. cCART = combination antiretroviral therapy.

Table 2. Cognitive performance of the sample

HIV- (n = 37)* HAND- (n = 46)° HAND+ (n = 38)° Group contrasts
Global Deficit Score (GDS range 0-5) 0.2 [0, 0.77] 0.11 [0.06, 0.28] 0.83 [0.61 1.29] —
SECT
Accuracy % Impaired* 0% 2% 17% —
Mean reaction time (ms)** 3.52 (0.12) 3.53 (0.08) 3.60 (0.1) a,b<c
UPSA-Brief
Finance* 45 [41, 47.5] 45 [41, 50] 45 [36, 45] c<b
43.5(5.1) 45.5 (3.9) 40.8 (8.7)
Communication** 33 [28, 44] 39 [33, 44] 33 (28, 39] a,c<b
35.6 (8.5) 38.4 (9.7) 33.7 (8.0)

Notes: *p < .05, **p < .01. Data presented as Mean (standard deviation) and Median [IQR] unless otherwise noted; SECT = CogState Social Emotional
Cognition Task. UPSA-Brief = UCSD Performance-Based Skills Assessment-Brief. UPSA-Brief omnibus group differences and group contrasts were based
on Wilcoxon rank sum tests.
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SECT and Social Communication in HIV

The overall model predicting UPSA Communication from SECT accuracy (percent impaired) in the HIV+ group (includ-
ing both HAND- and HAND+, with GDS impairment as a covariate because of the significant effect of HAND on SECT
accuracy percent impaired) was significant (F(2, 83) = 5.4; adjusted R* = 0.1; p = .007). Within that model, SECT accuracy
(b =-8.0,95% CI [-15.1, —0.9], p = .03) but not GDS impaired (b = —3.5, 95% CI [-7.4, 0.4], p = .08) was a significant
independent predictor. Although the overall model predicting UPSA Finance was also significant (F(2, 83) = 5.6; adjusted
R* = 0.1; p = .005), only GDS impaired was a significant independent predictor (b = —4.4, 95% CI [-7.3, —1.5], p = .004),
whereas SECT accuracy was non-significant (b = —1.9, 95% CI [-7.2, 3.4], p = .5). There was no difference in the pattern of
results when the continuous SECT accuracy variable replaced the percent impaired dichotomous variable. When SECT reac-
tion time replaced accuracy in the above models, there were no significant effects of reaction time on either UPSA
Communication or Finance (ps > .10).

Discussion

Little is known about the frequency of impairment in social cognition and its functional correlates in the context of HIV and
HAND, and the importance of this research question is underscored by the role of social cognition role in diagnosing neurocog-
nitive disorders in the DSM5. The present study demonstrated that emotional processing aspects of social cognition were defi-
cient in individuals with HAND. Specifically, the HAND group was significantly slower and less accurate in choosing a target
item (i.e., faces or eyes) that differed from three others in an array in terms of the nature or intensity of the emotion displayed.
Notably, using a standard cutpoint for impairment (i.e., 1 SD below the mean), individuals with HAND were nearly 10 times
(odds ratio) more likely to be impaired in their facial affect discrimination accuracy than, HIV+ individuals without HAND.
Moreover, accuracy on this task was significantly associated with everyday tasks involving interactions with others (i.e., UPSA
Communication), which is evidence of the real-world affect of social cognition deficits in individuals with HAND.

The effect of HAND on emotional processing observed in the present study is notable in several ways. The effect was inde-
pendent of clinicodemographic factors, including education, lifetime mood or substance abuse disorders, and HIV clinical char-
acteristics, which increases the rigor of the interpretation that deficient emotional processing was a feature of HAND in this
study. This finding is broadly consistent with prior studies showing moderate deficits in facial affect recognition in HIV disease
(Baldonero et al., 2013; Clark et al., 2010, 2015; Heilman et al., 2013; Lane et al., 2012) and supports a particular effect of
HAND on emotional processing (Lane et al., 2012). Additionally, the current HAND effect on emotion processing was demon-
strated using a computerized clinical task (i.e., SECT from CogState), results of which have not previously been reported in HIV
to date. These findings suggest that emotion processing should be explored prospectively in future studies of HAND.

Although the SECT measure from the CogState is described and validated in the literature as a measure of social cognition,
and more specifically as a measure of emotion identification (i.e., facial affect recognition), it is possible that it is a hybrid
measure of social cognition that also taps affective theory of mind. Specifically, affective theory of mind is another type of
emotion processing ability in which an individual infers the emotional state of another person. It is differentiated from simple
emotion identification or discrimination by the fact that the inference is based on restricted information (e.g., facial emotion
expression shown by eyes only rather than a complete face) or the context of the situation (Mitchell & Phillips, 2015). Some
items of the SECT measure show only eyes as stimuli, suggesting that these items may better map onto affective theory of
mind abilities. Affective theory of mind has not yet been explored in HIV, but deficits have been observed in disease popula-
tions with broadly similar cognitive profiles as HIV, including Parkinson’s disease (Poletti, Vergallo, Ulivi, Sonnoli, &
Bonuccelli, 2013). Future studies should explore affective theory of mind in the context of HIV to investigate a potential
HAND effect on this domain of social cognition as well. Studies with a full battery of social cognition measures may also
seek to examine the validity of the SECT with regard to established theory of mind measures, and to compare its sensitivity
to HAND against tests that more purely measure facial affect recognition or theory of mind.

The present study also investigated the correlates of emotion processing measures in HAND. The interpretation of the asso-
ciation between SECT reaction time and speed of information processing is somewhat straightforward given that the pace of an
individual’s response to the target in the arrays would clearly be anchored to his or her information processing ability.
Moreover, responses times would be expected to be slower when processing stimuli that present a challenge, such as the emo-
tion processing stimuli did within the HAND group. SECT accuracy was significantly associated with memory, and yet there is
no memory component to performance on this task. A possible interpretation of this association involves the prefrontocortico-
limbic circuits that are preferentially affected by HIV disease. Social cognition ability is most often broadly attributed to medial
prefrontal regions (Amodio & Frith, 2006), but emotion recognition, particularly for fear, has been shown to involve the
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amygdala (Adolphs, 2002). Altered amygdala volume has been reported in HIV (Clark et al., 2015), and recent evidence shows
an effect of HIV on the hippocampus that was associated with memory impairment (Maki et al., 2009). As such, the significant
correlation between SECT and memory in this study may reflect the effect of HIV on limbic structures. This notion is addition-
ally supported by the idea that emotion recognition (and discrimination) are more implicit/automatic types of social cognition
tasks, which are hypothesized to rely more upon limbic structures, as opposed to explicit/deliberative, which draws from pre-
frontal regions (Forbes & Grafman, 2010). However, in a recent study of emotion recognition ability in HIV, increased amyg-
dala volume observed in HIV+ individuals was not associated with poor fear recognition performance, whereas a significant
association was observed for anterior cingulate volume (Clark et al., 2015), which is consistent with the explanation that medial
prefrontal cortex functions support social cognition. Since the memory domain comprised recall and not recognition tasks, it
could be that the strategic aspects of searching for and retrieving previously encoded information, which is reliant upon pre-
frontal cortex functions, is driving the association between memory and emotion processing in this study. If this were the case,
it would be expected that the learning domain, which is also affected by strategic processes, would also be associated with the
emotion processing outcome. While an association between emotion processing and learning was observed in a prior study
(Baldonero et al., 2013), there was not a similar correlation revealed in the present data. Future studies should prospectively
investigate the cognitive correlates of emotion processing in HIV to fully explore these associations.

A particularly novel aspect of this study was demonstrating that laboratory measures of emotional processing were moder-
ately related to everyday functional capacity in HIV disease, which showed a specific association with a communication task
involving social functioning skills. Specifically, the ability to accurately discriminate emotions (potentially combined with the
ability to take the emotional perspective of another person, or theory of mind) was significantly related to accuracy on a
performance-based task in which participants were asked to reschedule a medical appointment, contact emergency services,
and utilize municipal telephone directory assistance. Notably, these findings were specific to the communication task and no
relationship was observed between emotion processing and a performance-based functional task without an overt social com-
ponent (e.g., properly counting out change and paying a bill by check), which instead was more strongly related to global neu-
rocognitive functioning. These associations between emotion processing and communication were observed for accuracy but
not reaction time on the emotion processing task. It is possible that in emotion processing, accuracy is more important than
speed in relation to functional social capacity because competently navigating social interactions is more reliant on having
correct information more so than one’s speed of processing that information. Importantly, the association between emotion
processing accuracy and communication/social capacity was independent of global neurocognitive impairment, thereby sup-
porting the incremental ecological relevance of social cognition as a predictor of social functioning ability in HIV disease.

The present study had some limitations. We did not observe the expected pattern of UPSA-B scores such that the HAND-
group would perform comparably to the HIV— group, and that the HAND+ group would perform significantly more poorly
than both of these comparison groups. Importantly, the HIV— group was not a true control group in that they had similar le-
vels of exposure to typical HIV comorbidities that increase risk for cognitive deficits (e.g., depression, substance use) as the
HIV+ individuals, which may partly explain why they did not exhibit significantly higher levels of UPSA-B performance rel-
ative to the two HIV+ groups. In fact, is not uncommon for studies with a 3-group design that separates HIV+ individuals on
HAND status to yield a high-functioning HIV+/HAND- group. Relatedly, it is our interpretation of the findings that the
HAND- individuals did not have unusually high UPSA-B scores, but rather that sampling produced scores were that were
slightly lower than expected in the HIV— group. As a result, we believe that the difference between the two HIV+ groups
(i.e., HAND- and HAND+) on the UPSA-B was likely valid. Moreover, our main analyses (i.e., linear regression models con-
ducted in the HIV+ group only) examining social cognition as a predictor of everyday functioning as measured by the UPSA-B
are also likely valid and meaningful despite the counterintuitive pattern of UPSA-B performance across all three study groups.

Due to the nature of the emotion processing task, we were not able to examine specific emotions, which would be impor-
tant because prior research has shown identification of certain emotions (typically negative emotions) to be more difficult than
others. If a specific emotion were more related to our findings, then we would have a better idea of the neurological underpin-
nings of our observed effects. Additionally, although the task had control items in the form of differentiating gaze direction, it
lacked other relevant control items that could rule out the contribution of visuospatial difficulties capable of interfering with
the ability to select a correct response in someone who has intact emotion processing ability. Further, the task was for discrim-
ination of emotion (i.e., requiring the participant to indicate which facial affect display is different from the others), but not
recognition; a participant need not be able to identify the specific emotion in order to respond correctly. Ideally, it would be
preferable to have data on both discrimination and recognition (broken down by emotion), in both accuracy and response
time for each. This would enable a more robust analysis of the specific emotion processing dysfunctions related to social func-
tional ability. Nor could we separate the facial emotion discrimination trials from the affective theory of mind trials, which
would have allowed us to comment on whether an affective theory of mind deficit is noted in HAND. With the present data
we can only infer a HAND effect on affective theory of mind based on performance on a hybrid task. Nevertheless, given
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that the SECT task detected a signal in HAND, a single task that taps multiple emotion processing measures may be particu-
larly sensitive and thereby have greater clinical utility. In a similar vein, we have a single measure of social functional capac-
ity. Future work might include a more comprehensive assessment of social functioning, for example including information on
social networks, interpersonal effectiveness, and social quality of life, as well as traditional measures of everyday functioning
(e.g., self-reported activities of daily living). Moreover, the relationship between emotion processing and health-related activi-
ties may be particularly important in this population because effective communication is needed to successfully navigate mul-
tiple aspects of healthcare interactions, and emotions are known to be an important factor in health-related decision-making.
Recent evidence showing an association between emotion processing (as measured by the SECT) was significantly associated
with measures of health literacy (Morgan et al., 2015), which supports this research direction.

In conclusion, among individuals with HIV, HAND is associated with a disruption in emotion processing, which in turn is
an independent predictor of social functional capacity. Given its increased importance in the DSMS5, social cognition, and
emotion processing in particular, should see increased attention in future research to investigate the extent to which it aids in
the diagnosis of HAND. If a robust relationship between emotion processing and HIV/HAND emerges, these findings will
inform interventions for improving social cognition and many aspects of everyday functioning.
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