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Abstract

Mental rotation, the ability to manipulate three-dimensional objects in space, is a widely-studied and
neurally-complex aspect of spatial cognition that has been largely ignored in the HIV literature. The
present study reports evidence of a significant interaction between HIV serostatus and performance
on mental rotation tasks, whereby individuals with HIV (n = 19) committed a greater number of
errors than demographically similar seronegative persons (n = 15) on Luria's {1} hand rotation task
(d=0.74, p<0.05), but not on the corresponding parallelogram rotation task (p >.10). Hand rotation
errors were associated with worse performance on measures of executive functions and working
memory, but not with measures of visuoperception. Considered in the context of the preferential
frontostriatal neuropathology of HIV-associated neurocognitive disorders, these preliminary
findings suggest that the observed deficit in the mental rotation of hands may arise from a disrupted
fronto-striato-parietal network.
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Infection with the human immunodeficiency virus (HIV) often leads to neuropathology, which
is diffusely distributed throughout brain parenchyma, but is commonly believed to
preferentially disrupt the structure and function of frontostriatal and temporolimbic systems
{2}. Understandably, the vast majority of neuropsychological research in HIV has therefore
been centered on constructs of direct relevance to these neural systems (e.g., executive
functions, working memory, motor skills, and episodic memory). However, very little is
currently known about the nature and extent of deficits in spatial cognition in persons living
with HIV infection. Spatial cognition refers to the ability to detect, understand, manipulate,
and integrate visual stimuli in the context of its environment. Although spatial cognition is
primarily linked to the integrity of the posterior parietal cortex (PPC), optimally functioning
parieto-striato-cortical pathways are also needed for the integration of visual input {e.g., 3},
as observed in patients with frontostriatal pathology (e.g., Parkinson's disease) {4}.
Considering that frontostriatal dysfunction is considered a hallmark of HIV-associated
neurocognitive disorders, this overlap suggests that research regarding spatial cognition may
in fact be relevant to the neuropsychology of HIV.
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Early studies of spatial cognition in HIV included limited batteries and did not find much
evidence of impairment {e.g., 5,6}, leading to a temporary neglect of this thread of research.
However, recent meta-analyses have produced mixed results regarding the effect to which
spatial abilities are affected by HIV infection {e.g., 7,8}, suggesting that there may be a signal
worthy of further examination. Indeed, a closer review of the HIV literature explores the fronto-
striatal components of this construct, indicating that subtler differences may exist in the distinct
subcategories of spatial cognition (e.g., visuoconstruction, spatial attention) in this cohort. For
instance, Poutiainen and colleagues found significant differences between a group of 13 HIV
+ individuals and 10 seronegative controls on measures of visuoconstruction, visusospatial
skills, and praxis {9}. Furthermore, Martin {10} suggested that HIV infection was associated
with impairment on measures of egocentric spatial ability (i.e., spatial tasks that are built around
the participant's frame of reference, as opposed to that of an observer). Measures of spatial
attention {e.g., 11,12} and, more recently, number line orientation {e.g., 13} also may be
impaired in HIV infection, perhaps demonstrating the particular sensitivity of visuospatial tasks
that draw upon complex attention and working memory to the prefrontostriatal pathologies of
HIV disease.

Mental rotation, the ability to manipulate three-dimensional objects in space, is a widely-
studied and neurally-complex area of spatial cognition that has been largely ignored in the
neuroAlDS literature. These tasks are sensitive to both the functioning of the posterior parietal
cortex and fronto-striato-parietal neural networks {14}. While mental rotation has been studied
more extensively in other frontostriatal disorders (i.e., Parkinson's disease) {15}, to our
knowledge, only one study to date has examined this construct in HIV infection. Olesen and
colleagues {16} used a computerized mental rotation task in which two stimuli appear at
different degrees of rotation; participants are asked to evaluate whether the objects are identical
(same) or mirror images of each other (different). Impairment between groups presented as a
disproportionate increase in errors and reaction time in the HIV+ group (n = 14) as the degree
of rotation increased. Although the reaction time analyses showed trend-level group differences
overall, this effect was primarily seen in the object condition, as explained by a three-way
interaction between stimulus, group, and level of rotation. In conjunction with group
differences found on a measure of global versus locally-biased processing, the authors
concluded that HIV-related deficits in spatial cognition were likely due to parietal lobe
pathology.

Although these data support the notion of impaired spatial cognition in HIV infection, the lack
of supplemental neuroanatomical and neuropsychological data raise questions about the
underlying neural and cognitive mechanisms. Despite relying on the PPC for basic processing
of visual input, frontal systems are additionally required to adequately integrate, manipulate,
and utilize visual information {e.g., 3}. For instance, the ability to mentally rotate three-
dimensional objects requires the external processes of viewing the object as it physically exists
pre-rotation, but also simultaneously viewing and manipulating it on the visuospatial
scratchpad of the mind's eye {17}. Additionally, the cognitive requirements of the task likely
vary based on the relative position of the object to be rotated. In fact, neuroimaging studies
have shown that different types of rotations (i.e., object-centered or viewer-centered) rely on
discrete neural pathways (i.e., right parietal lobes and intraparietal sulcus, or left parietal and
left frontal regions, respectively) {18}. The involvement of frontal regions and the internal
manipulation requirements of the task imply that mental rotation not only requires intact
visuospatial skills, but also optimally functioning working memory abilities. Considering the
overlapping neural networks between mental rotation abilities and HIV-associated
neuropathologies, further exploration is needed to determine the neuropsychological correlates
of this impairment, thereby elucidating the deficient component processes. In the present study,
two tasks of mental rotation were administered within a larger battery containing measures of
executive functions, information processing, motor skills, as well as other tasks of spatial
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cognition. We hypothesized that there would be evidence of HIV-related impairment on tasks
of mental rotation, and that poorer performance would be associated with impairment on
measures of executive functions and working memory. Furthermore, we hypothesized that
mental rotation impairments would be most evident on the hand rotation task, as egocentric
spatial tasks tend to rely more heavily on frontal systems {19}, which are particularly affected
by HIV infection.

The study was approved by the University Human Research Protections Program and all
participants provided written, informed consent. All participants were recruited from a larger
cohort at the HIV Neurobehavioral Research Center (HNRC) who agreed to participate in an
additional hour of neuropsychological testing that was funded by a Core Support Program for
AIDS Research (CSPAR) developmental grant designed to examine spatial cognition in HIV.
Participants included 19 individuals with HIV infection (HIV+) and 15 HIV seronegative
comparison subjects (HIV-). HIV serostatus was determined by enzyme linked immunosorbent
assays and a Western Blot confirmatory test. Potential participants were pre-screened for
histories of exclusionary psychiatric (e.g., mental retardation, psychotic disorders) or
neurological (e.g., seizure disorders, traumatic brain injury, cerebrovascular disease) disorders
by a subject recruiter. Upon enrollment, participants were subsequently further screened by
the study psychometrist using an unpublished, but standardized and semi-structured interview.
Additionally, participants who tested positive for illicit drugs (except marijuana) on a urine
toxicology screen conducted on the day of testing were excluded. The study groups did not
differ statistically in age, education, sex, handedness, and ethnicity (all ps > 0.10; see Table 1
for demographic and disease characteristics). Premorbid verbal 1Q, as measured by a
demographically-based estimate from the Wechsler Test of Adult Reading {20}, was also
comparable between groups (p > 0.10). No between-group differences were observed on the
Profile of Mood States (POMS) {21}, which is self-report measure of mood disturbance within
the previous week (p > .10).

Materials and Procedure

Mental Rotation—Participants were administered two tasks of mental rotation (i.e., hands
and parallelograms) {1}, as part of an extensive neuropsychological, medical, and psychiatric
evaluation. These particular mental rotation tasks were chosen because they were published,
paper-and-pencil tasks that were created by the same author (i.e., Luria) to maximize
comparability. More importantly and directly related to our a priori hypotheses, together these
tasks examine both ego- (i.e., body part) and allo-centric (i.e., object) mental rotation. For the
hand rotation task (HIV+: n = 19; HIV-: n = 15), participants were presented with 21 1.5 x 2
cm line drawings of hands in different postures and orientations for which they were asked to
indicate whether a right or left hand was depicted. The 10-item parallelogram task (HIV+: n
=19; HIV-: n = 13, due to minor administration errors) required individuals to examine the
placement of a circle in a rotated parallelogram and subsequently draw circles onto two empty,
mirror-imaged parallelograms so that they would appear identical to the rotated figure (for
further details, please see Luria {1}). Performance on both tasks was recorded as total number
of errors.

Standard Clinical Tests—The comprehensive battery was administered as part of the
standard HNRC protocol to which this developmental grant was linked and included tests
tapping standard cognitive domains that are: a) sensitive to HIV infection, and b) implicated
in mental rotation performance, including executive functions, working memory, processing
speed, and visuoperception. Specifically, individual tests included: 1) Trail Making Test (TMT
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parts A and B; difference in time to completion [B-A]) {22}, 2) Wisconsin Card Sorting Test
(WCST-64; raw perseverative responses) {23}, 3) Paced Auditory Serial Addition Task
(PASAT-200; raw total correct) {24}, 4) Grooved Pegboard (time to completion) {25}, 5)
Wechsler Adult Intelligence Scale (3" ed) (WAIS-111) Processing Speed Index (raw total score)
{26}, 6) Hooper Visual Organization Test (HVOT; raw total correct) {27}, and 7) Benton
Judgment of Line Orientation (JLO; raw total correct) {27}.

Data Analyses—A repeated-measures analysis of variance with HIV serostatus as the
between-groups variable and mental rotation task (i.e., hands or parallelograms) as the within-
group variable was conducted to evaluate the primary study hypotheses. Follow-up analyses
were conducted using independent-samples t-tests and Cohen's d effect size estimates. Note
that, although the mental rotation data were non-normally distributed according to Shapiro-
Wilk W tests (parallelograms: W = 0.94, p < 0.06, hands: W = 0.93, p < 0.05), follow-up
analyses using a nonparametric approach yielded the same results; the parametric approach to
testing the statistical interaction is described in addition for ease of interpretation. Nevertheless,
correlational analyses regarding the associations between mental rotation and standard clinical
tests within the HIV group were conducted using Spearman's rho. Considering the small sample
sizes, a critical alpha level of .05 was used throughout to minimize our risk of Type |l statistical
error. To minimize our risk of Type | error, correlations were analyzed only in the HIV group
(rather than in both groups separately) and only when the mental rotation task differed by
serostatus. This approach has been shown to: a) provide clear insight of neuropsychological
constructs in a clinical sample (cf. convolution of shared variance in mixed clinical samples)
and b) reduce the risk of Type | error by running correlational analyses only in the target
population (cf. running analyses separately in the clinical and healthy comparison groups,
which may then require Bonferroni-like corrections, in turn diluting genuinely significant
findings) {28,29}.

A repeated-measures ANOVA revealed no main effects of HIV status (F [1, 29] = 0.02, p >
0.10; n2 = 0.007) or mental rotation task (i.e., hands or parallelograms) (F [1, 29] = 0.08, p >
0.10, n2 = 0.078). However, the interaction between group and task proved significant (F [1,
29] = 5.47, p = 0.020, n2 = 0.168). Based on the non-normal distribution of the data, these
statistics were also conducted using non-parametric analyses (i.e., Wilcoxon rank-sum test),
yielding a significant between-groups result on a hands minus parallelograms errors difference
score variable (32 [1, n = 32] = 7.02, p = 0.008). A planned follow-up univariate analysis
indicated that the interaction effect was driven by a greater number of errors committed by the
HIV+ group on the hands task (M = 6.5, SD = 4.2) compared with the HIV- group (M = 3.9,
SD =2.4;1[29] = 2.27, p = 0.031), representing a large effect (d = 0.74). There was no
significant difference between groups on the parallelograms task (t [27] =-0.89, p > 0.10;d =
-0.31).

To examine neuropsychological correlates of our significant primary finding, follow-up
analyses were performed in the HIV+ group (n = 19) to obtain Spearman's rho correlation
coefficients, as shown in Table 2. Errors on the hands task were moderately associated with
measures of working memory and executive functioning, as defined as poorer performance on
the PASAT-200 and increased perseverations on WCST-64, respectively (both ps < 0.05; see
Figures 2a & 2b). All other neuropsychological constructs examined (i.e., motor skills,
information processing, divided attention, and visuospatial functioning) did not relate to mental
rotation performance (ps > 0.10). Additionally, performance on the hands task was not
associated with HIV disease characteristics, including current and nadir CD4 count, plasma
viral load, AIDS status, highly-active antiretroviral therapy (HAART), and estimated duration
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of infection (ps > 0.10). Total mood disturbance as measured by the POMS also did not relate
to hand rotation errors (p > 0.10).

Discussion

Overall, findings from this brief report revealed that HIV infection is associated with
impairment in mental rotation. As predicted, a significant interaction was observed between
HIV serostatus and mental rotation task, indicating that individuals with HIV committed a
greater number of errors than their seronegative counterparts on Luria's hand rotation task, but
not on the corresponding parallelogram rotation task. In other words, persons infected with
HIV experienced disproportionately greater difficulties accurately manipulating mental
representations of hands. This finding, which was associated with a large effect size, contrasts
against the widely-held belief that deficits in spatial cognition are not generally evident in
individuals with HIV; in fact, these preliminary data build on a small literature suggesting that
HIV infection may lead to impairment in complex spatial cognition {7,19,13}, including one
prior study on mental rotation deficits {16}.

Although this pilot study contributes to the basic evidence of a mental rotation deficit in HIV,
aswas first reported by Olesen and colleagues {16}, italso argues for an alternate interpretation
of the underlying cognitive (and neural) substrates of this deficit. As noted above, Olesen et
al. attributed the HIV-associated mental rotation deficit to an impairment in visuospatial
processing related to dysregulation of posterior parietal cortex; however, findings from the
current study indicate that fronto-striatal systems may also contribute to the observed deficits.
First, we observed a disproportionate impairment in the mental rotation of body parts (i.e.,
hands) as compared to objects (i.e., parallelograms). Although we did not directly query
participants as to their relative strategies for mental rotation, it is posited that the mental rotation
of body parts (relative to object rotation) requires greater integration of visuoperceptual and
motor neural systems, whereby viewers imagine rotating their own extremities in relation to
the stimuli {19}. These viewer-centered mental processes during body part rotation are linked
to traditional spatial cognition circuits (e.g., posterior parietal cortex) {30}, as well as fronto-
striato-thalamo-cortical loops {e.g., 15,18,19}. This interpretation also converges with a prior
study by Martin {10}, who found that HIV infection was associated with deficits in egocentric
spatial ability.

In further support of the involvement of frontal systems, deficits in the mental rotation of hands
were associated with executive and working memory dysfunction in the HIVV+ group. More
specifically, errors on the hand rotation task demonstrated medium-to-large correlations in the
expected directions with performance on the PASAT-200 and perseverative responses on the
WCST-64. In contrast, hand rotation errors did not relate to performance on tasks of
visuospatial functioning, information processing speed, or motor skills. Although the
PASAT-200 also places demands on processing speed, the lack of relationship between mental
rotation and the WAIS-I11 Processing Speed Index supports the hypothesis that the
correspondence between the PASAT-200 and hands may be primarily driven by working
memory. Taken together, these data provide convergent and divergent evidence that the HIV-
associated deficit in mental rotation of hands involves cognitive processes that are strongly
linked to frontal systems, which are preferentially affected in HIV disease {e.g., 2,'}.
Nevertheless, it is likely that this deficit arises from dysfunction in a distributed fronto-striato-
parietal network that includes the posterior parietal cortex, which is involved in general mental
rotation {31}, as well as working memory {e.g., 32} and executive functions {e.g., 33}.

Although our interpretation of the cognitive and neural mechanisms of HIV-associated mental
rotation deficits departs from that of Olesen et al. {16}, who emphasized the role of
visuoperception and the parietal cortex, a few important methodological differences exist
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between these two studies. First, Olesen et al. used computerized mental rotation tasks that
included reaction time, which was not captured by our paper-and-pencil tasks. Second, their
tasks employed a same/different response paradigm in which two hands were shown, whereas
the task used in this study required a right/left response to a single stimuli. Additionally, our
task of object rotation task used two-dimensional parallelograms, compared to the traditional
—and arguably more difficult — three-dimensional blocks in Olesen's study. Indeed, Olesen's
findings may be interpreted as a breakdown in spatial working memory, thus supporting the
possible involvement of frontal systems, which the authors themselves acknowledged as an
alternate interpretation {16}. A more direct evaluation of the role of fronto-striato-parietal
systems in HIV-associated mental rotation impairment is needed, perhaps using experimental
paradigms to manipulate the cognitive components of rotation in relation to structural (e.g.,
morphological) and functional (e.g., metabolic and neural) neuroimaging markers.

Results from this study are not confounded by demographic factors or affective distress, as the
HIV+ and seronegative groups were well balanced on these characteristics. However, the small
sample sizes (total n = 34) and well-controlled disease status of the HIV+ group likely limited
our power to detect more modest relationships between hand rotation and other cognitive ability
areas (e.g., visuoperception) and disease parameters. Indeed, rotation errors were not
significantly associated with any HIV disease or treatment factors (e.g., HAART status).
Despite the relatively small sample sizes, the present study was reasonably well-powered to
detect at least a medium effect size interaction using a critical alpha of 0.05 (1 -  =0.78). To
minimize risk of Type Il error (given our small sample size), we did not use additional
corrective measures for multiple comparisons (e.g., Bonferroni corrections), but instead
employed other methodological techniques (e.g., conducting analyses only in the HIV sample)
to control Type | error while still using the standard critical alpha of 0.05. It is, however,
important to note that these results would not be statistically significant had we controlled for
multiple comparisons. Moreover, these limitations likely restrict the extent to which our results
are generalizable to the broader HIV-infected population. Nevertheless, the presence of a
significant HIV-associated impairment in hand rotation and its correspondence to deficits in
working memory and executive functions in such a small HIV sample with relatively well-
controlled disease speaks to the magnitude of the observed effect. Another limitation of the
present findings is that the mental rotation tasks were not specifically constructed for the
purpose of dissociation and therefore differed in several respects, including length and response
modality (i.e., the parallelogram task required a motor response). As such, studies are needed
regarding the psychometric characteristics of these mental rotation tasks (e.g., reliability and
demographically-adjusted normative standards). Future studies are needed to examine the
relationship between mental rotation and its cognitive mechanisms across a larger group of
persons with HIV infection with a broader range of disease characteristics. Further examination
of spatial cognition in HIV may also lead to enhancements in the detection of problems in
everyday functioning (e.g., driving), as has been shown in older adults {e.g., 34} and clinical
populations, including Parkinson's disease {e.g., 35}.
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Figure 2.

Scatter plots displaying the relationship between mental rotation of hands on the X axis and
the PASAT-200 total correct (2a) and WCST-64 perseverative responses (2b) on the Y axes
(ps < 0.05).
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Table 1
Demographic and HIV disease characteristics of the study samples
Variable HIV+ (n=19) HIV- (n=15) p
Demographic Characteristics
Age (years) 43.8 (9.9) 449 (9.2) 0.731
Education (years) 13.7 (1.9) 14.7 (2.6) 0.249
WTAR estimated verbal I1Q 106.9 (5.6) 107.9(7.3) 0.666
Sex (% men) 68% 60% 0.610
Ethnicity (% Caucasian) 53% 67% 0.409
Handedness (% right) 79% 93% 0.130
HIV Disease Characteristics
Duration of Infection (years)® 74(47,143) N
Current CD4 Count? 588.0 (300.0, 726.0) -
Nadir CD4 Count® 269.0 (50.0, 348.0) -
RNA Viral Load (log;o c/ml)2 26(25,28) -
% AIDS 37% -
% HAARTD 74% -
Psychiatric Characteristics
POMS Mood Disturbance 43.9 (43.8) 35.9 (22.1) 0.507
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Note. All descriptive statistics are listed as mean (standard deviation) unless otherwise noted. POMS = Profile of Mood States. WTAR = Wechsler
Test of Adult Reading. HAART = highly-active antiretroviral therapy.

a .. .
Median (interquartile range)

All participants on antiretroviral medications were prescribed HAART
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Table 2
Correlations between a task of mental rotation (hands) and select neuropsychological tests

in the HIV+ sample (n = 19)

Test variable Spearman'srho  p-value
TMT B-A (difference in time to completion) -0.040 0.869
Benton Judgment of Line Orientation (total correct) -0.271 0.261
Hooper Visual Organization Test (total correct) -0.325 0.175
PASAT-200 (total correct) -0.457 0.050*
Grooved Pegboard (dominant; completion time) 0.036 0.884
Grooved Pegboard (non-dominant; completion time) 0.074 0.763
WCST-64 (raw perseverative responses) 0.488 0.034%
WAIS-III Processing Speed Index (raw total) -0.087 0.722
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Note: TMT B-A, Trail Making Test Parts B-A; PASAT-200, Paced Auditory Serial Addition Test; WCST-64, Wisconsin Card Sorting Test; WAIS-
111, Wechsler Adult Intelligence Scale (3" ed.).

*
p<0.05.
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