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Abstract

Introduction—It is unclear whether or to what degree literacy, aging, and other neurologic
abnormalities relate to cognitive deficits among people living with HIVV/AIDS in the combined
antiretroviral therapy (CART) era. The primary aim of this study was to simultaneously examine
the association of age, HIV-associated motor abnormalities, major depressive disorder, and
reading level with information processing speed, learning, memory, and executive functions, and
to determine if processing speed mediated any of the relationships between cognitive and non-
cognitive variables.

Method—~Participants were 186 racially and ethnically diverse men and women living with HIV/
AIDS who underwent comprehensive neurological, neuropsychological, and medical evaluations.
Structural equation modeling was utilized to assess the extent to which information processing
speed mediated the relationship between age, motor abnormalities, major depressive disorder, and
reading level with other cognitive abilities.

Results—Age, motor dysfunction, reading level, and current major depressive disorder were all
significantly associated with information processing speed. Information processing speed fully
mediated the effects of age on learning, memory, and executive functioning, and partially
mediated the effect of major depressive disorder on learning and memory. The effect of motor
dysfunction on learning and memory was fully mediated by processing speed.

Conclusions—These findings provide support for information processing speed as a primary
deficit which may account, at least in part, for many of the other cognitive abnormalities
recognized in complex HIV/AIDS populations. The association of age and information processing
speed may account for HIV//aging synergies in the generation of CART-era cognitive
abnormalities.

Keywords

information processing speed; memory; executive function; structural equation model; human
immunodeficiency virus

It is postulated that the rate at which an individual processes external stimuli mediates other
cognitive abilities, and that when processing speed deficits reach a critical threshold other
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neuropsychological impairments become evident. Before the combined antiretroviral
therapy (CART) era, psychomotor speed was described as a prominent component of HIV-
related cognitive impairment; both as a manifestation of fully evolved fronto-striatal
pathology, as well as an early predictor of progression to future HIV-associated dementia.
The concept of a stereotypical subcortical dementia was predicated both on the pattern of
cognitive abnormality, as well as the subcortical neuropathologies observed in brains of
untreated individuals dying with HIV-associated neurocognitive disorders (HAND).

In the pre-CART era, there was evidence that processing speed contributed to performance
in a variety of other neuropsychological domains among HIV-infected individuals (Becker
et al., 1997; Becker & Salthouse, 1999). There was also recognition that processing speed
could contribute to performance in other cognitive domains in seronegative adults
(Salthouse, 1996a, 1996b). The CART-era has resulted in aging HIV populations with
greater medical and socio-demographic complexity than historically untreated groups; there
is now increased awareness of the contribution that other comorbidities may play in the
generation of HAND. As complex HIV populations age, diffuse impairments in processing
speed, learning, memory, motor ability, and executive functioning are being described
(Baldewicz et al., 2004; Heaton et al., 2011; Reger, Welsh, Razani, Martin, & Boone, 2002).
Although processing speed is still an important aspect of HAND, CART-era cognitive
impairments may lack a distinctive diagnostic pattern (Dawes et al., 2008) and clear
pathophysiologic mechanism (Lindl, Marks, Kolson, & Jordan-Sciutto, 2010; McArthur,
Steiner, Sacktor, & Nath, 2010). Thus, understanding the genesis of diffuse HIVV-associated
cognitive abnormalities, and the potential relatedness of components of the cognitive
syndromes, is important in advancing our understanding of CART-era impairments, as it
may provide insights as to whether one, or multiple neural insults instigate the patterns of
deficits observed in HIV populations.

Given that reading level is such a strong predictor of neuropsychological test performance, it
is particularly important to explore the contribution of reading level to cognitive test
performance in low literacy populations, as education corrections may not provide sufficient
normative estimates of ability (e.g., Manly et al., 2011). Parsing the variability in test
performance attributable to reading level may provide a more accurate estimate of HIV
disease related cognitive deficits. This becomes particularly salient as HIV populations age
with a wide range of literacy levels, important factors in predicting neuropsychological test
performance.

Of relevance to aging CART-era HIV populations, among seronegative adults, increasing
age is associated with declines in processing speed (Salthouse, 1994; Salthouse, 1996b).
Additionally, in seronegative adults, dopaminergic abnormalities in the basal nuclei are
associated with older age, and consequent motor dysfunction (Wang et al., 1998). In the
context of HIV, motor deficits have been associated with neuronal loss in the basal nuclei
(Itoh, Mehraein, & Weis, 2000; Kuper et al., 2011), incremental cognitive deficits
(Robinson-Papp et al., 2008; Valcour et al., 2008), and an increased risk for developing
HIV-associated dementia (HAD; Stern et al., 2001). As mild neurological abnormalities
persist in the CART era, more research is needed to examine the association between motor
deficits and cognitive impairment among people living with HIV/AIDS.
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There is evidence that older age may exacerbate HIV-associated cognitive deficits (Valcour
et al., 2004) and HIV-related extra pyramidal neurological abnormalities (Valcour et al.,
2008), although some research indicates that the impacts of aging and HIV on the central
nervous system are mostly independent, unrelated processes (Ances et al., 2010; Ances,
Ortega, Vaida, Heaps, & Paul, 2012; Becker et al., 2011; Kissel, Pukay-Martin, &
Bornstein, 2005; Valcour, Paul, Neuhaus, & Shikuma, 2011). As CART has significantly
increased life expectancy for people living with HIV/AIDS, it is necessary to identify the
independent, additive, or synergistic contributions of increased age and motor dysfunction
on cognitive ability, to accurately identify the etiology of neurocognitive disorders.

Given that HIV preferentially involves sub-cortical structures (Becker et al., 2011; Itoh, et
al., 2000; Nosheny, Bachis, Aden, De Bernardi, & Mocchetti, 2006), it may be hypothesized
that processing speed deficits are still central to HAND in the CART era. HIV infection is
associated with reduced frontostriatal connectivity (Melrose, Tinaz, Castelo, Courtney, &
Stern, 2008), which is the neural circuitry that regulates information processing through
neurotransmission (Tekin & Cummings, 2002). HIV-related disturbances in this neural
circuitry are characterized by dopaminergic dysfunction and dopamine receptor loss, which
has been implicated in abnormal processing speed in the CART era (e.g., Agrawal et al.,
2010; Aksenova et al., 2006; Chang et al., 2008; Kumar et al., 2009; Kumar, Ownby,
Waldrop-Valverde, Fernandez, & Kumar, 2011; Fitting, Booze, & Mactutus, 2006; Gelman
etal., 2012; Hinkin et al., 2001). As studies continue to implicate reduced speed and
cognitive slowing as core components of HIV-related neurological dysfunction (Cysique,
Maruff, & Brew, 2004; Cysique, Maruff, Darby, & Brew, 2006; Reger et al., 2002; Lopez,
Wess, Sanchez, Dew, & Becker, 1998; Paul, Cohen, & Stern, 2002), examining other
neuropsychological domains and important noncognitive factors while accounting for
processing speed may be one way to help to elucidate the etiology of these diffuse
impairments.

The primary objectives of the current study were to 1) Identify the amount of variability in
processing speed, learning, memory, and executive functioning that were attributable to age,
motor abnormalities, MDD and reading level in a CART era, HIV cohort; and 2) Examine
whether processing speed mediated any of the effects of age, reading level, and motor
abnormalities on learning, memory and executive functioning.

A total of 186 participants enrolled in the Manhattan HIV Brain Bank (MHBB;
U01MHO083501 and U24MH100931) were selected for the current study. The MHBB is an
ongoing prospective observational study of people living with HIV/AIDS, which is
approved by the local Institutional Review Board. Detailed information can be found in a
previously published article (Morgello et al., 2004). Upon study enrollment, participants
undergo comprehensive neurological, neuromedical, and neuropsychological evaluation.
Baseline data collected from 1999 to 2012 were used in the current study. The primary
inclusion criteria for the present investigation were confirmed HIV infection and complete
neurological and neuropsychological data pertinent to the study aims. Participants were
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excluded from the current study if they reported a head injury with a loss of consciousness
greater than 30 minutes, CNS opportunistic infection, cerebrovascular accident, active
psychosis or other severe neurological condition (e.g., blindness). Other exclusion criteria
included nonstandard assessment procedures or incomplete evaluation. Participant
characteristics for baseline assessments are presented in Table 1.

Neuropsychological and Psychiatric Assessment—The neuropsychological tests
used for this study were selected from a larger battery of tests sensitive to HIV-infection
(Antinori et al., 2007; Woods et al., 2004). The three tests comprising the information
processing speed domain were WAIS-I11 Digit Symbol (DS), Symbol Search (SS), and Trail
Making Test, Part A (TMT A); two measures of learning were the total recall scores of the
Hopkins Verbal Learning Test (HVLT) and the Brief Visual Memory Test (BVMT); and
two measures of memory were the delayed recall scores from the HVLT and BVMT; three
measures of executive functions were the Wisconsin Card Sorting Test — Perseverative
Responses (WCST-PR), Controlled Oral Word Association Test (COWAT), and the Trail
Making Test, Part B (TMT B). In order to minimize the processing speed component, TMT
B was regressed on TMT A and the residual values were used for analyses. In addition, the
Wide Range Achievement Test, Third Edition - Reading Recognition (WRAT-3 RR) subtest
scaled scores were used to estimate reading level because there is evidence that years of
education are not an adequate measure of premorbid intellectual ability in racially/ethnically
diverse populations, which may in turn bias neurocognitive diagnoses (Chin, Negash, Xie,
Arnold, & Hamilton 2012; Manly, Jacobs, Touradji, Small & Stern, 2002; Rohit et al., 2007,
Ryan et al., 2005). Details of these tests can be found in a published text (Strauss, Sherman,
& Spreen, 2006). Although raw scores were used in for the structural equation models, T-
scores are presented in Table 2 for descriptive purposes. Two domains that are part of the
MHBB neuropsychological protocol, working memory and motor, were not included in this
investigation because the data was not appropriate for structural equation models (i.e., single
test domain or missing data). Mood disorder symptoms were assessed with the Psychiatric
Research Interview for Substance and Mental Disorders (PRISM; Hasin et al., 1996), based
on DSM-1V diagnostic criteria. Current major depressive disorder (MDD) was included in
the analyses based on prior evidence of an association with cognitive impairment among
individuals with HIV/AIDS (Fellows, Byrd, & Morgello, 2013).

Neurological Examination—All study participants underwent comprehensive
standardized neurological examinations performed by neurologists experienced in
evaluating movement disorders related to infectious disease. The HIVV-Dementia Motor
Scale (HDMS; Robinson-Papp et al., 2008), derived from standardized protocol, was used to
produce a motor score for each participant. This scale produces a total score (range 0 - 20)
based on five domains of neurological function: strength, tone, reflexes, coordination, and
gait. Hyper-reflexia (i.e., biceps, patellar) and pathologic reflexes (i.e., plantar, glabellar,
snout) contributed to the reflex portion of the scale. HDMS total scores were converted into
z-scores based on sample means and standard deviations. The HDMS has been shown to be
sensitive to HIVV-associated neurocognitive impairment (Byrd et al., 2013; Robinson-Papp et
al., 2008).

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2015 August 11.
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Statistical Analyses—Structural equation modeling (SEM) was used to identify the
independent effects of age, reading level, motor abnormalities, and MDD on information
processing speed, learning, memory, and executive functions. The direct and indirect impact
of age, WRAT-3 RR, MDD, and HDMS total score on each of the four cognitive domains
was examined. In addition, the mediatory effect of information processing speed on other
cognitive abilities was evaluated, while accounting for the impact of participant
characteristics. The covariance estimates for age, WRAT-3 RR, MDD, and HDMS were
calculated. Only significant paths (p < .05) were retained in the final models. Multiple
variables were considered for inclusion into the models but were not retained due to either
missing data, non-significant contribution, or could not be fit without violating model fit
parameters (i.e., hepatitis C, HIV viral load, current CD4, nadir CD4, lifetime history of
substance use disorder, peripheral neuropathy). Of note, exploratory analyses revealed no
correlation between the cognitive domains and HIV viral load, current CD4, or nadir CD4
(all p-values > 0.3). Bootstrapping was performed to obtain bias-corrected indirect effect
confidence intervals (Cheung, 2009), and indices to assess model fit were selected from
previously established criteria (Hu & Bentler, 1999).

Model 1: Mediating Effect of Speed on Learning

This model was designed to examine the direct and indirect effect of age, reading level,
MDD, and motor abnormalities on encoding efficiency. The model parameters indicated an
acceptable fit for the data, x2(13, N = 186) = 25.84, p = .308, RMSEA = 0.026, GFI = .970.
The HVLT Total Recall and BVMT Total Recall have similar positive loadings on the latent
learning variable (.72 and .67, respectively). This model shows that reading level (3 =.17, p
=.034) and MDD (p = -.16, p = .044), but not age or motor abnormalities, have a significant
direct effect on learning. Table 3 shows the significant indirect effect of age, reading level,
MDD, and motor abnormalities on learning, memory, and executive functioning mediated
by speed. Reading level and MDD have both a significant direct effect and a speed mediated
indirect effect on learning. The indirect effect of age on learning suggests that even though
age is not directly correlated with learning, age-related slowed processing speed impacts
encoding efficiency. The moderate indirect effect of motor abnormalities on learning
mediated by speed supports the concept that HDMS-associated encoding deficits are related
to processing speed. In this model, age and motor abnormalities associated with learning are
completely mediated by speed.

Model 2: Mediating Effect of Speed on Memory

The model used to examine the effects of age, reading level, and motor abnormalities on
memory is presented in Figure 2. The nonsignificant overall likelihood chi-square value
indicates that the model is a good fit for the data, x2(24, N = 186) = 27.77, p = .269. The
RMSEA value of 0.029 and GFI value of .968 also indicate that model fits the data. The
HVLT Delayed Recall and BVMT Delayed Recall scores have similar positive loadings on
the latent memory variable (.69 and .68, respectively). This model shows that MDD (§ = -.
15, p =.009), but not age, reading level, or motor abnormalities, had a significant direct
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effect on memory retrieval. However, age, reading level, and motor abnormalities have a
moderate indirect effect on memory mediated by speed.

Model 3: Mediating Effect of Speed on Executive Functioning

The model used to examine the effects of age, reading level, and motor abnormalities on
executive functioning is presented in Figure 3. The model is a good fit for the data, ¥2(30, N
=186) = 29.20, p = .507, RMSEA = 0.000, GFI = .969. The COWAT had a higher loading
on the executive functioning latent variable (.75), with lower loadings for WCST-PR (.50)
and the Trail Making Test B residual score (.47). This model shows that reading level and
motor abnormalities have direct and indirect effects on executive functions, whereas age and
MDD have only indirect effects mediated by speed.

Discussion

Although the strong correlation between cognitive domains is well established, the primary
purpose of the current investigation was to test specific theoretical models in order to
develop a more cohesive understanding of the diffuse pattern of deficits observed in
laboratory and clinical evaluations of people living with HIVV/AIDS. Pre-CART research has
shown that that processing speed was the primary HIV-related cognitive deficit and was
associated with other cognitive abilities. However, in the CART era, a more mild but diffuse
pattern of cognitive impairment has emerged and the relative contribution of processing
speed on other cognitive domains has been largely unexamined. Given that cognitive
impairment in the CART era is likely multifactorial, re-examining factors that may
contribute to neuropsychological test performance is warranted. The complexity of the
relationships between predictor variables and neuropsychological performance, especially in
ethnically diverse cohorts, requires a sophisticated analytical approach. We chose to utilize
structural equation modeling in order to simultaneously examine not only the association
between reading level, age, MDD, and neurological abnormalities, but also the potential
influence of these factors on specific cognitive functions mediated by speed.

It is possible that information processing speed is a sensitive indicator of pathological
progression in HIV infected persons because it has a broad impact on other cognitive
processes. In the current study we found that processing speed accounted for a significant
amount of variability in learning (71%), memory (74%), and executive functions (77%),
which is consistent with prior research (Salthouse, 1996b). Therefore, it is reasonable to
postulate that the diffuse cognitive deficits associated with HIV infection may be partially
modulated by decreased information processing speed. This concept is particularly relevant
to assessing HIV-associated neurocognitive impairments because if neuropsychological tests
are selected based on sensitivity to HIV, the variance that processing speed shares with tests
in other domains may exacerbate diffuse impairments, which would present a unique
challenge for researchers and clinicians attempting to identify specific deficit patterns and
pathologies. This issue becomes more salient as our recognition of co-morbid factors
contributing to cognitive impairments increases, and the need to discern disease-specific
manifestations becomes important. One method of ascertaining more distinct cognitive
abilities is by statistically controlling for the variance attributable to processing speed, with
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the assumption that isolating the residual deficits will aid in the detection of pathology-
specific cognitive patterns. However, this method is of limited clinical utility because of the
interdependence between cognitive processes.

Although research has shown a clear connection between older age and decreased
processing speed, studies investigating the interaction between age and HIV have yielded
mixed results. In the current study, chronological age had a significant direct effect on speed
only, but the magnitude of influence was smaller than reading level and motor
abnormalities. Older age was not directly associated with learning, memory, or executive
functions, which may be because the sample was relatively young (mean age = 45 years
old), but was inversely related to current MDD. However, the indirect effect of increased
age on other cognitive processes mediated by speed suggests that age-related differences in
learning and executive abilities may be a function of age-related decreases in time-
dependent processing, which is consistent with previous research (e.g., Salthouse, 1994;
Salthouse, 1996b). These findings suggest that some learning and executive performance
deficits exhibited by adults with HIV infection may stem from processing speed
disturbances, rather than represent discrete cognitive deficits. Although the mechanism of
age-related cognitive slowing among seronegative adults may be different from mechanisms
of cognitive dysfunction in HIV-infected individuals, the cognitive effect appears to be
similar: processing speed is an important factor in other cognitive abilities. This may
partially explain the diffuse pattern of deficits identified in cognitive studies of people living
with HIV infection.

Reading level, as indexed by the WRAT-3 RR, had a direct effect on speed, learning, and
executive functioning. This supports previous studies that have shown that word recognition
tests can be useful predictors of fluid cognitive abilities, particularly in populations with low
literacy (Ryan et al., 2005). In addition, findings from the current study indicate that reading
level is independent of variations in age and motor abnormalities, consistent with prior
evidence that WRAT-3 RR performance remains stable over time, even in clinical
populations with fluctuating cognitive patterns (Ashendorf, Jefferson, Green, & Stern,
2009). Moreover, the association between HIV-related motor abnormalities and all of the
cognitive domains, but not reading level provides additional support for this test as an
estimate of verbal intelligence separate from fluid cognitive abilities.

The influence of HIV-related motor abnormalities, as represented by the HDMS, on
learning, memory, was fully mediated by processing speed. Whereas, processing speed
partially mediated the effect of motor dysfunction on executive abilities. These findings not
only provide additional support for the utility of the HDMS to bridge brain function and
cognitive abilities through a targeted neurological assessment, but also suggest that
neurological abnormalities often observed in people living with HIV/AIDS may be
indicative of disturbances in brain regions that are also responsible for time-dependent
cognitive processes. Given that memory impairments in people living with HIV may result
from inefficient encoding, rather than amnestic processes characteristic of other cognitive
disorders such as Alzheimer's disease, the indirect effect of neurological motor
abnormalities on learning and memory suggests that these deficits are at least partially
attributable to diminished processing speed. This finding is consistent with previous
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evidence that the direct effect of age-related neuroanatomical and neurophysiological
abnormalities on memory is completely eliminated when the role of processing speed is
considered (Rabbitt et al., 2007). Further research investigating the neural mechanisms of
processing speed in the presence of other cognitive deficits is warranted.

The executive functioning construct represents a complex collection of cognitive processes,
which may partially explain why multiple variables had both direct and indirect effects. The
independent direct effect of motor abnormalities on speed and executive functions, but not
learning or memory (after controlling for speed) is consistent with frontal-subcortical
dysfunction observed in HIV-infected adults. In contrast, age, motor abnormalities, MDD,
and reading level all had a significant indirect effect on executive functions mediated by
speed. In the current study, the executive functioning domain contains tests that require a
variety of different skills including set-shifting, phonemic fluency, and visual processing.
However, it is important to note that not all aspects of the executive functioning construct
were represented with measures used (e.g., inhibition). Nevertheless, the indirect and direct
effects of these variables on executive functioning may be interpreted to represent parallel
mechanisms of neural involvement, in part mediated by speed of information processing, in
part by intrinsic HIV motor/neurologic pathologies, which is expected given the diversity of
cognitive processes required.

One of greatest difficulties in interpreting these results is the shared variance between
cognitive domains. Although additional statistical methods (e.g., factor analysis) could have
been employed to create domains that would maximize differences in shared variance, this
would have been inherently problematic for the primary aims of the study. Given that
cognitive processes do not occur in isolation, using statistical procedures to minimize the
overlap in variance between domains might have maximized smaller differences in abilities
and reduced the variance in speed that is shared by the other domains. As such, it was
essential to the aims of this study to examine the influence, or shared variance, between
processing speed and other cognitive functions.

The results of this study offer support for the mediatory effect of processing speed on select
cognitive functions, but there are certainly limitations that must be considered. The MHBB
cohort is comprised of participants with advanced HIV disease in which cognitive and motor
abnormalities are common, which may make associations among these factors more
prominent. It may be useful to examine the role of these factors in the neuropsychological
performance of individuals with less advanced HIV disease. Although the tests utilized in
the processing speed (DS, SS, TMT-A) domain are often used for this purpose in HIV
research, these tests also require visual spatial and graphomotor skills. In order to further
isolate the specific role of processing speed future studies may benefit from using more
basic speed measures, such as simple reaction time tests, in order to minimize the influence
of extraneous factors and better isolate the construct.

Using the total score from the HDMS in the model provided support for neuropathlogical
contributions of HIV to cognitive performance, but did not provide details regarding the
specific etiology of deficits in information processing speed, learning, memory, and
executive functions. However, the effect of neurological motor abnormalities on learning
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and memory was fully mediated by speed, which supports the proposed theory that
processing speed is central to HIV-associated cognitive impairment. Indeed, one study that
matched HIV-infected participants to seronegative controls on reading level, methadone
treatment, and urine toxicology for illicit substances found that HIV seropositivity predicted
learning and processing speed impairments, with a trend towards memory impairment (Byrd
et al., 2013). Moreover, in the HIV-infected group, neurologically assessed motor
abnormalities were associated with cognition. This finding is consistent with numerous
studies that have identified slowed processing speed as a core factor associated with age-
related cognitive deficits. Slowed processing speed is implicated in mediating other
cognitive processes in normal aging, but may also be relevant to other disorders with
primary subcortical pathology (e.g., Parkinson's disease). Although the neurological
abnormalities assessed in this study are sensitive to HIV-associated neurocognitive deficits,
future research may benefit including an equally large sample of seronegative individuals as
a control group to further isolate the mediatory effect of processing speed attributable to
HIV infection. In addition, future research may benefit from examining the contribution of
peripheral neuropathy on tests mediated by speed, given the evidence of an association
between peripheral neuropathy and psychomaotor test performance in people with HIVV/AIDS
(Fellows et al., 2012). Peripheral neuropathy was not included in the current study because it
could not be fit to the models. It is important to note that the HDMS provides a more
comprehensive assessment of HIV-related motor abnormalities than a diagnosis of
peripheral neuropathy. In summary, information processing speed appears to fully mediate
the influence of age-related changes in learning, memory, and executive functioning in this
sample of adults living with HIV/AIDS. Motor abnormalities commonly observed in people
with HIVV/AIDS had a direct effect on processing speed and executive functions, and an
indirect effect on learning, memory, and executive functions mediated by speed. These
findings support information processing speed as an important factor in HIVV-associated
cognitive deficits.
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Figure 1.

Structural model for reading level, age, MDD, and motor abnormalities on learning
mediated by information processing speed. WRAT-3 = Wide Range Achievement Test,
Third Edition — Reading Recognition; HDMS = HIV-Dementia Motor Scale; MDD =
current major depressive disorder; DS = Wechsler Adult Intelligence Scale, Third Edition —
Digit Symbol Coding; SS = Wechsler Adult Intelligence Scale, Third Edition — Symbol
Search; TMTA = Trail Making Test, Part A; BVMT.TR = Brief Visuospatial Memory Test
— Total Recall; HVLT.TR = Hopkins Verbal Memory Test — Total Recall. All path estimates
presented are significant at p < .05.
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Figure2.

Structural model for reading level, age, MDD, and motor abnormalities on memory
mediated by information processing speed. WRAT-3 = Wide Range Achievement Test,
Third Edition — Reading Recognition; HDMS = HIV-Dementia Motor Scale; MDD =
current major depressive disorder; DS = Wechsler Adult Intelligence Scale, Third Edition —
Digit Symbol Coding; SS = Wechsler Adult Intelligence Scale, Third Edition — Symbol
Search; TMTA = Trail Making Test, Part A; BVMT.DR = Brief Visuospatial Memory Test
— Delayed Recall; HVLT.DR = Hopkins Verbal Memory Test — Dealyed Recall. All path
estimates presented are significant at p < .05.
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Figure 3.
Structural model for reading level, age, MDD, and motor abnormalities on executive

function mediated by information processing speed. WRAT-3 = Wide Range Achievement
Test, Third Edition — Reading Recognition; HDMS = HIVV-Dementia Motor Scale; MDD =
current major depressive disorder; DS = Wechsler Adult Intelligence Scale, Third Edition —
Digit Symbol Coding; SS = Wechsler Adult Intelligence Scale, Third Edition — Symbol
Search; TMTA = Trail Making Test, Part A; WCST.PR = Wisconsin Card Sorting Test —
Perseverative Responses; COWAT = Controlled Oral Word Association Test; TMT Bres =
Trail Making Test B residual. All path estimates presented are significant at p < .05.
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Table 1
Participant Characteristics (N = 186)
Mean (SD) or % Range
Age (years) 45.3 (6.9) 28 -64
Age 50+ (years) 24.7 -
Sex (% male) 65.1 -
Education (years) 12.7 (2.8) 3-20
WRAT-3 RR (Scaled Score) 88.6 (16.7) 47-118
Race/Ethnicity (%)
Non-Hispanic Black 47.3 -
Hispanic/Latino 25.8 -
Non-Hispanic White 253 -
Non-Hispanic Biracial 1.6 -
Duration of HIV Infection (years) 11.3(5.3) 0-25
CD4 cell count (n = 158) 292.4 (314.2) 1-1885
Nadir CD4 cell count (n = 184) 209.4 (272.1) 1-1885
Undetectable viral load (%; n = 143) 28.7 -
Viral load log10 transformed (n = 143) 2.8(2.1) 0-5.9
Current antiretroviral therapy (%) 76.9 -
Current or past antiretroviral therapy (%) 96.3 -
Hepatitis C (%; n = 182) 434
HDMS Impaired (%) 62.9 -
Peripheral neuropathy (%) 50.0 -
Major depressive disorder (current; %) 27.4 -
Any substance use disorder (% lifetime history) 79.0

Note. WRAT-3 RR = Wide Range Achievement Test, Third Edition — Reading Recognition; HDMS = HIV-Dementia Motor Scale. HDMS
impairment was determined using published criteria (Robinson-Papp et al., 2008).
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Neur opsychological Test T-scores, Standard Deviations, and Nor mative Data Sour ces

Fellows et al.
Table 2

T-Score  SD  Normative Source
Processing Speed
WAIS-1I1 Digit Symbol Coding 41.1 9.8 Wechsler (1997)1
WAIS-I1I Digit Symbol Searching  42.9 10.1  Wechsler (1997)1
Trail Making Test, Part A 41.3 113 Heaton et al. (1991)123
Executive Function
WCST-PR 38.8 8.7  Kongsetal. (2000)12
Trail Making Test, Part B 413 123 Heaton et al. (1991)123
COWAT 47.2 115 Gladsjo et al. (1999)1.24
Learning
HVLT-R Total Recall 33.7 14.3  Benedict (1993)1
BVMT Total Recall 34.7 122 Benedict (1997)1
Memory
HVLT-R Delayed Recall 32.9 159 Benedict (1998):L
BVMT Delayed Recall 36.3 13.1  Benedict (1997)%

Note. WCST-PR is the Wisconsin Card Sorting Test — perseverative responses; COWAT is the Controlled Oral Word Association Test; HVLT is

the Hopkins Verbal Learning Test; BVMT is the Brief Visuospatial Memory Test. Normative data provides adjustments for the following

demographic characteristics, as indicated:

1Age;
2Education;
3Gender;

4Ethnicity.
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Table 3
Standardized I ndirect Effects of Age, Reading Level, MDD, and Motor Function on
L earning, Memory, and Executive Function, M ediated by I nformation Processing Speed

Indirect effects

Construct Age WRAT-3RR HDMS MDD
LRN -.165 272 -.228 -.135

S .044 .057 .064 .053

p .001 .001 .001 .007

95% Cl  [-0.24,-0.10]  [0.18,0.37]  [-0.34,-0.13] [-0.24,-0.03]
MEM -174 .306 -.250 -.145

SE .047 .060 .064 .056

p .001 .001 .001 .010

95% Cl  [-0.27,-0.08] [0.19,0.42]  [-0.38,-0.13] [-0.25,-0.03]
EXE -132 .215 -.180 -.116

SE .043 .046 .054 .045

p .001 .001 .001 .006

95%Cl  [-0.22,-0.05]  [13,032]  [0.30,-0.08] [-0.21,-0.03]

Note. Indirect effect confidence intervals and corresponding p-values were determined by bootstrapping technique. LRN = learning; MEM =
memory; EXE = executive functioning; WRAT-3 RR = Wide Range Achievement Test, Third Edition — Reading Recognition; HDMS = HIV-
Dementia Motor Scale
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