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Abstract

Despite the life-extending success of antiretroviral pharmacotherapy in HIV infection (HIV), the 

prevalence of mild cognitive impairment in HIV remains high. Near-normal life expectancy 

invokes an emerging role for age–infection interaction and a potential synergy between 

immunosenescence and HIV-related health factors, increasing risk of cognitive and motor 

impairment associated with degradation in corticostriatal circuits. These neural systems are also 

compromised in Parkinson’s disease (PD), which could help model the cognitive deficit pattern in 

HIV. This cross-sectional study examined three groups, age 45–79 years: 42 HIV, 41 PD, and 37 

control (CTRL) participants, tested at Stanford University Medical School and SRI International. 

Neuropsychological tests assessed executive function (EF), information processing speed (IPS), 

episodic memory (MEM), visuospatial processing (VSP), and upper motor (MOT) speed and 

dexterity. The HIV and PD deficit profiles were similar for EF, MEM, and VSP. Although only the 

PD group was impaired on MOT compared with CTRL, MOT scores were related to cognitive 

scores in HIV but not PD. Performance was not related to depressive symptoms, socioeconomic 

status, or CD4+ T-cell counts. The overlap of HIV-PD cognitive deficits implicates frontostriatal 
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disruption in both conditions. The motor-cognitive score relation in HIV provides further support 

for the hypothesis that these processes share similar underlying mechanisms in HIV infection 

possibly expressed with or exacerbated by ageing.

Introduction

Highly active antiretroviral therapy (HAART) has greatly extended the life expectancy for 

people living with HIV infection and substantially decreased the incidence of HIV-related 

dementia (Cole et al., 2017; Heaton et al., 2011). Despite these advances, mild-to-moderate 

cognitive and motor deficits endure, with 20% (Sacktor, 2002; Sacktor et al., 2001, 2016) to 

upwards of 50% of individuals with HIV infection demonstrating deficits (Heaton et al., 

2011; Smail & Brew, 2018). Although the prevalence of asymptomatic neurocognitive 

impairment without functional impairment may have been overestimated in the presence of 

too lenient neuropsychological guidelines (Gisslen, Price, & Nilsson, 2011), it has become 

evident over the years that there is considerable heterogeneity in pattern and severity of 

cognitive and motor deficits in the HIV population. Some individuals demonstrate moderate 

deficits in multiple domains, whereas others demonstrate little to no observable deficits 

(Nookala, Mitra, Chaudhari, Hegde, & Kumar, 2017). Further, a new challenge looms as 

individuals living with HIV infection age, with older individuals at greater risk of 

developing cognitive and motor deficits than are older individuals without HIV infection 

(Elicer, Byrd, Clark, Morgello, & Robinson-Papp, 2018; Goodkin et al., 2017; Sheppard, 

Woods, et al., 2015; Smail & Brew, 2018).

HIV has direct and indirect effects on the nervous system. Concentration of the virus is 

higher in selective brain regions including basal ganglia structures (Kumar, Ownby, 

Waldrop-Valverde, Fernandez, & Kumar, 2011; Schier et al., 2017), an integral part of the 

frontostriatal system, which is associated with executive functions, motor processes, and 

information processing speed (Ances, Ortega, Vaida, Heaps, & Paul, 2012; Hakkers et al., 

2017). Even after the introduction of HAART and in individuals whose viral level is well 

controlled, mild-to-moderate cognitive and motor deficits subserved by frontostriatal 

systems persist (Ipser et al., 2015) with a threefold risk of HIV-associated neurocognitive 

disorder (HAND) in older people with HIV infection (Milanini et al., 2019; Valcour et al., 

2004).

Immunosenescence and HIV infection together may increase central nervous system (CNS) 

vulnerability for neurological complications and neurocognitive decline (Appay et al., 

2011). Although motor impairment in individuals with HIV infection has become less 

common in the ART era with few individuals meeting clinical diagnostic criteria for 

parkinsonism (Dehner, Spitz, & Pereira, 2016), motor dysfunctions in older people with HIV 

on HAART occur beyond levels expected in healthy ageing (Lau, Esmaeili-Firidouni, 

Wendelken-Riegelhaupt, & Valcour, 2015). There has been speculation that the motor-

related symptoms observed in HIV might result from disease-associated neurotoxicity to 

dopaminergic terminals in the basal ganglia (Kumar et al., 2011; Liu, Shi, Liu, & Wang, 

2014; Silvers et al., 2006). Indeed, motor-related symptoms, reported in middle-aged 

individuals with HIV infection, are akin to characteristic motor deficits in Parkinson’s 
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disease (PD), which affects the basal ganglia structures and frontostriatal systems and are 

characterized by bradykinesia, resting tremor, muscular rigidity, and postural instability 

(Tisch & Brew, 2009).

Early studies highlighted the relevance of considering HIV infection as a primary cause of 

parkinsonism or parkinsonian features (Nath & Jankovic, 1989). Shared neural and 

neurotransmitter system involvement between HIV infection and PD have led to the 

speculation that the cognitive and motor deficit profile in older adults with HIV infection 

may resemble that observed in individuals with PD (DeVaughn, Müller-Oehring, Markey, 

Brontë-Stewart, & Schulte, 2015; Valcour et al., 2008). Cognitive deficits among 

Parkinson’s patients are common (Dubois & Pillon, 1997), vary broadly (Goldman & 

Litvan, 2011), and affect multiple domains (Broeders et al., 2013), commonly involving 

executive functions, visuospatial skills, and memory (Hendershott, Zhu, Llanes, & Poston, 

2017). Similar to individuals with PD who show a faster rate of cognitive decline, 

particularly in attention and psychomotor speed, compared with healthy ageing 

(Muslimovic, Post, Speelman, De Haan, & Schmand, 2009), accelerated cognitive decline 

(Smith, de Boer, Brul, Budovskaya, & van Spek, 2012), and slowed psychomotor processing 

speed have been observed in individuals with HIV infection (Vance, Fazeli, Ross, Wadley, & 

Ball, 2012).

As people with HIV age, reflective of the frontostriatal dysfunction and dopaminergic 

changes characteristic of the disease, cognitive, and motor symptoms (Agarwal, Aujla, 

Gupta, & Kumar, 2020) similar to those observed in PD may emerge. Indeed, the interaction 

of age, chronic neuroinflammation, and living on ART long-term (Ances et al., 2012; 

Hakkers et al., 2017) might exacerbate this phenotype (Rubin et al., 2018). Herein, we 

assessed older individuals with HIV infection, individuals with PD, and older healthy 

controls on five cognitive and motor domains to examine pattern, extent, severity, and 

disease overlap of deficits. It was hypothesized that 1) older adults with HIV infection and 

individuals with PD would demonstrate a similar pattern of cognitive deficits on tasks 

associated with frontostriatal functioning including executive functions, processing speed, 

memory, and visuospatial processes, and 2) a subset of older adults with HIV would exhibit 

a pattern of motor compromise comparable, albeit not at the severity level, to individuals 

with PD.

Methods

Participants

Participants included 42 individuals who were HIV seropositive (HIV), 41 individuals who 

met criteria for mild-to-moderate idiopathic Parkinson’s disease (Litvan et al., 2012), and 37 

healthy controls (CTRL) (Table 1). HIV participants were recruited from community 

physicians and HIV treatment centres. PD participants were recruited through regional PD 

events, including the Michael J. Fox trial finder and the University Neurology Clinic. CTRL 

participants were recruited through web-postings and flyers distributed throughout the local 

community. All participants were at least 45 years of age. Written informed consent was 

obtained from all participants at study initiation. All procedures were approved by the 

Institutional Review Boards of the University and the Research Institute, research was 
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completed in accordance with the Helsinki Declaration, and participants received a modest 

financial remuneration for their time.

All participants were assessed using the Structured Clinical Interview for DSM-IV (SCID-

IV) (First, Spitzer, Gibbon, & Williams, 1998), and a neurological examination by a board 

certified neurologist confirming none of the participants had sensory neuropathy. All 

participants also underwent a semi-structured timeline follow-back interview (Skinner & 

Sheu, 1982) to quantify lifetime alcohol consumption. Severity of depressive symptoms was 

assessed with the Beck Depression Inventory-II (Beck, Steer, & Brown, 1996). Blood testing 

confirmed HIV-positive serostatus in individuals enrolled in the HIV group and negative 

serostatus in PD and CTRL participants.

All HIV participants were on a continuous regimen of ART for at least 2 months prior to 

testing, consisting of two or more nucleoside reverse transcriptase inhibitors (NRTIs) 

combined with integrase inhibitors (II) (NRTIs + II n = 15), protease inhibitors (PI) (NRTIs 

+ PI n = 12), non-nucleoside reverse transcriptase inhibitors (NNRTI) (NRTIs + NNRTI n = 

6), or a combination thereof (NRTIs + PI+II n = 4; NRTIs + NNRTI+PI n = 2; NRTIs + 

NNRTI+II n = 3). For all HIV participants, health status was regularly monitored by a 

physician; one participant was on a physician-scheduled drug holiday starting 10 days before 

testing. On average, ART adherence was 95% over the past month (median = 100%).

Participants were excluded if they had fewer than 8 years of education or a history of 

psychiatric (e.g. schizophrenia or bipolar disorder), neurological (other than PD), or medical 

(e.g. stroke, diabetes) condition potentially affecting the CNS other than HIV, or MRI 

contraindications. All individuals were initially screened for dementia using the Dementia 

Rating Scale (DRS-2) (Jurica, Leitten, & Mattis, 2004). The cut-off score on the DRS-2 for 

CTRL participants was 136/144 (Springate, Tremont, Papandonatos, & Ott, 2014).

Inclusion of patients with mild-to-moderate PD was based on disease duration ≥ 2 years, 

Hoehn and Yahr stages < 4 off-dopaminergic medication (Hoehn & Yahr, 1967, 2001), and 

improvement on medication assessed by the Movement Disorder Society–UPDRS part III 

scores (Goetz et al., 2008), as determined by a neurologist. In accordance with 

recommended guidelines (Litvan et al., 2012), PD participants were on dopaminergic 

medication during neuropsychological testing to minimize the influence of motor 

disturbance on cognitive scores. No PD participant had prior neurosurgery. No CTRL 

participant tested positive for HIV or hepatitis C virus (HCV) or had an abnormal 

neurological examination at time of testing.

Self-reported use of alcohol and drugs indicated a history of past substance use in a greater 

number of HIV participants than PD or CTRL participants. This substance use was in full 

remission for at least 3½ years for all substances, except for cannabis (n = 4 HIV) and 

nicotine (n = 15 HIV, n = 2 CTRL). Past history of alcohol use disorder was documented in 

13 HIV and 2 PD participants; all were in full remission (range 3.6 to 46 years). Cocaine 

was misused in the past by 17 HIV participants and 1 PD participant; all were in full 

remission (range 4 to 39 years).
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Analysis of variance (ANOVA) indicated that groups differed in age, education, and 

socioeconomic status (SES) (Hollingshead, 1965), with the PD group being older than the 

HIV and CTRL groups and the HIV group having fewer years of education and lower SES 

than the PD or CTRL groups (TABLE 1). Participants with HIV had undetectable viral 

loads, average CD4+ T-cell counts of 747.4 cells/mm3 (median = 788 cells/mm3, range = 

221-1576 cells/mm3), and CD4+ nadir of 181.9 cells/mm3 (median = 171.5 cells/mm3, range 

= 0-600 cells/mm3); 27 HIV participants had been diagnosed with AIDS (i.e. having had an 

AIDS-defining event and/or CD4+ blood T-cell count less than 200 cells/mm3) at any time 

since HIV infection. Years since diagnosis were, on average, 25 years for the HIV group. 

Although all three subject groups had an average DRS-2 score ≥ 136, group differences were 

observed (F (2,116) = 9.49, p = .002), with the HIV and PD groups scoring lower than the 

CTRL group (HIV = 136.7; PD = 138.5; CTRL = 140.8). Groups further differed on MDS-

UPDRS part III scores (F(2,112) = 63.8, p = .0001; ANCOVA controlling for age) with HIV 

and PD groups showing more motor symptoms than the CTRL group (p = .05 and p = .0001, 

respectively), although parkinsonian motor signs in the HIV group were mild and at a 

subclinical level. Groups differed on BDI-II scores (F (2,116) = 11.92, p < .0001), with HIV 

and PD reporting greater depressive symptomatology than CTRL, but not differing between 

each other.

The HIV group had more African American participants (n = 17) than the CTRL (n = 5) or 

PD groups (n = 0)(χ2 = 23.53, p = .0001). The PD group had more Caucasian participants (n 
= 37) than the CTRL (n = 25) or HIV (n = 26) groups (χ2 = 9,43, p = .009). The CTRL 

group had more Asian participants (n = 4) than the HIV (n = 0) or PD (n = 1) groups (χ2 = 

6.22, p = .045). Groups did not differ in any other ethnic category (Hispanic, Pacific 

Islander, Native American).

Test measures and cognitive and motor domains

All participants underwent cognitive and motor testing. Theoretically derived domains 

(Fama, Sullivan, Sassoon, Pfefferbaum, & Zahr, 2016; Sullivan, Fama, Rosenbloom, & 

Pfefferbaum, 2002) assessed included executive functioning, information processing speed, 

episodic memory, visuospatial processing, and upper motor speed and dexterity.

Executive functioning (EF)

Word-Color Interference (subtest of Stroop Test) (Golden & Freshwater, 1978). Participants 

were instructed to say the colour of ink a colour word was printed in rather than reading the 

word itself. This required an individual to inhibit an initial response (reading of the word) 

and respond with a less automatic response (the colour of ink in which the word was 

printed). Subjects were given 45-sec, and score was the number of correct responses.

Digit Span Backward (subtest of Wechsler Memory Scale-Revised) (Wechsler, 1987). 

Participants recited in backwards order an increasingly longer string of digits the tester 

presents aloud (digit spans range from 2 to 7 digits). There were 2 items per span, and the 

test was discontinued when both items in a span were incorrect. The score was number of 

correct items (max = 12).

Müller-Oehring et al. Page 5

J Neuropsychol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Information processing speed (IPS)

Color Naming (subtest of Stroop Test) (Golden & Freshwater, 1978). Participants said the 

colour of ink (red, blue, yellow) in which stimuli (rows of XXXXs) were printed. This 

assessed speed of processing of simple stimuli. Time limit was 45-sec, and score was 

number of correct responses.

Symbol Digit Modalities Test – Oral Version (Smith, 1982). Participants were shown a key 

with symbols in the upper boxes and numbers (1-9) in the lower boxes. They were then 

presented with rows of symbols and asked to say aloud what number was paired with each 

symbol, with the key showing the symbol–digit pairings kept in view. Score was total 

number of correct responses in 90 sec.

Episodic memory (MEM)

List Learning (Trials 1-5) from the California Verbal Learning Test-II (CVLT-II) (Delis, 

2000). An examiner read a list of 16 words, consisting of 4 words in each of 4 categories 

(i.e. animals, furniture, vegetables, transportation), to the participant, who then was asked to 

recall as many words as possible from the list. Score was number of words recalled over five 

learning trials (max = 80).

Long Delay Free Recall (CVLT-II) (Delis, 2000). After the five learning trials, a second 

word list, short delay free and cued recall of the initial word list, and a 20-minute delay, the 

participants were asked to recall the initial word list, the one that had been presented 5 times. 

Score was number of correct words recalled (max = 16).

Visuospatial processing (VSP)

Judgment of Line Orientation (Benton, Hamsher, Varney, & Spreen, 1983). Participants 

matched the orientation of two lines presented to a target card consisting of 11 equidistant 

lines forming a semi-circle. There were 30 trials, and the score was number of items in 

which both lines were correctly identified (max = 30).

Hooper Visual Organization Test (Hooper, 1983). Participants identified and named objects 

depicted in segments requiring mental rotation and integration. There were 30 items, and the 

score was number of items correctly identified.

Upper motor speed and dexterity (MOT)

Fine Finger Movement Test (Corkin, Growdon, & Sullivan, 1981). Participants used their 

thumb and index finger to turn a knurled spindle for 30-sec trials. Score was the average of 

three left- and right-hand trials.

Alternated Finger Tapping Test (Sullivan et al., 2002). Participants depressed a key, as many 

times as possible for 15-sec, alternating between the right and left index finger. The number 

of key presses by the left hand and right hand over the three trials was averaged separately, 

and then, these two scores were averaged for an overall finger tapping score.
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Statistical analyses

All test scores were age- and education-corrected based on the CTRL group; Z-scores were 

calculated such that the mean of the CTRL group was 0 with a standard deviation of 1. 

Using a single group of controls to standardize across all test measures circumvents issues 

associated with using disparate normative groups taken from individual test manuals. The 

benefit of using age- and education-corrected Z-scores from our CTRL group is that 

everyone had the exact same test procedures and test conditions in the laboratory according 

to best practice guidelines for research. Whenever higher test scores indicated worse 

performance (e.g. time to complete a task), scores were multiplied by −1, so that lower Z-

scores always indicated worse performance.

Theoretically based composites were created – Executive Function (EF), Information 

Processing Speed (IPS), Episodic Memory (MEM), Visuospatial Processing (VSP), and 

Upper Motor Speed and Dexterity (MOT). Each domain consisted of two test scores from 

measures demonstrated and reported in previous publications to assess each of these 

domains. Z-scores for these composites were calculated by averaging the age and education 

Z-scores for the test measures that comprised each of these domains.

Group differences were examined with two-tailed ANOVAs, with follow-up t-tests to assess 

two-group comparisons as no score met the definition of being an outlier – defined here as at 

least 4 standard deviations away from the mean of the group. Cohen’s d was calculated to 

assess effect size. In cases, where there was a participant who scored 3 or more standard 

deviation away from the mean of the group, non-parametric analyses were conducted to 

confirm parametric results. Pearson’s chi-square and Fisher’s exact test were used to assess 

whether a greater number of participants in one group scored below a certain cut-off point – 

here defined as −1.5 SD below the mean of the CTRL group – on each of the cognitive 

domains compared with the other groups.

Relations between demographic and disease-related variables and cognitive and motor 

scores were assessed with Pearson product–moment correlations. Spearman rank order 

correlations were used for variables with a non-normal distribution or restricted range. To 

reduce the risk of Type I error for analyses examining relations between variables, a false 

discovery rate (FDR) correction (Benjamini & Hochberg, 1995) was used. Multiple 

regression analyses were conducted to identify independent predictors of composite scores 

when applicable.

To relate our impairment criterion of −1.5 SD below our control group to the Frascati criteria 

for HIV-associated neurocognitive disorder (HAND) definitions (Antinori et al., 2007), we 

calculated Z-scores based on individual test manual-derived demographically corrected 

normative data. The benefit of using normative scores from test manuals is the comparability 

with clinical practice for the classification of HAND. T-scores and percentiles in normative 

tables were transformed into Z-scores in order to calculate standard composite scores across 

tests for each domain. Individuals with HIV infection were grouped into categories related to 

severity of impairment according to the Frascati criteria – asymptomatic neurocognitive 

impairment (ANI): at least mild impairment (−1 SD) in 2 or more domains with no 

demonstrable functional impairment, mild neurocognitive disorder (MND): at least mild 
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impairment (−1 SD) in 2 or more domains with at least mild functional impairment, and 

HIV-associated dementia (HAD): at least moderate impairment (−2 SD) on 2 or more 

cognitive domains with concomitant functional impairment. To document functional 

impairment, we examined difficulties in performing instrumental activities of daily living 

(ADL-i; Lawton & Brody, 1969; Martinez-Martin et al., 2003). Pearson’s chi-square test 

was used to test whether the number of participants with neurocognitive impairment differed 

among groups.

Results

Between group analyses (HIV, PD, CTRL)

Group differences were observed on all five composite Z-scores: Executive Function (EF): 

(F(2,116) = 14.95, p < .0001), Information Processing Speed (IPS): F(2,114) = 3.98, p 
= .02), Episodic Memory (MEM): F(2,117) = 4.96, p = .009; Visuospatial Processing (VSP): 

F(2,115) = 10.27, p = .0001), and Upper Motor Speed and Dexterity (MOT): F (2,112) = 

12.04, p = .0001) (Figure 1).

Follow-up t-tests indicated a graded group effect for EF, with both HIV and PD scoring 

lower than CTRL and HIV scoring even lower than PD. Although the IPS scores were 

numerically graded, the only significant difference indicated lower scores for the HIV group 

relative to CTRL. Both HIV and PD scored lower than CTRL on MEM and VSP. PD scored 

lower than CTRL and HIV on MOT.

One PD participant scored greater than 3 standard deviations below the PD group mean on 

the VSP composite. Non-parametric analyses without this PD participant continued to 

demonstrate a group effect (chi-square = 17.37, p = .0002), with the same pattern of 2-group 

comparison results, HIV and PD scoring lower than CTRL. Raw scores for all individual test 

measures included in the composites are presented in Table 2.

Group differences were confirmed with Z-scores based on individual test manual-derived 

demographically corrected normative data for EF (F(2,116) = 11.20, p < .0001), MEM 

(F(2,116) = 8.51, p < .0001), VSP (F(2,115) = 7.68, p = .001), and MOT scores (F (2,112) = 

12.77, p < .0001).

Within group analyses

Impairment at −1.5 SD below age- and education-corrected composite scores
—Defining impairment as −1.5 standard deviations below expected score based on our 

control group adjustment for age and education indicated that in the HIV group: 16 

participants were impaired on EF (39.0%), 13 were impaired on IPS (31.7%), 15 were 

impaired on MEM (35.7%), 16 were impaired on VSP (39.0%), and 6 were impaired on 

MOT (15%). As a comparison, in the PD group, 4 participants were impaired on EF (9.8%), 

9 were impaired on IPS (22.0%), 11 were impaired on MEM (26.8%), 12 were impaired on 

VSP (29.3%), and 10 were impaired on MOT (25%).

Fisher’s exact tests used to compare the number of participants in each group (HIV, PD, 

CTRL) who scored below −1.5 standard deviation from the mean indicated group 
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differences on all composite scores (EF: p < .0001; IPS: p = .0028; MEM: p = .0025; VSP: p 
= .0014; MOT: p = .0035). The HIV and PD groups differed from the CTRL group, but did 

not differ between each other in the proportion of participants impaired on IPS, MEM, VSP, 

and MOT composite scores. HIV and PD groups did differ in proportion of participants 

impaired on EF, with a higher proportion of HIV participants scoring below −1.5 SD than 

the PD group.

Differences in the number of participants in each group scoring below −1 standard deviation 

based on manual-derived demographically corrected normative data were confirmed for all 

composite scores (EF: p < .0001; IPS: p = .033; MEM: p < .00001; VSP: p = .002; MOT: p 
< .00001), with a similar pattern noted for −1.5 SD below norms (EF: p = .012; IPS: p 
= .004; MEM: p < .00001; trend for VSP: p = .056; MOT: p = .00001).

Correlations among composite scores—Correlational analyses were conducted to 

identify relations among cognitive and motor scores in the HIV and PD groups (Table 3). A 

false discovery rate correction based on 4 correlational analyses for each composite score 

was instituted, making the starting significant level p < .0125.

In the HIV group, cognitive composite scores were correlated with each other and all but 

MEM score was correlated with MOT score. By contrast, in the PD group, although all 

cognitive composite scores were correlated with each other, with the exception of MEM 

score and VSP score, no cognitive composite score was correlated with MOT score. 

Comparing correlation coefficients for EF and MOT scores indicated that the correlation 

between EF and MOT score was significantly stronger in the HIV group than in the PD 

group (z = 2.06, p = .039) (Figure 2).

Multiple regression analyses identified independent predictors of the composite scores on 

which both the HIV and PD groups were impaired: EF, MEM, and VSP. Each of these 

domains was modelled on the remaining 4 domain scores (e.g. predicting EF score from IPS, 

MEM, VSP, and MOT). Results indicated that IPS score was an independent predictor of 

MEM score in the HIV group (p = .002), whereas IPS score was an independent predictor of 

EF score in the PD group (p = .012).

To ensure that history of alcohol use disorder did not account for the relation between IPS 

and MEM scores in HIV, the multiple regression analyses predicting MEM score from the 

other composites scores were rerun without the HIV participants with a past alcohol use 

disorder history. Even with the resultant reduced statistical power due to the smaller sample 

IPS score remained an independent predictor of MEM score in HIV (t Ratio = 4.36, p 
= .0003). Additionally, separate post hoc analyses excluding HIV with a history of cocaine 

diagnosis or excluding HIV with a history of cannabis diagnosis did not change the finding 

that IPS score was an independent predictor of MEM score in the HIV group.

Associations to neurocognitive impairment (NCI) for HAND definition—Using 

the Frascati criteria, 21 HIV participants met criteria for HAND (6 ANI, 12 MND, 0 HAD, 3 

participants met criteria of −1 SD below norm on two or more domains, but were missing 

ADL-i data precluding subtype differentiation). Using these criteria, 12 PD participants (9 
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ANI, 3 MND,) and 1 CTRL participant (ANI) would be flagged as neurocognitively 

impaired. Groups differed in the number of subjects with neurocognitive impairment 

(Pearson chi-square = 25.06, p < .0001); the HIV and PD groups differed from the CTRL 

group (p < .0001 and p = .001, respectively), but not between each other in the proportion of 

participants impaired. For comparison, our impairment criteria of −1.5 SD below the CTRL 

group flagged about the same number of subjects (20 HIV, 12 PD, and 1HC) as being 

impaired on two or more composite scores.

Associations among demographic and disease variables and composite 
scores in HIV—Age, BDI-II score, amount of lifetime alcohol drunk, CD4+ T-cell count, 

nadir CD4+, and duration of HIV diagnosis were not correlated with any of the age- and 

education-corrected composite scores in the HIV group. AIDS status and type of 

combination ART (NRTIs + II n = 15, NRTIs + PI n = 12, NRTIs + other n = 15) were also 

not associated with any significant group differences in cognitive and motor composite 

scores (ANOVAs, all p’s> 0.05). Years of education was correlated with EF (r = .64, p 
< .0001), IPS (r = .33, p = .033), and MOT (r = .38, p = .017) scores. When added to the 

model to predict MEM scores in the HIV group, both IPS score (p = .0003) and years of 

education (p = .018)were independent predictors.

Discussion

Taken together, this study showed a similar pattern of deficits in HIV infection and PD in a 

number of cognitive domains – executive functioning, episodic memory, and visuospatial 

processing – relative to healthy ageing controls. Nonetheless, differences between the HIV 

and PD groups were also evident, with only the HIV group demonstrating information 

processing speed deficits and only the PD group demonstrating upper motor speed and 

dexterity deficits. This is not to say that all individuals in the HIV group did not demonstrate 

deficits on the motor domain or that all individuals in the PD group did not demonstrate 

deficits in information processing speed; as a subset of both of these groups did demonstrate 

such deficits.

The neuropsychological profile of impaired executive functioning, episodic memory, and 

speed of information processing in this HIV sample represent three of the five domains 

included in the diagnosis of mild forms of HIV-associated neurocognitive disorder (HAND) 

(Antinori et al., 2007). In our sample of older HIV participants, 50% met Frascati criteria for 

mild impairment, with 29% reporting difficulties in activities of daily living (MND). 

Although recommended, motor symptoms – a sensitive correlate of HAD (Berger & Arendt, 

2000; Valcour et al., 2008) – are no longer required for the diagnosis of HAND (Eggers et 

al., 2017). This likely reflects the fact that the prevalence of HAD and extrapyramidal motor 

signs in HIV has decreased (Smail & Brew, 2018) and the disease course altered by ART, 

resulting in less severe neurocognitive impairment earlier during the course of HIV infection 

(Heaton et al., 2010; Heaton et al., 2011; Sacktor et al., 2001; Simioni et al., 2010; but see 

Gisslen et al., 2011). Here, 14% of our older HIV participants showed at least mild motor 

impairment, suggesting that motor symptoms remain a functional consequence of HIV 

infection (Dehner et al., 2016; Montoya et al., 2019) with older age (Valcour et al., 2008).
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These data are also in line with previous reports of impaired functions associated with the 

effects of ageing and HIV infection on frontostriatal and thalamocortical circuits (Iudicello, 

Woods, Deutsch, Grant, & Group, 2012). Here our sample of older HIV-infected adults 

showed a neuropsychological profile characteristic of both subcortical and cortical 

neuropathology, including a more classically defined cortical presentation with learning and 

memory dysfunctions (Ciccarelli et al., 2017; Iudicello et al., 2012). This deficit profile 

supports reports that the neuropsychological deficit profile in the ART era has undergone a 

shift from what was previously characterized as a classical subcortical profile to a more 

cortical profile with memory and executive dysfunction (Kieburtz et al., 1996; Ragin et al., 

2005).

These results further highlight the occurrence of deficits associated with visuospatially based 

processes in HIV. Although visuospatial deficits have not received as much attention as 

executive function, information processing speed, and memory deficits, a number of studies 

have reported such deficits in the HIV populations. Indeed, a recent study noted that the 

relevance of visuospatial processes may be one of the most predictive deficits of HAND 

(Agarwal et al., 2020). Historically, visuospatial processing deficits in HIV have been noted 

in older studies (e.g., Dolan et al., 2003), although they have received less attention relative 

to other cognitive domains.

Examination of the component processes associated with deficits shared by the HIV and PD 

groups (executive functioning, episodic memory, and visuospatial processing) indicated that 

slower information processing speed was an independent predictor of memory in HIV, 

whereas slower information processing speed was an independent predictor of executive 

functioning in PD. Slowed speed of information processing and associate learning and 

memory deficits have been related to decreased dopamine levels – on average by 45% – in 

the substantia nigra in HIV individuals on ART treatment (Kumar et al., 2011). Similar to 

our findings, Ciccarelli et al. (2017) reported comparable profiles of learning and memory in 

HIV and PD. Thus, slowness of information processing in HIV may be a factor underlying 

episodic memory deficits, possibly through nigrostriatal–posterior cortical pathway 

pathology (Goodkin et al., 2017).

In the HIV group, upper motor performance was related to all cognitive domains except 

episodic memory, whereas motor performance was not related to any cognitive composite 

score in the PD group. These associations suggest that a common mechanism may underlie 

cognitive and motor processes in HIV. In support of this, recent reports indicate that indices 

of bradyphrenia and bradykinesia, derived from the MDS-UPDRS motor examination 

(Goetz et al., 2008), were related in a smaller non-demented HIV sample (Sundaram et al., 

2019). To the extent that information processing speed (IPS) indexes bradyphrenia and upper 

motor speed and dexterity (MOT) indexes bradykinesia, evidence for slowness of thought 

and movement may herald more severe forms of HAND (Rumbaugh & Tyor, 2015). Taken 

together, these results raise the possibility that compromised subcortical dopaminergic 

neurotransmission within corticostriatal circuits may underlie the cardinal clinical symptom 

presentation of bradyphrenia and bradykinesia in HIV.
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Visuospatial functional impairment in our HIV sample is consistent with earlier published 

research reporting posterior parietal cortical involvement after the inception of the ART era 

(Kieburtz et al., 1996). Cortical posterior brain pathology has also been associated with 

visuospatial impairment in PD (Garcia-Diaz et al., 2018; Pereira et al., 2009). Frontostriatal 

circuit disruption in HIV infection (Ipser et al., 2015) similar to PD (Darvas, Henschen, & 

Palmiter, 2014) may extend to mediotemporal and parietal projections (Muller-Oehring et 

al., 2020), eventually manifesting in episodic memory and visuospatial impairment and may 

even increase the risk for Mild Cognitive Impairment (Sheppard, Iudicello, et al., 2015) 

especially as individuals with HIV infection age.

Heterogeneity in extent, pattern, and severity of cognitive and motor deficits was evident 

within the HIV and PD groups, with some individuals showing no cognitive or motor 

deficits, whereas others exhibit deficits across a number of domains examined. Analyses at 

the individual level indicated that upwards of 1/3 of the HIV group demonstrated at least 

mild deficits in most cognitive domains assessed (executive functions, information 

processing speed, episodic memory, and visuospatial processing). The proportion of HIV 

participants with a deficit in upper motor speed and dexterity did not differ from the 

proportion of PD participants meeting the cutoff threshold, albeit to a lesser severity level. 

Thus, although not all HIV participants exhibit cognitive and motor deficits, a substantial 

number do, highlighting clinical relevance in identifying selective impairments that are 

likely to interfere with activities of daily living and quality of life (Goodkin et al., 2017; 

Sheppard, Iudicello, et al., 2015).

Despite adjustment for years of formal education, higher levels of education were, 

nonetheless, related to better executive functioning, faster information processing speed, and 

greater upper motor speed and dexterity in the HIV group. We speculate that these relations 

may be due to cognitive reserve (Richards & Deary, 2005) in individuals with higher 

education and SES levels and stresses a potential role of resources and their availability in 

mitigating impairment (Chang, Holt, Yakupov, Jiang, & Ernst, 2013; Marin-Webb, Jessen, 

Kopp, Jessen, & Hahn, 2016). Earlier studies reported that an AIDS diagnosis and a low 

nadir CD4 were predictors of neurocognitive impairment (Ellis et al., 2011; Munoz-Moreno 

et al., 2008); however, neither an AIDS diagnosis nor nadir CD4 cell count accounted for 

lower cognitive scores in any of the domains assessed in our cohort of older adults with HIV 

infection who were adherent on ART and had current CD4+ T-cell counts in the normal 

range. A possible explanation is that HAART has considerably altered the disease course 

such that the pathogenic virus–brain interaction is less direct (Eggers et al., 2017) and the 

association between past HIV-related CNS injury and later neurocognitive impairment is less 

common.

Individuals with HIV infection often have comorbidities of alcohol and drug abuse, 

psychiatric disorders, or both as occurred in our HIV cohort. Despite positive histories, these 

comorbidities were remote and did not explain impairment presence or severity. It is 

plausible, however, that comorbidities – even when they were in the remote past and in full 

remission as in our cohort – may play a role in rate of functional decline with ageing or 

treatment non-compliance or recovery with ART and sustained viral suppression. In 

addition, partly due to the epidemiological nature related to the prevalence and incidence of 
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HIV and PD, demographic characteristics are disparate between groups. Although statistical 

methods were employed to control for demographic discrepancies between groups, the 

degree of relevance of these characteristics to the cognitive and motor processes cannot be 

determined limiting the interpretation of the results. Nonetheless, our results were confirmed 

when using individual test manual-derived demographically corrected normative data. 

Finally, a limitation of this study is its cross-sectional nature, because without longitudinal 

analyses it is impossible to detect change in performance with ageing or other influential 

factors.

Conclusion

This study highlights the cognitive and upper motor performance profile of deficits 

associated with older adults living with HIV infection. The notable overlap in the profile of 

impairments in several cognitive domains observed in HIV and PD supports a common 

frontostriatal substrate of these functions. In addition, marked deficits in executive 

functioning, episodic memory, and visuospatial processing define a constellation of domains 

contributing to an operational definition of HAND. Consideration of performance on an 

individual level indicated that not all participants in either the HIV or PD group were 

impaired on all domains showing group impairment and lends evidence to the hypothesis 

that affected individuals may be at heightened risk of developing dementia or dementia-like 

syndromes as they accrue additional domain impairments in older age. Lastly, these data 

may have clinical relevance and be useful in the management of HIV in highlighting 

functions such as visuospatial abilities and upper motor speed and dexterity processes that 

may not be being adequately assessed as they are not generally deemed processes affected in 

HIV.
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Figure 1. 
Boxplots depicting cognitive and motor composite scores for the HIV, PD, and CTRL 

participants. Follow-up t-tests indicated a graded group effect for EF, with both HIV and PD 

scoring lower than CTRL [HIV vs. CTRL: t(76) = 5.39, p = .0001, Cohen’s d = 1.24; PD vs. 

CTRL: t(76) = 2.06, p = .04, Cohen’s d = .47] and HIV scoring even lower than PD [t(80) = 

3.42, p = .001, Cohen’s d = .76]. For IPS, HIV scored lower than CTRL [HIV vs. CTRL: 

t(74) = 2.82, p = .006, Cohen’s d = .66]. Both HIV and PD scored lower than CTRL on 

MEM [HIV vs. CTRL: t(77) = 3.08, p = .003, Cohen’s d = .70; PD vs. CTRL: t (76) = 2.20, 

p = .03] and VSP [HIV vs. CTRL: t(75) = 4.52, p = .0001, Cohen’s d = 1.04; PD vs. CTRL: 

t (75) = 2.71, p = .008, Cohen’s d = .63]. PD scored lower than CTRL and HIV on MOT 

[PD vs. CTRL: t (73) = 4.77, p = .0001, Cohen’s d = 1.12 PD vs. HIV: t(78) = 3.31, p 
= .001, Cohen’s d = .75].
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Figure 2. 
Correlation graphs depicting the relationship between EF and MOT in HIV and PD groups. 

Age- and education-corrected Z-scores denote deviation from CTRL mean = 0 (± 1 SD).
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Table 2.

Individual test raw score means (standard deviation)

HIV PD CTRL

Stroop: Color word 34.8 36.1 42.2

(12.0) (8.8) (9.2)

Digits backwards (max = 12) 5.8 7.1 8.1

(2.6) (2.1) (2.2)

Stroop: Color 64.6 64.8 70.2

(14.4) (13.5) (11.5)

Oral symbol digit total 46.5 46.7 51.9

(11.1) (11.0) (8.4)

CVLT: Trials 1-5 (max = 80) 43.1 46.5 51.9

(12.5) (11.6) (9.1)

CVLT: Long delay recall (max = 16) 9.1 10.4 12.4

(3.8) (3.4) (2.7)

Judgement of line orientation (max = 30) 23.0 24.1 27.1

(4.7) (4.2) (2.9)

Hooper visual organization (max = 30) 24.0 24.6 26.1

(3.5) (3.3) (2.4)

Fine finger movement 71.4 54.4 74.2

(18.4) (14.1) (14.6)

Alternated finger tapping 56.0 50.4 57.9

(0.5) (9.8) (9.3)
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Table 3.

Pearson correlations among composite scores in the HIV and PD groups

EF IP MEM VSP MOT

HIV group

 Executive function (EF)

 Information processing (IP) .633 -

 Memory (MEM) .381 .645 -

 Visuospatial (VSP) .534 .584 .482 -

Upper motor (MOT) .475 .496 .087 .414 -

PD group

 Executive function (EF) -

 Information processing (IP) .520 -

 Memory (MEM) .391 .364 -

 Visuospatial (VSP) .386 .361 .266 -

 Upper motor (MOT) .046 .265 −.004 .163 -

FDR – false discovery rate initial p value = .0125 (4 comparisons within each group for each composite score). Bold values represent significant 
correlations, FDR-corrected.
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