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ABSTRACT 

 

Heterogeneity in the profile of HIV-associated neuropsychological disorder 

(HAND) may obscure understanding of its etiology and prognosis. Despite longstanding 

acknowledgement of this heterogeneity, HAND diagnostic approaches such as the 

Frascati criteria characterize neuropsychological function based on the level of 

impairment, without regard to the pattern of strengths and weaknesses. Attention to these 

patterns may enhance etiologic and prognostic specificity. We used latent class analysis 

(LCA) to identify relatively homogeneous subtypes of neurocognitive function in adults 

with well-treated HIV infection. We compared the diagnostic agreement of latent classes 

and Frascati categories, as well as their associations with demographics, HIV markers 

and antiretroviral factors, comorbid medical and psychiatric conditions, and everyday 

functioning. LCA identified four classes: cognitively intact, mild-to-moderate 

motor/speed impairment, mild-to-moderate memory/visuoconstruction impairment, and 

moderate mixed impairment. Latent classes and Frascati categories demonstrated good 

agreement in the overall classification of impaired cognition but more disagreement 

regarding subtypes of impairment. Both latent classes and Frascati categories 

demonstrated unique associations with etiologic factors and significant associations with 

functional outcomes. However, only latent classes, not Frascati categories, were 

associated with HIV variables. Additionally, functional difficulties were significantly 

elevated in the motor impairment class but not the memory impairment class despite 

similar levels of cognitive impairment in the two groups. Findings support the utility of a 

diagnostic approach that accounts for both the level and pattern of neurocognitive 
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impairment. Future research should examine the neuropathological mechanisms, 

longitudinal trajectories, and treatments of empirically identified HAND subtypes. 
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CHAPTER 1 

INTRODUCTION 

 

Throughout the HIV epidemic, the profile of HIV-associated neurocognitive 

disorders (HAND) has been recognized as heterogeneous (Butters et al., 1990; Heaton et 

al., 1995; Heaton, Kirson, Velin, Grant, & the HNRC Group, 1994). HAND diagnostic 

methods consider the heterogeneity of cognitive difficulties by recommending 

assessment in a broad set of cognitive domains and by assigning weight to scores 

according to the degree of impairment (Butters et al., 1990; Carey, Woods, Gonzalez, et 

al., 2004; Heaton et al., 1995; Heaton, Kirson, et al., 1994). The most widely used HAND 

diagnostic criteria (Antinori et al., 2007) recommend assessment in five to seven 

cognitive domains, with at least two measures per domain. Diagnoses of HIV-associated 

dementia (HAD) may be assigned in the presence of moderate-to-severe impairments in 

at least two domains, while diagnoses of mild neurocognitive disorder (MND) and 

asymptomatic neurocognitive impairment (ANI) may be assigned in the presence of 

mild-to-moderate impairments in at least two domains. Thus, despite emphasis on 

comprehensive assessment and the heterogeneity of impairment, HAND diagnostic 

methods ultimately classify patients according to their overall degree of impairment, 

without regard to its pattern. 

Lumping together a neuropsychologically heterogeneous group may obscure 

associations with other variables relevant to the diagnosis and treatment of HAND, such 

as biomarkers and functional outcomes. Indeed, the etiology of HAND in the context of 

combination antiretroviral therapy (CART) remains unclear. Markers such as current 
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viral load and CD4 count no longer consistently predict HAND (Clifford & Ances, 2013; 

Heaton et al., 2011). There is great heterogeneity in individuals’ past and current HIV-

related health, and mechanisms of HAND may differ between acute infection and 

chronic, treated infection (Gates & Cysique, 2016). There is debate regarding to the 

degree which HAND is truly “HIV-associated” or is attributable to other factors such as 

CART toxicity, substance use, or comorbid medical conditions (Nightingale et al., 2014). 

There is also controversy regarding whether some HAND diagnoses reflect false positive 

diagnostic error driven by test bias; given the influence of factors such as educational and 

cultural experience on neuropsychological test performance (Manly & Echemendia, 

2007), the use of appropriate tests and norms is particularly critical in the context of HIV 

infection, which disproportionately affects ethnic minority and socioeconomically 

disadvantaged persons (Tedaldi, Minniti, & Fischer, 2015). 

The validity of HAND diagnoses with regard to outcomes such as everyday 

functioning and longitudinal progression has also been a topic of debate (Antinori et al., 

2007; Nightingale et al., 2014; Tierney et al., 2017). Given these challenges, alternative 

HAND diagnostic approaches have been examined for their ability to enhance prognostic 

validity, with limited success (Gisslén, Price, & Nilsson, 2011; Tierney et al., 2017); like 

Frascati criteria, these methods also assign diagnoses based on the level of cognitive 

impairment. In the increasingly demographically and medically diverse HIV-positive 

population, HAND may be comprised of multiple subtypes with distinct 

neuropsychological symptoms, causes, and outcomes. If so, characterizing the pattern of 

neuropsychological performance may clarify the etiology and prognosis of HAND and 

enhance treatment efficacy. 
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In mild cognitive impairment (MCI), a heterogeneous disorder conceptualized as 

an intermediate stage between intact cognitive aging and dementia, classifying 

individuals into subtypes based on the pattern of cognitive performance has demonstrated 

great utility (for review, see Devlin & Giovannetti, 2016). The typical approach divides 

MCI into subtypes based on the number of impaired domains (i.e., single versus multiple) 

and the presence of memory impairment (i.e., amnestic versus nonamnestic; Petersen, 

2004). For example, relative to single-domain MCI, multi-domain MCI is associated with 

more extensive and marked brain changes (Bell-McGinty et al., 2005; He et al., 2009), a 

greater degree of functional impairment (e.g., Aretouli & Brandt, 2010; Tam, Lam, Chiu, 

& Lui, 2007; Zanetti et al., 2006), and a higher risk of conversion to dementia (e.g., 

Alexopoulos, Grimmer, Perneczky, Domes, & Kurz, 2006; Bozoki, Giordani, 

Heidebrink, Berent, & Foster, 2001; Ganguli et al., 2011). MCI subtypes also differ in 

their neuropathologic markers and progression to different types of dementia, with 

amnestic MCI most strongly associated with biomarkers of and progression to 

Alzheimer’s disease (AD), and non-amnestic MCI more strongly associated with risk for 

non-AD dementias (Busse, Hensel, Gühne, Angermeyer, & Riedel-Heller, 2006; 

Coutinho et al., 2015; He et al., 2009; Rasquin, Lodder, Visser, Lousberg, & Verhey, 

2005; Yaffe, Petersen, Lindquist, Kramer, & Miller, 2006). 

Statistical approaches such as cluster analysis (Bondi et al., 2014; Clark et al., 

2013; Damian et al., 2013; Delano-Wood et al., 2009; Edmonds et al., 2015; Libon et al., 

2010, 2011) and mixture modeling (Eppig et al., 2017; Hanfelt et al., 2011; Köhler et al., 

2013; McGuinness, Barrett, McIlvenna, Passmore, & Shorter, 2015; Peraita, Chacon, 

Diaz-Mardomingo, & Martinez-Arias, 2015) have also been used to identify MCI 
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subtypes empirically. Whereas standard diagnostic approaches rely on arbitrary cutoff 

scores and other a priori assumptions to define impairment, statistical approaches may 

more objectively reflect the underlying performance patterns in a population. Findings 

from these studies have broadly supported conventional subtypes but have also shown 

added utility by identifying novel subtypes, recognizing subtle weaknesses, and reducing 

diagnostic error, leading to more reliable associations with biomarkers and longitudinal 

outcomes (Bondi et al., 2014; Clark et al., 2013; Damian et al., 2013; Delano-Wood et 

al., 2009; Edmonds et al., 2015; Hanfelt et al., 2011; Köhler et al., 2013; McGuinness et 

al., 2015; Peraita et al., 2015). In all, subtyping MCI according to the pattern of cognitive 

strengths and weaknesses has enabled clearer understanding of its nature, etiology, and 

prognosis. 

Subtyping approaches have not taken hold in HAND diagnostic approaches as 

they have in MCI, even though several cluster analytic studies have supported the 

presence and validity of neuropsychological subtypes of HAND (Dawes et al., 2008; 

Fazeli et al., 2014; Lojek & Bornstein, 2005; Murji et al., 2003; van Gorp et al., 1993; for 

review, see Devlin & Giovannetti, 2017). With the exception of one (Fazeli et al., 2014), 

all studies have identified multiple distinct profiles of impairment, including one or more 

subgroups with milder domain-specific deficits, and a group with more severe deficits 

across many cognitive domains. Secondly, among the groups with circumscribed deficits, 

there is a dissociation between memory and motor impairment (Dawes et al., 2008; Lojek 

& Bornstein, 2005; Murji et al., 2003). Furthermore, HIV-related and comorbidity 

variables have been found to vary across neuropsychological subtypes, validating these 

subtypes and providing potential etiologic insights. 
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However, these studies possess a number of limitations. One was conducted prior 

to the advent of CART and may not apply to the demographics and neuropathology of 

HIV infection in the CART era (van Gorp et al., 1993). Even in CART-era studies, 

racial/ethnic minorities, women, and less educated persons have been underrepresented 

(Lojek & Bornstein, 2005; Murji et al., 2003). Only one study used comprehensive 

normative adjustments (i.e., for age, gender, education, race/ethnicity), but only for two-

thirds of their measures (Dawes et al., 2008), which may have distorted the 

neuropsychological profiles. Furthermore, no studies have used mixture modeling 

methods such as latent class analysis (LCA). Multivariate mixture modeling offers a 

number of statistical advantages over cluster analysis (Eshghi, Haughton, Legrand, 

Skaletsky, & Woolford, 2011), including probabilistic group assignment through 

maximum likelihood estimation, the availability of fit statistics for comparison of 

competing models, and the ability to accommodate both continuous and dichotomous 

variables, as well as missing data. 

With regard to etiologic factors, HIV markers, CART use or nonuse, and 

depression have been examined in most subtyping studies. However, other common 

comorbidities such as substance use, hepatitis C virus (HCV) infection, and vascular risk 

factors have been infrequently examined (Dawes et al., 2008; Fazeli et al., 2014). No 

studies have examined CART duration or the role of specific antiretroviral agents. 

Examination of these factors may enhance understanding of the full range of biomedical 

and psychiatric factors underlying HAND subtypes and may identify putative treatment 

targets. Furthermore, examining whether HAND subtypes differ in their degree of 

functional impairment may identify the cognitive domains most important to assess, as 
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well as the patients most in need of intervention. However, everyday functioning was 

examined in only one study (Fazeli et al., 2014). Furthermore, the associations of 

neuropsychological subtypes with etiologic/prognostic variables have not been directly 

compared with those of traditional HAND categories, preventing conclusions regarding 

whether subtyping offers added utility over existing diagnostic methods.  

Aims 

The overarching aim of this study was to investigate the heterogeneity of 

neuropsychological performance among HIV+ adults. We identified neuropsychological 

subtypes empirically using LCA, then compared these classifications and their etiologic 

and prognostic validity to those of Frascati criteria-based HAND categories. To our 

knowledge, this is the first study to use LCA to parse the heterogeneity of 

neuropsychological performance in HIV infection. We aimed to fill a number of 

additional gaps in the existing literature by 1) recruiting a sample that includes 

demographic groups and comorbid conditions underrepresented in other studies; 2) 

administering a comprehensive, psychometrically strong neuropsychological protocol; 3) 

adjusting all test scores using comprehensive demographic corrections (i.e., for age, sex, 

education, and race/ethnicity); 4) examining an in-depth set of potential etiologic and 

prognostic indicators, including those that have been unexamined or infrequently 

examined; and 5) directly comparing the diagnostic classifications and validity of 

empirically-derived subtypes with those of Frascati HAND categories. 

Aim 1 

We used LCA to assess the presence and characteristics of neuropsychological 

subtypes among adults living with HIV. We hypothesized that multiple 
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neuropsychological subtypes, differing in both their level and pattern of performance, 

would be identified. More specifically, we predicted that at least three classes would be 

identified, including a group with intact cognition, a group with moderate-to-severe 

impairment in multiple domains, and one or more groups with milder, domain-specific 

impairment. 

Aim 2 

We next examined the agreement between LCA-identified subtypes and Frascati 

HAND categories. We hypothesized that LCA-identified subtypes would demonstrate 

moderate disagreement with Frascati classifications, due primarily to the identification of 

multiple profiles of impaired cognition within and/or across Frascati categories. 

Aim 3 

Finally, we examined the associations of LCA-derived subtypes and of Frascati 

HAND categories with etiologically and prognostically relevant variables, including 

demographics, HIV- and ART-related factors, comorbid conditions, and functional 

outcomes. We hypothesized that LCA-derived subtypes would demonstrate dissociable 

etiologic and prognostic features from each other, and that LCA-derived groups would 

demonstrate a greater number and strength of associations with etiologic and prognostic 

indicators than would Frascati categories, suggesting added benefit of LCA-derived 

groups over current HAND diagnostic methods. 

  



8 

CHAPTER 2 

REVIEW OF LITERATURE 

 

Despite the successes of combination antiretroviral therapy (CART), 

neurocognitive dysfunction persists among individuals living with HIV infection, with 

estimated prevalence rates around 50% (Heaton et al., 2010). Although HIV-associated 

dementia is rare, affecting approximately 2% of the HIV-positive (HIV+) population, the 

milder forms of HAND predominate in the CART era. The neuropsychological profile of 

HAND is typified by impairments in motor/information processing speed and executive 

functioning, as well as certain episodic memory, language, and visuospatial functions 

(e.g., learning efficiency, memory retrieval, verbal fluency, visuoconstruction; Heaton et 

al., 1995; Reger, Welsh, Razani, Martin, & Boone, 2002; Woods, Moore, Weber, & 

Grant, 2009), reflecting dysfunction in frontal-subcortical networks (Aylward et al., 

1993; Boone, Pontón, Gorsuch, González, & Miller, 1998; Jernigan et al., 1993; Plessis et 

al., 2014). 

However, the profile of HAND, particularly among medically asymptomatic 

individuals, has long been described as “spotty,” with variability across and within 

affected domains (Butters et al., 1990; Heaton et al., 1995; Heaton, Kirson, et al., 1994). 

In a meta-analysis of the neurocognitive sequelae of HIV infection, Reger and colleagues 

(2002) found significant variability across studies in the degree to which specific 

cognitive domains were altered in the context of HIV infection. In studies of 

asymptomatic HIV+ individuals, there was significant heterogeneity in seven of ten 

cognitive domains. While there was somewhat less heterogeneity (five of ten domains) in 
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studies of symptomatic HIV+ individuals, studies of patients with AIDS were no less 

variable, with significant heterogeneity in eight of ten domains. This variability in 

neuropsychological performance is reflected in the variability of the neuropathological 

presentation in HIV infection (Back, Miller, & Cummings, 1998; Cherner et al., 2002; 

Masliah, Ge, Achim, DeTeresa, & Wiley, 1996; Ragin et al., 2005). 

HAND Diagnostic Methods 

Several methods have been used to define cognitive impairment for the diagnosis 

of HAND, each of which considers the heterogeneity of cognitive difficulties by 

capturing mild deficits in a broad array of cognitive domains. A well-established method 

is the clinical ratings (CR) approach (Butters et al., 1990; Heaton et al., 1995; Heaton, 

Kirson, et al., 1994; Woods et al., 2004). In 1990, a National Institute of Mental Health 

(NIMH)-sponsored work group recommended that neurocognitive impairment among 

HIV+ persons be assessed using clinical ratings of performance on a comprehensive 

neuropsychological battery (Butters et al., 1990). Noting the potential of mean scores to 

obscure heterogeneous impairments, the work group’s recommendation emphasized 

attention to an individual’s pattern of neurocognitive strengths and weaknesses. 

A detailed clinical ratings approach consistent with these recommendations was 

delineated by Heaton et al. (1995; 1994) and expanded in further studies (e.g., Woods et 

al., 2004). By this approach, performance is assessed in the domains of attention/working 

memory, speed of processing, executive functions, verbal fluency, learning, memory, and 

motor function, and ratings should account for premorbid functioning based on available 

normative data or other estimates from demographic factors. For each test, each domain, 

and for global neuropsychological function, ratings are assigned on a nine-point scale 
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ranging from one (above average) to nine (severely impaired), with scores of five or more 

indicating cognitive impairment. Test ratings are used to determine domain ratings, 

which are then used to determine global ratings. Domain and global ratings are not 

necessarily the average of their components. Rather, impaired performances are given 

more weight than normal performances. For example, a domain rating of five is assigned 

if one test score is normal (CR < 5) and another score is mildly-to-moderately impaired 

(i.e., 1.5 to 2 SD below the mean; CR = 6). To meet criteria for global impairment, two 

domains must be in the impaired range, and the global rating is determined by the ratings 

of the most impaired domains. 

The deficit score (DS) method is a purely actuarial approach designed to 

approximate the CR but require less time and clinical judgment (Blackstone et al., 2012; 

Carey, Woods, Gonzalez, et al., 2004; Heaton et al., 1995; Heaton, Kirson, et al., 1994). 

Tests are administered in the same seven domains as CR, and demographically corrected 

scores are converted to deficit scores ranging from zero (for above average or normal 

performances not more than 1 SD below the mean) to five (for performances > 3 SD 

below the mean, indicating severe impairment). Domain deficit scores can be calculated 

by averaging the deficit scores of all tests in the domain, with scores ≥ 0.5 indicating 

impairment (Rippeth et al., 2004). More commonly, a global deficit score (GDS) is 

calculated by averaging the deficit scores of all tests administered, with a GDS ≥ 0.5 

indicating global impairment (Carey, Woods, Gonzalez, et al., 2004). In both the CR and 

DS approaches, performance is assessed in a domain-specific fashion, then collapsed 

across domains, with relatively more weight assigned to impaired scores than to average 
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or above average scores, and with more weight assigned according to the severity of 

impairment. 

In 2007, an international workgroup sponsored by the NIMH and the National 

Institute of Neurological Diseases and Stroke (Antinori et al., 2007) published consensus 

guidelines for HAND diagnostic classifications. These guidelines specify that HAND is 

optimally diagnosed using neuropsychological evaluations that include tests of 

verbal/language function, attention/working memory, abstraction/executive function, 

memory (learning, recall), speed of information processing, sensory-perceptual, and/or 

motor skills, with ideally at least two measures per domain to accurately determine the 

number and severity of impairments. Diagnoses of HIV-associated dementia (HAD), 

mild neurocognitive disorder (MND), and asymptomatic neurocognitive impairment 

(ANI) are assigned based on the results of these assessments. A diagnosis of HAD 

requires performance two or more SD below normative means in two or more 

neurocognitive domains, along with notable functional impairment. Patients who perform 

at least one SD below means in two neurocognitive domains are diagnosed with MND if 

they have mild inefficiencies in functioning and with ANI if no functional impairment is 

present. Although the Frascati criteria specifically define impairment in terms of standard 

deviation units, both the CR and DS approaches also may used to apply these criteria. 

Frascati criteria also note that when comprehensive neuropsychological 

assessment is unavailable, HAND can be diagnosed through mental status examinations 

(MSEs). These include general MSEs, such the Mini-Mental Status Examination 

(Folstein, Folstein, & McHugh, 1975) and Montreal Assessment of Cognitive Function 

(Nasreddine et al., 2005), as well as those developed expressly for the detection of 
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HAND, such as the HIV Dementia Scale (HDS; Power, Selnes, Grim, & McArthur, 

1995) and the International HIV Dementia Scale (Sacktor et al., 2005). To ensure that 

difficulties are present in two ability areas for consistency with the criteria for 

comprehensive evaluations, the Frascati guidelines offer suggestions for MSE items that 

may be used to reflect specific cognitive domains. For example, on the HDS, the Anti-

saccadic Errors, Psychomotor Speed, Memory Recall, and Construction items reflect 

attention, speed of information processing, verbal memory, and perceptual skills, 

respectively. However, MSEs are not designed to adequately evaluate performance in 

specific cognitive domains. Typically only their composite scores are validated, whereas 

their components generally have poor or unknown psychometric properties. Thus, 

although examining individual MSE items may assist in ensuring that a diagnosis of 

HAND is justified, MSEs are not appropriate for exploring the pattern of strengths and 

weaknesses. Usually, the only information that can accurately be extracted from a MSE is 

a coarse measure of overall impairment, based on whether overall performance falls 

above or below a normative cutoff. 

To summarize, despite emphasis on comprehensive assessment of strengths and 

weaknesses in multiple cognitive domains, all HAND diagnostic methods ultimately 

classify patients according to their overall degree of impairment, reducing performance 

on numerous neuropsychological tests into a single, often categorical, measure. Although 

both the CR and DS methods can be used to calculate domain-specific impairments, 

domain ratings have been much less frequently used than global ratings; even when 

domain ratings are used, information from individual test scores and variations in 

performances from the low average to superior range are lost. The parsimoniousness of 
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these approaches is appropriate to many situations. However, by assigning a categorical 

diagnosis based on level of impairment, without attention to the pattern of impairment, 

these methods ultimately eliminate the heterogeneity they sought to capture. 

Comprehensive neuropsychological assessments provide a wealth of potentially valuable 

information about both the level and profile of cognitive performance, and retaining this 

domain-specific information may better our understanding of the nature, causes, and 

consequences of HAND. 

Current Challenges in the Study of HAND 

Understanding the etiology of HAND in the CART era has been an ongoing 

challenge. In the pre-CART era, HAND was most commonly observed among 

individuals with low CD4 count or AIDS-defining illnesses (Heaton et al., 1995). 

However, these markers no longer consistently predict HAND, which now occurs more 

frequently in medically asymptomatic, virally-suppressed patients (Clifford & Ances, 

2013; Heaton et al., 2011). Moreover, comparisons between the pre-CART and CART 

eras indicate changes in the neuropsychological profile of HAND, with increased rates of 

learning, executive function, and working memory difficulties, and decreased rates of 

attention, motor, and information processing speed deficits, further suggesting shifting 

neuropathological mechanisms (Cysique, Maruff, & Brew, 2004; Heaton et al., 2011). 

Potential explanations for the persistence of HAND despite the successes of CART 

include mechanisms related to HIV infection and treatment, demographic factors, and 

comorbid conditions, each of which may also be associated with the heterogeneity of 

HAND. 
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With regard to HIV- and ART-related factors, persons with HIV infection vary 

not only in their current degree of virologic control and immune health, but also in their 

past disease severity. Associations of cognitive and brain abnormalities with an 

individual’s lowest prior CD4 count (i.e., nadir CD4) have led to the hypothesis that 

immunosuppression can have long-lasting effects on cognition well after health is 

regained with CART (Cohen et al., 2010; Ellis et al., 2011; Valcour et al., 2006). 

Notably, it has been demonstrated that the profile of deficits, not just the degree of 

impairment, varies with HIV disease stage (Reger et al., 2002). Additionally, CART has 

enabled HIV to shift from a terminal disease to a chronic one, and the mechanisms of 

neuropsychological dysfunction in chronic, well-treated HIV infection may differ from 

those of acute or poorly treated infection. In particular, whereas viral replication and 

toxic viral products may play a larger role in untreated infection, persistent low-level 

immune activation may be more a predominant effector of cognitive dysfunction in the 

context of chronic infection (Clifford, 2008; Deeks, 2011; Yadav & Collman, 2009). 

The association of chronic HIV infection with inflammation, oxidative stress, 

vascular damage, and metabolic dysregulation, which are also observed in older adults, 

has supported the hypothesis that HIV accelerates the cellular and molecular mechanisms 

associated with aging (Bhatia, Ryscavage, & Taiwo, 2012; Cruse, Cysique, Markus, & 

Brew, 2012; Deeks, 2011). Consequently, older adults living with HIV may experience 

the combined or possibly synergistic neuropsychological effects of HIV and aging 

(Morgan, Woods, Delano-Wood, Bondi, & Grant, 2011; Seider et al., 2014). It has also 

been proposed that older adults with longstanding HIV infection may experience 

increased vulnerability to Alzheimer’s disease (AD) or other neurodegenerative 
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processes, as opposed to accelerated typical aging; however, support for this hypothesis 

has been mixed (Cohen, Seider, & Navia, 2015). This differentiation has important 

implications for treatment and for prognosis, as AD-related mechanisms would confer 

poorer prognosis than age-associated vascular mechanisms. Examination of the 

neuropsychological profile may aid in this differential, as a cortical pattern of memory 

impairment would be expected in the context of AD pathology (Hyman, Van Hoesen, 

Damasio, & Barnes, 1984; Sperling et al., 2010), whereas a frontal-subcortical pattern 

would be more consistent with the accelerated aging hypothesis (Jack et al., 1998; Raz et 

al., 1997); however, this differential may be obscured by the use of diagnostic methods or 

group averages that do not attend to individual neuropsychological profiles. 

It should be noted that age and infection chronicity of persons living with HIV, 

while rising on average, are also becoming increasingly diverse. In other words, while 

individuals live to older ages with longstanding HIV infection, incident HIV infections 

continue (Prejean et al., 2011), resulting in a wide range in age and duration of HIV 

infection across the HIV+ population. Furthermore, HIV+ persons are treated with an 

increasing variety of classes and combinations of antiretroviral medications that may 

offer varying degrees of neuroprotection and, possibly, neurotoxicity (Letendre et al., 

2004; Underwood, Robertson, & Winston, 2015). Variability in medication adherence 

across individuals (Ettenhofer, Foley, Castellon, & Hinkin, 2010) further compounds the 

diversity of HIV treatments. Lastly, genetic factors in the viral and the host genome can 

also alter the HIV disease course and the effectiveness of treatment (Azar et al., 2016; 

Brew, 2004; Goudsmit, Back, & Nara, 1991), and there is evidence that the genetic 
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diversity of the HIV genome has increased over time (Siemieniuk, Beckthold, & John 

Gill, 2013). 

In addition to age, other demographic factors (i.e., sex, race, educational 

background, and premorbid IQ) are known to affect performance on neuropsychological 

tests and may account for some HAND diagnoses, as well as the heterogeneity of HAND. 

Consideration of these factors, a critical component of any neuropsychological 

assessment, is particularly important in the context of HIV, which disproportionately 

affects racial/ethnic minorities and individuals from disadvantaged backgrounds (Tedaldi 

et al., 2015). In addition, HIV infection now affects a more diverse population worldwide 

than in the early days of the epidemic (Beyrer, 2007). Although scores from tests in all 

domains should be adjusted for age, sex, race, and education, Frascati criteria require 

only age and education corrections (Antinori et al., 2007), adjustments for race/ethnicity 

are not always available or used, and normative corrections are often inconsistently 

applied across domains. Consequently, the profile of neurocognitive impairment can be 

mischaracterized, and individuals with intact cognition may be misclassified as impaired, 

resulting in overestimation of HAND prevalence rates. 

Finally, the HIV+ population has disproportionately high rates of many comorbid 

conditions that can also contribute to neuropsychological impairment, including hepatitis 

C virus (HCV) infection, substance abuse, and depression (Cherner et al., 2005; Devlin et 

al., 2012; Martin-Thormeyer & Paul, 2009; Tedaldi et al., 2015). Due either to 

independent pathways or to the downstream effects of HIV and ART, individuals with 

HIV also demonstrate increasing rates of conditions associated with aging in the general 

population, most notably cardiovascular disease and its risk factors (Monsuez et al., 
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2009), which also have neurocognitive sequelae (Cruse et al., 2012; Foley et al., 2010; 

McCutchan et al., 2007). Together, demographic and comorbid confounds, inconsistently 

accounted for across studies, may account in part for the heterogeneity of the 

neuropsychological performance in HIV infection (Reger et al., 2002). 

Similarly, there is heterogeneity in HAND outcomes. The majority of persons 

with the milder forms of HAND demonstrate stable or improved cognition over a year, a 

minority progress to more severe forms of HAND, and progression estimates vary across 

studies (Antinori et al., 2007). Additionally, persons with mild HAND vary greatly in 

their degree of functional difficulties. Because a diagnosis of ANI requires intact 

everyday functioning, its clinical utility has been criticized (Gisslén et al., 2011; 

Nightingale et al., 2014). Individuals with ANI are at greater risk of developing MND or 

HAD longitudinally than those with intact cognition, suggesting that ANI may be a useful 

early indicator for preventative treatment (Antinori et al., 2007; Grant et al., 2014). On 

the other hand, low performance on neuropsychological tests in the context of intact 

everyday functioning can also reflect low premorbid abilities rather than pathological 

decline. Certain measures of everyday functioning may be less influenced by education 

and race/ethnicity than are neuropsychological measures (Farias et al., 2008, 2011; 

Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002). Therefore, it is reasonable to 

assume that discrepancies between neuropsychological performance and functional status 

are more common in sociodemographically disadvantaged persons. When 

neuropsychological impairment is examined in the absence of everyday functioning, such 

discrepancies could obfuscate investigations into neurobiological mechanisms of 

cognitive impairment and limit the clinical utility of HAND diagnoses. 
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Although progression to HIV-associated dementia is less frequent in the CART 

era, it is important to identify those at risk for cognitive and functional decline, who are 

most in need of intervention. However, consistent predictors of decline are unclear. The 

utility of the neuropsychological profile for predicting progression and other clinical 

outcomes has not been evaluated. Given the strong association between cognition and 

function, understanding the neuropsychological profile may be particularly helpful in 

predicting functional outcomes. 

The heterogeneous and changing profile of HAND and its prognosis, along with 

these numerous potential sources of variability in cognition among individuals with HIV, 

suggests that HAND may not be a single entity but may reflect multiple 

neuropsychological syndromes with distinct causes and outcomes. The present challenges 

in understanding the etiology and prognosis of HAND may be due, in part, to the 

inability of existing diagnostic methods to capture this heterogeneity or adequately 

account for confounds. When diagnostic strategies group individuals together according 

to their severity of impairment, without attention to profile, or when intact individuals are 

misclassified as impaired, associations with biomarkers and outcomes may become 

diluted. Therefore, addressing neuropsychological heterogeneity may help clarify the 

nature, etiology, prognosis, and, ultimately, treatment of HAND. 

Mild Cognitive Impairment 

Methods employed in the study of mild cognitive impairment (MCI) provide a 

useful framework for examining the heterogeneity of neurocognitive dysfunction in HIV 

infection. MCI is defined as an intermediate stage between typical cognitive aging and 

dementia. Its original criteria required a subjective complaint of cognitive decline in 
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addition to objective evidence of impairment in episodic memory (Petersen et al., 1999), 

while other definitions rely primarily on neuropsychological performance, without the 

requirement of a subjective cognitive complaint (e.g., Bondi et al., 2014; Busse et al., 

2006; Jak, Bondi, et al., 2009). The degree of impairment on neuropsychological testing 

is mild, with cutoffs ranging from 1-1.5 SD below normative means. Independence in 

everyday activities is preserved, though there is debate regarding the degree of functional 

impairment that may be present, with some criteria requiring intact functioning (Petersen, 

2004; Winblad et al., 2004), and others allowing for the presence of mild difficulties or 

inefficiencies (Albert et al., 2011). Thus, MCI is comparable to that of the milder forms 

of HAND (MND and ANI), which comprise the vast majority of HAND diagnoses 

among CART-treated persons. 

MCI is an appropriate analogue for HAND for a number of additional reasons. 

Given increased longevity due to CART, the HIV+ population is increasingly susceptible 

to cognitive aging and the conditions that affect cognition in HIV-uninfected older adults 

(e.g., cardiovascular disease). Furthermore, aging and chronic HIV infection share 

common neuropathological sequelae, such as inflammatory dysregulation and vascular 

damage, which may cause accelerated cognitive aging in the context of HIV infection 

(Deeks, 2011). Finally, although MCI was originally conceptualized as a circumscribed 

amnestic disorder representing a prodromal stage of AD (Petersen et al., 1999), evidence 

of heterogeneity in its neuropsychological profile and outcomes led to a broadening of 

MCI criteria to include other cognitive domains, such as language, attention, executive 

function, perceptual speed, or visuospatial skills, and a revision of its conceptualization to 

include diverse etiologies (Petersen, 2004; Winblad et al., 2004). Thus, like 
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neuropsychological disorders in HIV-infected individuals, MCI is etiologically and 

neuropsychologically diverse, with considerable overlap in the domains of cognition that 

may be affected in MCI and HAND. In contrast to HAND, cognitive subtypes of MCI 

have been well-characterized, with a great deal of evidence supporting their utility. 

Conventional MCI Subtypes 

The most common current approach to MCI subtyping involves classifying 

individuals based on the number of impaired domains (i.e., single versus multiple) and 

the presence of memory impairment (i.e., amnestic versus nonamnestic; Petersen, 2004). 

Though MCI as a whole is associated with increased risk of dementia relative to normal 

cognition, only a small proportion (1.5% – 12.0% per year) of persons with MCI progress 

to dementia, while most demonstrate stable cognition, and some revert to intact cognition 

(for a review, see Petersen, 2004). MCI subtypes have helped to improve the prediction 

of outcomes. A highly consistent finding is that individuals with multi-domain MCI are 

more likely to progress to dementia, and less likely to revert to normal cognition, than 

those with single-domain MCI (Alexopoulos et al., 2006; Bickel, Mösch, Seigerschmidt, 

Siemen, & Förstl, 2006; Bozoki et al., 2001; Busse et al., 2006; Ganguli et al., 2011; Han 

et al., 2012; Jak, Bondi, et al., 2009; Knopman et al., 2015; Matthews, Stephan, McKeith, 

Bond, & Brayne, 2008; Nordlund et al., 2010; Palmer, Backman, Winblad, & Fratiglioni, 

2008; Rasquin et al., 2005; Summers & Saunders, 2012; Tabert et al., 2006), suggesting 

that the presence of multiple impairments represents a more advanced dementia 

prodrome. 

Amnestic versus non-amnestic MCI subtypes show different forms of 

neuropathology and progression to different types of dementia. Cross-sectional studies 
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have demonstrated that amnestic MCI (aMCI) is more strongly associated with indicators 

of AD neuropathology, such as ApoE e4 genotype, brain and CSF AD biomarker 

profiles, reduced hippocampal volumes, and other structural and functional changes in 

the temporal lobe, whereas non-amnestic MCI (naMCI) has been more strongly related to 

frontal brain abnormalities, cerebrovascular pathology, and vascular risk factors 

(Coutinho et al., 2015; Duara et al., 2008; He et al., 2009; Knopman et al., 2009; Manly 

et al., 2005; Mariani et al., 2007; Mosconi et al., 2008; Pike et al., 2007; Reitz, Tang, 

Manly, Mayeux, & Luchsinger, 2007; Roberts, Knopman, et al., 2010; Roberts, Geda, et 

al., 2010; Sasaki et al., 2009; van de Pol et al., 2009; Vemuri et al., 2009; Wolk et al., 

2009). aMCI is more strongly associated with progression to AD than is naMCI (Busse et 

al., 2006; Fischer et al., 2007; Palmer et al., 2008; Summers & Saunders, 2012; Yaffe et 

al., 2006). Relative to aMCI, naMCI is more strongly associated with risk for non-AD 

dementias such as vascular dementia (VaD), dementia with Lewy bodies (DLB), or 

frontotemporal lobar degeneration (FTLD; Busse et al., 2006; Nordlund et al., 2010; 

Rasquin et al., 2005; Yaffe et al., 2006). As might be expected, multi-domain MCI is 

associated with more widespread and pronounced brain changes relative to single domain 

MCI (Bell-McGinty et al., 2005; He et al., 2009). Differences in demographics and 

psychiatric symptoms among MCI subtypes have also been observed; specifically, older 

age has been associated more strongly with aMCI, lower education with naMCI and 

multi-domain MCI (Coutinho et al., 2015; Manly et al., 2005), and depression with multi-

domain MCI (Sachdev et al., 2012). 

Finally, several studies have demonstrated differences among MCI subtypes in 

the degree and type of functional impairment even prior to the development of dementia. 
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Multi-domain MCI has been consistently associated with a greater degree of functional 

impairment relative to single-domain MCI (Aretouli & Brandt, 2010; Kim et al., 2009; 

Tam et al., 2007; Yeh et al., 2011; Zanetti et al., 2006). Regarding the type of functional 

impairment, financial management difficulties have been more pronounced in aMCI, 

whereas difficulty with health and safety behaviors and household appliance use have 

been more strongly associated with naMCI (Bangen et al., 2010; Kim et al., 2009). 

In sum, MCI subtypes have demonstrated distinct neuropathologic characteristics 

and differential outcomes with regard to dementia progression and functional 

impairments. Whereas lumping together a heterogeneous group of individuals may wash 

out associations with biomarkers and outcomes, subtyping MCI according to cognitive 

profiles has enabled for clearer understanding of the nature, etiology, and prognosis of 

MCI, with potential implications for intervention. MCI subtypes may demonstrate 

differential benefit from treatments targeted to their particular neurocognitive, etiologic, 

and prognostic profile, such as pharmacological interventions for specific 

neurodegenerative pathologies (e.g., cholinergic therapies), treatment of vascular risks 

and psychiatric symptoms, or cognitive rehabilitation targeted to particular cognitive and 

functional deficits. 

Empirically Identified MCI Subtypes 

Statistical modeling approaches that identify heterogeneity have been proposed as 

an alternative to the conventional categorical classification of MCI subtypes based on 

predefined criteria. Analytic methods such as cluster analysis and latent profile analysis 

are used to detect patterns of performance within a group and to allocate participants to 

relatively homogeneous subgroups according to how well they fit each pattern. The 
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rationale behind these methods is that conventional subtypes make potentially arbitrary 

assumptions about the type, number, and severity of impairments that may not best fit the 

population, resulting in heterogeneous or arbitrarily defined subgroups that obscure 

associations with etiologic and prognostic indicators. 

For example, the amnestic/non-amnestic distinction has demonstrated utility in 

identifying prodromal AD but offers no etiologic specificity for other dementia types. 

Conventional subtypes do not account for the type of non-amnestic impairment (e.g., 

executive, language, visuospatial), yet this information can greatly influence dementia 

risk (Knopman et al., 2015). In addition, conventional diagnostic methods use 

predetermined cutoff scores to categorize performance that is inherently continuous, 

obscuring subclinical impairments or ignoring the information provided by very severe 

impairments. Though a cutoff of 1.5 SD below the normative mean is most commonly 

applied, there is considerable variability across studies (i.e., from 1 to 2 SD). 

Furthermore, these cutoffs rely on normative data, which may not be available or 

representative for the population of interest and may vary across tests. 

These arbitrary or inconsistent criteria may explain a number of issues in the MCI 

literature (for review, see Bondi & Smith, 2014; Hughes, Snitz, & Ganguli, 2011; Jak, 

Bangen, et al., 2009), including indistinct profiles and outcomes of MCI subtypes (Busse 

et al., 2006; Espinosa et al., 2009; Mosconi et al., 2008; Nordlund et al., 2010; van de Pol 

et al., 2009; Wolk et al., 2009), as well as inconsistencies in the prevalence, conversion 

rates, and stability of MCI and its subtypes (Busse et al., 2006; Fischer et al., 2007; 

Ganguli et al., 2011; Han et al., 2012; Jak, Bondi, et al., 2009; Summers & Saunders, 

2012). Indeed, several studies have demonstrated that varying the definition of MCI and 
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its subtypes highly influences prevalence and conversion rates and neuropathological 

profiles (Busse et al., 2006; Jak, Bondi, et al., 2009; Jak, Urban, et al., 2009; Knopman et 

al., 2015; Visser & Verhey, 2008). Of perhaps greatest importance, there are continued 

large proportions of individuals with MCI who revert to normal cognition or fail to 

progress to dementia (Mitchell & Shiri-Feshki, 2009), suggesting the susceptibility of 

conventional MCI criteria to false positive error (Brooks, Iverson, & White, 2007). 

By making no prior assumptions, empirically identified subtypes based on 

comprehensive neuropsychological assessments may more objectively identify 

homogeneous patterns of performance than do conventional subtypes, making these 

methods appropriate for application to a variety of disorders, including MCI and HAND. 

Furthermore, these methods allow for comparison both across and within participants, do 

no not require normative data, and may be less susceptible to errors in clinical judgment 

or subjective report, potentially improving diagnostic accuracy. Thus, statistical modeling 

methods provide opportunities to validate conventional subtyping and diagnostic methods 

and to identify more appropriate alternatives, which may improve examinations of 

disease mechanisms and prognosis. 

A number of studies have supported the utility of statistical modeling methods to 

identify relatively homogenous subtypes of MCI. A majority of these studies have 

employed cluster analysis to identify MCI subtypes (Bondi et al., 2014; Clark et al., 

2013; Damian et al., 2013; Delano-Wood et al., 2009; Edmonds et al., 2015; Libon et al., 

2010). Others have employed mixture modeling methods, such as latent class analysis 

(LCA) and latent profile analysis (LPA; Hanfelt et al., 2011; Köhler et al., 2013; 
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McGuinness et al., 2015; Peraita et al., 2015), which offer a number of statistical 

advantages over cluster analysis, discussed in detail below (see Future Directions). 

Results from both cluster analysis and mixture modeling studies have generally 

supported the presence of single domain amnestic, non-amnestic, and mixed profiles, 

providing validation for conventional subtypes (Clark et al., 2013; Delano-Wood et al., 

2009; Hanfelt et al., 2011; Libon et al., 2010; Peraita et al., 2015). Empirically identified 

MCI subtypes have demonstrated differential prognostic and etiologic features, with 

results often validating findings from conventional subtypes. For example, the amnestic 

phenotype has been associated with AD biomarkers, temporal atrophy, and increased risk 

of progression to AD (Clark et al., 2013; Damian et al., 2013), and non-amnestic 

phenotypes have demonstrated greater white matter disruption and elevated risk of 

progression to non-AD dementia types such as FTD (Delano-Wood et al., 2009; Köhler 

et al., 2013), while multi-domain subtypes have demonstrated the greatest overall brain 

abnormalities and dementia progression (Bondi et al., 2014; Damian et al., 2013; Delano-

Wood et al., 2009; Edmonds et al., 2015; McGuinness et al., 2015). Subtype differences 

in demographic and psychiatric features have also been relatively consistent with those of 

conventional subtypes, such as the association of older age with multi-domain amnestic 

impairment, the association of lower education with multi-domain and non-amnestic 

impairment, and the association of depression with multi-domain impairment (Clark et 

al., 2013; Damian et al., 2013; Delano-Wood et al., 2009; Hanfelt et al., 2011). 

On the other hand, conventional and empirical subtype diagnoses have 

demonstrated only moderate diagnostic agreement, with disagreement in approximately 

half of cases (Clark et al., 2013; McGuinness et al., 2015; Peraita et al., 2015). Results 
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suggest that this divergence is attributable to several advantages that statistical subtyping 

methods offer in the delineation of neuropsychological phenotypes. First, empirical 

methods have identified subgroups not captured by conventional subtypes, including 

those with isolated impairments in specific non-amnestic domains (e.g., executive, 

language, visuospatial; Bondi et al., 2014; Clark et al., 2013), suggesting that single-

domain non-amnestic MCI is itself a heterogeneous group. Similarly, studies have 

identified additional subtypes within multi-domain amnestic MCI. For example, 

Edmonds et al. (2015) identified memory/naming-impaired and memory/executive-

impaired groups that differed in their neuropathological profiles and outcomes. Köhler 

and colleagues (2013) also found that a truly amnestic memory pattern occurred far less 

frequently than a retrieval-based pattern of memory impairment (6% vs. 36% of the 

sample). Another study (Hanfelt et al., 2011) demonstrated that single-domain amnestic 

and multi-domain amnestic impairment groups could be broken down into further 

subgroups based on the presence or absence of psychiatric and everyday functioning 

difficulties, and that these groups differed in demographics and cerebrovascular risk. 

Taken together, these results demonstrate that considering the pattern of performance on 

memory tests and across the entire spectrum of neuropsychological, psychiatric, and 

everyday functioning yields important information beyond the presence or absence of 

memory impairment and the single or multi-domain nature of the impairment. 

Secondly, statistical methods have identified patterns of subclinical relative 

weaknesses that are obscured by conventional cutoff scores but show increased risk of 

dementia progression, supporting the ability of this method to detect early decline and 

reduce false negative diagnoses (Bondi et al., 2014; Clark et al., 2013; Damian et al., 



27 

2013; Delano-Wood et al., 2009; Köhler et al., 2013; McGuinness et al., 2015; Peraita et 

al., 2015). Thirdly, there is evidence to support the ability of empirical methods to reduce 

false positive diagnoses. Namely, several studies demonstrated that a quarter to a half of 

patients diagnosed with MCI by conventional methods in fact exhibit normal cognition 

and similar neuropathologic profiles and longitudinal outcomes as cognitively intact 

individuals (Bondi et al., 2014; Clark et al., 2013; Edmonds et al., 2015; Hanfelt et al., 

2011; McGuinness et al., 2015). The reclassification of these individuals as intact leads to 

more reliable associations with biomarkers, better prediction of dementia progression, 

and lower reversion rates among individuals classified as having MCI by statistical 

methods versus conventional methods. Additional studies have also demonstrated that 

empirical subtypes offer added value over conventional subtypes in enhancing the 

prediction of dementia risk (McGuinness et al., 2015) and reducing reversion rates 

(Peraita et al., 2015). 

In conclusion, empirical identification of MCI subtypes may more objectively 

detect homogeneous patterns of impairment, which may further improve prediction of 

etiology and prognosis over conventional subtyping methods. These same methods 

simultaneously confer advantages over conventional methods of differentiating MCI 

from normal cognition. The clinical implications of these benefits include earlier and 

more accurate detection of prodromal dementia, greater specificity of interventions, and 

more homogeneous groups in clinical trials. Statistical modeling methods may offer 

similar advantages in the diagnosis of HAND and its subtypes. 

Empirically Identified Neuropsychological Subtypes in HIV Infection 

Pre-CART Era 
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Several studies have employed discriminant function or cluster analytic techniques to 

statistically identify patterns of neurocognitive disorders among adults with HIV 

infection. The results of these studies are summarized in Table 1. Three studies in the 

pre-CART era (Becker et al., 1995; Delis et al., 1995; Peavy et al., 1994) used 

discriminant function analysis (DFA) to categorize the memory profiles of HIV+ 

individuals based on their performance on the California Verbal Learning Test (CVLT). 

Memory profiles were classified as either “cortical” (i.e., characterized by an 

encoding/retention deficit, such as that observed in AD), “subcortical” (i.e., characterized 

by a retrieval deficit, such as that observed in Huntington’s disease), or normal. In each 

of these studies, the majority of patients demonstrated normal memory performance, a 

sizeable minority (i.e., as many as one third) demonstrated a subcortical pattern of 

memory impairment, and a small minority (i.e., one to two patients) demonstrated a 

cortical pattern. However, patterns of impairment even among those classified as 

subcortical did not fit the prototypical subcortical pattern, as they demonstrated a mild 

encoding deficit, suggestive of cortical involvement, in addition to a more pronounced 

retrieval deficit. However, recognition performance was consistent with the amount of 

material initially encoded, suggesting frontally-mediated encoding inefficiency rather 

than temporally-mediated retention difficulty. Thus, the memory profile was best 

characterized as a frontal-subcortical pattern.
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Table 1 

Empirically Identified Neuropsychological Subtypes in HIV Infection 

Authors, 

Year 

Statistical 

Method 

Measures N Participant Groupings Clinicodemographic Correlates 

Van 

Gorp et 

al., 1993 

CA Comprehensive 

NP and mood 

298 Intact (39%); psychomotor 

and verbal memory 

impairment and depression 

(28%); overall impaired NP 

and normal mood (33%) 

Age, education, HIV/AIDS stage 

No differences: CD4 count 

Peavy et 

al., 1994 

DFA Memory only 125 Intact (78%); subcortical 

(20%); cortical (2%) 

 

HIV/AIDS stage 

Delis et 

al., 1995 

DFA Memory only 95 MCMD- (n = 77): Intact 

(84%); subcortical (14%); 

cortical (1%) 

 

MCMD+ (n = 18): Intact 

(61%); subcortical (33%); 

cortical (6%) 

Not examined 

Becker 

et al., 

1995 

DFA Memory only 

(DFA); 

Comprehensive 

NP (auxiliary) 

31 Intact (61%); subcortical 

(36%); cortical (3%) 

HIV/AIDS stage (trend), verbal and visual 

intellectual function, working memory, verbal 

fluency, executive function, psychomotor speed 

No differences: age, education, race, %CD4, 

visual memory, procedural learning 

Murji et 

al., 2003 

CA Memory only 

(CA); 

Comprehensive 

NP (auxiliary) 

154 Intact memory (25%); 

normal but atypical memory 

(29%); mild memory 

deficits (32%); severe 

memory deficits (13%) 

Education, cognitive/affective depressive 

symptoms, motor function, executive function, 

verbal fluency 

No differences: age, overall depressive symptoms, 

subjective cognitive complaints, CD4 count, viral 

load, HIV/AIDS stage, CART, intellectual function, 

working memory, psychomotor speed, naming 

2
9
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Table 1 

(continued) 

Authors, 

Year 

Statistical 

Method 

Measures N Participant Groupings Clinicodemographic Correlates 

Lojek & 

Bornstein, 

2005 

CA Comprehensive 

NP 

162 Intact (51%); impaired 

motor speed (7%); impaired 

memory with milder 

difficulties in information 

processing speed (30%); 

global impairment (10%) 

Education, HIV/AIDS stage, patterns of 

longitudinal NP decline 

No differences: age, race, CD4, ART, 

depression, anxiety 

Dawes et 

al., 2008 

CA with 

deviation 

scores 

(i.e., 

ipsative)  

Comprehensive 

NP 

553 Strong EF (18%); strong M, 

weak VeM and EF (15%); 

strong PS, weak ViM and 

EF (14%); strong VeM, 

weak M (15%); strong 

A/WM (14%); strong VeM, 

weak EF (24%) 

Race, reading level, level of NP performance, 

prevalence of NP impairment, depression 

(trend), HCV infection (trend) 

No differences: age, education, gender, HIV-

related variables (AIDS, current or nadir CD4, 

current HIV RNA), CART, substance use 

disorders, subjective cognitive complaints 

Fazeli et 

al., 2014 

CA Comprehensive 

NP 

78 Intact (59%); impaired in all 

tests except motor speed 

(41%) 

 

Age, HIV duration, HCV (trend), stroke, 

hypertension, # medical comorbidities, everyday 

activity performance, unemployment (trend) 

No differences: education, race, sexual 

orientation, gender, other HIV measures 

(current and nadir CD4, current viral load), 

CART adherence, psychiatric and substance use 

disorders/symptoms, diabetes, # medications, 

income 

Note. ART = antiretroviral therapy; CA = cluster analysis; DFA = discriminant function analysis; CART = highly active 

antiretroviral therapy; HCV = hepatitis C virus; MCMD = minor cognitive-motor disorder; NP = neuropsychological; A/WM = 

attention/working memory, EF = executive function, M = motor, PS = processing speed, VeM = verbal memory, ViM = verbal 

memory. 

3
0
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In terms of potential etiology, individuals with more advanced HIV disease stage 

(i.e., a history of AIDS) were more likely to demonstrate a subcortical memory profile 

than an intact profile (Becker et al., 1995; Peavy et al., 1994). Individuals classified as 

having a subcortical memory profile did not differ from those with intact memory in 

current immunological status (i.e., CD4 percentage) or in age, education, or race (Becker 

et al., 1995). Unfortunately, the small number of patients with cortical profiles precluded 

examination of clinicodemographic differences between the subcortical and cortical 

groups. In sum, these studies demonstrated the utility of applying well-established 

methods from the literature on aging and other neurodegenerative processes to the study 

of HIV-associated cognitive dysfunction. Though useful for characterizing the nature of 

memory impairment in the early days of the HIV epidemic, this methodology was less 

helpful for examining its heterogeneity. Additionally, these studies were constrained by 

small samples and by the particular DFA employed, which allowed for only two 

predetermined memory profiles that may not reflect the full range of impairment patterns 

across neuropsychological domains. 

A study by Van Gorp et al. (1993) was not limited to predefined subtypes of 

memory impairment but rather used comprehensive neuropsychological evaluations to 

empirically identify neurocognitive subtypes in HIV infection. In a large study of HIV+ 

men from three diverse sites, cluster analysis identified a subset of neuropsychologically 

intact individuals (39%) and two distinct groups of impairment: a group with 

psychomotor slowing, verbal memory impairment, and depression (28%) and a group 

with poor overall neuropsychological performance and normal mood (33%). The 

psychomotor speed/verbal memory-impaired group was older than the intact and globally 
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impaired groups, and the intact group demonstrated higher educational level than the two 

impaired groups. Groups further differed in HIV/AIDS stage: the proportion of 

symptomatic patients was highest in the psychomotor speed/verbal memory-impaired 

group (61%) and lowest in the intact group (28%), with the globally impaired group 

intermediate (52%); however, as in the DFA studies, current immunological status (i.e., 

CD4 count) did not differ across groups. This study was the earliest to provide robust 

evidence of heterogeneity in both the pattern and level of neuropsychological impairment 

in people with HIV infection, as well as preliminary evidence of distinct 

clinicodemographic features of neuropsychological subtypes. 

CART Era 

Several studies have continued this work into the CART era. Murji and colleagues 

(2003) used cluster analysis to empirically identify patterns of CVLT performance among 

154 HIV+ adults. Four subgroups were found: an intact group (25% of the sample), a 

group whose memory pattern was atypical but within normal limits (29%), and two 

groups demonstrating a frontal-subcortical pattern of memory impairment (i.e., inefficient 

learning and impaired retrieval, with intact retention), one with milder deficits (32%), and 

one with more profound deficits (13%). Education was lower in the two impaired groups 

than in the intact group, and cognitive/affective depressive symptoms were greatest in the 

most impaired group, but groups did not differ in age, fund of knowledge, overall 

depressive symptoms, subjective cognitive complaints, or HIV-related measures. 

Moreover, the group most impaired in memory also performed significantly worse than 

the intact group in fine motor function, executive function, and semantic fluency, while 

the mildly impaired memory group demonstrated poor performance in motor function 
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and a single executive measure, and the atypical memory group demonstrated difficulty 

in motor function alone. Taken together, these results suggest three distinct subtypes of 

impairment: a single-domain motor subtype, a subtype with mild memory impairment 

and circumscribed deficits in other domains, and a subtype with more global and severe 

impairment. 

Among 162 HIV+ men, Lojek and Bornstein (2005) identified four 

neuropsychological subgroups: intact (51%), impaired motor speed (7%), impaired 

learning/memory, with milder difficulties in information processing speed (30%), and 

global impairment (10%). The learning/memory and global impairment groups had lower 

education than the intact group, and the learning/memory group had more advanced HIV 

disease. Groups did not differ in age, race, CD4 count, ART use, depression, or anxiety. 

A year later, the psychomotor speed group demonstrated stable performance. The 

learning/memory group developed additional mild categorical reasoning difficulty, but 

memory remained most their prominent deficit. The global impairment group remained 

impaired across domains, with declines in memory and categorical reasoning. These 

results provided preliminary evidence that HIV+ individuals with multi-domain or 

memory impairments may be more likely to decline than those with single domain or 

non-memory impairments, respectively, echoing findings from MCI. Moreover, although 

the intact group remained intact, a subset demonstrated subclinical decline, highlighting 

the importance of longitudinal examination. 

In a sample of 553 HIV+ adults, Dawes and colleagues (2008) used an ipsative 

scoring method to classify patients according to their pattern of relative strengths and 

weaknesses, not their level of performance. Six patterns of performance were identified: 
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strong executive function, with weaknesses in all other domains (18%); strong motor 

function with weak verbal memory and executive function (15%); strong processing 

speed with weak visual memory and executive function (14%); strong verbal memory 

with weak motor function (15%); strong attention/working memory (14%); and strong 

verbal memory with weak executive function (24%). Rates of conventionally diagnosed 

neuropsychological impairment were highest in the group with weaknesses in most 

domains (53%) and in the group with weak motor function (58%). There were no group 

differences in age, education, gender, HIV-related variables, current substance use 

disorders, or subjective cognitive complaints. However, there was a higher proportion of 

racial and ethnic minorities in the clusters with memory and executive function 

weaknesses, while the two clusters with strengths in memory performed better in word 

reading. Additionally, the cluster with weaknesses in most domains had marginally 

higher rates of depression and HCV infection. Thus, results generally supported the 

presence of heterogeneous neuropsychological profiles with distinct risk factors, but the 

large number of groups and the classification by profile alone makes interpretation 

difficult. 

Most recently, Fazeli and colleagues (2014) used a two-step cluster analysis and 

identified two neuropsychological subgroups in a sample of 78 HIV+ adults: 59% of the 

sample was neuropsychologically intact, while 41% had impaired scores in all tests 

except motor speed. The impaired group was older, had higher rates of stroke, 

hypertension, and other medical comorbidities, and performed worse on performance-

based assessments of everyday activities. This group also demonstrated trends for higher 

rates of HCV and unemployment and a longer duration of HIV, though the latter may 
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simply reflect an age effect. Groups did not differ in other demographic, HIV- and 

CART-related variables, psychiatric and substance use disorders/symptoms, diabetes rate, 

total number of medications, or income. 

MCI Subtypes in HIV Infection 

Two recent studies have applied conventional MCI subtypes to the context of HIV 

infection. In a sample of 90 HIV+ patients who met Frascati criteria for HAND, Tan and 

colleagues (2013) classified patients as amnestic (44% of the sample) or non-amnestic 

(56%). Older age and, marginally, lower CD4 nadir were associated with increased 

likelihood of memory impairment. In multivariate models adjusting for demographics, 

HIV-related variables, and comorbidities, older age (> 50 years) was associated with 4- to 

5-fold increased odds of memory impairment. Other demographic and HIV-related 

factors, HCV, substance abuse, and depression did not differ between subtypes. 

It should be noted that amnestic impairment was defined as low performance (> 

1.5 SD below normative means) on one or more of the following tests: Rey Auditory 

Verbal Learning Test (RAVLT) immediate recall, delayed recall, delayed recognition, 

and Rey-Osterrieth Complex Figure Test recognition. The amnestic classification was 

overwhelmingly driven by low performance on RAVLT delayed recognition, with 

younger and older participants performing 1 SD and 2.5 SD, respectively, below 

normative means on average; by comparison, performance on the other three measures 

was within normal limits on average in both older and younger participants. While 

impaired recognition in the context of poor delayed recall is consistent with the 

temporally-mediated amnestic profile that characterizes AD and aMCI, its significance in 

the context of intact immediate and delayed recall is unclear and may reflect the 
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inappropriate application of z-scores to a non-normally distributed test. Thus, the results 

of this study should be interpreted with caution. However, the pattern of memory 

performance in this study is inconsistent with an AD-like profile. 

One other recent study has applied conventional MCI subtypes to HIV+ 

individuals. In a study of 75 adults with well-controlled HIV infection and no functional 

difficulties (Sheppard et al., 2015), participants who met comprehensive actuarial 

neuropsychological criteria for MCI (Bondi et al., 2014) were further classified according 

to conventional MCI subtypes. Of the 12 patients with MCI, five met criteria for multi-

domain amnestic MCI, while seven met criteria for multi-domain non-amnestic MCI. 

None met criteria for single-domain MCI, either amnestic or non-amnestic. The amnestic 

designation was based on performance on the delayed free recall trials of story memory 

and verbal list learning tasks, and this study did not examine the profile of memory 

performance across learning, recall, and recognition trials. Thus, it cannot be determined 

whether amnestic MCI in this study reflects a frontal, temporal, or subcortical pattern of 

performance.  

Clinicodemographic characteristics of MCI subtypes were not examined by 

Sheppard et al. (2015), and neither study examined subtype differences in everyday 

functioning or longitudinal progression. Consequently, conclusions regarding etiologic 

differences across MCI subtypes in HAND are limited, and conclusions regarding 

prognostic differences cannot be made. However, the findings by Tan et al. (2013) 

provide some support for etiologic specificity of memory and non-memory HAND 

profiles, indicating that the combined effects of HIV infection and aging may increase the 

risk of memory impairment. The presence of memory and non-memory profiles in 
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roughly equal measure in both studies supports the heterogeneity of the 

neuropsychological profile in HIV infection. However, these studies were constrained by 

their adherence to predetermined subtypes that were developed for use in MCI, which 

may not be the most appropriate method for understanding heterogeneity in the context of 

HIV infection, as discussed in detail below (see Neuropsychological Subtypes in HIV 

Infection: Summary and Limitations). 

Individual Variability in Cognition in HIV Infection 

An alternative method for characterizing cognitive heterogeneity is the 

quantification of intraindividual variability (IIV), i.e., the variability in performance 

across a battery of cognitive tests, without regard to the specific domains of strength or 

weakness. In the context of HIV infection, a greater degree of IIV has been associated 

with older age and greater everyday functioning difficulty (Morgan et al., 2011; Morgan, 

Woods, & Grant, 2012). Furthermore, HIV and aging demonstrate synergistic effects on 

IIV, potentially reflecting cognitive dyscontrol mediated by frontal-subcortical 

dysfunction (Morgan et al., 2011). Though a detailed analysis of these studies is outside 

the scope of this review, IIV studies lend further support to the notion that attention to the 

pattern of performance has clinically meaningful etiologic and prognostic implications in 

HIV infection. 

Neuropsychological Subtypes in HIV Infection: Summary and Limitations 

Taken together, the current literature largely supports the heterogeneity of 

cognitive dysfunction in HIV infection. Most studies have identified multiple, distinct 

profiles of impairment, as well as a subset of individuals without cognitive impairment. 

The study by Fazeli and colleagues (2014) is the only study to empirically identify a 
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single profile of neuropsychological impairment among people with HIV infection. As 

the authors acknowledge, the apparent homogeneity of neuropsychological impairment in 

their study may be attributable to its relatively smaller sample (N = 78). All studies that 

included larger samples observed multiple subtypes of neuropsychological impairment 

(Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003; Peavy et al., 1994; van 

Gorp et al., 1993). The identification of only a single impaired group may also be partly 

attributable to the limited neuropsychological protocol in the study by Fazeli and 

colleagues (2014). Their battery included a single measure each of executive function and 

learning/memory, with certain domains (e.g., verbal fluency) unrepresented. Moreover, a 

manipulative dexterity test (i.e., Grooved Pegboard), which has consistently 

differentiated neuropsychological subtypes in previous studies (Lojek & Bornstein, 2005; 

Murji et al., 2003; van Gorp et al., 1993) and is among the most sensitive indicators of 

HAND (Carey, Woods, Rippeth, et al., 2004), was not included in this study; instead, a 

test of pure motor speed (i.e., Finger Tapping) comprised the motor domain, and the 

processing speed measures that predominated in this study’s protocol have typically 

demonstrated less utility than the Grooved Pegboard Test in differentiating 

neuropsychological subtypes (Lojek & Bornstein, 2005). 

At the other end of the spectrum, in a large and relatively racially/ethnically 

diverse sample (23% African-American, 12% Hispanic), Dawes et al. (2008) identified 

six neuropsychological subtypes. Given the sample size and diversity, these subtypes 

may reflect meaningful heterogeneity in HAND that cannot be observed in smaller and 

more homogeneous samples. However, this study classified individuals according to the 

pattern of performance only, without regard to level of impairment, which is critical for 
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predicting clinical outcomes and necessary for the differentiation between normal and 

abnormal cognitive function. Group membership was highly influenced by demographic 

variables (e.g., race, reading level) but not clinical variables (e.g., HIV markers, 

substance use disorders), supporting the idea that these patterns reflect premorbid 

normative variation in addition to or instead of pathological cognitive decline. 

The studies conducted in the pre-CART era each identified two subtypes of 

neuropsychological impairment (Becker et al., 1995; Delis et al., 1995; Peavy et al., 

1994; van Gorp et al., 1993). However, as noted previously, three of these studies 

employed a DFA that  allowed for only two predetermined patterns of memory 

impairment that were based on prior work in people with degenerative dementia (Becker 

et al., 1995; Delis et al., 1995; Peavy et al., 1994). As also noted previously, all four 

studies’ samples were comprised entirely of gay or bisexual men, many of whom had 

advanced HIV/AIDS. Since the mid-1990s, the demographics, risk factors, and course of 

HIV infection have changed considerably, as has the nature of HAND. Naturally, caution 

should be used when applying these findings to the current era. 

The remaining studies, two CART-era studies that employed cluster analysis, both 

identified three subtypes of impairment in addition to an intact subgroup (Murji et al., 

2003; Lojek & Bornstein, 2005). It should be noted that both of these studies included 

samples that were predominantly Caucasian, male, well-educated, and without substance 

use disorders (Lojek & Bornstein, 2005; Murji et al., 2003). Only more recent studies 

have made strides towards better representation of the demographics of the current HIV+ 

population (Dawes et al., 2008; Fazeli et al., 2014), and the limitations of these studies 

have been discussed previously. There remains a dearth of studies among racial/ethnic 



40 

minorities, women, less educated persons, and those with a history of substance abuse. 

Capturing the diversity of people living with HIV/AIDS is necessary for understanding 

the heterogeneity of their neuropsychological performance. Thus, while the presence of 

three impaired subtypes may appropriately reflect neuropsychological heterogeneity in 

advantaged samples, the degree and nature of neuropsychological heterogeneity in more 

diverse samples remains unclear. 

With regard to the neuropsychological profiles of the particular subtypes 

identified, there has been variability across studies, but some consistent patterns have 

emerged. First, studies have identified one or more subgroups with deficits in specific 

cognitive domains, and a group with more pronounced deficits across most cognitive 

domains, akin to the single and multi-domain subtypes of MCI. Secondly, among the 

patterns of circumscribed deficits, there is an emerging dissociation between memory and 

motor impairment; that is, there are subgroups characterized by motor impairment in the 

context of relatively spared memory function, and vice versa. While this dissociation was 

not found in a pre-CART cluster analysis study (van Gorp et al., 1993), nearly all CART-

era studies have supported the dissociation between memory and motor subtypes (Dawes 

et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003), somewhat analogous to the 

amnestic and non-amnestic distinction in MCI. 

Despite some similarities, several important differences separate these putative 

HAND subtypes from the classic MCI subtypes. Specifically, the amnestic/non-amnestic 

distinction is appropriate in MCI given the predominance of prodromal Alzheimer’s 

disease in the general population but may not be of great utility in the context of HAND. 

DFA studies in the pre-CART era demonstrated that an amnestic pattern of memory 



41 

impairment is rare among individuals with HIV, with a frontal-subcortical pattern more 

common (Becker et al., 1995; Delis et al., 1995; Peavy et al., 1994). Despite changes in 

the profile of HAND over time (Cysique et al., 2004; Heaton et al., 2011), more recent 

studies have confirmed the continued predominance of frontal or frontal-subcortical 

memory patterns (Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003; Tan et 

al., 2013). In lieu of the amnestic/non-amnestic distinction, classifying impairment 

patterns by the different functions subserved by frontal-subcortical networks (i.e., 

memory retrieval and motor speed) or by the presence or absence or memory impairment 

(but not amnestic impairment specifically) appears to be useful for subtyping HAND. 

That being said, the predominance of the frontal-subcortical pattern in HAND does not 

eliminate the possibility of individuals with HIV infection developing AD, and the 

amnestic/non-amnestic distinction may remain useful in older adults living with HIV. 

Furthermore, because of the broad cognitive domains in which frontal-subcortical 

networks are implicated (Lichter & Cummings, 2011), it follows that single-domain 

deficits, though common in MCI, are unlikely in the context of HIV infection. For this 

reason, multi-domain impairment has long been required for a diagnosis HAND (Antinori 

et al., 2007; Butters et al., 1990). Findings from cluster analyses of neuropsychological 

function in HIV were consistent with these assumptions: even the more circumscribed 

patterns of impairment tended to include deficits in multiple domains, such as memory 

and executive function (Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003; 

van Gorp et al., 1993). Findings from studies applying conventional MCI subtypes to 

HIV+ persons further supported the inadequacy of conventional MCI subtypes in this 

population, as no patients in the study by Sheppard et al. (2015) met criteria for single-
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domain MCI, amnestic or non-amnestic. Thus, global and circumscribed subtypes may be 

more appropriate for HAND than single and multi-domain subtypes. 

Demographic differences may further limit the appropriateness of MCI subtypes 

in the HIV+ population. Namely, racial/ethnic minorities comprise more than half the 

HIV+ population in the United States (Centers for Disease Control and Prevention, 2016) 

but have been overwhelmingly underrepresented in studies of MCI, with a few 

exceptions (Manly et al., 2005, 2008; Unverzagt et al., 2001). In addition, in MCI studies, 

African-Americans have demonstrated higher rates of non-amnestic and multi-domain 

impairments than Caucasians (Hanfelt et al., 2011; He et al., 2009; Manly et al., 2005), 

potentially due to increased rates of cerebrovascular risk factors. Thus, 

neuropsychological subtypes may differ between MCI and HIV for demographic reasons 

as well as pathophysiological differences. 

 Regarding prognosis, only one study has examined HAND subtypes over time, 

but its findings support differential longitudinal cognitive outcomes among HAND 

subtypes (Lojek & Bornstein, 2005). Specifically, the psychomotor speed impairment 

subtype demonstrated stability or improvement, whereas the group with learning/memory 

impairment demonstrated persistent learning/memory deficits and a mild decline in 

executive function, and the globally impaired group declined in both learning/memory 

and executive function and demonstrated persistently impaired functions in other 

domains. Thus, as in MCI, a greater number of impaired domains is associated with a 

poorer longitudinal prognosis, and learning/memory impairment confers a poorer 

prognosis than impairment in other domains. These distinctions, though preliminary, 
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highlight the ability of empirically identified subtypes to enhance prognostic specificity 

in a clinically meaningful fashion. 

The presence of neuropsychologically and prognostically distinct memory, motor, 

and global subtypes of HAND suggests that these groups may possess distinct underlying 

etiologies. Although a consistent pattern explaining the etiology of isolated motor 

impairments has not emerged, several factors tend to differentiate the memory and global 

subtypes of HAND. Groups with global, pronounced impairments have tended to 

experience higher rates of comorbid factors such as depression (Dawes et al., 2008; Murji 

et al., 2003; van Gorp et al., 1993) and HCV infection (Dawes et al., 2008). This finding 

is consistent with evidence from both the HIV+ and general populations that depression 

and HCV infection are associated with impairments in multiple cognitive domains, with 

particular disruption of frontal lobe functions such as attention/psychomotor speed, 

learning, and executive functions (Bornstein et al., 1993; Devlin et al., 2012; Forton et 

al., 2005; Hilsabeck, Perry, & Hassanein, 2002; Hilsabeck, Castellon, & Hinkin, 2005; 

Kizilbash, Vanderploeg, & Curtiss, 2002; Veiel, 1997). The association between 

depression and multi-domain impairment has also been demonstrated in the MCI subtype 

literature (Clark et al., 2013; Damian et al., 2013; Delano-Wood et al., 2009; Hanfelt et 

al., 2011; Sachdev et al., 2012). 

While the globally impaired groups also demonstrated elevated rates of 

symptomatic HIV disease relative to cognitively intact individuals, advanced HIV disease 

stage was more consistently and strongly found in groups with circumscribed memory 

deficits; specifically, the psychomotor speed/memory-impaired group identified by van 

Gorp et al. (1993) and the learning/memory-impaired group identified by Lojek and 
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Bornstein (2005) both had more advanced HIV disease stage than the globally impaired 

groups in these studies. Additionally, Tan et al. (2013) found that among individuals 

diagnosed with HAND, patients who demonstrated memory impairment had lower nadir 

CD4 than individuals without memory impairment. Furthermore, associations between 

HIV disease stage and memory impairment were also observed in pre-CART 

heterogeneity studies whose samples had low rates of comorbid conditions (Becker et al., 

1995; Peavy et al., 1994). These findings are consistent with evidence that HIV disease 

markers are more strongly associated with neurocognitive function in the absence of 

comorbid conditions (Heaton et al., 2010). Notably, although memory-impaired subtypes 

demonstrated lower nadir CD4 counts and/or higher rates of symptomatic HIV/AIDS 

(indicating any current or past history of HIV/AIDS symptoms), factors related to current 

disease status (i.e., current CD4 count, viral load, and CART use) did not influence 

subtype membership (Becker et al., 1995; Lojek & Bornstein, 2005; Peavy et al., 1994; 

Tan et al., 2013; van Gorp et al., 1993), consistent with the idea that the early stages of 

infection can have lasting neurologic effects regardless of current immune health 

(Cysique, Maruff, & Brew, 2006; Robertson et al., 2007; Tozzi et al., 2007). 

In two studies, older age was associated with an increased risk of a memory-

impaired profile. Tan et al. (2013) found that 55% of older patients (> 50 years) with 

HAND demonstrated memory impairment, in comparison with only 34% of younger 

patients with HAND. In the study by van Gorp et al. (1993), the psychomotor 

speed/memory-impaired group was three to four years older, on average, than the intact 

and globally impaired groups. While most studies did not observe an effect of age on 

subtype membership, these findings suggest that memory subtypes of HAND are more 
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prevalent at older ages, consistent with a comparable finding in the MCI literature 

(Coutinho et al., 2015; Manly et al., 2005). 

Regarding whether these deficits reflect accelerated immuno-cerebrovascular 

aging or an AD-like pathology, examination of the neuropsychological profile lends 

support to the former. Namely, the continued predominance of the frontal-subcortical 

pattern of memory impairment in CART-era studies of HAND subtypes (Dawes et al., 

2008; Lojek & Bornstein, 2005; Murji et al., 2003; Tan et al., 2013), as well as evidence 

for synergistic effects of HIV and aging on cognitive dyscontrol (Morgan et al., 2011) are 

consistent with accelerated aging. However, there is insufficient biomarker data to inform 

this conclusion further. No studies of HAND subtypes have examined AD biomarkers, 

and only one study has included cerebrovascular risk factors; in support of the 

accelerated aging hypothesis, older age and increased rates of stroke and hypertension 

were associated with a higher likelihood of neuropsychological impairment in this study 

(Fazeli et al., 2014); however, the presence only one HAND subtype prevents 

conclusions about the neuropathological mechanisms of the memory deficit specifically.  

In conclusion, based on current evidence, circumscribed impairments in 

learning/memory and executive function may reflect the combined effects of past HIV 

disease severity and aging, in the absence of other comorbid confounds; by comparison, 

the global HAND subtype may reflect the influence of multiple etiologies, including HIV 

and comorbid infectious and psychiatric conditions. These unique etiologic features 

underscore the potential of profile-based, empirically identified subtypes to enhance 

etiologic specificity. It is also feasible that the global subtype reflects a more advanced 

stage of neuropsychological decline to which the more circumscribed subtypes may 
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ultimately progress. In contrast with this hypothesis, current longitudinal evidence 

suggests the memory subtype develops additional impairments after a year but retains a 

neuropsychological profile distinct from that of the global impairment phenotype (Lojek 

& Bornstein, 2005). However, longer-term follow-up is needed to determine whether the 

memory subtype ultimately develops impairments across most or all domains. 

Demographic factors may further drive performance in the globally impaired 

groups. In cluster analysis studies, groups with diffuse impairments tended to have lower 

education, literacy, or intellectual function (Dawes et al., 2008; Lojek & Bornstein, 2005; 

Murji et al., 2003; van Gorp et al., 1993) than less impaired groups. One of these studies 

also found a higher prevalence of racial/ethnic minority individuals in the groups 

characterized by more pronounced, multi-domain impairments (Dawes et al., 2008), 

whereas the others included racially/ethnically homogeneous samples and/or did not 

examine subtype differences in race/ethnicity (Lojek & Bornstein, 2005; Murji et al., 

2003; van Gorp et al., 1993). These findings are consistent with evidence from the MCI 

literature that non-amnestic and multi-domain impairments are more common among 

racial/ethnic minority and/or educationally disadvantaged individuals (Hanfelt et al., 

2011; He et al., 2009; Manly et al., 2005). 

It is possible that the elevated prevalence of minority and educationally 

disadvantaged individuals in more impaired HAND subgroups reflects the effect of 

elevated comorbidity rates. The factors that limit access to high quality education, such as 

discrimination and poverty, are also associated with psychosocial stress and reduced 

access to good nutrition, health care, and psychological services; these differences confer 

disparities in mental and physical health that increase the likelihood of cognitive 
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impairment (Glymour & Manly, 2008). Indeed, rates of comorbid physical and mental 

health conditions (i.e., depression and HCV infection) were elevated in the globally 

impaired groups (Dawes et al., 2008; Murji et al., 2003; van Gorp et al., 1993). The 

impact of race/ethnicity and education on group membership could also reflect the 

protective effects of education (i.e., cognitive reserve). According to cognitive reserve 

theories, the neurocognitive stimulation and/or development provided by high 

educational attainment is thought to protect against cognitive decline in the face of 

neurologic disease or injury (Barulli & Stern, 2013; Stern et al., 1996; Stern, 2002). 

Individuals with lower educational attainment, due to differences in educational 

opportunity across racial/ethnic groups or to other factors, therefore may be more 

susceptible to cognitive impairment in the context of a neurologic insult such as HIV. 

On the other hand, HAND subtype differences in education and race/ethnicity 

may reflect the effects of biased tests and inadequate demographic corrections. That is, 

differences in cultural and educational experiences, rather than neurologic changes 

related to brain reserve or comorbidities, may result in lower performance on 

neuropsychological tests (Glymour & Manly, 2008; Manly et al., 1998; Manly, Byrd, 

Touradji, & Stern, 2004). As a result, racial/ethnic minority and/or educationally 

disadvantaged individuals who are cognitively intact may be misclassified as impaired 

(Manly, 2005; Ryan et al., 2005). Among the studies of HAND heterogeneity, several did 

not adjust test scores using published normative data (Fazeli et al., 2014; Lojek & 

Bornstein, 2005; van Gorp et al., 1993), and although two of these studies did compare 

cognitive performance to that of an HIV- control sample (Fazeli et al., 2014; Lojek & 

Bornstein, 2005), the control sample was not necessarily matched to the HIV+ 
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participants in all demographic characteristics. Of the studies that did use published 

norms, most used corrections based on a limited set of demographic factors (i.e., age and 

gender, or age and education; Becker et al., 1995; Delis et al., 1995; Murji et al., 2003; 

Peavy et al., 1994).  Importantly, nearly all studies did not adjust scores for 

race/ethnicity. Dawes and colleagues (2008) used comprehensive normative corrections 

(i.e., for age, gender, education, race/ethnicity) when available, but a third of their 

measures were not corrected for race/ethnicity. Though race/ethnicity adjustment is an 

important step, applying normative corrections inconsistently across tests can alter the 

neuropsychological profile. In addition, everyday functioning measures, which may help 

differentiate between normal and abnormal low neuropsychological performance, were 

only included in the study that identified a single HAND subtype (Fazeli et al., 2014). 

Finally, no study has deconstructed race/ethnicity into its underlying correlates, such as 

acculturation, quality of education, socioeconomic position, and comorbidity status. 

Thus, it remains unclear whether the classification of racial/ethnic minority and 

educationally disadvantaged individuals into more impaired subtypes reflect the effects of 

test bias, cognitive reserve, or physical and mental health disparities. 

A number of additional gaps exist in the literature on HAND heterogeneity that 

limit our ability to draw conclusions about the causes and outcomes of HAND subtypes. 

While depression has long been included in these examinations and has demonstrated 

some consistent relations with HAND subtypes (Dawes et al., 2008; Fazeli et al., 2014; 

van Gorp et al., 1993), the potential role of other common comorbidities such as 

substance use, HCV infection, and vascular risk factors in the etiology of 

neuropsychological subtypes has only been examined in recent studies (Dawes et al., 
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2008; Fazeli et al., 2014). Thus, the isolated or negative findings regarding subtype 

differences in these factors may be due to the limited examinations of this question and 

the exclusion of substance use disorders in many earlier studies. Traditional peripheral 

biomarkers relevant to HIV disease have been examined consistently and have largely 

failed to demonstrate associations with HAND subtype, with the exception of CD4 nadir 

and HIV/AIDS stage. However, no HAND subtype studies have examined biomarkers of 

processes that may be more relevant to the neuropathology of chronic, treated infection, 

such as vascular and inflammatory mechanisms or CNS HIV markers. While coarse 

measures of CART use/nonuse have been included in some studies (Dawes et al., 2008; 

Fazeli et al., 2014; Murji et al., 2003), no studies have examined more specific and 

neuropathologically relevant CART variables, such as measures of regimen neurotoxicity 

and neuroprotection. Several CART agents have neurotoxic effects on the peripheral 

nervous system (Underwood et al., 2015) and could cause an isolated motor deficit; thus, 

the lack of studies examining specific CART variables may explain why the etiology of 

the motor impairment subtype of HAND remains unclear. Perhaps surprisingly, no 

studies have examined whether HAND subtypes differ with regard to brain structure or 

function or CSF biomarkers, which prohibits conclusions about the neural circuitry 

underlying memory, motor, and global impairments, as well as the potential 

cerebrovascular versus AD-related neuropathological mechanisms underlying HIV- and 

aging-related memory impairment.  Examinations of prognostic differences in 

neuropsychological subtypes have been even more limited. Everyday functioning and 

longitudinal neuropsychological outcomes have each been examined in only one study 

(Fazeli et al., 2014; Lojek & Bornstein, 2005), and a short, one-year follow-up period 
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was employed by Lojek and Bornstein (2005) to measure the stability of 

neuropsychological profiles, rather than long-term outcomes.  

In addition to etiologic and prognostic specificity, HAND subtyping studies have 

demonstrated the potential of empirically derived subtypes to improve diagnostic 

accuracy over standard methods. For example, Delis and colleagues (1995) found that 

only about half the patients deemed impaired by clinical ratings of CVLT performance 

were classified as impaired by the DFA. Moreover, nearly one-fifth of participants 

diagnosed as cognitively intact by standard methods demonstrated patterns of memory 

impairment consistent with a neurodegenerative disorder according to the DFA. In the 

study by Fazeli et al. (2014), comparison with a standard measure of psychometrically 

defined neurocognitive impairment (NCI) indicated that 91% of the impaired cluster had 

NCI and that 83% of intact cluster did not have NCI; although empirically identified and 

standard diagnostic methods were largely in agreement, there was diagnostic 

disagreement in 14% of cases. In the study by Dawes et al. (2008), the rate of 

psychometrically defined neuropsychological impairment ranged from 24% to 58% 

across subgroups, indicating considerable disagreement between conventional and 

subtyping methods and suggesting that attention to the cognitive profile may identify 

pathological cognitive changes among individuals who do not meet conventional criteria 

for HAND. Thus, as has been observed in MCI, empirical subtypes may enhance 

diagnostic validity in HAND by reducing both false positive and false negative error.  

Classification methods that improve the differentiation between cognitively 

impaired and unimpaired individuals, and among subtypes of impaired individuals, 

should in theory yield stronger associations with etiologic and prognostic markers. 
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Although neuropsychological subgroups in HIV infection have demonstrated differences 

with regard to certain etiologic and prognostic indicators, no studies have directly 

examined whether neuropsychological subtyping methods offer added value over 

conventional HAND diagnostic classifications (i.e., Frascati criteria) in the prediction of 

etiology or outcomes. Thus, the incremental validity of subtyping methods remains 

unclear. The utility of profile-based versus severity-based methods may depend on the 

particular setting or clinical outcome of interest. For example, there may be research and 

clinical settings in which detailed characterizations of neuropsychological profiles may 

not be feasible (e.g., when resources are limited) or may not offer sufficient advantage 

over standard methods, yet this question also has not been examined. 

Future Directions 

Patient Population and Neuropsychological Assessments 

We offer several recommendations for research and clinical practice regarding 

HAND subtypes. First, research studies should include large, diverse samples, given that 

small, homogeneous samples limit the detection of distinct neuropsychological profiles 

(Eshghi et al., 2011; Fazeli et al., 2014). Studies should include groups that have been 

underrepresented in existing HAND heterogeneity research, including racial and ethnic 

minorities, women, less educated persons, and those with a history of substance abuse. 

As a supplement to larger examinations, to limit undue influence of demographic factors 

on group membership, it may also be beneficial to conduct separate analyses to identify 

neuropsychological subtypes within these underrepresented groups. 

In both clinical and research settings, comprehensive neuropsychological 

protocols comprised of tests with strong psychometric properties, including sensitivity to 
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mild deficits, should be employed. Considerations of demographic influences on test 

performance are essential in the assessment of HAND given the high prevalence 

racial/ethnic minority and educationally disadvantaged individuals within the HIV+ 

population. Ideally, tests whose content and constructs are appropriate to the culture of 

participants/patients should be used; however, these tests may not be available in many 

cases. In the absence of unbiased tests, demographic confounds should be accounted for 

using comprehensive, culturally appropriate, published normative data that includes 

adjustments for age, sex, education, and race/ethnicity. Alternatively, especially when 

corrections for race/ethnicity are unavailable, performance on word reading tests may be 

used in place of years of education as a more appropriate estimate of academic 

achievement (Manly, Jacobs, Touradji, Small, & Stern, 2002; Manly et al., 2004). 

Adjustments for acculturation may also enhance the validity of neuropsychological tests 

(Manly et al., 1998, 2004). A demographically comparable HIV- comparison group may 

be helpful in situations when published norms are not appropriate. The advantages and 

disadvantages of these and other methods for considering race/ethnicity in 

neuropsychological assessment have been discussed in more detail elsewhere (Brickman, 

Cabo, & Manly, 2006; Manly, 2005; Pedraza & Mungas, 2008). Regardless of the 

method used to account for demographic factors, it is essential that the same type of 

adjustment be applied consistently across the neuropsychological battery to avoid 

distortion of performance patterns. 

Subtype Classification 

With regard to the method used to classify subtypes, two general methods are 

possible: conventional groupings according to the number, degree, and/or domain of 
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impairment, and groupings that employ statistical methods. With regard to the former, the 

classic MCI subtypes may be helpful in diagnosing MCI among older individuals living 

with HIV (Sheppard et al., 2015; Tan et al., 2013) but may not be appropriate for 

application to HAND more broadly, due to differences in the nature, neuropathology, and 

demographics of HIV infection. Rather, distinctions between global and circumscribed 

deficits and between memory and motor impairment may be useful in the classification of 

HAND (Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003; van Gorp et al., 

1993). However, further examination of these subtypes’ generalizability and validity is 

required before they can be applied, especially in clinical settings. Given that MCI 

literature demonstrates that empirically identified subtypes may more objectively reflect 

the true nature of impairment patterns in a given population and may reduce diagnostic 

error (Bondi et al., 2014; Clark et al., 2013; Edmonds et al., 2015; Hanfelt et al., 2011; 

McGuinness et al., 2015), we suggest that statistical subtyping methods continue to be 

employed in examinations of HAND heterogeneity until subtypes have been reliably 

identified and validated across populations. 

Among the existing statistical methods for identifying heterogeneous patterns, 

mixture modeling methods (i.e., LPA and LCA) offer a number of advantages over 

cluster analysis (Eshghi et al., 2011). One of the primary advantages is that class 

assignment is made in a probabilistic fashion using maximum likelihood estimation. That 

is, cases are assigned probabilities for each class rather than a single class membership. 

Thus, this method takes into account the uncertainty in allocating cases to groups, 

whereas other clustering methods do not. Mixture models provide class probability 

estimates and model fit statistics, such as Bayesian Information Criterion (Muthén & 
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Muthén, 2012), which permit quantification of the degree of uncertainty and goodness of 

fit, allowing direct, quantitative comparison of competing models. 

Additionally, mixture modeling is the only empirical subtyping approach that 

takes into account the size of the classes when assigning membership (Eshghi et al., 

2011). Unlike cluster analysis, it does not rely on arbitrary assumption about the distance 

between groups. Mixture modeling accommodates missing data using full information 

maximum likelihood estimation, allocating cases into segments based on their available 

data, whereas cluster analysis can only use cases with no missing data. Whereas only 

continuous variables can be entered in cluster analysis, mixture modeling can 

accommodate categorical variables, continuous variables, or mix thereof. Finally, mixture 

modeling methods are highly flexible, allowing increasingly complex modeling, such as 

the inclusion of class predictor variables and the modeling of change in performance 

patterns longitudinally. Thus, LCA and LPA represent the gold standard in empirical 

identification of neuropsychological subtypes, yet, notably, no studies have used mixture 

modeling methods to examine HAND heterogeneity. Instead, the majority of studies have 

used cluster analysis (Dawes et al., 2008; Fazeli et al., 2014; Lojek & Bornstein, 2005; 

Murji et al., 2003; van Gorp et al., 1993). Thus, the dearth of studies using mixture 

modeling methods to study HAND should be rectified. 

Validity, Etiology, Outcomes, and Treatment 

Once neuropsychological subtypes are identified, examinations of group 

differences in non-neuropsychological variables are essential for providing subtype 

validation as well as clinically meaningful prognostic and etiologic insight. The ultimate 

goal of these investigations is to identify putative treatment targets and to identify which 
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patients are at elevated risk for longitudinal decline and would benefit most from 

intervention. Current findings indicate that circumscribed deficits in fine motor function, 

though etiologically uncertain, are relatively stable over time (Lojek & Bornstein, 2005), 

suggesting that early intervention to prevent further decline may not be of high priority. 

On the other hand, memory deficits are associated with a greater risk of longitudinal 

decline and may be related to HIV disease severity (Becker et al., 1995; Lojek & 

Bornstein, 2005; Peavy et al., 1994; van Gorp et al., 1993), suggesting that this subtype 

may benefit from CART regimen modifications or adherence interventions. However, 

because this neuropsychological pattern is more strongly related to past disease stage than 

to current immunological status, early intervention to prevent immunosuppression and 

associated cognitive deficits may be more effective than treatments focused on current 

disease control. 

Finally, individuals with more pronounced, multi-domain impairments may be at 

greatest risk for cognitive impairment longitudinally (Lojek & Bornstein, 2005) and may 

benefit from treatment addressing medical and psychiatric comorbidities such as 

depression and HCV infection in addition to HIV (Dawes et al., 2008; Murji et al., 2003; 

van Gorp et al., 1993). As individuals with racial/ethnic minority status and/or low 

educational attainment are more likely to fall in multi-domain impairment groups, low 

performance across domains may also indicate the need to consider whether demographic 

influences on performance have been addressed appropriately. Intervention plans should 

be reassessed after application of appropriate demographic corrections and examination 

of everyday functioning; for example, if cognition and everyday functioning are found to 

be intact, treatment may not be indicated. However, care should be taken not to employ 
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race/ethnicity-based adjustments that are too lenient and therefore deny critical services 

(Manly & Echemendia, 2007). 

These conclusions about the etiology, prognosis, and potential treatments of 

HAND subtypes should be considered preliminary given the limitations in the current 

literature and the lack of trials examining subtype-specific treatments for HAND. Future 

studies should continue to examine subtype differences in various etiologically relevant 

variables, with emphasis on variables that have been overlooked. Subtype differences in 

demographics and psychiatric symptoms should continue to be examined, as should 

comorbidities that have been relatively less well studied, including HCV infection, 

substance use, and cardiovascular risk factors. Future investigations into CART-related 

mechanisms of neuropsychological impairment should move beyond use and nonuse into 

more detailed examinations of adherence, specific drug regimens, CNS penetrability 

(Letendre et al., 2004), and ART-related neurotoxicity. An unstudied question is whether 

neuropsychological subtypes in HIV infection differ in their neuropathological profiles, 

which is necessary to validate the neural underpinnings of HAND subtypes and the 

nature of the memory deficit in HAND; thus, studies should incorporate markers of CNS 

HIV infection, vascular and inflammatory biomarkers, AD biomarkers (e.g., CSF beta-

amyloid), and structural and functioning neuroimaging measures. Subtype differences in 

prognostic indicators should also be assessed. These include investigation of functional 

abilities cross-sectionally as well as cognitive and functional decline longitudinally. The 

inclusion of functional abilities as a validator, or ideally as a clustering variable, may be 

particularly helpful in enhancing the clinical utility of the neuropsychological profile. 

Longitudinal examination for several years or more is essential for understanding not 



57 

only the prognostic profiles of HAND subtypes but also the impact of aging on the 

neuropsychological profile of HAND. 

Finally, treatment outcome studies are required to determine whether HAND 

subtypes demonstrate differential benefit from treatments targeted to their particular 

etiologic and/or neuropsychological profile. For example, clinical trials are needed to 

verify whether HIV-specific and comorbidity-related interventions are indeed beneficial 

for the memory and global patterns of HAND, respectively. Additional directions for 

intervention studies are dependent on future etiologic findings. For example, if the motor 

subtype of HAND is found to be associated with the use of neurotoxic CART agents, 

modifications to CART regimens may be examined as a treatment for this subtype. If the 

circumscribed memory subtype is reliably linked to vascular, metabolic, and 

inflammatory disruptions of aging in the context of chronic HIV infection, trials 

examining the benefit of adjuvant therapies targeting inflammation, vascular, and 

metabolic disruption may be warranted. 

In addition to treatments targeting etiology, HAND subtypes may benefit from 

treatment targeted to their particular neuropsychological profile. Cognitive rehabilitation 

been beneficial in a range of populations (Cicerone et al., 2011; Wykes, Huddy, Cellard, 

McGurk, & Czobor, 2011), and matching cognitive interventions to patients’ specific 

deficits has been shown to be most effective for a range of complex neuropsychological 

disorders, including amnesia, aphasia, and everyday functional impairment in 

schizophrenia and dementia (Bowie, Grossman, Gupta, Oyewumi, & Harvey, 2014; 

Giovannetti, Seligman, Britnell, Brennan, & Libon, 2015; Riddoch & Humphreys, 1994; 

Sohlberg & Mateer, 2001; Wilson, 1999). Studies are needed to determine whether 
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HAND subtypes benefit differentially from cognitive rehabilitation and whether 

cognitive interventions are more effective when they are designed to target specific 

neuropsychological profiles of HAND. 

Perhaps most importantly, when neuropsychological subtypes demonstrate 

significant associations with mechanisms and outcomes, direct statistical comparisons are 

required to determine whether, and in what situations, these subtypes offer incremental 

validity over conventional methods. Investigating incremental validity requires 

examining the original classification method (i.e., Frascati HAND diagnosis) as a 

predictor of the etiologic or prognostic variable of interest (e.g., a pro-inflammatory 

biomarker, or longitudinal progression to dementia), then adding the new classification 

method (i.e., neuropsychological subtype) to the model to test whether it explains 

additional variance in the dependent variable. The MCI literature has demonstrated that 

empirically-based subtyping methods can improve etiologic and prognostic 

understanding and reduce diagnostic error. There is preliminary evidence for similar 

benefits in the context of HIV infection, perhaps most notably in the ability of subtyping 

to differentiate between HIV- and comorbidity-related deficits and identify individuals at 

greater risk for specific patterns of longitudinal decline. However, these potential benefits 

must be tested directly with examinations of the incremental validity of subtypes over 

conventional methods. Further research will determine whether the current challenges in 

the study of neuropsychological impairment in HIV infection may be ameliorated by 

addressing the long-acknowledged but understudied heterogeneity of HAND. 
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CHAPTER 3 

METHODS 

 

Participants 

The present study sample is a subset of the Drexel Medicine CNS AIDS Research 

and Eradication Study (CARES) Cohort, a longitudinal cohort of over 500 HIV-1-

infected adults recruited from the Partnership Comprehensive Care Practice of the 

Division of Infectious Disease and HIV Medicine at Drexel University College of 

Medicine, Philadelphia, Pennsylvania. The clinic serves a predominantly urban, low-

income, African-American population, which is reflected in the composition of the 

CARES Cohort. Participants who completed follow-up CARES visits between September 

2013 and May 2015 were invited to participate in the present study. Exclusion criteria 

were English as a secondary language or acute drug intoxication. Procedures were 

completed in accordance with the ethical standards of the Drexel Medicine institutional 

review board, which approved the study, and with the Helsinki Declaration of 1975, as 

revised in 2000. All subjects signed written informed consent and received compensation 

for their time. 

Procedures 

 Each CARES visit involved a comprehensive assessment that included a clinical 

interview, medical records review, biometric assessment, and blood specimen collection. 

A variety of demographic, medical, and psychiatric variables were collected; specific 

variables examined in the present study are detailed below (see Etiologic and Prognostic 

Indicators). In addition, participants in the present study completed a comprehensive 
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neuropsychological protocol assessing seven cognitive domains: fine motor speed and 

dexterity, information processing speed, working memory/executive function, language, 

visuoconstruction, verbal episodic memory, and visuospatial episodic memory. The 

protocol yielded 14 primary neuropsychological measures (two measures per domain), 

described in Table 2. In addition to these primary measures, Recognition performance on 

the Brief Visuospatial Memory Test – Revised (BVMT-R; Benedict, 1997) was also used 

in the qualitative characterization of memory performance patterns. Neurocognitive tests 

were selected for their strong psychometric properties, their validity in detecting HAND 

(Antinori et al., 2007; Carey, Woods, Gonzalez, et al., 2004; Woods et al., 2004), and the 

availability of demographically appropriate norms. 
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Table 2 

Neuropsychological Tests, Test Descriptions, and Dependent Variables by Domain 

 Domain Test Description Dependent 

Variable 

Reference 

Motor 

Speed and 

Dexterity 

Grooved Pegboard 

Dominant Hand  

Pegs must be placed using the dominant 

hand into 25 holes with randomly 

positioned slots 

Total time to 

complete 

(Kløve, 1963; 

Schretlen, Testa, & 

Pearlson, 2010) 

Grooved Pegboard 

Non-Dominant 

Hand 

Pegs must be placed using the non-

dominant hand into 25 holes with randomly 

positioned slots 

Total time to 

complete 

(Kløve, 1963; 

Schretlen et al., 2010) 

Information 

Processing 

Speed 

Trail Making Test – 

Part A 

A line must be drawn to connect a series of 

numbers 

Total time to 

complete 

(Reitan, 1992; 

Schretlen et al., 2010) 

WAIS-III Digit 

Symbol—Coding 

Rows of digits must be marked with 

corresponding symbols according to a digit-

symbol code in 120 seconds 

Total correct items  (Heaton, Taylor, & 

Manly, 2003; 

Wechsler, 1997) 

Executive 

Function/ 

Working 

Memory 

Trail Making Test – 

Part B 

A line must be drawn to connect alternating 

series of numbers and letters 

Total time to 

complete 

(Reitan, 1992; 

Schretlen et al., 2010) 

SENAS Working 

Memory 

Number sequences and spatial sequences 

must be recalled in reverse order; sequences 

of fruits and/or animals must be recalled in 

size order and by category 

Total correct items (Mungas, Reed, 

Crane, Haan, & 

González, 2004; 

Mungas, Reed, Haan, 

& González, 2005) 

Language 

(Verbal 

Fluency) 

SENAS Category 

Fluency 

As many animal names as possible must be 

generated in 60 seconds 

Total number of 

words 

(Mungas et al., 2004, 

2005) 

SENAS Phonemic 

Fluency 

As many words as possible beginning with 

the sounds F or L must be generated in 60 

seconds 

Total number of 

words 

(Mungas et al., 2004, 

2005) 

  

6
1
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Table 2 

(continued) 

 Domain Test Description Dependent Variable Reference 

Visuo-

construction 

BVMT-R Copy An array of 6 geometric figures must be 

copied accurately and in their correct 

spatial location 

Accuracy of 

construction 

(Benedict, 1997) 

Rey-Osterrieth 

Complex Figure 

A complex figure must be copied; 

18 elements are scored based on their 

presence, accuracy, and placement 

Accuracy of 

construction 

(Schretlen et al., 

2010; Taylor, 1998) 

Verbal 

Learning 

and 

Memory 

SENAS WLL I 

Immediate Recall 

15-word list administered over 5 learning 

trials and a delay trial 

Total words recalled 

(trials 3-5) 

(Mungas et al., 2004, 

2005) 

SENAS WLL I 

Delayed Recall 

Total words recalled 

(delay) 

(Mungas et al., 2004, 

2005) 

Visuospatia

l Learning 

and 

Memory 

BVMT-R 

Immediate Recall 

Array of 6 geometric figures administered 

over 3 learning trials, a delay trial, and a 

recognition trial 

Accuracy of 

immediate recall  

(Benedict, 1997; 

Schretlen et al., 2010) 

BVMT-R Delayed 

Recall 

Accuracy of delayed 

recall 

(Benedict, 1997; 

Schretlen et al., 2010) 

Note. WAIS-III = Wechsler Adult Intelligence Scale – Third Edition; SENAS = Spanish and English Neuropsychological 

Assessment Scales; BVMT-R = Brief Visuospatial Memory Test – Revised; WLL = Word List Learning. 

6
2
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With the exception of BVMT-R Copy scores, raw scores were converted to T-

scores (M = 50; SD = 10) using published normative data adjusted for age, education, 

gender, and race/ethnicity (Heaton et al., 2003; Mungas et al., 2005; Schretlen et al., 

2010), with higher scores indicating better performance. Due to their non-normal 

distribution and a lack of comprehensive normative data, BVMT-R Copy scores were 

transformed using the Blom rank-based inverse normal transformation (Blom, 1958), and 

then converted to T-scores, with raw scores of 12 indicating average performance (i.e., T 

= 50) and raw scores of 10 indicating impairment approximately 1.5 SD below normative 

means (i.e., T = 35), based on data from demographically and medically similar samples 

(Hilsabeck, Hassanein, Carlson, Ziegler, & Perry, 2003; Morgan, Woods, Poquette, et al., 

2012). 

Frascati Classifications of HAND 

HAND classifications of neurocognitive performance were made using the deficit 

score approach (Blackstone et al., 2012; Carey, Woods, Gonzalez, et al., 2004; Heaton et 

al., 1995; Heaton, Kirson, et al., 1994; Woods et al., 2004) in accordance with Frascati 

criteria (Antinori et al., 2007). Demographically adjusted T-scores for each test were 

converted to deficit scores, which range from 0, indicating no impairment, to 5, 

indicating severe impairment, as follows: T ≥ 40, D = 0; T = 35-3, D = 1; T = 30-34, D = 

2; T = 25-29, D = 3; T = 20-24, D = 4; T < 20 = 5 (Carey, Woods, Gonzalez, et al., 2004; 

Heaton, Kirson, et al., 1994). Within each domain, test deficit scores were averaged to 

create a domain deficit score. According to Frascati criteria, a diagnosis of HAD may be 

made in the presence of marked impairment, defined as ≥ 2 SD below normative means, 

in at least two cognitive domains, and a diagnosis of MND or ANI may be made in the 
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presence of impairment ≥ 1 SD below normative means in at least two cognitive domains 

(Antinori et al., 2007). Thus, participants demonstrating domain deficit scores > 1.5 in at 

least two domains were classified as having HAD. Participants demonstrating domain 

deficit scores > 0.5 in at least two domains, but not meeting criteria for HAD, were 

classified as having ANI/MND. If neither criterion was met, participants were classified 

as having normal cognition (NC). 

Etiologic and Prognostic Indicators 

The following variables were examined due to their clinical relevance and their 

associations with neurocognitive function and neuropathogenesis in the context of HIV 

infection and/or in the general population. 

Demographics 

Age, sex, race, and years of education were ascertained via self-report. These 

factors are strongly associated with cognitive function, and while we expect normative 

corrections to account for typical associations between these variables and cognition, 

some associations between demographic factors and cognition are expected to remain 

even after using appropriate normative corrections. Namely, age may interact with HIV 

infection to exacerbate cognitive dysfunction (Bhatia et al., 2012; Hardy et al., 1999; 

Seider et al., 2014; Wendelken & Valcour, 2012). Age and years of education were 

examined as continuous variables. Sex was examined as a dichotomous variable (i.e., 

male = 0; female = 1), with transgender participants classified according to their self-

identified gender. Because this sample is predominantly African-American, race was 

analyzed as a dichotomous variable (i.e., African-American = 1; not African-American = 

0). 
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HIV-Related Factors 

Current and nadir CD4+ T-cell count (i.e., CD4 count) and current and peak HIV 

RNA (i.e., viral load) were obtained from medical records. CD4 count is a measure of 

immune integrity, while HIV RNA is a measure of viral replication. Additionally, 

duration of HIV infection was obtained via self-report. These clinically relevant measures 

of HIV disease have been associated with HAND risk, at least in the pre-CART era, with 

some more relevant in the CART era than others (Bornstein, Nasrallah, Para, Whitacre, & 

Fass, 1994; Childs et al., 1999; Clifford & Ances, 2013; Heaton et al., 2011). 

Specifically, measures of prior disease history (i.e., nadir CD4 and peak HIV RNA) may 

be used to detect legacy effects of past acute infection and may be more relevant to 

neurocognitive function in CART-treated persons than measures of current status, which 

tend to be well-controlled (Cohen et al., 2010; Ellis et al., 2011; Heaton et al., 2011; 

Valcour et al., 2006). Similarly, because acute and chronic HIV infection may have 

differing neuropathogenetic processes, duration of infection is relevant for examining the 

progression of neurocognitive sequelae over the course of long-term infection (Clifford, 

2008; Cohen et al., 2010; Deeks, 2011; Nolting et al., 2012). 

ART-Related Factors 

Duration of CART use and current and past use of specific antiretroviral agents 

(Table 3) were obtained via self-report. The CNS penetration effectiveness (CPE) score 

of each patient’s current ART regimen was then calculated (Letendre, 2011; Letendre et 

al., 2008). These variables are relevant to the etiology of cognitive dysfunction for 

several reasons. The CPE score reflects the degree to which the medications penetrate the 

CNS; this scale was developed with the idea that a greater CPE confers neuroprotection 
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by reducing viral replication in the CNS. Some studies have demonstrated better 

cognitive function among individuals taking regimens with higher CPE scores (Cysique 

et al., 2006, 2009, Letendre et al., 2004, 2009), though many studies have shown no 

effect (for review, see Nightingale et al., 2014), and others have demonstrated the 

opposite effect, suggesting that better penetrability can also increase ART neurotoxicity 

(Caniglia et al., 2014; Marra et al., 2009). 

Indeed, there is growing evidence of direct neurotoxicity of ART in the CNS 

(Robertson, Liner, & Meeker, 2012; for review, see Underwood et al., 2015). In addition, 

many antiretroviral agents are known to have direct toxicity to peripheral nerves, as well 

as systemic effects that may cause neurocognitive complications indirectly. Specifically, 

certain nucleoside reverse transcriptase inhibitors (NRTIs) have well-demonstrated 

peripheral neurotoxic effects (Pettersen et al., 2006; Simpson & Tagliati, 1995), while 

many antiretroviral agents, particularly those in the protease inhibitor (PI) class (Friis-

Møller et al., 2007a; Gupta et al., 2012), are associated with metabolic abnormalities and 

increased risk of myocardial infarction. Finally, use of integrase strand transfer inhibitors 

(INSTIs) or of the non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz is 

associated neuropsychiatric symptoms such as depression and insomnia (Gulick, Hirsch, 

& Lane, 2016; Kranick & Nath, 2012). However, there is considerable variability in 

penetrability, neurotoxicity, and other complications within class (Letendre et al., 2008; 

Robertson et al., 2012; Worm et al., 2010), necessitating the examination of individual 

antiretroviral agents. Finally, chronicity of CART use is relevant as cumulative effects of 

CART over time may confer increased neuroprotection, or cumulative neurotoxicity, 
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viral resistance, or diminution of benefits (Cysique et al., 2009; Liner, Hall, & Robertson, 

2008; Underwood et al., 2015). 
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Table 3 

Characteristics of Antiretroviral Agents 

Agent 

(Abbreviation) 
Class Year* 

CPE Score 

(Letendre, 

2011)  

Neurotoxicity 

Index/Risk 

Other Adverse Effects (Peripheral Neuromuscular, Psychiatric, 

Cardiovascular, and Metabolic)  

Zidovudine (AZT) NRTI 1986 4 Low/High 

Myopathy (Chariot, Ruet, & Gherardi, 1994; Harrison & Smith, 

2011); hyperlipidemia, insulin resistance, lipoatrophy (Gulick et 

al., 2016) 

Didanosine (ddI) NRTI 1991 2 High/High 

Neuropathy (Pettersen et al., 2006; Simpson & Tagliati, 1995); 

myocardial infarction (Sabin et al., 2008; Worm et al., 2010); 

insulin resistance (Gulick et al., 2016) 

Stavudine (d4T) NRTI 1994 2 — 

Neuropathy (Pettersen et al., 2006; Simpson & Tagliati, 1995; 

Smyth et al., 2007); hyperlipidemia, insulin resistance, 

lipoatrophy (Gulick et al., 2016) 

Lamivudine (3TC) NRTI 1995 2 High/Low 
Minimal toxicity (Gulick et al., 2016) 

Abacavir (ABC) NRTI 1998 3 High/High 
Myocardial infarction (Obel et al., 2010; Sabin et al., 2008; 

Worm et al., 2010) 

Tenofovir (TDF) NRTI 2001 1 Low/None Minimal toxicity (Gulick et al., 2016) 

Emtricitabine 

(FTC) 
NRTI 2003 3 None/None Minimal toxicity (Gulick et al., 2016) 

  

6
8
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Table 3 

(continued) 

Agent 

(Abbreviation) 
Class Year* CPE Score  

Neurotoxicity 

Index/Risk  

Other Adverse Effects (Peripheral Neuromuscular, Psychiatric, 

Cardiovascular, and Metabolic)  

Efavirenz (EFV) NNRTI 1998 3 High/None 
Neuropsychiatric symptoms (Clifford et al., 2005; Kranick & 

Nath, 2012); hyperlipidemia (Gulick et al., 2016) 

Ritonavir (RTV) PI 1996 1 Low/None 

Neuropathy (Pettersen et al., 2006; Smyth et al., 2007); 

myopathy (Harrison & Smith, 2011); hyperlipidemia, 

hyperglycemia, lipohypertrophy (Gulick et al., 2016) 

Indinavir (IDV) PI 1996 *3 — 

Neuropathy (Pettersen et al., 2006; Smyth et al., 2007); 

myocardial infarction (Worm et al., 2010); hyperlipidemia, 

hyperglycemia, insulin resistance (Gulick et al., 2016) 

Nelfinavir (NFV) PI 1997 1 — 

Myopathy (Hare, Vu, Grunfeld, & Lampiris, 2002); 

hyperlipidemia, hyperglycemia, lipohypertrophy (Gulick et al., 

2016) 

Lopinavir (LPV) PI 2000 3 — 
Myocardial infarction (Worm et al., 2010); hyperlipidemia, 

hyperglycemia, insulin resistance (Gulick et al., 2016) 

Atazanavir (ATV) PI 2003 2 High/Low 
Hyperlipidemia, hyperglycemia, insulin resistance (Gulick et 

al., 2016) 

Darunavir (DRV) PI 2006 3 Low/None 
Hyperlipidemia, hyperglycemia, insulin resistance (Gulick et 

al., 2016) 

Raltegravir (RAL) INSTI 2007 3 — 
Insomnia, depression, suicidal ideation; lipohypertrophy 

(Gulick et al., 2016); myopathy (Harrison & Smith, 2011) 

Elvitegravir (EVG) INSTI 2012 2 — Depression, suicidal ideation (Gulick et al., 2016) 

Note. CPE score (Letendre, 2011) is based on in vivo CSF concentration, neurotoxicity index (Robertson et al., 2012) is based on 

in vitro toxicity alone, and neurotoxicity risk (Robertson et al., 2012) is based on both factors. CPE = CNS penetration 

effectiveness; NRTI = nucleoside/nucleotide reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase 

inhibitor; PI = protease inhibitor; INSTI = integrase strand transfer inhibitor. 

* Year approved for use in U.S. 

6
9
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Comorbid Conditions and Substance Use 

Height and weight were measured at the time of the CARES visit and used to 

calculate body mass index (BMI) and obesity (i.e., BMI ≥ 30). The following additional 

comorbidity variables were obtained by self-report: HCV infection, lifetime history of 

depression, and lifetime recreational use of the following specific substances: cocaine, 

heroin, non-heroin opiates, and benzodiazepines. All comorbid conditions were examined 

as dichotomous variables. Comorbidity variables were selected due to their high 

prevalence among persons living with HIV, and their associations with cognitive 

dysfunction in both HIV-seropositive (Crum-Cianflone et al., 2010; Devlin et al., 2012; 

Durvasula, Myers, Mason, & Hinkin, 2006; Fellows, Byrd, & Morgello, 2013; Hilsabeck 

et al., 2005; Martin-Thormeyer & Paul, 2009; McCutchan et al., 2012; Tedaldi et al., 

2015) and HIV-seronegative persons (Fernandez-Serrano, Perez-Garcia, & Verdejo-

Garcia, 2011; Forton et al., 2005; Gunstad, Lhotsky, Wendell, Ferrucci, & Zonderman, 

2010; Hamilton et al., 2014). 

Everyday and Occupational Function 

Everyday functioning was assessed with the Functional Activities Questionnaire 

(FAQ), a self-report questionnaire of complex activities of daily living (Pfeffer, Kurosaki, 

Harrah, Chance, & Filos, 1982). The FAQ assesses an individual’s functioning in each of 

ten complex activities of daily living (e.g., shopping, managing finances, transportation) 

on a scale ranging from 0 (no difficulty) to 3 (dependence), resulting in total scores 

ranging from 0 to 30. The FAQ was selected for its high reliability, ability to differentiate 

demented from non-demented persons, sensitivity to detect the subtle deficits associated 

with mild cognitive disorders, and utility in predicting cognitive and functional decline 
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(Hershey, Jaffe, Greenough, & Yang, 1987; Pfeffer et al., 1982; Tabert et al., 2002; Teng, 

Becker, Woo, Cummings, & Lu, 2010; Teng, Becker, Woo, Knopman, et al., 2010). 

Occupational functioning was assessed with self-reported employment status (i.e., 

employed or unemployed). Employment status was chosen for its association with current 

cognitive status and risk for dementia (Alvarado-Esquivel et al., 2004; Anttila et al., 

2002; Heaton, Velin, et al., 1994; Kalechstein, Newton, & van Gorp, 2003; van Gorp, 

Baerwald, Ferrando, McElhiney, & Rabkin, 1999). Both everyday and occupational 

function were selected due to their economic, public health, and quality of life 

implications. 

Data Analytic Plan 

Statistical analyses were performed in MPlus Version 7 (Muthén & Muthén, 

2012). Prior to analysis, data were screened for missingness, outliers, and normality. 

Invalid outliers were corrected or deleted, and valid outliers were assigned the next value 

closer to the mean. As noted above, BVMT-R Copy scores were transformed using Blom 

rank-based inverse normal transformation (Blom, 1958). T-scores of all neurocognitive 

tests were approximately normally distributed. HIV viral load values were log-

transformed, as is conventional due to the exponential nature of viral replication. Other 

non-normally distributed auxiliary variables (e.g., nadir CD4, FAQ score) were not 

transformed so as not to impede clinical interpretation. All analyses of auxiliary variables 

used full information maximum likelihood estimation with robust (Huber-White) 

standard errors (i.e., MLR estimation), which is robust to deviations from normality. 

Among neuropsychological variables, eleven participants (5.7% of the sample) 

were missing data for Grooved Pegboard Non-Dominant Hand due to participant refusal 
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or inability. No participants were missing data for either verbal fluency measure. For all 

other neuropsychological variables, the rate of missingness was < 5%. One participant 

(0.5%) was missing data for current HIV viral load, and nineteen participants (9.8%) 

were missing data for CART duration. Among comorbid conditions, 45 participants 

(23%) were missing data for obesity, and 27 (14%) were missing data for HCV. Missing 

obesity data were due to participant refusal or experimenter error; missing data on HIV- 

and ART-related measures and all other comorbid conditions were due to participant 

uncertainty and medical record incompleteness. Seven participants (3.6%) were missing 

data for FAQ and employment due to participant refusal. Thus, rates of missing data were 

low (i.e., ≤ 5%) for most variables. 

For variables with > 5% of data missing, missingness on that variable was 

examined in relation to all other variables of interest (i.e., four demographic, five HIV-

related, 26 ART-related, three comorbid, four substance use, 14 neurocognitive, and two 

functioning variables). Bonferroni correction was applied within each variable category 

based on the number of variables within the category. Participants missing Grooved 

Pegboard Non-Dominant Hand, obesity, or HCV data did not differ in any variable from 

those without missing data, indicating data were missing completely at random (MCAR). 

Participants missing CART duration data had fewer years of education (M = 10.16 vs. 

12.16), F (1, 191) = 16.49, p < .001, η2
p = .08, longer HIV infection duration (M = 24.49 

vs. 18.33), F (1, 191) = 11.74, p = .001, η2
p = .06, and poorer SENAS Working Memory 

performance (M = 37.80 vs. 44.61), F (1, 181) = 9.65, p = .002, η2
p = .05, than 

participants without missing data. Thus, CART duration data were not MCAR. However, 

structural equation modeling assumes missing at random (MAR), a less strict standard 
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than MCAR; in the context of MAR, parameters can still be estimated based on available 

data (see Graham, 2009). In addition, analyses used MLR estimation, a robust estimator 

for missing data. 

Aim 1 

To investigate the presence of neuropsychological subtypes among HIV+ persons, 

demographically adjusted T-scores of the 14 neuropsychological measures of interest (see 

Table 1) were entered as indicators in LCA. A one-class model was first examined, and 

the number of classes was then increased one class at a time until there was no additional 

improvement in model fit. The optimal model solution was determined based on a 

preponderance of quantitative and qualitative evidence, including fit statistics, 

parsimoniousness, and substantive interpretation. Fit statistics included Akaike 

Information Criterion (AIC), Bayesian Information Criterion (BIC), and sample size-

adjusted BIC (aBIC; Akaike, 1974; Schwarz, 1978; Sclove, 1987); smaller values on 

these indices indicate better model fit. Additionally, the bootstrap likelihood ratio test 

(BLRT) and Vuong-Lo-Mendell-Rubin (VLMR) likelihood ratio test were used to 

determine whether the model with k classes better fit the data than the model with k-1 

classes. Based on the results of a simulation study, the BIC and BLRT were given the 

most weight among information criteria and likelihood ratio tests, as they have shown the 

greatest accuracy in selecting the optimal class solution (Nylund, Asparouhov, & 

Muthén, 2007). Entropy, an index derived from posterior probabilities, was used to assess 

the accuracy of class membership; higher values indicate more accurate classification. 

Finally, class sizes were considered, as small class sizes may indicate model over-fitting 

and poor generalizability of the class solution. Following identification of the optimal 
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model, each class was assigned a qualitative descriptor based on its level and pattern of 

performance. 

Aim 2 

To examine diagnostic agreement, we performed a cross-tabulation of LCA-

identified subtypes and Frascati HAND categories. 

Aim 3 

We examined the association of LCA-derived subtypes and of Frascati HAND 

categories with the following auxiliary variables: 1) demographics: age, sex, race, and 

education; 2) HIV-related factors: current and nadir CD4, current and peak HIV RNA, 

duration of HIV infection; 3) ART-related factors: duration of CART use, current and 

past use of specific antiretroviral drugs if used by at least 10% of the sample, and CPE 

score; 4) comorbid conditions: obesity, HCV infection, depression; 5) substance use 

variables: lifetime history of recreational use of cocaine, heroin, non-heroin opiates, and 

benzodiazepines; and 6) everyday and occupational function: FAQ score, employment. 

We first examined associations between auxiliary variables and LCA-derived 

classes using path analyses in which LCA class served as the independent variable and 

each auxiliary variable served as the dependent variable. In a second set of path analyses, 

Frascati HAND category served as the independent variable. Because older age is 

significantly associated with longer HIV duration and CART duration, age was also 

included as a covariate in analyses of these factors. To reduce the risk of Type I error, 

tests were corrected for multiple comparisons using Bonferroni correction based on the 

number of comparisons within each auxiliary domain (e.g., demographics: 4 

comparisons). We compared the number, strength, and nature of associations of auxiliary 
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variables and LCA-derived groups to the number, strength, and nature of associations of 

auxiliary variables and Frascati HAND diagnoses. 
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CHAPTER 4 

RESULTS 

 

Sample Characteristics 

One hundred ninety-three individuals participated in the present study. 

Participants ranged in age from 26 to 73 years, with an average age of 51.53 (SD = 8.04) 

and average educational attainment of 11.92 years (SD = 2.12). The sample was 

predominantly African-American (n = 171, 89%), and a majority were men (n = 126, 

65%), but women were also well-represented. Participants on average had longstanding 

HIV infection (M = 19 years, SD = 8), nearly all were being treated with CART (n = 188, 

97%), and most demonstrated viral suppression (i.e., HIV RNA < 200 copies/ml, n = 165, 

86%). 

Latent Class Analysis 

Values of BIC indicated that the four-class model best fit the data (Table 4). The 

BLRT remained statistically significant through models with very high numbers of 

classes that are inconsistent with parsimoniousness and theory. Consequently, the BIC 

was the primary fit statistic used in model selection. In addition, values of AIC, aBIC, 

and log likelihood difference values indicated substantial improvement in model fit for 

the two-class model, with steady improvement through the four-class model, and 

diminished improvement thereafter. The VLMR test only reached statistical significance 

for the two-class model; however, this test is highly susceptible to error, particularly in 

models with similar numbers of cases and indicators as the present study (Nylund et al., 

2007). Entropy indicated that classification accuracy was acceptable for the four-class 
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solution. The smallest class in the four-class solution was comprised of >10% of the 

sample, whereas in models with five or more classes, the smallest class sizes were <10%,  

indicating potential model over-fitting. Finally, the presence of at least four patterns of 

cognition in HIV infection has been supported by most CART-era cluster analytic studies 

(Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003). Thus, we interpreted 

the four-class solution based on a preponderance of qualitative and quantitative evidence. 

The four-class solution identified three classes with cognitive impairment and one 

class with intact cognition. Neuropsychological performance within the classes is 

presented in Figure 1. The intact class comprised 37% of the sample (n = 72) and 

demonstrated performance that fell within 1 SD of normative means on all tests. Another 

class (n = 34; 18%) demonstrated mild-to-moderate impairment in Grooved Pegboard 

bilaterally, as well as a mild impairment on Trail Making Test Part A. This class was 

termed the motor/speed impairment group. The largest impaired class, comprising 29% 

of the sample (n = 56) demonstrated moderate impairment on the BVMT-R, mild-to-

moderate impairment on Word List Learning, and mild impairment on the Rey-Osterrieth 

Complex Figure and BVMT-R copy, and was termed the memory/visuoconstruction 

group. The final group (n = 31; 16%) demonstrated impairments in nearly all cognitive 

measures, including moderate deficits on Grooved Pegboard bilaterally, BVMT-R, and 

Rey-Osterrieth Complex Figure copy; mild-to-moderate deficits in Working Memory, 

BVMT-R copy, and Word List Learning; and mild deficits on most other tasks. This class 

was termed the moderate mixed impairment group. Both groups with memory 

impairment demonstrated weak learning and delayed recall, with minimal forgetting. 

Recognition performance was markedly better than immediate and delayed recall but still 
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in the impaired range. Thus, the pattern of memory performance was suggestive of a 

mixed encoding and retrieval deficit without a retention deficit. 
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Table 4 

Latent Class Analysis of Cognitive Performance 

Classes Parameters AIC BIC aBIC Entropy -2LL Smallest class VLMR p BLRT p 

1 28 19926 20018 19929 — — 100% — — 

2 43 19354 19494 19358 0.905 602.73 45% <0.0001 <0.0001 

3 58 19277 19466 19283 0.867 106.68 13% 0.3133 <0.0001 

4 73 19203 19441 19210 0.858 110.03 16% 0.5633 <0.0001 

5 88 19156 19443 19164 0.880 77.08 8% 0.1291 <0.0001 

6 103 19119 19456 19129 0.886 66.67 1% 0.4653 <0.0001 

Note. N = 193. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; aBIC = sample size-adjusted BIC; -

2LL = twice the log-likelihood difference; VLMR = Vuong-Lo-Mendell-Rubin likelihood ratio test; BLRT = bootstrap likelihood 

ratio test. 

7
9
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Figure 1. Cognitive Performance of Latent Classes. D = Dominant Hand; ND = Non-Dominant Hand; Work. Mem. = Working 

Memory; FAS = letter fluency (FAS); BVMT-R = Brief Visuospatial Memory Test—Revised; ROCF = Rey-Osterrieth Complex 

Figure; WLL = Word List Learning; Imm. = Immediate; Visuo. = visuoconstruction.
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Agreement of Latent Classes with Frascati Criteria 

Using neurocognitive diagnoses based on Frascati criteria, 70 participants (36% 

of the sample) were diagnosed with HAD, 55 (29%) with ANI/MND, and 68 (35%) with 

NC. Diagnostic agreement between latent classes and Frascati HAND categories is 

presented in Table 5. All participants in the moderate mixed impairment class were 

diagnosed with HAD. In the motor/speed impairment class, most participants (62%) were 

diagnosed with ANI/MND, but a large minority (27%) was diagnosed with HAD, and 

12% were diagnosed with NC. Similarly, in the memory/visuoconstruction impairment 

class, a majority (52%) were diagnosed with HAD, but many (36%) were diagnosed with 

ANI/MND, and 12% with NC. Finally, most of the intact class (79%) was diagnosed with 

NC by Frascati criteria, while 19% were diagnosed with ANI/MND and only 1% with 

HAD. 

 

Table 5 

Relation of Latent Classes to Frascati HAND Categories 

 Latent Class  

 Cognitively 

Intact 

Motor/ 

Psychomotor 

Impairment 

Memory/ 

Visuoconstruction 

Impairment 

Moderate 

Mixed 

Impairment 

Total 

Frascati 

Diagnosis 
     

NC 57 4 7 0 68 

ANI/MND 14 21 20 0 55 

HAD 1 9 29 31 70 

Total 72 34 56 31 193 

Note. HAND = HIV-associated neurocognitive disorder; NC = normal cognition; 

ANI/MND = asymptomatic neurocognitive impairment/mild neurocognitive disorder; 

HAD = HIV-associated dementia. 

 

When the three impaired latent classes were combined into a single impaired 

group, and the ANI/MND and HAD groups were combined into a single HAND group, 
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rates of impairment were 63% by LCA and 65% by Frascati criteria. Diagnoses were 

concordant in 87% of cases, reflecting substantial agreement (κ = .709, SE = .053; 

Cohen, 1960). Fifteen participants (8%) were diagnosed with HAND by Frascati criteria 

but classified as cognitively intact by LCA, and 11 participants (6%) were diagnosed with 

NC by Frascati criteria but classified as impaired by LCA. 

Auxiliary Variables 

Demographics 

Associations of latent classes and Frascati HAND categories with demographic 

factors are presented in Table 6. The motor/speed impairment class was significantly 

older than the memory/visuoconstruction impairment class, B (SE) = 3.62 (1.62), p = 

.026, though this difference did not survive correction for multiple comparisons. No other 

demographic variables demonstrated significant associations with latent classes or 

Frascati HAND categories. 

HIV-Related Factors 

Associations of latent classes and Frascati HAND categories with HIV-related 

factors are presented in Table 7. Adjusting for age, the moderate mixed impairment class 

had significantly longer HIV duration than the intact class, B (SE) = 4.58 (1.67), p = .006. 

This association remained significant after correction for multiple comparisons, p = .03. 

The memory/visuoconstruction impairment class had lowest CD4 nadir of the latent 

classes, and the difference between this group and the moderate mixed impairment group 

just failed to reach statistical significance, B (SE) = 89.15, 45.60, p = .051. Frascati 

categories did not demonstrate significant associations with any HIV-related variables. 
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Table 6 

Path Analyses of Demographic Factors as a Function of Latent Classes and Frascati HAND Categories 

Demographic Factor Latent Class B (SE) p EMM  HAND Category B (SE) p EMM  

Age Intact — — 52.24  NC — — 52.63  

 Motor Impairment 1.14 (1.69) .498 53.38 a ANI/MND -0.76 (1.47) .606 51.87  

 Memory Impairment -2.46 (1.32) .063 49.77 a HAD -2.43 (1.33) .069 50.20  

 Mixed Impairment -1.17 (1.85) .527 51.06       

 Model F 1.75 .159   Model F 1.09 .355   

 R2 .03    R2 .02     

Education Intact — — 12.14  NC — — 12.24  

 Motor Impairment -0.28 (0.49) .562 11.85  ANI/MND -0.58 (0.38) .131 11.65  

 Memory Impairment -0.19 (0.35) .583 11.95  HAD -0.30 (0.36) .398 11.93  

 Mixed Impairment -0.46 (0.44) .303 11.68       

 Model F 0.38 .767   Model F 0.77 .515   

 R2 .01    R2 .01     

  OR (95% CI) p PP   OR (95% CI) p PP  

Female Intact — — 32%  NC — — 28%  

 Motor Impairment 1.16 (0.49-2.74) .732 35%  ANI/MND 1.47 (0.68-3.15) .319 36%  

 Memory Impairment 1.48 (0.71-3.07) .287 41%  HAD 1.71 (0.84-3.50) .137 40%  

 Mixed Impairment 0.87 (0.34-2.19) .770 29%       

 Model F 0.70 .553   Model F 1.02 .383   

 R2 .01    R2 .02     

African-American Intact — — 90%  NC — — 91%  

 Motor Impairment 0.80 (0.21-2.97) .748 88%  ANI/MND 0.56 (0.18-1.75) .325 85%  

 Memory Impairment 0.89 (0.28-2.83) .854 89%  HAD 0.74 (0.24-2.28) .613 89%  

 Mixed Impairment 0.55 (0.16-1.92) .357 84%       

 Model F 0.77 .515   Model F 0.96 .413   

 R2 .01    R2 .02     

  

8
3
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Table 6 

(continued) 

Note. The intact class or the NC group is the reference group for parameter estimates and p values. Superscripts indicate estimates 

that differ significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of HAND 

categories, dfM = 2, dfE = 190. Additional statistics are reported in the text. HAND = HIV-associated neurocognitive disorder; NC 

= normal cognition; ANI/MND = asymptomatic neurocognitive impairment/mild neurocognitive disorder; HAD = HIV-associated 

dementia; EMM = estimated marginal mean; PP = predicted probability. 

8
4
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Table 7 

Path Analyses of HIV-Related Factors as a Function of Latent Classes and Frascati HAND Categories 

HIV-Related 

Factor 
Latent Class B (SE) p EMM  

HAND 

Category 
B (SE) p EMM  

HIV Duration 

(Years) 

Intact — — 17.27 a NC — — 18.25  

Motor Impairment 2.49 (1.39) .073 19.77  ANI/MND 0.59 (1.34) .662 18.84  

 Memory Impairment 1.62 (1.25) .193 18.89  HAD 1.40 (1.16) .228 19.66  

 Mixed Impairment 4.58 (1.67) .006 21.85 a      

 Model F 7.47 <.001   Model F 4.60 .004   

 R2 .11     R2 .07     

Nadir CD4 

(cells/μl) 

Intact — — 230.28  NC — — 225.63  

Motor Impairment 44.13 (43.23) .307 274.41  ANI/MND -7.52 (32.84) .819 218.11  

 Memory Impairment -36.84 (33.41) .270 193.43  HAD 33.83 (36.11) .349 259.47  

 Mixed Impairment 52.3 (44.90) .244 282.58       

 Model F 1.81 .146   Model F 0.51 .677   

 R2 .03     R2 .01     

Current CD4 

(cells/μl) 

Intact — — 616.96  NC — — 616.79  

Motor Impairment 64.98 (65.00) .318 681.94  ANI/MND 45.04 (50.50) .372 661.84  

 
Memory Impairment 49.59 (52.53) .345 666.55  HAD 

102.74 

(63.01) .103 719.54 
 

 Mixed Impairment 150.04 (103.16) .146 767.00       

 Model F 1.35 .259   Model F 0.96 .413   

 R2 .02     R2 .02     

Peak Viral Load 

(log copies/ml) 

Intact — — 4.52  NC — — 4.65  

Motor Impairment 0.03 (0.21) .863 4.56  ANI/MND -0.07 (0.18) .686 4.58  

 Memory Impairment 0.12 (0.19) .522 4.64  HAD -0.25 (0.18) .172 4.40  

 Mixed Impairment -0.14 (0.24) .557 4.37       

 Model F 0.44 .722   Model F 0.70 .553   

 R2 .01     R2 .01     

  

8
5
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Table 7 

(continued) 
        

 
 

Current Viral 

Load (log 

copies/ml) 

Intact — — 1.75  NC — — 1.73  

Motor Impairment -0.05 (0.15) .710 1.69  ANI/MND -0.09 (0.15) .556 1.64  

Memory Impairment -0.05 (0.16) .726 1.69  HAD 0.01 (0.14) .897 1.75  

 Mixed Impairment -0.09 (0.15) .525 1.65       

 Model F 0.13 .944   Model F 0.19 .903   

 R2 .00     R2 .00     

Note. The intact class or the NC group is the reference group for parameter estimates and p values. Superscripts indicate 

estimates that differ significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of 

HAND categories, dfM = 2, dfE = 190. Additional statistics are reported in the text. Age was included as a covariate in 

analyses of HIV duration. HAND = HIV-associated neurocognitive disorder; NC = normal cognition; ANI/MND = 

asymptomatic neurocognitive impairment/mild neurocognitive disorder; HAD = HIV-associated dementia; EMM = estimated 

marginal mean. 

8
6
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ART-Related Factors 

Associations of latent classes and Frascati HAND categories with ART-related 

factors are presented in Table 8. Adjusting for age, the moderate mixed impairment class 

had longer CART duration than the intact class, B (SE) = 3.47 (1.77), p = .05. The 

motor/speed impairment class had significantly higher odds of past zidovudine (AZT) use 

than the cognitively intact class OR (95% CI) = 2.53 (1.09-5.84), p = .029. Both the 

motor/speed impairment class, OR (95% CI) = 4.68 (1.31-16.66), p = .017, and the 

moderate mixed impairment class, OR (95% CI) = 3.79 (1.01-14.21), p = .048, had 

higher odds of past stavudine (d4T) use than the memory/visuoconstruction class. The 

intact class, OR (95% CI) = 4.54 (1.25-16.47), p = .021, memory/visuoconstruction 

impairment class, OR (95% CI) = 6.20 (1.68-22.84), p = .006, and moderate mixed 

impairment class, OR (95% CI) = 4.92 (1.21-20.01), p = .026, all had higher odds of 

current efavirenz (EFV) use than the motor/speed impairment class. The motor/speed 

impairment class also had higher odds of current darunavir (DRV) use than the intact 

class, OR (95% CI) = 2.65 (1.09-6.46), p = .031. 

Among Frascati HAND categories, the ANI/MND group had higher odds of 

current abacavir (ABC) use than the NC group, OR (95% CI) = 2.73 (1.16-6.41), p = 

.021, and higher odds of current lamivudine (3TC) use than the NC group, OR (95% CI) 

= 2.88 (1.26-6.59), p = .012, and the HAD group, OR (95% CI) = 2.71 (1.20-6.09), p = 

.016. Latent classes and Frascati categories were not significantly associated with CPE 

scores or any other specific antiretroviral agent. No associations of latent classes or 

Frascati categories with ART-related factors survived multiple comparison correction. 
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Table 8 

Path Analyses of ART-Related Factors as a Function of Latent Classes and Frascati HAND Categories 

General ART-

Related Factor 
Latent Class B (SE) p EMM  HAND Category B (SE) p EMM  

Years on CART Intact — — 11.83 a NC — — 12.01  

 Motor Impairment 1.74 (1.45) .232 13.57  ANI/MND 1.55 (1.16) .181 13.57  

 Memory Impairment 1.05 (1.16) .368 12.88  HAD 1.54 (1.25) .219 13.55  

 Mixed Impairment 3.47 (1.77) .050 15.30 a      

 Model F 3.32 .021   Model F 2.08 .104   

 R2 .05     R2 .03     

CPE Score Intact — — 7.31  NC — — 7.34  

 Motor Impairment 0.34 (0.32) .299 7.65  ANI/MND 0.31 (0.30) .303 7.65  

 Memory Impairment 0.06 (0.30) .818 7.38  HAD -0.11 (0.29) .710 7.23  

 Mixed Impairment 0.01 (0.41) .968 7.32       

 Model F 0.32 .813   Model F 0.64 .592   

 R2 .01     R2 .01     

Pre-CART NRTI  OR (95% CI) p PP   OR (95% CI) p PP  

Zidovudine 

(past) 

Intact — — 33% b NC — — 35%  

Motor Impairment 2.53 (1.09-5.84) .029 56% b ANI/MND 2.04 (0.98-4.22) .054 53%  

 Memory Impairment 1.61 (0.78-3.31) .193 45%  HAD 1.45 (0.73-2.89) .282 44%  

 Mixed Impairment 2.13 (0.90-5.03) .084 52%       

 Model F 2.49 .062   Model F 1.55 .203   

 R2 .04     R2 .02     

Didanosine 

(past) 

Intact — — 11%  NC — — 9%  

Motor Impairment 1.71 (0.54-5.40) .357 18%  ANI/MND 1.50 (0.47-4.77) .486 13%  

 Memory Impairment 0.78 (0.24-2.54) .686 9%  HAD 1.72 (0.58-5.03) .321 14%  

 Mixed Impairment 1.18 (0.32-4.27) .795 13%       

 Model F 1.35 .259   Model F 1.09 .355   

 R2 .02     R2 .02     

8
8
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Table 8 

(continued) 
   

 
    

 
 

Pre-CART NRTI 

(continued) 
Latent Class OR (95% CI) p PP  HAND Category OR (95% CI) p PP  

Stavudine 

(past) 

Intact — — 12%  NC — — 15%  

Motor Impairment 2.51 (0.89-7.07) .080 26% c ANI/MND 1.13 (0.42-3.02) .800 16%  

 Memory Impairment 0.53 (0.15-1.84) .325 7% c,d HAD 0.96 (0.37-2.49) .944 14%  

 Mixed Impairment 2.04 (0.68-6.09) .201 23% d      

 Model F 6.38 <.001   Model F 0.06 .979   

 R2 .09     R2 .00     

CART-era NRTI           

Abacavir 

(past) 

Intact — — 26%  NC — — 16%  

Motor Impairment 1.00 (0.39-2.53) .993 26%  ANI/MND 1.71 (0.78-3.72) .174 25%  

 Memory Impairment 1.32 (0.61-2.85) .477 32%  HAD 0.88 (0.40-1.94) .768 15%  

 Mixed Impairment 0.81 (0.30-2.19) .683 23%       

 Model F 0.51 .677   Model F 1.42 .239   

 R2 .01     R2 .02     

Abacavir Intact — — 22%  NC — — 25% i 

(current) Motor Impairment 1.07 (0.40-2.83) .881 24%  ANI/MND 2.73 (1.16-6.41) .021 48% i 

 Memory Impairment 1.05 (0.46-2.43) .894 23%  HAD 1.29 (0.54-3.09) .560 30%  

 Mixed Impairment 1.02 (0.37-2.80) .968 23%       

 Model F 0.00 .999   Model F 3.25 .023   

 R2 .00     R2 .05     

Lamivudine  Intact — — 47%  NC — — 47%  

(past) Motor Impairment 1.11 (0.49-2.52) .789 50%  ANI/MND 1.45 (0.71-2.97) .305 56%  

 Memory Impairment 1.04 (0.51-2.09) .911 48%  HAD 0.84 (0.43-1.65) .620 43%  

 Mixed Impairment 1.04 (0.45-2.43) .914 48%       

 Model F 0.00 .999   Model F 0.89 .445   

 R2 .00     R2 .01     
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Table 8 

(continued) 
   

 
    

 
 

CART-era NRTI 

(continued) 
Latent Class OR (95% CI) p PP  HAND Category OR (95% CI) p PP  

Lamivudine 

(current) 

Intact — — 24%  NC — — 18% j 

Motor Impairment 1.16 (0.45-2.97) .750 26%  ANI/MND 2.88 (1.26-6.59) .012 38% j,k 

 Memory Impairment 0.88 (0.38-2.04) .770 21%  HAD 1.06 (0.44-2.53) .888 19% k 

 Mixed Impairment 1.12 (0.42-2.96) .812 26%       

 Model F 0.19 .903   Model F 4.16 .007   

 R2 .00     R2 .06     

Emtricitabine 

(past) 

Intact — — 35%  NC — — 32%  

Motor Impairment 1.16 (0.50-2.70) .725 38%  ANI/MND 1.10 (0.52-2.34) .798 35%  

 Memory Impairment 0.89 (0.42-1.86) .759 32%  HAD 1.09 (0.53-2.21) .810 34%  

 Mixed Impairment 0.76 (0.30-1.91) .574 29%       

 Model F 0.32 .813   Model F 0.06 .979   

 R2 .01     R2 .00     

Emtricitabine 

(current) 

Intact — — 74%  NC — — 76%  

Motor Impairment 0.86 (0.34-2.12) .745 71%  ANI/MND 0.49 (0.22-1.08) .080 62%  

 Memory Impairment 0.98 (0.44-2.15) .960 73%  HAD 0.95 (0.43-2.09) .917 76%  

 Mixed Impairment 0.75 (0.30-1.88) .544 68%       

 Model F 0.19 .903   Model F 1.81 .146   

 R2 .00     R2 .03     

Tenofovir Intact — — 50%  NC — — 49%  

(past) Motor Impairment 0.88 (0.39-2.01) .777 47%  ANI/MND 0.82 (0.40-1.67) .589 44%  

 Memory Impairment 0.69 (0.34-1.41) .315 41%  HAD 0.84 (0.43-1.64) .617 44%  

 Mixed Impairment 0.72 (0.30-1.69) .453 42%       

 Model F 0.51 .677   Model F 0.13 .944   

 R2 .01     R2 .00     
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Table 8 

(continued) 
   

 
    

 
 

CART-era NRTI 

(continued) 
Latent Class OR (95% CI) p PP  

HAND 

Category 
OR (95% CI) p PP  

Tenofovir 

(current) 

Intact — — 79%  NC — — 81%  

Motor Impairment 1.22 (0.43-3.50) .701 82%  ANI/MND 0.69 (0.29-1.62) .400 75%  

 Memory Impairment 0.96 (0.41-2.26) .935 79%  HAD 0.94 (0.40-2.19) .896 80%  

 Mixed Impairment 0.75 (0.28-2.02) .579 74%       

 Model F 0.38 .767   Model F 0.44 .722   

 R2 .01     R2 .01     

NNRTI           

Efavirenz Intact — — 36%  NC — — 31%  

(past) Motor Impairment 1.23 (0.53-2.85) .616 41%  ANI/MND 1.38 (0.65-2.92) .397 38%  

 Memory Impairment 0.53 (0.24-1.17) .118 23%  HAD 0.95 (0.46-1.98) .910 30%  

 Mixed Impairment 0.84 (0.34-2.06) .707 32%       

 Model F 1.88 .134   Model F 0.44 .722   

 R2 .03     R2 .01    

Efavirenz 

(current) 

Intact — — 31% e NC — — 35%  

Motor Impairment 0.22 (0.06-0.79) .021 9% e,f,g ANI/MND 0.45 (0.2-1.04) .064 20%  

 Memory Impairment 1.36 (0.65-2.84) .410 37% f HAD 0.78 (0.38-1.6) .508 30%  

 Mixed Impairment 1.08 (0.43-2.67) .864 32% g      

 Model F 7.79 <.001   Model F 1.88 .134   

 R2 .11     R2 .03     

PI           

Indinavir Intact — — 8%  NC — — 9%  

(past) Motor Impairment 1.46 (0.38-5.58) .574 12%  ANI/MND 1.26 (0.38-4.16) .699 11%  

 Memory Impairment 1.32 (0.40-4.33) .647 11%  HAD 1.33 (0.43-4.06) .613 11%  

 Mixed Impairment 1.62 (0.42-6.23) .476 13%       

 Model F 0.70 .553   Model F 0.32 .813   

 R2 .01     R2 .01     

9
1
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Table 8 

(continued) 
   

 
    

 
 

PI (continued) 
Latent Class OR (95% CI) p PP  

HAND 

Category 
OR (95% CI) p PP  

Lopinavir Intact — — 19%  NC — — 18%  

(past) Motor Impairment 1.27 (0.47-3.41) .629 24%  ANI/MND 1.30 (0.53-3.18) .562 22%  

 Memory Impairment 0.69 (0.26-1.78) .444 14%  HAD 0.77 (0.31-1.94) .590 14%  

 Mixed Impairment 0.61 (0.18-2.04) .426 13%       

 Model F 1.29 .281   Model F 0.83 .479   

 R2 .02     R2 .01     

Nelfinavir Intact — — 10%  NC — — 10%  

(past) Motor Impairment 2.85 (0.94-8.68) .064 24%  ANI/MND 1.27 (0.41-3.87) .673 13%  

 Memory Impairment 0.91 (0.27-3.03) .879 9%  HAD 1.45 (0.51-4.06) .477 14%  

 Mixed Impairment 1.37 (0.37-5.08) .633 13%       

 Model F 3.25 .023   Model F 0.51 .677   

 R2 .05     R2 .01     

Ritonavir Intact — — 24%  NC — — 16%  

(past) Motor Impairment 0.99 (0.38-2.59) .993 24%  ANI/MND 1.29 (0.51-3.26) .583 20%  

 Memory Impairment 0.46 (0.17-1.20) .115 12%  HAD 1.41 (0.59-3.34) .431 21%  

 Mixed Impairment 0.62 (0.20-1.87) .398 16%       

 Model F 2.28 .080   Model F 0.44 .722   

 R2 .04     R2 .01     

Ritonavir Intact — — 37%  NC — — 40%  

(current) Motor Impairment 1.87 (0.82-4.28) .135 53%  ANI/MND 1.69 (0.82-3.47) .151 53%  

 Memory Impairment 1.55 (0.76-3.15) .224 48%  HAD 1.13 (0.57-2.24) .707 43%  

 Mixed Impairment 1.37 (0.58-3.22) .467 45%       

 Model F 1.09 .355   Model F 0.89 .445   

 R2 .02     R2 .01     
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Table 8 

(continued) 
   

 
    

 
 

PI (continued) 
Latent Class OR (95% CI) p PP  

HAND 

Category 
OR (95% CI) p PP  

Atazanavir 

(past) 

Intact — — 18%  NC — — 16%  

Motor Impairment 1.17 (0.42-3.28) .756 21%  ANI/MND 1.29 (0.51-3.26) .583 20%  

 Memory Impairment 0.75 (0.28-1.97) .569 14%  HAD 1.07 (0.43-2.62) .879 17%  

 Mixed Impairment 1.08 (0.37-3.18) .876 19%       

 Model F 0.51 .677   Model F 0.19 .903   

 R2 .01    R2 .00     

Atazanavir 

(current) 

Intact — — 18%  NC — — 13%  

Motor Impairment 0.97 (0.33-2.82) .959 18%  ANI/MND 2.02 (0.79-5.18) .139 24%  

 Memory Impairment 1.10 (0.45-2.70) .819 20%  HAD 1.49 (0.59-3.77) .394 19%  

 Mixed Impairment 0.87 (0.28-2.69) .813 16%       

 Model F 0.13 .944   Model F 1.55 .203   

 R2 .00     R2 .02    

Darunavir Intact — — 7%  NC — — 3%  

(past) Motor Impairment 1.78 (0.44-7.12) .411 12%  ANI/MND 4.81 (0.95-24.19) .057 13%  

 Memory Impairment 0.75 (0.17-3.31) .714 5%  HAD 2.53 (0.47-13.56) .276 7%  

 Mixed Impairment 0.92 (0.16-5.04) .927 6%       

 
Model F 

1.55 .203 
  Model F 

7.71 

<.00

1 
  

 R2 .02     R2 .11     

Darunavir 

(current) 

Intact — — 21% h NC — — 25%  

Motor Impairment 2.65 (1.09-6.46) .031 41% h ANI/MND 1.34 (0.60-2.96) .467 31%  

 Memory Impairment 1.38 (0.61-3.15) .431 27%  HAD 1.11 (0.52-2.39) .774 27%  

 Mixed Impairment 1.55 (0.59-4.06) .369 29%       

 Model F 2.22 .088   Model F 0.25 .859   

 R2 .03     R2 .00     
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Table 8 

(continued) 
   

 
    

 
 

INSTI 
Latent Class OR (95% CI) p PP  

HAND 

Category 
OR (95% CI) p PP  

Raltegravir 

(current) 

Intact — — 19%  NC — — 19%  

Motor Impairment 1.49 (0.57-3.89) .414 26%  ANI/MND 1.44 (0.61-3.40) .400 25%  

 Memory Impairment 0.59 (0.22-1.58) .296 12%  HAD 0.70 (0.28-1.73) .448 14%  

 Mixed Impairment 1.20 (0.43-3.36) .717 23%       

 Model F 2.15 .095   Model F 1.55 .203   

 R2 .03     R2 .02     

Elvitegravir 

(current) 

Intact — — 11%  NC — — 7%  

Motor Impairment 1.71 (0.54-5.40) .357 18%  ANI/MND 1.83 (0.54-6.14) .323 13%  

 Memory Impairment 0.95 (0.31-2.94) .943 11%  HAD 2.34 (0.77-7.16) .133 16%  

 Mixed Impairment 0.85 (0.21-3.47) .829 10%       

 Model F 1.02 .383   Model F 2.63 .052   

 R2 .02     R2 .04     

Note. The intact class or the NC group is the reference group for parameter estimates and p values. Superscripts indicate estimates 

that differ significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of HAND 

categories, dfM = 2, dfE = 190. Additional statistics are reported in the text. Age was included as a covariate in analyses of CART 

duration. ART = antiretroviral therapy; HAND = HIV-associated neurocognitive disorder; NC = normal cognition; ANI/MND = 

asymptomatic neurocognitive impairment/mild neurocognitive disorder; HAD = HIV-associated dementia; EMM = estimated 

marginal mean; PP = predicted probability; CART = combination antiretroviral therapy; CPE = CNS penetration effectiveness; 

NRTI = nucleoside/nucleotide reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI = 

protease inhibitor; INSTI = integrase strand transfer inhibitor. 
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Comorbid Conditions 

No significant associations with depression, obesity, or HCV infection were 

observed for LCA classes or Frascati HAND categories (Table 9). 

Substance Use 

Associations of latent classes and Frascati HAND categories with substance use 

history variables are presented in Table 10. The memory class had significantly higher 

odds of lifetime non-heroin opiate use than the intact class, OR (95% CI) = 2.80 (1.13-

6.94), p = .026. Among Frascati categories, the ANI/MND group demonstrated 

significantly higher odds of lifetime non-heroin opiate use, OR (95% CI) = 2.68 (1.08-

6.68), p = .033, and benzodiazepines use, OR (95% CI) = 3.64 (1.44-9.23), p = .006, than 

the NC group, and the latter finding remained significant after correction for multiple 

comparisons, p = .024. Lifetime use of heroin or of cocaine was not significantly 

associated with latent class or Frascati category membership. 
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Table 9 

Path Analyses of Comorbid Conditions as a Function of Latent Classes and Frascati HAND Categories 

Comorbidity  Latent Class OR (95% CI) p PP  HAND Category OR (95% CI) p PP  

Obesity Intact — — 65%  NC — — 65%  

 Motor Impairment 1.35 (0.48-3.81) .563 72%  ANI/MND 1.33 (0.54-3.26) .530 71%  

 Memory Impairment 1.09 (0.46-2.54) .836 67%  HAD 1.05 (0.48-2.32) .890 66%  

 Mixed Impairment 0.93 (0.34-2.51) .899 64%       

 Model F 0.25 .859   Model F 0.25 .859   

 R2 .00     R2 .00     

Hepatitis C 

Virus 

Intact — — 26%  NC — — 28%  

Motor Impairment 1.62 (0.63-4.15) .308 37%  ANI/MND 1.53 (0.67-3.53) .309 37%  

 Memory Impairment 1.97 (0.87-4.49) .102 41%  HAD 1.77 (0.82-3.82) .143 40%  

 Mixed Impairment 1.98 (0.78-5.04) .150 41%       

 Model F 1.88 .134   Model F 1.22 .304   

 R2 .03     R2 .02     

Depression Intact — — 72%  NC — — 69%  

 Motor Impairment 0.70 (0.29-1.68) .432 65%  ANI/MND 1.19 (0.54-2.61) .662 73%  

 Memory Impairment 1.05 (0.47-2.30) .901 73%  HAD 1.39 (0.65-2.94) .387 76%  

 Mixed Impairment 1.60 (0.57-4.48) .369 81%       

 Model F 1.09 .355   Model F 0.38 .767   

 R2 .02    R2 .01     

Note. The intact class or the NC group is the reference group for parameter estimates and p values. No estimates differed 

significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of HAND categories, dfM = 

2, dfE = 190. ART = antiretroviral therapy; HAND = HIV-associated neurocognitive disorder; NC = normal cognition; ANI/MND 

= asymptomatic neurocognitive impairment/mild neurocognitive disorder; HAD = HIV-associated dementia; PP = predicted 

probability. 
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Table 10 

Path Analyses of Substance Use History as a Function of Latent Classes and Frascati HAND Categories 

Substance Latent Class OR (95% CI) p PP  HAND Category OR (95% CI) p PP  

Cocaine Intact — — 82%  NC — — 84%  

 Motor Impairment 0.84 (0.30-2.36) .756 79%  ANI/MND 1.13 (0.42-3.05) .804 85%  

 Memory Impairment 1.83 (0.64-5.19) .251 89%  HAD 0.84 (0.35-2.04) .711 81%  

 Mixed Impairment 0.91 (0.31-2.68) .876 81%       

 Model F 1.81 .146   Model F 0.25 .859   

 R2 .03     R2 .00     

Heroin Intact — — 24%  NC — — 22%  

 Motor Impairment 1.16 (0.45-2.97) .750 26%  ANI/MND 1.71 (0.76-3.84) .186 33%  

 Memory Impairment 0.97 (0.42-2.23) .958 23%  HAD 0.80 (0.35-1.84) .611 19%  

 Mixed Impairment 0.94 (0.34-2.56) .910 23%       

 Model F 0.06 .979   Model F 1.81 .146   

 R2 .00     R2 .03     

Non-Heroin 

Opiates 

Intact — — 12% a NC — — 13% b 

Motor Impairment 2.15 (0.74-6.19) .155 24%  ANI/MND 2.68 (1.08-6.68) .033 29% b 

 Memory Impairment 2.80 (1.13-6.94) .026 29% a HAD 1.78 (0.72-4.41) .208 21%  

 Mixed Impairment 2.04 (0.68-6.09) .201 23%       

 Model F 3.67 .013   Model F 3.04 .030   

 R2 .06     R2 .05     

Benzodiazep

ines 
Intact — — 

14% 
 NC — — 

12% 
c 

 Motor Impairment 2.23 (0.81-6.14) .120 26%  ANI/MND 3.64 (1.44-9.23) .006 33% c 

 Memory Impairment 2.26 (0.92-5.53) .072 27%  HAD 1.87 (0.73-4.81) .191 20%  

 Mixed Impairment 1.48 (0.48-4.52) .484 19%       

 Model F 2.63 .052   Model F 5.03 .002   

 R2 .04     R2 .07     
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Table 10 

(continued) 

Note. The intact class or the NC group is the reference group for parameter estimates and p values. Superscripts indicate estimates 

that differ significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of HAND 

categories, dfM = 2, dfE = 190. Additional statistics are reported in the text. ART = antiretroviral therapy; HAND = HIV-

associated neurocognitive disorder; NC = normal cognition; ANI/MND = asymptomatic neurocognitive impairment/mild 

neurocognitive disorder; HAD = HIV-associated dementia; PP = predicted probability. 

9
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Everyday and Occupational Function 

Associations of latent classes and Frascati categories with everyday functioning 

variables are presented in Table 11. LCA class membership accounted for 7% of the 

variance in FAQ score and 18% of the variance in employment status. The moderate 

mixed impairment class, B (SE) = 2.51 (0.96), p = .009, and the motor/speed impairment 

class, B (SE) = 1.46 (0.54), p = .007, both had significantly elevated self-reported 

everyday functioning difficulties relative to the intact class, with functional difficulties 

greatest in the moderate mixed impairment class. Functional difficulties in the 

memory/visuoconstruction impairment class fell between those of the intact and motor 

impairment classes and failed to differ significantly from those of the intact class, B (SE) 

= 0.99 (0.56), p = .078. 

Predicted probabilities of unemployment were high for all classes, ranging from 

78% in the intact class to 97% in the moderate mixed impairment class. The moderate 

mixed impairment class had significantly higher odds of unemployment than the intact 

class, OR (95% CI) = 8.33 (1.04-66.13), p = .045. Odds of unemployment in the 

motor/speed impairment class were also elevated but did not differ significantly from 

those of the intact class, OR (95% CI)  = 4.30 (0.92-20.09), p = .063. By comparison, 

odds of unemployment in the memory/visuoconstruction impairment class were nearly 

identical to those of the intact class, OR (95% CI) = 1.06 (0.44-2.54), p = .895. 

Frascati diagnosis accounted for 7% of the variance in FAQ score and 8% of the 

variance in employment status. Participants with HAD, B (SE) = 2.06 (0.58), p < .001, 

and ANI/MND, B (SE) = 1.42 (0.49), p = .004, reported significantly higher functional 

difficulties than those with NC. Functional difficulties were non-significantly higher in 
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the HAD group than in the ANI/MND group. Unemployment was also significantly 

higher in the HAD group than in the NC group, OR (95% CI) = 3.42 (1.24-9.40), p = 

.017. The probability of unemployment in the ANI/MND group fell between that of the 

NC and HAD groups but did not differ significantly from that of either group. With the 

exception of the association between unemployment and moderate mixed impairment 

class membership, all significant associations with functioning variables survived 

correction for multiple comparisons. 
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Table 11 

Path Analyses of Everyday and Occupational Function as a Function of Latent Classes and Frascati HAND Categories 

Functional 

Variable 
Latent Class B (SE) p EMM  HAND Category B (SE) p EMM  

FAQ Score Intact   1.25 a,b NC — — 1.05 d,e 

 Motor Impairment 1.46 (0.54) .007 2.71 a ANI/MND 1.42 (0.49) .004 2.47 d 

 Memory Impairment 0.99 (0.56) .078 2.24  HAD 2.06 (0.58) <.001 3.11 e 

 Mixed Impairment 2.51 (0.96) .009 3.76 b      

 Model F 4.45 .005   Model F 4.52 .004   

 R2 .07     R2 .07     

  OR (95% CI) p PP   OR (95% CI) p PP  

Unemployment Intact   78% c NC — — 75% f 

 Motor Impairment 4.30 (0.92-20.09) .063 94%  ANI/MND 2.10 (0.79-5.57) .136 87%  

 Memory Impairment 1.06 (0.44-2.54) .895 79%  HAD 3.42 (1.24-9.40) .017 91% f 

 Mixed Impairment 8.33 (1.04-66.13) .045 97% c      

 
Model F 

13.83 

<.00

1 
  Model F 

5.26 .002 
  

 R2 .18     R2 .08     

Note. The intact class or the NC group is the reference group for parameter estimates and p values. Superscripts indicate estimates 

that differ significantly from one another at p < .05. For models of latent classes, dfM = 3, dfE = 189; for models of HAND 

categories, dfM = 2, dfE = 190. Additional statistics are reported in the text. HAND = HIV-associated neurocognitive disorder; 

FAQ = functional activities questionnaire; NC = normal cognition; ANI/MND = asymptomatic neurocognitive impairment/mild 

neurocognitive disorder; HAD = HIV-associated dementia; EMM = estimated marginal mean; PP = predicted probability. 

1
0
1
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CHAPTER 5 

DISCUSSION 

 

Among HIV-seropositive adults, LCA identified three subtypes of cognitive 

impairment and a group with intact cognition. The three impaired subtypes included one 

with mild-to-moderate impairment in motor function and processing speed (18% of the 

sample), a larger group with mild-to-moderate impairment in memory and 

visuoconstruction (29%), and a group with moderate impairment, with deficits in all 

domains assessed (16%). These results are consistent with cluster analytic studies of 

cognition among persons living with HIV, which have identified multiple subtypes of 

impaired cognition, including a subtype with more pronounced, global impairments and 

one or more subtypes with milder, domain-specific impairments (Dawes et al., 2008; 

Lojek & Bornstein, 2005; Murji et al., 2003; van Gorp et al., 1993). Only one study, 

which included a small sample and limited neuropsychological protocol, has failed to 

identify multiple subtypes of HAND (Fazeli et al., 2014); the present findings lend 

support to the idea that that result was likely due to the study’s limitations, rather than a 

lack of heterogeneity in HAND. Notably, two CART-era cluster analytic studies also 

identified four groups characterized by intact cognition, memory impairment, motor 

impairment, and global impairment (Lojek & Bornstein, 2005; Murji et al., 2003), 

supporting the external validity of the classes identified in the present study. 

Classification Agreement of Frascati Criteria and Latent Classes 

With regard to the overall classification of individuals as impaired or unimpaired, 

LCA demonstrated good agreement with Frascati criteria-based HAND classifications, 
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with concordant diagnoses in 85%-90% of cases, consistent with a prior study that used 

cluster analysis (Fazeli et al., 2014). The rate of impairment was approximately 60%-

65% by both methods, a rate higher than that in the HIV-seropositive population as 

whole, but similar to reports from samples with moderate rates of psychiatric and medical 

comorbidities (Heaton et al., 2010; Robertson et al., 2007). However, LCA and Frascati 

diagnoses differed with regard to the classification of subtypes of impairment. The 

moderate mixed impairment class consisted entirely of individuals with HAD, indicating 

some consistency with Frascati HAND categories. However, both the motor/speed 

impairment and memory/visuoconstruction impairment classes included cases with 

ANI/MND and HAD in substantial proportions. Although other studies have examined 

the agreement of empirically identified subtypes with conventionally diagnosed unitary 

classifications of HAND (Dawes et al., 2008; Delis et al., 1995; Fazeli et al., 2014), to 

our knowledge, this is the first study to examine their agreement with conventional 

HAND subtypes. Present findings demonstrate that profile-based subtypes exist within 

and across conventional diagnostic categories of both HAD and ANI/MND. 

Etiologic Correlates of Latent Classes 

Supporting their validity, latent classes of HAND demonstrated dissociable 

relations with etiologically relevant variables. The most robust finding was the 

association between longer duration of HIV infection and membership in the moderate 

mixed impairment class. This class also demonstrated a longer duration of CART use, 

though this finding did not survive correction for multiple comparisons. Of note, these 

analyses were adjusted for age, so the findings are not age effects. Although duration of 

HIV infection has been linked to neurocognitive impairment and brain abnormalities in 
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the general HAND literature (Bornstein et al., 1994; Cysique et al., 2013; Heaton et al., 

2010; McCombe, Vivithanaporn, Gill, & Power, 2013), this is the first study to 

demonstrate that neuropsychological profiles of HAND differ in duration of infection. 

Other associations between etiologic factors and latent class membership did not 

survive correction for multiple comparisons. Though preliminary, they may nonetheless 

offer insight into potential HAND mechanisms and warrant further exploration. One of 

these findings is the association between the motor class membership and the use of 

certain antiretroviral agents. Specifically, the motor impairment group demonstrated 

higher rates of past usage of AZT and d4T, both NRTIs developed in the pre-CART era. 

AZT and dideoxy-NRTIs (dNRTIs), particularly d4T, have well-demonstrated 

associations with peripheral neuropathy and/or myopathy (Harrison & Smith, 2011; 

Pettersen et al., 2006; Simpson & Tagliati, 1995) likely mediated by mitochondrial 

toxicity (Dalakas, 2001; Kline et al., 2009; Lewis et al., 2006; Moyle, 2005) and may 

even have direct neurotoxic effects in the CNS (Giunta et al., 2011; Robertson et al., 

2012; Schweinsburg et al., 2005; Zhang et al., 2014). By comparison, modern NRTIs 

such as 3TC, TDF, FTC have minimal toxic effects (Gulick et al., 2016). dNRTIs are no 

longer widely used, and no patients were currently taking AZT or dNRTIs in the present 

study, suggesting that effects persist after treatment cessation (Kranick & Nath, 2012). 

The neurotoxic effects of NRTIs in the CNS are not as well established as their peripheral 

effects (Underwood et al., 2015). Given that the degree of impairment on cognitive tests 

in the motor/speed impairment class was roughly proportional to the motor demands of 

the test, the neuropathologic mechanism of impairment in this class could reflect 

peripheral neuropathy, damage to motor networks in the CNS, or a combination thereof. 
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Past use of d4T was elevated not only in the motor impairment class but also in 

the moderate mixed impairment class, suggesting that the neurocognitive profile in the 

mixed group was related to both ART neurotoxicity and HIV infection chronicity. Thus, 

the mixed impairment subtype appears to reflect the influence of multiple pathologies, 

including both HIV- and non-HIV related mechanisms. Consistent with this idea, in prior 

studies, the globally impaired HAND subtype has demonstrated both more advanced HIV 

disease stage (Lojek & Bornstein, 2005; van Gorp et al., 1993) and elevated rates of 

comorbidities such as depression and HCV (Dawes et al., 2008; Murji et al., 2003; van 

Gorp et al., 1993). 

In addition to greater past use of early NRTIs, the motor impairment group also 

demonstrated higher rates of current use of DRV, a member of the PI class. Although 

DRV has a low risk of direct neurotoxicity (Robertson et al., 2012), it is associated with 

hyperlipidemia, hyperglycemia, and insulin resistance (Gulick et al., 2016). DRV and 

other PIs may have indirect neurotoxic effects via systemic vascular and metabolic 

dysregulation (Friis-Møller et al., 2007a; Samaras et al., 2007; Soontornniyomkij et al., 

2014). 

The motor/speed impairment class also demonstrated considerably lower current 

use of EFV, an NNRTI, than the other three groups. NNRTIs have lower risk of 

cardiometabolic side effects than PIs (Friis-Møller et al., 2007b; Gulick et al., 2016), and 

CART regimens typically include either a PI or an NNRTI. Thus, because EFV was the 

only widely prescribed NNRTI in the present study, this finding may reflect the effects of 

increased PI use in the motor/speed impairment class. In contrast with the persistent 

effects of early NRTIs, present findings suggest that the effects of PIs do not persist 
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beyond cessation of use, potentially because systemic metabolic dysregulation is more 

reversible than direct peripheral nerve damage. 

In addition to its associations with specific ART agents, the motor class was also 

older than the memory class by nearly four years. Although many HAND subtyping 

studies have included age as an auxiliary variable, only one study identified a significant 

age difference across HAND subtypes. Van Gorp and colleagues (1993) found that a 

group with isolated memory and motor deficits was older than a globally impaired group; 

however, because separate memory and motor impairment classes were not observed, 

that result is difficult to compare to the present finding. One potential explanation for the 

present result is that older age is a risk factor for peripheral neurotoxicity (Smyth et al., 

2007). Alternatively, because the motor class is older, they are more likely to have 

received ART during the pre-CART era and therefore to have been prescribed neurotoxic 

NRTIs. Either interpretation is consistent with the conceptualization of the motor-

impaired class as a subtype whose primary etiology is antiretroviral-related neurotoxicity. 

The identification of a specific etiology for the motor subtype is novel. Whereas memory 

and globally impaired subtypes of HAND demonstrated unique associations with 

etiologic factors in other studies, the same was not true of the motor subtype, potentially 

because no studies had previously examined specific ART agents. 

Of note, despite several significant findings for specific antiretroviral agents, CPE 

score was not significantly associated with latent class membership. This lack of an effect 

for CPE score is consistent with many other studies (for review, see Nightingale et al., 

2014) and may be due to the fact that CPE is based on CNS penetrability alone. In 

practice, the relation between a specific drug and cognition is determined not only by a 
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drug’s ability to cross the blood-brain-barrier but, once there, to confer neuroprotection 

and/or neurotoxicity (Kranick & Nath, 2012; Robertson et al., 2012). Factors at the 

clinical level that promote or reduce adherence, such as regimen simplicity and side 

effects (Airoldi et al., 2010), also likely affect the relation between an antiretroviral agent 

and cognitive function. CNS penetrability may be helpful only when combined with these 

considerations. 

Another preliminary finding was a trend for lower CD4 nadir in the memory 

group in comparison with the moderate mixed impairment group. The association 

between memory impairment and nadir CD4 is a highly consistent finding in the HAND 

subtype literature (Becker et al., 2011; Lojek & Bornstein, 2005; Peavy et al., 1994; Tan 

et al., 2013; van Gorp et al., 1993). In the broader HAND literature, CD4 nadir is a fairly 

robust predictor of cognitive impairment and brain abnormalities (Cohen et al., 2010; 

Ellis et al., 2011; Robertson et al., 2007; Valcour et al., 2006), suggesting that past 

immunocompromise has persistent neuropsychological consequences even years after 

immune reconstitution. It is notable that only nadir CD4 and HIV duration, but not 

current CD4 and viral load, were related to neurocognitive status. This pattern is 

consistent with findings not only from HAND subtypes but also from the HAND 

literature more broadly (Heaton et al., 2010, 2011; McCombe et al., 2013), indicating that 

disease chronicity and past severity play a greater role in the pathogenesis of HAND in 

the CART era than does current disease severity. 

In addition to lower nadir CD4, the memory class also demonstrated elevated 

rates of lifetime opiate use. Opiate use has been linked to cognitive deficits, particularly 

in the domains of memory and executive function (Davis, Liddiard, & McMillan, 2002; 



108 

Ersche, Clark, London, Robbins, & Sahakian, 2006; Gruber, Silveri, & Yurgelun-Todd, 

2007). However, although the use of opiates and other illicit substances have long been 

recognized as a source of neurocognitive impairment in HIV (Devlin et al., 2012; Martin-

Thormeyer & Paul, 2009), this is first to find a difference in substance use across HAND 

subtype. Most other studies either did not examine substance use or had strict exclusion 

criteria that prevented its examination. Those studies that did examine substance use 

disorders found no effects (Dawes et al., 2008; Fazeli et al., 2014). In all, the present 

findings together with the literature indicate that ARV neurotoxicity may be the 

predominant etiology of the motor subtype of HAND, while past immunocompromise 

and substance use drive the memory impairment subtype, and the moderate mixed 

impairment subtype reflects the combination of these factors in the context of chronic 

HIV infection. 

Etiologic Correlates of Frascati Diagnoses 

In comparison with LCA classes, Frascati categories did not demonstrate 

significant associations with any demographic or HIV-related factors but did differ in the 

use of certain illicit substances and antiretroviral agents. Like the 

memory/visuoconstruction impairment class, the ANI/MND group demonstrated elevated 

rates of prior recreational use of non-heroin opiates. The ANI/MND group also had 

elevated rates of recreational use of benzodiazepines, which have well-documented 

cognitive effects even when taken as prescribed (Ghoneim & Mewaldt, 1990; Stewart, 

2005). The ANI/MND group also demonstrated elevated rates of current use of the 

antiretroviral agents ABC and 3TC, which are commonly used in combination. 3TC has 

minimal toxic effects (Gulick et al., 2016), but ABC is associated with both myocardial 
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infarction and a high risk of direct neurotoxicity (Robertson et al., 2012; Sabin et al., 

2008; Underwood et al., 2015; Worm et al., 2010). Thus, these findings may reflect both 

the direct and indirect neurotoxic effects of ABC. Notably, in comparison with the 

persistent effects of early NRTIs such as AZT and d4T, the lack of association of past 

ABC or 3TC use with neurocognitive impairment suggests that the neurocognitive effects 

of modern NRTIs may diminish following cessation of use. 

Interestingly, substance use and antiretroviral factors were each associated with 

ANI/MND but not HAD. This finding is surprising given that the burden of 

neuropsychological risk factors would be expected to be greater as the severity of 

impairment increases. One possible explanation for this pattern is that the ANI/MND 

group, which overlapped with the motor and memory LCA classes, reflects a relatively 

more homogeneous group with fewer etiologies, whereas the HAD group, which 

overlapped with all three impaired LCA classes, reflects a more heterogeneous group in 

which associations with specific etiologies are obscured. 

Functional Correlates of Latent Classes 

Among LCA classes, functional outcomes were poorest in the moderate mixed 

impairment class, followed by the motor/speed impairment class. A similar pattern was 

observed for both self-reported everyday functioning difficulties and for employment. By 

comparison, the memory/visuoconstruction class merely showed a trend for elevated 

everyday functioning difficulties and demonstrated a nearly identical rate of 

unemployment to the intact class. The presence of functional differences among profiles 

of HAND is a novel finding, as the only cluster analytic study of HAND that examined 

functioning was the one that identified a single impaired group (Fazeli et al., 2014). The 
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degree of functional impairment in the moderate mixed class is to be expected, given that 

the degree of interference in everyday activities tends to increase with the number and 

severity of cognitive impairments (Aretouli & Brandt, 2010; Heaton et al., 2004; Tam et 

al., 2007; Zanetti et al., 2006). 

However, the finding of increased functional impairment in the motor class, but 

not the memory class, was somewhat unexpected given that the overall level of cognitive 

impairment was comparable between the two classes and in fact slightly greater in 

memory class. Moreover, memory performance is strongly related to functional outcomes 

and dementia progression in both the general and HIV-positive populations (Farias et al., 

2006; Kalechstein et al., 2003; Summers & Saunders, 2012; Teng, Becker, Woo, 

Cummings, et al., 2010). In one study in HIV-seropositive adults (Heaton et al., 2003), all 

domains of neurocognition except motor function and processing speed independently 

predicted everyday functioning difficulties. On the other hand, in several other studies in 

persons with HIV, motor function and processing speed were stronger predictors of 

everyday functioning and quality of life than were memory and other cognitive domains 

(Marcotte et al., 1999; Parsons, Braaten, Hall, & Robertson, 2006; Waldrop-Valverde et 

al., 2006). Peripheral neuropathy, which may underlie the deficits in this group, is also 

linked to poorer quality of life in HIV infection (Pandya, Krentz, Gill, & Power, 2005). 

Thus, the literature is mixed regarding the relative import of memory and motor/speed 

function to functional outcomes in HIV, and the mechanism of the present finding 

warrants further study. Putative explanations include greater insight into difficulties in the 

context of isolated motor/speed impairments, or a greater impact of sensorimotor 

impairments on occupational functioning in a low-income community. 
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Functional Correlates of Frascati Categories 

Among HAND categories, both the HAD and ANI/MND groups reported 

significantly elevated everyday functioning difficulties, with functioning poorest in the 

HAD group. The HAD group also demonstrated an elevated unemployment rate relative 

to the NC group. It should be noted that our HAND diagnoses were based solely on the 

neurocognitive criteria for HAND, without incorporation of everyday functioning 

criteria. We chose this approach because our aim was to compare only the neurocognitive 

aspect of HAND diagnoses with another neurocognitive method (i.e., LCA); in addition, 

because everyday functioning was an outcome of interest, its inclusion in the diagnostic 

approach would have biased these analyses. The neurocognitive approach to HAND 

diagnoses has been used in prior studies for the same reasons (Fazeli et al., 2014; Tierney 

et al., 2017). Our findings are consistent with Frascati criteria for HAND categories, 

whereby ANI and MND are characterized by no or only mild functional impairment and 

HAD characterized by significant functional interference (Antinori et al., 2007). 

Taken together, both LCA classes and Frascati-based HAND diagnoses 

demonstrated significant associations with etiologic and prognostic variables. Both were 

significantly associated with everyday and occupational functioning, but effects were 

greater for LCA than for Frascati criteria, and latent classes demonstrated that functional 

outcomes can differ by the neuropsychological pattern even when the level of impairment 

is the same. In terms of etiologic factors, LCA class membership was related to age, HIV 

duration, CD4 nadir, opiate use, past use of early NRTIs, and current use of PIs, while 

ANI/MND diagnosis was related to the use of opiates, benzodiazepines, and current use 

of modern NRTIs. LCA classes were related to a larger number of etiologic variables, but 
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Frascati criteria also demonstrated unique etiologic correlates, supporting the utility of 

both approaches. Perhaps most notably, LCA groups demonstrated significant 

associations with HIV-related variables, whereas Frascati HAND diagnoses did not. This 

finding suggests that subtyping based on the pattern of impairment enhances etiologic 

specificity. 

Implications for Assessment and Diagnosis of HAND 

The present findings have important implications regarding the diagnosis of 

HAND. We proposed a combined approach to HAND diagnosis that incorporates 

neuropsychological profile in addition to level of impairment. Following the application 

of Frascati criteria, HAND categories may be further broken down into memory, motor, 

and mixed impairment subtypes. For example, a patient with MND and markedly more 

impaired memory performance than motor performance would be classified as MND, 

memory subtype; a patient with significant functional difficulty and moderate cognitive 

impairment, with comparably impaired memory and motor function, and would be 

classified as HAD, mixed subtype. Analyses are needed to determine specific cutoffs for 

the score differentials (e.g., 1 SD, 0.5 SD) that would best classify these subtypes. 

Alternatively, mixture modeling methods can be used to subtype individuals. This 

approach is feasible in research settings but is more challenging to apply clinically; 

nonetheless, it may be possible to develop a central repository of neurocognitive test 

scores in which test results are added, mixture modeling is performed, and results are 

provided back to clinicians. 

It should be noted that the proposed HAND subtypes possess some key 

differences from those used to classify MCI. Namely, whereas single-domain 



113 

impairments are common in MCI (Busse et al., 2006; Clark et al., 2013), all HAND 

subtypes are characterized by impairment in multiple domains (e.g., fine motor function 

and processing speed; memory and visuoconstruction), consistent with the requirement of 

multi-domain impairment for a diagnosis of HAND (Antinori et al., 2007). Similarly, a 

study that applied MCI subtypes in an HIV-positive sample found that all patients with 

MCI had multi-domain impairment (Sheppard et al., 2015), further supporting the 

inadequacy of conventional MCI subtypes to reflect impairment patterns in HIV 

infection. Thus, domain-specific and global or mixed descriptors are more relevant to 

HIV subtyping than are single-domain and multi-domain specifiers. 

Furthermore, whereas the pattern of memory impairment in amnestic MCI is 

characterized by deficits in encoding and retention, the pattern of memory impairment in 

this and prior studies of HAND indicates a mixed encoding and retrieval deficit without a 

retention deficit, suggestive of dysregulation in frontal-subcortical networks, as opposed 

to the temporal networks implicated in amnestic MCI and AD (Becker et al., 1995; Delis 

et al., 1995; Murji et al., 2003; Woods et al., 2009). Thus, the amnestic terminology is not 

appropriate for HAND subtyping. Additionally, whereas the presence or absence of 

amnestic memory impairment is paramount in MCI subtyping, the assessment of both 

memory and motor function and their pattern relative to one another appears to be 

essential in HAND subtyping. This dissociation, which has been supported by several 

other studies (Dawes et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003), may 

reflect the dysregulation of subsets of frontal-subcortical systems. Alternatively, given 

the pattern and etiology of impairment in the motor/speed impairment class, this 

dissociation could also reflect central versus peripheral neural damage. 
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The present findings have implications regarding not only HAND subtypes but 

also the assessment of HAND more broadly. Tests of fine motor speed and dexterity, 

psychomotor speed, and episodic memory (i.e., Grooved Pegboard, Digit Symbol–

Coding, Trail Making Test A, BVMT-R, and a word list learning task) demonstrated the 

greatest utility in differentiating subtypes of impairment, whereas other domains of 

cognition (i.e., executive function, verbal fluency) were less useful in this regard. These 

findings are highly consistent with studies that have examined the ability of brief 

neurocognitive test batteries to predict comprehensively-diagnosed HAND. Carey and 

colleagues (2004) found that, among a variety of test pairs, the Hopkins Verbal Learning 

Test–Revised (HVLT-R) Total Recall score, combined with either the Grooved Pegboard 

Test Non-Dominant Hand or WAIS-III Digit Symbol–Coding, was highly sensitive to 

HAND. In another study, two test trios demonstrated excellent sensitivity and specificity 

to HAND: Digit Symbol–Coding, Trail Making Test A, and HVLT-R Total Recall; and 

Digit Symbol–Coding, Grooved Pegboard Dominant Hand, and BVMT-R Total Recall 

(Monteiro de Almeida et al., 2016). Importantly, these test combinations outperform 

screening measures such as the International HIV Dementia Scale, Montreal Cognitive 

Assessment, and Mini Mental Status Examination (Janssen, Bosch, Koopmans, & 

Kessels, 2015; Joska et al., 2016; Milanini et al., 2016; Monteiro de Almeida et al., 

2016). In sum, tests of fine motor function, psychomotor speed, and episodic memory are 

sensitive to HAND and appropriate for use when a brief assessment is required. 

Implications for Prognosis and Treatment of HAND 

The present findings suggest that functional outcomes differ not only according to 

the level of impairment but also according to the neuropsychological profile. Clinicians 
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are likely already aware that individuals with pronounced impairment in many domains 

are at greatest risk of functional impairment and most in need of intervention. However, 

clinicians should also be mindful that milder impairments in motor function and 

information processing speed alone can have significant functional consequences that 

merit intervention. The memory impaired subtype had relatively better current functional 

status in the present study; however, its longitudinal prognosis, which the present study 

was not designed to measure, is not necessarily better. Only one study has measured 

longitudinal cognitive outcomes of empirically identified HAND subtypes, and it 

observed stable performance in the motor impairment subtype but decline in the memory 

and globally impaired groups (Lojek & Bornstein, 2005). Additionally, given the 

association between chronicity of HIV infection and the mixed impairment subtype, 

persons with intact cognition or more circumscribed impairment patterns may be at risk 

of progressing to global impairment over time. Longitudinal assessment of both cognitive 

and functional outcomes of HAND subtypes is an important direction for future study. 

The present findings regarding etiologic correlates of HAND subtypes, though 

preliminary, may spur further research to assess their validity, mechanisms, and 

treatments. Pharmacological interventions to treat HAND have been met with limited 

success (Caniglia et al., 2014; Ellis et al., 2014; Kranick & Nath, 2012; Tan & McArthur, 

2012), potentially due to the inclusion of heterogeneous groups. Limiting trials to specific 

neuropsychological subtypes may enhance treatment efficacy. For example, chronic low-

level immune activation and inflammation are a likely neuropathological mechanism in 

the context of longstanding, controlled HIV infection (Deeks, 2011; Valcour, 

Sithinamsuwan, Letendre, & Ances, 2011) and thereby reflect a putative target for the 
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prevention or amelioration of cognitive impairment in the moderate mixed HAND 

subtype but may not be as useful in the memory subtype. In the motor and mixed 

subtypes, motor impairments associated with past use of early neurotoxic NRTIs may not 

be reversible; however, avoidance of other highly neurotoxic antiretroviral agents may 

limit the exacerbation of existing motor symptoms. The association between lower CD4 

nadir and the memory subtype of HAND suggests that early initiation of treatment may 

prevent future development of memory impairment; substance use also reflects a 

modifiable risk factor for the memory subtype of HAND. 

In addition to etiologically focused treatments, subtypes of HAND may benefit 

from different cognitive rehabilitation approaches. Findings from several clinical 

populations have demonstrated that cognitive rehabilitation strategies are most effective 

when tailored to the particular type of neuropsychological impairment (Bowie et al., 

2014; Giovannetti et al., 2015; Riddoch & Humphreys, 1994; Sohlberg & Mateer, 2001; 

Wilson, 1999). Future research should examine whether neurocognitive subtypes of 

HAND benefit from treatments targeted to their neuropsychological and etiologic profile. 

Strengths, Limitations, and Future Directions 

The present study possesses a number of strengths relative to prior approaches to 

the diagnosis and subtyping of HAND. First, whereas conventional HAND diagnostic 

methods require a priori assumptions about impairment severity (e.g., 1 or 2 SD below 

normative means) and number (e.g., one or two tests within a domain; Antinori et al., 

2007; Carey, Woods, Gonzalez, et al., 2004; Gisslén et al., 2011; Heaton, Kirson, et al., 

1994; Tierney et al., 2017), we used a statistical method that did not rely on such 

arbitrary assumptions, thereby enabling the objective identification of performance 
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patterns. Secondly, although other studies have identified subtypes statistically, ours is 

the first to do so using mixture modeling (i.e., LCA), which has a number of advantages 

over cluster analysis (Eshghi et al., 2011). 

Additionally, the sample was predominantly black and socioeconomically 

disadvantaged, with a substantial proportion of women, reflecting demographic groups 

that were underrepresented in prior literature. In order to further enhance the 

generalizability of findings, inclusion criteria were fairly liberal with in terms of sources 

of neurocognitive impairment such as substance use. We employed a comprehensive 

neurocognitive protocol with age-, sex-, education-, and race-adjusted norms for all but 

one measure (BVMT-R copy condition), whereas prior studies have failed to include 

comprehensive norms and have applied norms inconsistently across domains. Notably, 

whereas ethnic minority individuals or those with lower education or literacy were more 

likely to be classified into moderately impaired groups in other subtyping studies (Dawes 

et al., 2008; Lojek & Bornstein, 2005; Murji et al., 2003; van Gorp et al., 1993), we 

found no race or education differences across subtypes. This null finding may reflect the 

ability of our normative corrections to reduce bias in neurocognitive test scores, though it 

is also possible that a restricted range of race and education in our sample reduced the 

likelihood of such biases. 

Moreover, this study is the first to examine the agreement of empirically 

identified HAND classes with conventional HAND subtypes and to compare their 

predictive validity. Furthermore, we examined a comprehensive set of auxiliary variables 

including those that have been under-examined in prior HAND subtyping studies, such as 

substance use and everyday functioning, or have not been examined at all, such as CART 
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duration and specific antiretroviral agents. However, this comprehensive examination of 

auxiliary variables also increases the risk of type I error. Because only the findings for 

HIV duration, benzodiazepine use, and everyday/occupational functioning survived 

correction for multiple comparisons, other results should be considered preliminary. 

Relatedly, due to the cross-sectional, observational nature of the study, causal inferences 

should be treated with caution. Regarding the present findings, such as the associations 

between substance use and cognitive impairment, the possibility of opposite direction 

effects, bidirectional effects, or effects of confounding factors cannot be ruled out. 

Prospective and experimental study designs are needed to support causal relations 

between etiologic factors and HAND subtypes. Finally, though the present sample was 

sufficient to identify four classes, larger studies may allow for the identification of less 

common groups (e.g., Dawes et al., 2008; Köhler et al., 2013). Investigations in larger 

samples should further evaluate the external validity of the present subtypes. 

In conclusion, the present study lends empirical support to the existence of 

multiple subtypes of HAND that differ not only in their level but also in their pattern of 

impairment across cognitive domains. This is the third CART-era study to support the 

presence of memory, motor, and mixed-impairment classes of HAND, and the first to do 

so using LCA. HAND subtypes demonstrate unique etiologic and prognostic correlates, 

thereby offering added utility over conventional HAND diagnostic approach. The 

inclusion of profile-based subtyping into HAND diagnostic procedures may help clarify 

the etiology and outcomes of HAND in the CART era and enhance the efficacy of 

treatment outcome studies. 
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