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Abstract

Objective—This study aimed to determine the combined effects of age and HIV infection on the 

risk of incident neurocognitive disorders.
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Method—A total of 146 neurocognitively normal participants were enrolled at baseline into one 

of four groups based on age (≤ 40 years and ≥ 50 years) and HIV serostatus resulting in 24 

younger HIV−, 27 younger HIV+, 39 older HIV−, and 56 older HIV+ individuals. All participants 

were administered a standardized clinical neuropsychological battery at baseline and 14.3 ±0.2 

months later.

Results—A logistic regression predicting incident neurocognitive disorders from HIV, age 

group, and their interaction was significant (χ2[4] = 13.56, p = .009), with a significant main effect 

of HIV serostatus (χ2[1] = 5.01, p = .025), but no main effect of age or age by HIV interaction (ps 

> .10). Specifically, 15.7 percent of the HIV+ individuals had an incident neurocognitive disorder 

as compared to 3.2 percent of the HIV− group (odds ratio = 4.8 [1.2, 32.6]). Among older HIV+ 

adults, lower baseline cognitive reserve, prospective memory, and verbal fluency each predicted 

incident neurocognitive disorders at follow-up.

Conclusions—Independent of age, HIV infection confers a nearly 5-fold risk for developing a 

neurocognitive disorder over approximately one year. Individuals with lower cognitive reserve 

and mild weaknesses in higher-order neurocognitive functions may be targeted for closer clinical 

monitoring and preventative measures.
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The effectiveness and wide-spread availability of combination antiretroviral therapy (cART) 

has greatly improved life expectancies in persons infected with HIV. Accordingly, there has 

been an increase in the prevalence of adults aged 50 and older living with HIV infection 

(Brooks, Buchacz, Gebo, & Mermin, 2012). As individuals live increasingly longer with 

HIV disease, their risk of incident age-related morbidities across several different organ 

systems, including the brain, may also rise. Cross-sectional research to date indicates that 

older age and HIV disease confer largely independent, additive effects on brain structure 

(e.g., Becker et al., 2012) and function (e.g., Thomas, Brier, Snyder, Vaida, & Ances, 2013). 

There is accumulating cross-sectional evidence showing that older HIV+ adults have a 

higher prevalence of HIV-associated neurocognitive disorders (HAND; Becker, Lopez, 

Dew, & Aizenstein, 2004; Valcour et al., 2004), which involves mild-to-moderate deficits 

across a wide array of ability areas, such as executive function, information processing 

speed, attention, and memory (e.g., Sacktor et al., 2007; Woods, Moore, Weber, & Grant, 

2009). Older age and HIV infection also have a synergistic adverse effect on everyday 

functioning (Morgan, Iudicello, et al., 2012), which is greatly worsened by the presence of 

neurocognitive deficits (e.g., Thames et al., 2011). However, the vast majority of the 

research on the combined effects of HIV disease and aging is cross-sectional; therefore, we 

know little about the evolution and trajectory of HAND in older adults. Such longitudinal 

research on the incidence of HAND is important because it can more directly identify 

clinicodemographic factors (e.g., specific cognitive vulnerabilities) that place an individual 

at greatest risk for incipient pathological neurocognitive decline. Thus, it is imperative that 

we investigate the trajectory of HAND across the adult lifespan, including its origins in 

neurocognitively normal older HIV+ persons.
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The annual incidence rate of HAND across the lifespan is currently estimated to be around 

15–20% (Robertson et al., 2007), with cART era studies ranging from 1 to 25% (Brodt, 

Hamps, Gute, Knupp, Staszewski, & Helm, 1997; Mateen et al., 2012; Sacktor et al. 2001, 

2002). Neurocognitive decline in HIV disease is associated with an array of 

immunovirological factors (Heaton et al., 2015; cf. Roberston et al., 2007), including AIDS 

status, viremia, and lower baseline CD4 counts (Cysique et al., 2010; Marcotte et al., 2003), 

as well as comorbidities such as mood and substance use disorders (Heaton et al., 2015). In 

parallel, baseline HIV-associated neurocognitive impairment (i.e., Asymptomatic 

Neurocognitive Impairment, or ANI) is associated with an approximately 2- to 6-fold risk of 

subsequent declines in everyday functioning (Grant et al., 2014), which are the hallmark of 

syndromic HAND diagnoses of Minor Neurocognitive Disorder (MND) and HIV-

Associated Dementia (HAD).

To date, we are aware of only four longitudinal studies that have prospectively examined the 

role of aging in the trajectory of HIV-associated neurocognitive functioning. Seider et al. 

(2014) found that older HIV+ individuals showed an exaggerated decline in delayed verbal 

memory at a one-year follow-up as compared to HIV− individuals. Similarly, Sacktor et al. 

(2010) observed greater declines in complex psychomotor processing speed over one-year in 

older versus younger HIV+ individuals. Heaton et al. (2015) did not observe an association 

between baseline age and global neurocognitive change in largely middle-aged HIV+ adults. 

A recent longitudinal study by Molsberry et al. (2015) found that cognitive decline in aging 

HIV-infected individuals manifests as one of three distinct trajectories (normal aging, 

premature aging, and unhealthy aging), which were associated with HIV infection, AIDS 

status, Hepatitis C (HCV) infection, and other clinicodemographic variables such as 

depression and ethnicity/race. Given the emerging longitudinal evidence linking older age to 

more rapid domain-specific neurocognitive decline in the setting of HIV disease, the present 

study aims to extend the prior literature by: 1) determining whether the combined effects of 

age and HIV infection confer an increased risk for incident clinical neurocognitive 

disorders; and 2) identifying baseline predictors of incident neurocognitive disorders in older 

HIV+ individuals.

Method

Participants

Baseline Parent Study Cohort—The study sample was derived from an NIH-funded 

study on aging and memory in HIV disease that originally enrolled 366 baseline eligible 

participants from the community and urban HIV clinics between 2008 and 2013 (see Figure 

1). Participants were enrolled at baseline into one of four groups based on age (younger 

group ≤ 40 years, older group ≥ 50 years) and HIV serostatus, which was confirmed using 

standard Western blot and/or a point-of-care test (MedMira Inc., Nova Scotia, Canada). 

Baseline exclusion criteria for the parent study included diagnosis of severe psychiatric 

disorder (e.g., schizophrenia) or neuromedical condition including an active central nervous 

system opportunistic infection, a seizure disorder, head injury with loss of consciousness for 

more than 30 minutes, stroke with neurological sequelae, presence of a non–HIV-associated 

dementia or an estimated verbal IQ score less than 70 on the Wechsler Test of Adult 
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Reading (WTAR; Psychological Corporation, 2001). Individuals were also excluded if they 

had current substance dependence or tested positive on a breathalyzer or urine toxicology 

screen for illicit drugs (except marijuana) on any day of testing.

Longitudinal Study Cohort—One hundred and ninety participants from the baseline 

parent cohort also completed a one-year follow-up evaluation. With the exception of current 

substance dependence, the above-referenced exclusion criteria also were applied at follow-

up testing. Of note, there were no new occurrences of these major exclusions and as such no 

participants were excluded at follow-up for this reason. We examined possible differences 

on each of the variables listed in Table 1 between the group of 176 individuals who were 

lost at follow-up and the 190 individuals who were retained. Thus, the independent variable 

was a 2-level categorical variable of lost at follow-up (n = 176) and retained (n = 190). The 

dependent variables for this series of analyses were each variable in Table 1. We used 

analysis of variance (ANOVA; or non-parametric equivalent) tests for continuous dependent 

variables, and we used chi-square tests for categorical dependent variables. The 190 

participants who completed the one-year follow-up assessment were older, χ2(3) = 23.50, p 

< .001, had a higher prevalence of lifetime Major Depressive Disorder, χ2(1) = 6.24, p = .

016, and had longer estimated durations of HIV infection, F(1,209) = 6.87, p = .009. No 

other baseline variables presented in Table 1 differed significantly by retention status (all ps 

> .05).

Baseline Neurocognitive Status of the Longitudinal Cohort—Our focus on the 

incidence of neurocognitive disorders necessitated that we also excluded participants with a 

neurocognitive disorder at baseline. This criterion was operationalized in a manner 

consistent with Frascati research guidelines for determining neurocognitive impairment 

when diagnosing HAND (Antinori et al., 2007). Participants with impairment in 2 or more 

neurocognitive domains at baseline as measured by a global clinical rating score of 5 or 

greater were excluded (see Woods et al., 2004). Thus, all study participants were 

neurocognitively normal at baseline. These neurocognitive disorder exclusion criteria 

eliminated 44 of the 190 individuals who were retained in the longitudinal arm of the study 

and thus provided a total of 146 eligible participants for the study sample (see Figure 1). We 

examined possible differences on each of the variables listed in Table 1 between the group 

of individuals who were excluded due to baseline neurocognitive impairment and 

individuals who were retained. Each variable in Table 1 was treated as a dependent variable 

and the independent variable for each test was a 2-level categorical variable comprised of 

individuals who were excluded due to a baseline neurocognitive disorder (n = 44) versus 

individuals who were neurocognitively normal at baseline and therefore retained in this 

study (n = 146). We conducted a series of individual one-way ANOVA tests (or Wilcoxon 

rank-sum tests for non-parametric data) for continuous dependent variables, and we used 

chi-square tests for categorical dependent variables. Individuals who were excluded at 

baseline due to having a neurocognitive disorder had significantly fewer years of education, 

F(1,188) = 10.50, p = 0.001, a lower estimated verbal IQ WTAR score, F(1,188) = 8.78, p = 

0.003, a higher total mood disturbance scores on the Profile of Mood States (POMS; 

McNair, Lorr, & Droppleman, 1981), F(1,177) = 6.64, p = 0.011, as well as a higher 
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prevalence of lifetime substance dependence (Fischer’s exact test p = 0.039) and HIV 

infection (Fischer’s exact test p = .008).

Final Study Sample—The final sample therefore included 146 participants who were 

neurocognitively normal at baseline and completed follow-up evaluations. This group 

included 24 younger HIV-seronegative (HIV−), 27 younger HIV-seropositive (HIV+), 39 

older HIV−, and 56 older HIV+ individuals. The demographic and clinical characteristics of 

these groups are displayed in Table 1. The mean (standard error) number of months between 

baseline and follow-up testing for all 146 retained participants included in analyses was 

14.27 (0.23) months.

Materials and Procedure

All participants provided written, informed consent prior to completing a comprehensive 

medical, psychiatric, and neuropsychological research evaluation for which they received 

nominal financial compensation. The university’s human subjects committee approved the 

parent study from which these participants were drawn. Participants completed the 

following procedure at baseline and at one-year follow-up.

Medical Evaluation—Participants were administered a brief medical evaluation 

conducted by a research nurse, which included a review of systems, medications, history, 

urine toxicology, and a blood draw.

Psychiatric Evaluation—Current mood symptoms were assessed using the POMS, 

which is a 65-item self-report measure of affective distress in the week prior to evaluation. 

Current (i.e., within the last 30 days) and lifetime Major Depressive Disorder, Generalized 

Anxiety Disorder, and Substance Use Disorder were determined using the Composite 

International Diagnostic Interview (version 2.128).

Neuropsychological Assessment

Comprehensive Neuropsychological Test Battery: All participants were administered a 

comprehensive neuropsychological test battery by certified research assistants. The domains 

included for a determination of neurocognitive disorders included (1) learning, (2) delayed 

memory, (3) attention, (4) speed of information processing, (5) executive functions, and (6) 

motor skills. The measures for each domain included (1) the Logical Memory I subtest from 

the Wechsler Memory Scale, 3rd edition (WMS-III; Wechsler, 1997) and Total Trials 1–5 of 

the California Verbal Learning Test, 2nd edition (CVLT-II; Delis, Kramer, Kaplin, & Ober, 

2000) for learning; (2) the Logical Memory II subtest from the WMS-III and the long Delay 

Free Recall trial of the CVLT-II for delayed memory; (3) the Digit Span subtest from the 

WMS-III and Trial 1 from the CVLT-II for attention; (4) Trailmaking Test, Part A time 

(Army Individual Test Battery, 1944) and the Total Execution Time from the Tower of 

London Test (Drexel Version; Culbertson & Zillmer, 1999) for speed of processing; (5) 

Trailmaking Test, Part B time and the Total Moves score from the Tower of London Test for 

executive functions; and (6) Grooved Pegboard (Kløve, 1963) dominant and non-dominant 

hand completion times for motor skills. Raw scores from these measures were converted to 
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demographically-adjusted normative T-scores, which were then used to derive global 

clinical rating scores (Woods et al., 2004).

Incident Neurocognitive Disorder Determinations: Follow-up characterizations of 

incident neurocognitive disorder were determined via Frascati research guidelines for 

assessing HAND using the methods and a marginally different battery (e.g., different form 

versions) detailed in Woods et al. (2013). Specifically, a global clinical rating score was 

generated from neurocognitive test scores across the six cognitive domains, which ranged 

from 1 (above average, T score ≥ 55) to 9 (severely impaired, T score < 20). Since HAND 

by definition requires cognitive and functional impairment to be likely due to HIV infection, 

we elected to use disease neutral terminology of classifying participants across HIV− and 

HIV+ groups with neurocognitive disorders as either subsyndromic (i.e., ANI) or syndromic 

disorder (i.e., MND, HAD). Subsyndromic neurocognitive disorder was operationalized by a 

global clinical rating score greater than or equal to 5 without impairment in everyday 

functioning (see Woods et al., 2004). Syndromic neurocognitive disorder was 

operationalized by a global clinical rating score greater than or equal to 5 in addition to 2 or 

more areas of “dependence” among the following indicators: (1) unemployment (not due to 

elective retirement), (2) self-reported impairment in 2 or more instrumental activities of 

daily living (ADLs) on a modified form (Heaton et al., 2004) of the Lawton and Brody 

(Lawton & Brody, 1969) ADL Scale (i.e., finance management, purchasing groceries, 

cooking, using transportation, shopping, medication management, and social activity 

planning), (3) self-reported impairment in 2 or more basic ADL domains on the modified 

ADL Scale (i.e., housekeeping/cleaning, laundry, home repairs, bathing, and dressing), (4) 

impairment on the Confusion/Bewilderment subscale of the POMS defined by an age and 

gender-corrected z score greater than or equal to 1, or (5) a score < 90 on the clinician-rated 

Karnofsky Scale of Performance Status (Karnofsky & Burchenal, 1949), which has been 

previously used in HIV (e.g., Gandhi et al., 2011; Morgan et al., 2012).

Confirming Incident Neurocognitive Disorder Determinations: Across the entire study 

cohort of 146 neurocognitively normal participants at baseline, 15 individuals met 

diagnostic criteria for an incident neurocognitive disorder (see Figure 1). In order to 

determine: 1) the presence of neurocognitive declines in individuals with incident 

neurocognitive disorders; and 2) stability in those who remained in the normal range, we 

conducted paired samples t-tests of the baseline and follow-up global clinical rating scores 

within these two subgroups. Among individuals with an incident neurocognitive disorder at 

follow-up (n = 15), there was a significant decline in global clinical rating score from 

baseline, t(14) = −6.96, p < .001, g = −2.35. However, in the group of individuals who did 

not have a neurocognitive disorder at follow-up (n = 131), there was no significant decline 

in global clinical rating score from baseline t(130) = −0.15, p = 0.883, g = −0.01.

Supplementary Cognitive Predictors of Incident Neurocognitive Disorders: In addition 

to the abovementioned neuropsychological domains, we also assessed possible cognitive 

predictors of incident neurocognitive disorders that were not part of the neurocognitive 

diagnoses, thereby reducing potential concerns regarding criterion contamination. These 

predictor domains included: (1) cognitive reserve, (2) verbal fluency, (3) semantic memory, 
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and (4) prospective memory. These supplementary domains were selected due to their: 1) 

Availability in the parent study; 2) relevance to cognitive aging and neuroAIDS; and 3) 

relevance as potential predictors of neurocognitive decline. The measures for each domain 

included: (1) years of education, estimated verbal IQ as measured by the WTAR, and 

Hollingshead score of highest occupation level (Hollingshead, 1975) for cognitive reserve; 

(2) total number of correct switches in the animal-musical instrument category switching 

subtest from the Delis Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & 

Kramer, 2001) and total words generated on a verbal (action) fluency test (see Piatt, Fields, 

Paolo, & Tröster, 1999 and Woods et al., 2006 for further details) for verbal fluency; (3) 

total correct on the Famous Faces subtest of the Kaufman Adolescent and Adult Intelligence 

Test (KAIT; Kaufman & Kaufman, 1993) and total score from the Boston Naming Test 

(BNT: Goodglass, Kaplan, & Barresi, 2001) for semantic memory; and (4) the modified 

version (Woods et al., 2008) of the Memory for Intentions Screening Test (MIST; Raskin, 

Buckheit, & Sherrod, 2010) for prospective memory. With the exception of semantic 

memory measures, for which raw scores were converted to demographically adjusted 

normative T-scores, raw scores from these measures were converted to unadjusted 

population-based T-scores in order to derive average composite scores. Unadjusted 

population-based T-scores were computed for each individual by comparing their raw score 

to the average performance within the older HIV+ sample, which allows measures without 

normative data (e.g., the MIST) to be on the same descriptive scale as the demographically 

adjusted normative T-scores.

Results

Baseline Characteristics Across Study Groups

The baseline demographic and clinical characteristics of the four study groups are shown in 

Table 1. To determine if there were any between-group differences on these baseline 

characteristics, a series of individual one-way ANOVA or chi-square tests were conducted 

using each individual dependent variable in Table 1 and the four-level age/HIV grouping 

independent variable (i.e., younger HIV−, younger HIV+, older HIV−, and older HIV+); any 

significant omnibus tests were further examined using post hoc independent t-test (or its 

non-parametric equivalent) or chi-square test pair-wise comparisons. The younger HIV+ 

group had significantly fewer years of education than the older HIV+ and older HIV− 

groups, F(3,142) = 5.95, p < .001. Older HIV+ individuals were more likely to have a 

lifetime diagnosis of Generalized Anxiety Disorder compared to the older and younger HIV

− groups, χ2(3) = 10.73, p = .013, and had higher rates of HCV compared to the younger 

HIV− and younger HIV+ groups, χ2(3) = 16.12, p = .001. Within the HIV+ cohort, the older 

group had significantly longer estimated durations of infection, F(1,81) = 47.68, p < .001, a 

higher prevalence of AIDS, χ2(1) = 4.78, p = .035, and a lower nadir CD4 count (Z = 2.19, p 

= 0.028), compared to the younger group.

Selection of Model Covariates

As detailed below, our primary study hypotheses were tested with a logistic regression 

predicting incident neurocognitive disorders from HIV, age group, and their interaction. In 

order to determine the optimal covariates for this model, we individually tested each 
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potential covariate in Table 1 that showed significant between-group differences (as detailed 

in the paragraph above) for its association with the outcome (i.e., a 2-level categorical 

variable of incident neurocognitive disorder versus neurocognitive normality). Among the 6 

variables listed above that differed across the study groups, only HCV also showed a 

significant association with incident neurocognitive disorder (Fischer’s exact test p = .006). 

As such, HCV was included as a covariate in the primary logistic regression model detailed 

below.

Age and HIV Predicting Incident Neurocognitive Disorders

Next we conducted a logistic regression to determine the impact of two between-subjects 

predictor variables HIV serostatus (HIV+, HIV−) and age group (younger, older) and their 

interaction on the dichotomous outcome variable of incident neurocognitive disorders (no 

incident neurocognitive disorder group, incident neurocognitive disorder group). The overall 

logistic regression model was significant, χ2(4) = 13.56, p = .009, and showed a significant 

main effect of HIV serostatus in predicting the likelihood of incident neurocognitive 

disorder, χ2(1) = 5.01, p = .025. HIV+ individuals were 4.84 (95% CI [1.20, 32.58]) times 

more likely to have a neurocognitive disorder at follow-up than were HIV− individuals (see 

Figure 2). There was no main effect of age group, χ2(1) = 0.69, p = .410, and no interaction 

between HIV serostatus and age group, χ2(1) = 0.03, p = .860.

Hepatitis C Predicting Incident Neurocognitive Disorders

As shown in Figure 3, there also was a significant main effect of the HCV covariate, such 

that individuals with HCV were 5.45 (95% CI [1.49, 21.48]) times more likely to have a 

neurocognitive disorder at follow-up than were HCV− individuals, χ2(1) = 6.54, p = .011. In 

an effort to determine if the effects of HCV may be particularly pronounced among HIV+ 

persons, we undertook post hoc chi-square analyses examining the association of HCV 

serostatus with incident neurocognitive disorders in the HIV− and HIV+ groups separately. 

In the HIV− group, there was a significant effect of HCV on incident neurocognitive 

disorders, such that 28.6% of HIV-HCV+ individuals had an incident neurocognitive 

disorder as compared to 0.0% of HIV-HCV− individuals (Fischer’s exact test p = .011; Odd 

ratio = 51.36, 95% CI [2.18, 1210.8]). However, there was no significant effect of HCV 

serostatus on incident neurocognitive disorders in the HIV+ sample. Specifically, 26.3% of 

HIV+HCV+ individuals had an incident neurocognitive disorder as compared to 12.5% of 

HIV+HCV− individuals (Fischer’s exact test p = 0.162; Odds ratio = 0.4, 95% CI [0.11, 

1.41]).

Incidence of Syndromic Versus Subsyndromic HAND by Age Group

A chi-square test was used to examine the possible differences in incidence rates of 

neurocognitive disorders between the older and younger HIV+ groups. There was no 

significant difference in the rate of incident neurocognitive disorders between older HIV+ 

(16.07%) and younger HIV+ (14.81%) individuals (p > .10). We did not have adequate 

statistical power to compare the rates of incident syndromic versus subsyndromic HAND by 

age group (i.e., for a chi-square test using a critical alpha level of .05 our 1−β to detect a 

large effect size was 0.44). However, at the descriptive level, 6 of the 7 (85.7%) incident 
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syndromic neurocognitive disorder cases were in the older HIV+ group. The single case of 

syndromic neurocognitive disorder in the younger HIV+ group met criteria for MND, while 

55.6% (n = 5) and 11.11% (n = 1) of the older HIV+ group with a neurocognitive disorder 

met criteria for MND and HAD, respectively. No participants in the HIV− groups were 

designated as having a syndromic neurocognitive disorder.

Baseline Clinical Predictors of Incident HAND in Older HIV+ Adults

We were also interested in determining whether there were baseline predictors of incident 

neurocognitive disorders in older HIV+ participants (NB. as there were only 4 participants 

in the younger HIV+ group with incident HAND, we focused our attention on the older HIV

+ sample). To determine if any baseline characteristics shown in Table 1 differed between 

individuals with an incident neurocognitive disorder versus neurocognitively normal 

individuals, a series of individual one-way ANOVA or chi-square tests were conducted 

using each individual dependent variable in Table 1 and the 2-level categorical variable of 

incident neurocognitive disorder versus neurocognitive normality as the independent 

variable; any significant omnibus tests were further examined using post hoc independent t-

test (or its non-parametric equivalent) or chi-square test pair-wise comparisons. No baseline 

characteristic variables presented in Table 1 (e.g., nadir CD4 count) were associated with 

incident neurocognitive disorders in the older HIV+ group (all ps > .05).

Baseline Clinical Neurocognitive Predictors of Incident HAND—As presented in 

Table 2, separate one-way ANOVA tests revealed that lower baseline composite 

neuropsychological domain predictor variable scores for learning, memory, executive 

functions, and speed of information processing were each associated with incident 

neurocognitive disorder in older HIV+ individuals (all ps < .05). Hedge’s g was utilized as a 

measure of effect size given our continuous baseline neuropsychological domain scores and 

a dichotomous incident neurocognitive disorder outcome variable. Hedge’s g effect sizes for 

these analyses were large and ranged from 0.80 (learning) to 1.18 (executive functions). 

Classification accuracy using baseline neuropsychological scores that maximized both 

sensitivity and specificity as determined by Youden’s index in predicting incident 

neurocognitive disorders was analyzed using receiver operating characteristic (ROC) curves, 

and significant predictor area under the curve (AUC) values ranged from 0.75 (learning, 

odds ratio = 12.89, 95% CI [2.11, 249.44]) to 0.81 (executive functions, odds ratio = 18.86, 

95% CI [3.05, 367.08]).

Baseline Supplementary Neurocognitive Predictors of Incident HAND—
Separate one-way ANOVAs of the supplementary neurocognitive measures showed that 

lower baseline cognitive reserve, verbal fluency, and prospective memory performance were 

each associated with incident neurocognitive disorder in the older HIV+ group (all ps < .05). 

There was no association between semantic memory and incident neurocognitive disorders 

in the older HIV+ group (p > .10). Hedge’s g effect sizes for significant baseline 

supplementary measure associations with incident neurocognitive disorders were large and 

ranged from 0.96 (prospective memory) to 1.33 (cognitive reserve). Classification accuracy 

of baseline supplementary measure predictor scores were analyzed in the same method as 

performed for baseline neuropsychological scores, and significant baseline supplementary 
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measure AUC values ranged from 0.78 (prospective memory, odds ratio = 12.95, 95% CI 

[2.66, 96.69]) to 0.84 (cognitive reserve, odds ratio = 116.11, 95% CI [5.49, 2457.25]). To 

determine which specific baseline cognitive reserve components may have been driving the 

association with incident neurocognitive disorders, we conducted separate one-way 

ANOVA tests with years of education, Hollingshead score, and WTAR estimated verbal IQ 

as the predictor variables and the 2-level categorical variable of incident neurocognitive 

disorder versus neurocognitive normality as the outcome variable. The results showed that 

neither years of education, F(1,54) = 1.81, p = 0.169, Hedge’s g = 0.48), nor WTAR 

estimated verbal IQ were significantly associated with incident neurocognitive disorders, 

F(1,54) = 3.89, p = .054, Hedge’s g = 0.70, although both showed broadly medium effect 

sizes. In contrast, lower Hollingshead scores were significantly associated with incident 

neurocognitive disorders, F(1,53) = 13.81, p < .001, Hedge’s g = 1.33.

Incident Clinical Factors Associations with Incident Neurocognitive Disorders

Finally, in order to rule out the possibility that other incident clinical factors may have 

played a role in the elevated rates of incident neurocognitive disorders in HIV disease, we 

coded the incidence of mood (i.e., major depression disorder, generalized anxiety disorder) 

and substance use disorders (i.e., any substance dependence), as well as clinical changes in 

health status (i.e., detectable plasma RNA at follow-up, new-onset AIDS, and incident 

HCV) at one-year follow-up. The overall rate of incident changes in these variables was 

quite low, ranging from 0% (any substance dependence) to 3.4% (generalized anxiety 

disorder). We then conducted separate chi-square tests examining the associations between 

these variables and: 1) the four-level HIV/age groups; and 2) presence of an incident 

neurocognitive disorder. None of the incident mood, drug, or health variables were 

significantly associated with study group or incident neurocognitive disorders (all ps > .10).

Discussion

The results of the present study indicate that among adults who were neurocognitively 

normal at baseline, HIV infection conferred a nearly five-fold increased odds of incident 

neurocognitive disorders over a 14-month period. The approximately 16% incidence rate of 

neurocognitive disorders evident in the current HIV+ sample is broadly within the range of 

previous incidence studies in the cART era (e.g., Robertson et al., 2007). Further, the 

elevated rate of incident neurocognitive disorders in HIV+ individuals was not better 

explained by baseline demographic (e.g., age, ethnicity) or non-HIV-associated clinical 

factors (e.g., mood, substance use, or co-infection with HCV), nor by any incident changes 

in mood, substance, or health-related variables (i.e., AIDS status, plasma RNA detectable, 

HCV).

Contrary to expectations, the risk of incident neurocognitive disorders was not significantly 

higher among older (16.1%) versus younger HIV+ adults (15.8%). One possible reason for 

the discrepancy between prior studies and our findings is that all participants in the current 

study were neurocognitively normal at baseline, whereas prior studies have included 

samples with varying prevalence of neurocognitive disorders at baseline that may have 

increased the older adults’ susceptibility to further decline (Grant et al., 2014). Another 
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difference is that previous longitudinal studies have primarily utilized continuous raw scores 

for neurocognitive variables (e.g., Sacktor et al., 2010; Seider et al., 2014). By way of 

contrast, we used rigorous Frascati criteria to determine clinically-meaningful levels of 

impairment and decline. However, it is also possible that the robustness of the effect of HIV 

infection on incident neurocognitive disorders dampens the importance of age-related 

changes for individuals in their mid-50s. In support of this hypothesis, cART era studies 

have found that HIV infection predicts incidence and prevalence rates of HAND over and 

above clinicodemographic variables—including age (Heaton et al. 2010, 2011; Robertson et 

al., 2007). The extent to which the incidence of HAND is modulated by age among persons 

in their 60s and 70s remains to be determined, because so few individuals infected with HIV 

have reached this age range in which age-related cognitive decline becomes more prevalent 

and may therefore affect the trajectory of HAND.

Another possibility is that the everyday expression of incident HAND may differ between 

older and younger adults. Although the low incidence rates of HAND in this study preclude 

us from drawing reliable statistical inferences due to limited power, the descriptive data are 

nevertheless compelling. Specifically, 6 out of the 7 cases of incident syndromic HAND—

and the only case of HIV-associated dementia—were observed the older HIV+ group. This 

observation is consistent with prior cross-sectional studies suggesting that the adverse real-

world impact of neurocognitive impairment is exacerbated in older adults (e.g., Jacks et al., 

in press). For example, Jacks et al. (in press) observed that older HIV+ persons with 

neurocognitive impairment were at disproportionate risk of being lost to follow-up care in an 

HIV clinic. The vulnerability of HIV+ adults with neurocognitive impairment to such 

functional declines may reflect decreased ability to deploy and utilize compensatory 

strategies in everyday life.

Despite the small sample size of older HIV+ adults with incident HAND, the present study 

identified multiple baseline neurocognitive indicators of incipient decline. Among the 

battery of clinical neurocognitive measures used to classify HAND, baseline assessments of 

learning, memory, executive functions, and speed of information processing were all 

associated with large effect sizes in predicting incident HAND. Individuals with lower 

(albeit still normal) average T-scores in these domains were 10 to 19 times more likely to 

have incident HAND. Overall, T-scores that fell above the cutoff scores as determined by 

Youden’s index (see Table 2) were strong indicators of not evidencing incident HAND at 

follow-up (negative predictive values ranged between .95 and .97), while scores below the 

cutoff score were less powerful predictors (positive predictive value range = .31 to .37). In 

other words, individuals with baseline performance in the high average and above range 

were highly unlikely to experience incident HAND, whereas there was some greater 

variability in whether persons with low average scores converted to HAND at one-year 

follow-up. The extent to which such individuals with low average scores are at greater risk 

for incident HAND at longer follow-up intervals remains to be determined.

Complementing the predictive value of the clinical measures used to diagnose HAND, our 

data showed that baseline performance on other neuropsychological tasks that place 

demands on memory and executive functions (viz., verbal fluency and prospective memory) 

were also predictive of incident HAND. Both verbal fluency and prospective memory are 
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affected by age and HIV (Iudicello, Woods, Deutsch, Grant, & the HNRP Group, 2012; 

Weber et al., 2011; Woods, Dawson, Weber, Grant, & the HNRC Group, 2010), and deficits 

in these domains are associated with impairments in everyday functioning outcomes (Woods 

et al., 2006, 2008). Deficits in these domains also are predictive of incident impairment in 

other populations in which frontal systems are affected, including Parkinson’s disease 

(Jacobs et al., 1995). Collectively, the neuropsychological associations observed herein 

suggest that suboptimal memory and executive functioning in HIV may be important risk 

factors for progression to HAND.

Baseline cognitive reserve was among the strongest predictors of incident neurocognitive 

disorders in older HIV+ adults, with positive and negative predictive values greater than 90. 

Cognitive reserve is a process whereby potential performance deficits due to insult to neural 

systems are assuaged by a built-up ability to more efficiently utilize brain networks (Stern, 

2002). Higher levels of cognitive reserve may serve multiple protective purposes in HIV, 

including 1) having a lowered risk of cross-sectional neurocognitive deficits (Vázquez-Justo, 

Blanco, Vergara-Moragues, Gestoso, & Pérez-García, 2014; for review, see Vance, 

McDougall, Wilson, Debiasi, & Cody, 2014) and 2) a decreased risk of concurrent everyday 

functioning problems (Morgan, Woods, et al., 2012). Closer examination of the variables of 

which cognitive reserve was comprised showed that Hollingshead occupation scores were 

significantly associated with incident neurocognitive disorders in the older HIV+ adults. 

Such findings converge with prior studies showing the importance of lower occupational 

status as a risk factor for dementia (e.g., Stern et al., 1994). The extent to which this 

association reflects the benefits of higher levels of cognitive activity, availability, and 

utilization of compensatory strategies and/or actual brain reserve remains to be determined. 

The present data suggest that higher levels of cognitive reserve in older HIV+ individuals 

may indeed assuage longitudinal decline in neurocognitive status as measured by Frascati 

HAND criteria. However, determining whether this protective role also applies to 

subsequent incident everyday functioning decline should be a point of emphasis in future 

studies.

Traditional clinical markers of HIV disease severity were not associated with incident 

HAND in the older HIV+ group. This included null findings for baseline predictors (e.g., 

nadir CD4 count) and incident immunovirological changes (e.g., detectable HIV RNA in 

plasma), which prior cohort studies suggest may be related to HAND (e.g., Heaton et al., 

2015; Ellis et al., 2011). The absence of findings in the current study could relate to the 

small samples of incident HAND, which were not sufficiently powered to detect the quite 

modest associations observed in the prior large-scale neuroepidemiological studies that have 

shown such effects. Nevertheless, our findings are consistent with studies arguing that 

clinical factors other than HIV disease severity (e.g., vascular disease) may be more relevant 

to the development and evolution of HAND in the era of cART (e.g., Becker et al., 2009). 

Future work in this regard may factor in more detailed biomarkers of neuroAIDS (e.g., 

MCP-1) and other aspects of neural injury (e.g., tau) as predictors of incident HAND among 

older HIV+ persons.

HCV infection was also associated with increased incidence of neurocognitive disorders, 

regardless of HIV serostatus. Specifically, HCV infection conferred nearly a 5-fold 
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increased risk for developing a neurocognitive disorder at follow-up. This finding was not 

better explained by any of the clinicodemographic variables in Table 1. Imaging studies 

have implicated abnormalities in both gray and white matter of frontosriatal regions of 

individuals with HCV (Bladowska et al., 2013; Forton et al., 2008; Weissenborn et al., 

2004). In parallel, neuropsychological findings implicate attention and psychomotor speed 

deficits in persons with HCV infection (Hilsabeck, Hassanein, Carlson, Ziegler, & Perry, 

2003; Hinkin, Castellon, Levine, Barclay, & Singer, 2008; Senzolo et al., 2011), as well as 

an increased risk for incident dementia (Chiu et al., 2014). One limitation of this finding is 

that HCV status was determined by self-report; however, post hoc analyses revealed that 

higher levels of liver biomarkers (AST and ALT) were significantly associated with HCV 

status (data not shown), which lends some credence to the self-report HCV variable. The 

HCV-associated risk of incident neurocognitive disorders was independent of HIV 

serostatus. Although the literature on the effects of co-infection on the central nervous 

system are mixed, our post hoc analyses present data that do not support an additive effect of 

HIV and HCV in the context of incident neurocognitive disorders. Rather, these data more 

simply suggest that the presence of either neurotropic infection increases one’s risk of an 

incident neurocognitive disorder. Therefore, it is suggested that HCV and HIV infection be 

considered concurrently when assessing risk for developing a neurocognitive disorder.

The present study was limited to a relatively short 14-month period of time between baseline 

and follow-up compared to other incident impairment studies in HIV (e.g., Heaton et al., 

2015), although previous studies have also used a one year interval and found similar 

declines (e.g., Seider et al., 2014). Of interest clinically, a study by Salthouse (2014) found 

that seronegative adults who were tested multiple times within an interval in which one 

might expect to see cognitive decline (e.g., a 3 year interval) were less likely to have 

cognitive change over the entire interval. Thus, the lack of a significant risk for incident 

neurocognitive disorder associated with age in the present study may offer support for 

clinicians who opt to utilize longer intervals between assessments in order to detect broad 

cognitive decline as the population of HIV+ individuals continues to age. In regard to the 

generalizability of the present findings, these data should be interpreted cautiously in light of 

the findings that individuals with lower cognitive reserve and neuropsychiatric disorders 

(e.g., depression, substance use) in the present sample were less likely to have been retained 

at follow-up. Further, the present study sample consisted of predominantly white, educated 

men from an urban setting, and so external validity in broader national and international 

settings remains to be determined. One limitation inherent in longitudinal studies is the 

possibility of practice effects as possible confounding variables in the outcome of incident 

neurocognitive disorders. However, it is unlikely that any between group findings were a 

product of multiple test administrations as there is no reason to expect that these effects 

would be limited to one age or HIV status group. We also utilized parallel forms of tests 

when possible. Finally, even though small sample sizes should increase the likelihood of 

committing a type II error, we nevertheless observed large effect sizes across significant 

neuropsychological and supplementary cognitive measures.

In summary, the results of the present study revealed an increased risk of incident 

neurocognitive disorders in HIV, the effect of which may be more likely to result in the 
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syndromic subtype for older adults. These findings necessitate addressing the question of 

whether interventions might be implemented to attenuate the deleterious effects of cognitive 

and functional decline in the growing older HIV+ population. In healthy older adult samples, 

there is considerable evidence suggesting that aerobic exercise improves cognitive outcomes 

(Colcombe & Kramer, 2003), which may be facilitated by improved neural structural 

integrity (for review, see Hayes, Alosco, & Forman, 2014). In HIV, poor aerobic fitness has 

been found to be associated with cognitive impairment (Mapstone et al., 2013). A recent 

study by Fazeli et al. (2014) found that increased numbers of self-reported active lifestyle 

factors (i.e., physical exercise, social activity, and current employment) were associated with 

improved neurocognitive performance in addition to a lower prevalence of HAND. 

Successful cognitive aging in HIV also has been associated with better health-related quality 

of life (Moore et al., 2014) and lower rates of Major Depressive Disorder and current 

affective distress (Malaspina et al., 2011). Finally, determining risk factors associated with 

incident syndromic neurocognitive disorders may help identify persons who may benefit 

from preemptive compensatory strategy training for everyday living tasks (e.g., medication 

management programs, automatic bill pay) which may improve functional outcomes for 

these at-risk individuals. Researchers and clinicians should aim to identify the potential 

avenues through which interventions and compensatory training might yield consistent 

optimal outcomes for older HIV+ individuals at risk for syndromic neurocognitive disorders.
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Figure 1. 
Flow diagram of study enrollment at baseline, retention at 14-month follow-up, exclusions 

based on baseline neurocognitive impairment, and the final cohort of participants with and 

without incident neurocognitive disorders.
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Figure 2. 
Incidence of syndromic and subsyndromic neurocognitive disorders at 14-month follow-up 

for younger and older individuals with and without HIV disease.
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Figure 3. 
Incidence of syndromic and subsyndromic neurocognitive disorder at 14-month follow-up 

for individuals with and without with Hepatitis C virus infection.
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Table 3

Mean (standard error) demographic, psychiatric, medical, and HIV disease characteristics across HCV groups.

HCV− (n = 120) HCV+ (n = 26) p Group Difference

Age (years) 46.8(1.3) 52.0(1.3) .069 --

Education (years) 14.3(0.2) 13.0(0.5) .006 HCV− > HCV+

Ethnicity (%) -- --

 African-American 17.5 34.6

 Asian 2.5 0.0

 Hispanic 15.8 15.4

 White 64.2 50.0

Gender (% men) 76.7 73.1 -- --

Estimated Verbal IQ (WTAR) 104.3(0.9) 99.8(1.7) .039 HCV− > HCV+

POMS total (of 200) 49.2(3.2) 55.4(7.4) -- --

Major Depressiona (%) 53.3 65.4 -- --

Generalized Anxietya (%) 10.0 30.77 .010 HCV− < HCV+

Substance Dependenceb (%) 47.5 80.77 .002 HCV− < HCV+

HIV Infection c (%) 53.33 73.1 .082 --

Estimated Duration of Infection c (months) 157.5(12.7) 195.9(18.9) -- --

AIDS c (%) 54.7 68.4 -- --

CD4 count c (cells/μL) 559.6(33.9) 550.5(51.4) -- --

Nadir CD4 c (cells/μL) 198.1(19.7) 208.8(36.4) -- --

cART status c (%) 89.1 84.2 -- --

Plasma RNA detectable c (%) 24.2 22.2 -- --

 Among subjects on cART (%) 14.6 20.0 -- --

Note. HCV = Hepatitis C virus; WTAR = Wechsler Test of Adult Reading; POMS = Profile of Mood States; AIDS = Acquired Immune Deficiency 
Syndrome; CD4 = Cluster of Differentiation 4; cART = combination antiretroviral therapy.

a
Includes both current (e.g., the last 30 days) and lifetime diagnosis.

b
Any lifetime diagnosis of dependence on alcohol or illicit substances.

c
Sample size for HIV disease characteristic variables: HCV− n=64, HCV+ n=19.
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