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Abstract 

 

Objective: This cross-sectional study examined cognitive subtypes and influential factors in HIV-

positive (HIV+) adults.  

Method: Two-step cluster analysis was conducted on a neurocognitive test battery in a sample (N = 

78) of adults and older adults with HIV (Mage = 46.1). Next, cognitive, functional, and mental and physical 

health differences were compared between the HIV+ clusters and an HIV- reference group (N = 84; Mage = 

47.9).  

Results: A two-cluster solution emerged, with a lower performing cluster exhibiting poorer 

performance across all domains except psychomotor speed, and a “normal” cluster displaying similar 

performance as the HIV- group. The most influential factors to classification in the lower performing cluster 

were older age and presence of stroke and hypertension. There were trends for longer duration of HIV-

infection, higher unemployment rates, and greater prevalence of Hepatitis C co-infection in the lower 

performing cluster.  

Conclusions: These findings suggest that there are not unique cognitive subtypes in HIV, but rather a 

subset of individuals who exhibit globally normal performance and those with below average performance. 

Older age and the related cardiovascular comorbidities of both aging and HIV medications may be key 

influential factors to variability in neurocognitive functioning in this population and thus should be considered in 

future studies. Implications for research and practice are provided. 
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Introduction 

Several studies have provided evidence of lower 

cognitive performance for HIV-positive (HIV+) 

individuals compared to their HIV-negative (HIV-) 

counterparts in the domains of psychomotor 

functioning, attention, processing speed, executive 

functioning, and memory, reflecting a pattern of 

dysfunction of frontal-subcortical circuitry1-6. These 

cognitive domains are also subject to declines in normal 

aging7. Given that cognitive abilities underlie 

performance of many everyday activities in individuals 

with HIV, such as medication management8 and 

driving9, examining neurocognitive impairment (NCI) in 

HIV is particularly important. Fortunately, the incidence 

of HIV-associated dementia (HAD) has decreased 

significantly in the era of highly active antiretroviral 

therapy (HAART). Yet, the incidence and prevalence of 

milder forms of HIV-associated neurocognitive disorders 

(HAND) is increasing despite potent antiretroviral 

therapy. One large cohort study reported that 52% of 

the sample had some form of HAND, with the most 

prevalent being asymptomatic impairment (i.e., no 

interference with daily functioning)10.  

Yet, there is much heterogeneity in the 

literature on the cognitive patterns among HIV+ 

individuals and factors that may account for such 

patterns. There are various co-factors such as older 

age, low education level (e.g., cognitive reserve), 

depressive symptoms, and HIV disease severity (e.g., 

nadir CD4+ count) that may put some HIV+ individuals 

at a higher risk for poorer cognitive performance. Thus, 

when examining cognitive functioning in HIV, it is 

necessary to include these factors in order to 

understand the unique contribution of HIV to cognition 

in the context of co-factors. Additionally, it is ideal to 

have an HIV- reference group that is demographically 

similar to the HIV+ sample for more accurate 

comparisons. Given that some individuals with HIV may 

have no cognitive deficits and that there are vast 

individual differences in co-factors that may affect 

performance, examining cognitive profiles in adults with 

HIV is an important area for research. Using cluster 

analysis to identify subgroups with varying patterns of 

performance within HIV+ samples may provide a useful 

alternative to traditional comparisons of group means in 

HIV+ individuals as a whole, which may obscure 

detection of these meaningful subgroups that share 

similar patterns of performance and composition of co-

factors.   

Cluster Analyses 

There have been three known studies to 

examine cognitive subtypes in HIV. A study by van Gorp 

and colleagues5 examined cognitive subtypes in HIV+ 

males (Mage = 38.9) and yielded a three-cluster 

solution, with a cognitively normal cluster (39% of the 

sample), a cluster defined as depressed with 

psychomotor slowing and lowered verbal memory 

(28%), and a cluster with lowered overall cognitive 

performance and normal mood (33%). The clusters did 

not differ on current CD4+ count, but did differ on age, 

education, and HIV symptom status. Another cluster 

analytic study by Lojek and Bornstein1 examined 

patterns of cognitive functioning in HIV+ (Mage = 34.3) 

and HIV- (Mage = 33.1) men and yielded the following 

four clusters: those with psychomotor speed 

dysfunction (7.4% of the sample); those with memory 

and learning dysfunction (29.6%); those with all 

cognitive domains affected (10.4%); and those with no 

cognitive deficits or subclinical deterioration (50.6%). 

The clusters did not differ on level of anxiety and 

depression, age, current CD4+ count, or type of anti-

HIV medication, but did differ on education and HIV 

symptom status. A final cluster analysis study by Dawes 

and colleagues11 of cognitive subtypes in adults with 

HIV (Mage = 40.68) yielded six clusters or profiles. In 

contrast to the two aforementioned cluster analytic 

studies, this study used ipsative scoring on the 

cognitive factors to define clusters based on pattern 

(not overall level) of performance. No cluster 

differences were found for age, education, gender, 

AIDS status, current or nadir CD4+ count, viral load, 

HAART status, Hepatitis C co-infection, subjective 

cognitive complaints, or current rates of major 

depression or substance use disorders. However, the 

methodology used in the cluster analysis by Dawes and 

colleagues yielded results that may be cumbersome to 

interpret as they are relative only to pattern, rather 

than level of performance, which may be important 

when the goal is isolating those with NCI. Also, this 

approach to cluster analysis yielded twice the number 

of clusters as the other two studies, which may be 

difficult to interpret due to lack of parsimony.   

Overall, the three cluster analytic studies 

yielded some consistent findings. First, they suggest 

that there is not one prototypical pattern of NCI in HIV, 

with some individuals having no cognitive deficits, some 

exhibiting declines in specific domains, while others 

may have global impairment. Second, there are several 

co-factors such as education, age, and HIV symptom 

status that may influence cognitive performance and 

patterns. Unfortunately, these studies have several 

limitations, including relatively young adult samples 

(i.e., the highest mean age being 40.68 years in the 

study by Dawes and colleagues), two of the studies 

used only male samples, the van Gorp and colleagues 

study occurred before HAART was developed, and only 

one of the studies examined nadir CD4+ count. 

Additionally, only the Lojek and Borstein study explicitly 

compared their HIV+ clusters to an HIV- reference 

group. Thus, there is a need for more cluster analyses 
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of the cognitive subtypes in HIV using older samples, 

including both males and females, including an HIV- 

reference group, and examining more co-factors. 

Specifically, co-factors that should be examined include 

substance use, depressive symptoms, Hepatitis C co-

infection, medical comorbidites, HAART adherence, and 

nadir CD4+ count.    

Purpose 

The purpose of the current study was to 

examine cognitive subtypes and influential correlates 

among HIV-infected individuals. Specifically, the goal of 

aim 1 was to examine cognitive subtypes in a sample of 

HIV+ adults and older adults using cluster analysis. The 

goal of aim 2 was to confirm the validity of the cognitive 

clusters by examining the differences in performance on 

cognitive and everyday functioning measures between 

the HIV+ clusters and an HIV- reference group. The 

goal of aim 3 was to determine whether the clusters 

differed on HIV-specific co-factors (e.g., nadir CD4+ 

count) and to compare the clusters to an HIV- reference 

group on non-HIV specific co-factors (e.g., depressive 

symptoms). Finally, the goal of aim 4 was to examine 

the prevalence of psychometrically defined NCI in the 

overall HIV+ sample, and stratified by the HIV+ 

clusters.  

Method 

Participants 

Three-hundred and forty-seven adults recruited 

from the Birmingham, Alabama, metropolitan area were 

telephone screened for the original cross-sectional 

parent study. The current study uses data from those 

eligible participants that did not meet exclusion criteria 

and thus completed the parent study, as described 

below. HIV+ participants were recruited from a 

university-based HIV/AIDS community clinic with flyers 

and brochures. HIV- participants were recruited from 

flyers, brochures, university newspaper advertisements, 

and word-of-mouth. Interested participants called the 

research center, and a telephone screening interview 

was conducted to determine eligibility. HIV+ participants 

must have known about their HIV diagnosis for at least 

one year in order to eliminate the potential confounds of 

reactive anxiety and depression that may accompany an 

initial HIV diagnosis. Additional exclusion criteria for the 

entire sample included being homeless, pregnant, blind, 

deaf, having a developmental disability, undergoing 

chemotherapy or radiation, not being proficient in 

speaking and reading English, past brain injury involving 

a loss of consciousness for longer than 30 minutes, or 

having a severe neurological condition (e.g., 

schizophrenia, bipolar disorder, HIV encephalopathy, 

dementia). In addition to the self-report information on 

the presence of these neurological co-morbidities, this 

information was confirmed with the HIV clinic medical 

charts for the HIV+ participants. After excluding those 

who met the exclusion criteria, 78 HIV+ participants 

(Mage = 46.61; 24% women) and 84 HIV- participants 

(Mage = 47.93; 60% women) remained. The HIV- 

participants were included in the current study in order 

to have a reference group for comparisons between 

HIV+ clusters and were thus recruited by the parent 

study to be demographically similar to the HIV+ group 

with regard to age and education.   

Procedures 

All participants completed a 2½ hour battery 

consisting of demographic, mental and physical health, 

cognitive, and functional measures administered by 

experienced testers.  Participants were compensated 

$50 for their time. For the HIV+ participants only, the 

health questionnaire included additional questions 

regarding self-reported current CD4+ count and plasma 

viral load. Since participants were recruited from the 

university HIV/AIDS clinic, computerized chart extraction 

of their most recent laboratory values for current and 

nadir CD4+ count and viral load was also available. 

Clinic values were used in analyses rather than self-

reported values, except when missing as stated below. 

For 75 participants who had both self-reported and clinic 

values for their current CD4+ count, there was a high 

level of agreement (r = .73, p < .001). Thus, current 

CD4+ count values for the three participants whose 

values were missing from the clinic were substituted 

using their self-reported values. For 32 participants who 

had both self-reported and clinic values for plasma viral 

load, there was a low level of agreement (r = .01 p 

= .92); thus, only clinic values of plasma viral load were 

used and for the four cases that were missing this 

information, substitution was not deemed appropriate. 

Clinic values for nadir CD4+ count were available for 70 

participants; since there was a reasonable correlation 

between nadir CD4+ count and current clinic values for 

CD4+ count (r = .67, p < .001), for the remaining eight 

cases, their current CD4+ count was used to substitute 

this missing value in subsequent analyses. The HIV+ 

participants also completed an HIV medication 

adherence questionnaire (Simplified Medication 

Adherence Questionnaire12), with higher scores 

reflecting greater nonadherence.   

 All participants completed a stressful life events 

questionnaire (Social Readjustment Scale13), a mood 

questionnaire (Profile of Mood States14), a substance use 

questionnaire (Addiction Severity Index15), and a health 

questionnaire (Cardiovascular Health Study16). Higher 

scores reflect greater number of stressful life events, 

higher depressive symptoms, and greater substance use. 

For the health questionnaire participants self-reported 

whether they had ever received a diagnosis for several 

medical conditions (e.g., hypertension; mood problems 
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such as depression or anxiety) along with the 

medications they were currently taking.  

Cognitive and Everyday Functioning Test Battery 

 References are provided for those cognitive 

measures that are traditionally used in the HIV and 

aging literature, while detailed descriptions are provided 

for those additional cognitive measures for which 

readers may be less familiar (i.e., UFOV and CRT), as 

well as for the everyday functioning measures. 

Visual Attention. Useful Field of View Test® 

(UFOV). The UFOV® test is a computerized measure of 

visual attention and processing speed17. There are four 

subtests that increase in difficulty as participants 

progress through the test. In each subtest participants 

must attend to central and peripheral (or both) visual 

stimuli and the display duration (17-500ms) of the 

stimuli become shorter, and thus more difficult, as they 

progress. This allows for quantification of processing 

speed by using display duration threshold as the score. 

Using a double-staircase method, scores are generated 

for each subtest which reflects the display duration in 

which 75% accuracy has been achieved. These scores 

were combined to create a total UFOV® score, with 

lower scores indicating fewer milliseconds needed to 

correctly perceive the stimuli, and thus better processing 

speed.   

Reaction Time. Complex Reaction Time Test 

(CRT). The CRT test is a computerized measure of 

everyday processing speed and reaction time18, 19. 

Participants were presented with several road signs (i.e., 

left and right turn arrows, pedestrian, and bicycle) and 

instructed to react as quickly as possible in a specific 

way (either a single click or moving the mouse right or 

left). There are two trials of 12 presentations (the first 

presents three signs at a time, while the second 

presents six). Participants’ average reaction time in 

seconds was used as the score for this test, with lower 

scores indicative of faster processing speed.   

Processing Speed. Letter and Pattern 

Comparison task20.   

Psychomotor Speed. Finger Tapping Test21.  

Executive Function. Wisconsin Card Sorting Test 

(WCST) Computer Version 422, 23.   

Memory. Hopkins Verbal Learning Test (HVLT)24.   

Speed of Everyday Functioning. Timed 

Instrumental Activities of Daily Living (TIADL).  The 

TIADL is a measure of everyday functioning25. It 

measures both the speed and accuracy in which five 

typical everyday activities are completed (e.g., finding 

two food items on a shelf of food, using coins to count 

out correct change, finding a telephone number in a 

phone book). The amount of time (seconds) necessary 

to complete each task is used as the score.  If the task 

is not completed within the time limit (e.g., two 

minutes), the task is then terminated and the participant 

is given the maximum time limit as the score for that 

task.  If the task is completed within the pre-set time 

limit but is performed incorrectly, a time penalty is 

added. This penalty is equal to one standard deviation of 

time that is derived from the scores of those who 

performed that task within the time limit. The final 

scores are transformed into a z-score for each of the five 

tasks and averaged in order to provide a TIADL 

composite score; this standardization ensures that the 

tasks are equally weighted. Since z-scores are used, 

composite scores can be reflected in negative and 

positive coefficients; lower composite scores indicate 

better performance on this test. This measure has 

evidence of good test-retest reliability (r = .64) 25.   

Complex Everyday Functioning. Observed Tasks 

of Daily Living (OTDL). This measure is composed of 28 

observational tasks that simulate complex and 

instrumental activities of daily living that require 

inferential thinking and have observable elements 

allowing objective scoring of performance26. The tasks 

include medication, telephone, and financial-related 

activities.  Participants are given stimulus items (e.g., 

medicine bottles) and a card with a question on it for 

each activity. This is not a timed task; rather, accuracy is 

recorded (i.e., correct or incorrect), and whether or not 

a prompt was needed. Total scores are calculated based 

on accuracy and use of prompts; higher scores reflect 

better everyday functioning. The mean kappa across 

tasks for all three domains is 0.93. 

Data Analysis 

All statistics were conducted using SPSS version 

20. Descriptives and group differences on the 

demographic, mental and physical health, cognitive, and 

functional variables were conducted between the HIV- 

and HIV+ samples using ANOVA and chi-square 

analyses. In order to examine cognitive subtypes in a 

sample of adults with HIV, cluster analysis was 

employed.  Formann27 suggested a sample size of no 

less than 2k (k = number of variables). With this 

relatively small sample size (N = 78), a maximum of six 

variables could be entered into the cluster analysis. As 

highly correlated variables are not recommended for 

cluster analysis, we first examined whether there was 

any substantial multicollinearity (r > 0.70) among the six 

cognitive measures (UFOV®, CRT, Letter and Pattern 

Comparison, WCST (percentage of correct responses), 

HVLT, and the Finger Tapping Test).   

The Two-Step method, a newer clustering 

approach that is a variant of the Hierarchical clustering 

technique28 was chosen for the current study.  All 
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cognitive measures were standardized to z-scores by 

default in the Two-Step procedure. The advantage to 

the Two-Step clustering method is that it provides a 

measure of the most appropriate number of clusters 

using the Schwarz Bayesian Information Criterion, a 

general measure of the overall fit of a solution based 

upon the mean square error. This clustering method is 

preferred when the most appropriate number of clusters 

to fit the data is not known prior to the clustering 

procedure. In order to demonstrate the stability of the 

cluster solution yielded from the Two-Step method, a 

Hierarchical and a K-Means cluster analysis were also 

employed using the number of clusters yielded from the 

Two-Step approach.   

Comparisons were conducted between the HIV+ 

clusters and the HIV- reference group on the six 

cognitive measures used to form the clusters as well as 

the two measures of everyday functioning. These 

measures included: UFOV®, CRT, Letter and Pattern 

Comparison, WCST (percentage of correct responses 

and number of categories completed), HVLT, the Finger 

Tapping Test, TIADL, and OTDL. MANOVA was used 

with Bonferonni’s post-hoc tests for follow-comparisons.  

To determine whether clusters differed on HIV-

specific co-factors (i.e., years with HIV, medication 

adherence, current and nadir CD4+ count, and plasma 

viral load) and to compare the clusters to an HIV- 

reference group on non-HIV specific co-factors (i.e., 

age, education, income, race, sexual orientation, 

gender, depression, stressful life events, medical co-

morbidities, medications, employment status, Hepatitis C 

co-infection, and substance use), MANOVA was used for 

continuous variables and chi-square analyses were used 

for dichotomous variables. In addition to examining the 

total number of medical co-morbidities that may affect 

cognition (i.e., self-reported mood problems, Diabetes, 

hypertension, stroke, and hepatitis C), each of these 

conditions was also examined separately.  

To further examine the validity of the cluster 

solution, the clusters were examined for 

psychometrically defined NCI. Using the mean and 

standard deviations of the demographically similar HIV- 

reference group for each of the six cognitive measures, z
-scores were created for the HIV+ group. Participants 

whose performance was one or more standard 

deviations in the impaired direction for two or more 

measures were classified as having psychometrically 

defined NCI. Percentages were calculated for the 

composition of impairment in the clusters as well as for 

the total HIV+ sample.  

Results 

 One data point was missing for the following 

cognitive tests: the Finger Tapping Test, CRT, UFOV®, 

and WCST. Based on the remaining cognitive scores, 

linear regression was used to impute these missing 

values. Preliminary analyses confirmed that the HIV+ 

group and the HIV- reference group were 

demographically similar (Table 1). There were no 

significant differences between the groups on age, 

percentage over age 50, race, income, education, 

depression (i.e., Profile of Mood States), stressful life 

events, and drug and alcohol use. The HIV- group had a 

significantly higher proportion of heterosexuals and 

currently employed participants. The HIV+ group had 

significantly more males and individuals with Hepatitis C. 

The HIV+ group reported more medical conditions and 

prescribed medications, as would be expected in this 

clinical population. Despite the comparability of the 

HIV+ and HIV- groups on the Profile of Mood States, the 

HIV+ group had a significantly higher frequency of self-

reported mood problems (depression or anxiety; self-

reported from the health questionnaire) than the HIV- 

group. Regarding the cognitive and functional measures, 

the HIV+ group performed significantly worse than the 

HIV- group on the CRT, Letter and Pattern Comparison, 

and the TIADL, while a trend emerged on the UFOV 

Test. 

Descriptive analyses for the HIV+ sample 

revealed that 87% of the sample was currently taking a 

HAART regimen (Table 2). Fifteen percent of the sample 

had a current CD4+ count below 200 (indicative of 

AIDS). Forty-two percent of the sample had a nadir 

CD4+ count below 200. Finally, 38% of the sample had 

an undetectable plasma viral load.  

Across all of the cognitive measures (UFOV®, 

CRT, Letter and Pattern Comparison, Finger Tapping 

Test, WCST, HVLT), correlation coefficients did not 

exceed 0.51, indicating that there was no substantial 

multicollinearity (Table 3), suggesting that each of the 

measures represented relatively different constructs. To 

examine whether the outcome of the cluster analysis 

would be affected by including different combinations of 

variables, the cluster analysis was performed including 

different combinations of the variables (i.e., including 

only three, four, and five cognitive measures). In no 

situation was the cluster solution (i.e., number of 

clusters yielded) any different than the original analysis 

including all six measures. Thus, all six measures were 

entered into the final cluster analysis. We also 

conducted a factor analysis on the cognitive measures 

and the results of the cluster analysis remained the 

same.   

Results of the Two-Step cluster analysis of the 

HIV+ sample yielded a two cluster solution as the most 

appropriate, as determined by the lowest Schwarz 

Bayesian Information Criterion and Schwarz Bayesian 

Information Criterion change values (357.18 and -16.49, 

respectively). Cluster 1 contained 32 participants while 

Cluster 2 contained 46.  To examine the stability and 
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consistency of this cluster solution, a K-Means and 

Hierarchical cluster analysis were performed with a 

specified solution of two clusters and showed that 83% 

of the participants in the K-Means analysis, and 90% of 

those in the Hierarchical analysis were correctly 

classified in the two clusters yielded from the initial Two-

Step procedure.   

 Results of the MANOVA comparing cognitive and 

functional differences between the HIV+ clusters and 

the HIV- reference group revealed that Cluster 1 

performed significantly worse than Cluster 2 and the HIV

- reference group on each measure except for the Finger 

Tapping Test, for which there were no group 

differences. Cluster 2 performed similarly to the HIV- 

group on every measure except the HVLT, where Cluster 

2 actually had significantly better performance than the 

HIV- group. Similarly, for the OTDL and TIADL, Cluster 1 

performed significantly worse than both Cluster 2 and 

the HIV- group, while Cluster 2 and the HIV- group did 

not significantly differ (Table 4).   

Results of the analyses examining influential factors to 

cluster membership revealed that Cluster 1 was 

significantly older than Cluster 2. Further, Cluster 1 and 

the HIV- group had a significantly higher percentage of 

participants over age 50 than Cluster 2. There was a 

trend for current employment and Hepatitis C co-

infection between Clusters 1 and 2, with a trend towards 

Cluster 1 having fewer participants who were employed 

and a higher prevalence of Hepatitis C. Cluster 1 

reported significantly more medical conditions than 

Cluster 2 and the HIV- group. Of these conditions, 

Cluster 1 had a significantly higher frequency of both 

stroke and hypertension than Cluster 2 and the HIV- 

group. There were no significant differences between 

Clusters 1 and 2 and the HIV- group on proportion of 

Caucasians, income, education, mood, stressful life 

events, alcohol use, and drug use (Table 5). Clusters 1 

and 2 did not significantly differ on any of the HIV-

specific variables; however, there was a trend for years 

with HIV, with those in Cluster 1 on average having a 

longer diagnosis of HIV (Table 6).    

Results for aim four revealed that 91% (n = 29) of 

Cluster 1 participants were classified with 

psychometrically defined-NCI, compared to 17% (n = 8) 

of Cluster 2. Further, in Cluster 2, of those who were 

classified as impaired, all but one of these participants 

(who exhibited lower performance on three tests) only 

exhibited lowered performance in two tests, while 

Cluster 1 contained participants who performed worse 

on between three and six measures. When considering 

the HIV+ sample as a whole regardless of cluster 

membership, 47% (n = 37) of the sample was classified 

with psychometrically defined-NCI.  

 

 

Discussion 

 Using cluster analysis in a sample of adults and 

older adults with HIV, two cognitive clusters emerged: a 

lower performing cluster and a cognitively “normal” 

cluster who was comparable to an HIV- reference group, 

suggesting successful cognitive aging in a subset of 

HIV+ adults. When comparing the HIV+ clusters to the 

HIV- reference group across cognitive and functional 

measures, the validity of the two-cluster solution was 

confirmed, with generally lower performance in Cluster 1 

relative to Cluster 2 and the HIV- reference group. The 

lack of a significant difference for the Finger Tapping 

Test suggests that psychomotor speed may be spared in 

the face of well-controlled HIV. The finding that the 

“normal” cluster had better performance on the HVLT, 

while statistically significant, the fact that on average 

these “normal” participants recalled two more words 

than the HIV- group may not have everyday clinical 

implications.  

 The two-cluster solution we found is both in 

parallel and inconsistent to the literature. It is in parallel 

with the literature suggesting that there is a subset of 

HIV+ individuals with global lower performance and a 

subset with global higher performance (“normals”). It is 

incongruent with prior studies that have yielded cluster 

solutions of three or more clusters, with some clusters 

defined as having relative decrements in specific 

cognitive domains only (e.g., psychomotor only). There 

are two major explanations for this. First, these prior 

cluster analytic studies had much larger sample sizes, 

which may have made it possible to detect these distinct 

subgroups in the data. Second, as these prior studies 

used factor analysis, their cognitive “factors” were 

forced to be orthogonal (uncorrelated), making it more 

likely to detect distinct subgroups rather than only 

groups with overall lower/higher performance. However, 

even when post-hoc factor analysis was employed in our 

study the results remained the same.   

 

 Age emerged as an influential factor to cluster 

membership suggesting that older age itself may 

account for the lower performance in Cluster 1. While 

the “normal” cluster was not significantly younger than 

the HIV- group, they were about four years younger on 

average, which may have been, in part, an explanation 

for their comparability to the HIV- group. This is further 

implicated by the finding that the lower performing 

cluster and the HIV- group had a significantly higher 

proportion of individuals over age 50 (59% and 49%, 

respectively) than the “normal” cluster (26%) despite 

not having significantly different mean ages. The higher 

prevalence of hypertension and prior stroke in the lower 

performing cluster than the “normal” cluster and the  
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Table 1:     Group Differences Between the HIV+ and HIV- Samples (N = 162)  

 HIV+ 

(n = 78)  

 HIV- 

(n = 84)  

Variable n (%) M (SD) n (%) M (SD) p-value 

Age  46.61 (10.40)  47.93 (13.06) 0.48                        

No. Over Age 50 (%) 31 (40%)  41 (49%)  0.25 

No. Men (%)‡ 59 (76%)  33 (39%)  0.00 

No. Heterosexuals (%)‡ 39 (50%)  78 (93%)  0.00 

No. Caucasians (%)* 48 (62%)                                     55 (65%)                                          0.73 

No. Working (%)‡ 12 (15%)  35 (42%)                                          0.00 

Income   1.74 (1.35)  1.98 (1.53) 0.31       

Education (years)  12.77 (2.48)  12.79 (1.68) 0.96              

No. Med. Conditions‡  1.59 (1.14)  1.06 (0.99) 0.00                   

No. w/ Hepatitis C (%)‡ 26 (33%)  6 (7%)  0.00 

No. w/ Mood Prob. (%)† 44 (56%)  33 (39%)  0.03 

No. w/ Stroke (%) 7 (9%)  5 (6%)  0.46 

No. w/ Hypertension (%) 38 (49%)          32 (38%)  0.17 

No. w/ Diabetes (%) 9 (12%)  10 (12%)  0.94 

No. Medications‡  4.83 (3.39)  2.18 (2.74) 0.00                     

POMS Total  35.47 (40.29)  28.26 (37.89) 0.24                     

POMS-Positive  17.73 (6.68)  19.27 (6.52) 0.14 

POMS-Negative  53.21 (36.55)  47.54 (34.87) 0.31 

Stressful Life Events  268.29 (139.58)  238.51 (164.16) 0.22                     

ASI - Alcohol Use  0.23 (0.60)  0.24 (0.45) 0.90                    

ASI - Drug Use  0.03 (0.07)  0.02 (0.04) 0.12                      

UFOV® Test  737.73 (361.48)  638.45 (334.64) 0.07 

CRT†  1.93 (0.56)  1.75 (0.47) 0.02 

Letter & Pattern†  76.67 (17.36)  82.75 (17.28) 0.03 

WCST % Correct  50.54 (18.26)  54.35 (18.84) 0.19 

WCST Cat. Completed  2.52 (2.20)  3.07 (2.25) 0.12 

Finger Tapping Test   50.52 (7.73)  48.63 (8.27) 0.14 

HVLT  23.53 (6.28)  24.12 (6.21) 0.55 

TIADL†  0.65 (3.44)  -0.61 (2.65) 0.01 

OTDL  68.10 (7.59)  69.71 (7.38) 0.17 

Notes.  M = Mean; No. = number; SD = standard deviation; Working = currently working either part-time or 
full-time; For income, 1 = $0 - $10,000 and 8 = over $70,000; No. Med. Conditions = total number of medical 
conditions; Mood prob. = self-reported mood problems (depression or anxiety); POMS = Profile of Mood 
States; Stressful life events = Social Readjustment Scale score; ASI = Addiction Severity Index; UFOV = 
Useful Field of View; CRT = complex reaction time; Letter & Pattern = Letter & Pattern Comparison task total; 
WCST = Wisconsin Card Sorting Test; WCST Cat. Completed = Wisconsin Card Sorting Test categories 
completed; HVLT = Hopkins Verbal Learning Test; TIADL = Timed Instrumental Activities of Daily Living; 
OTDL = Observed Tasks of Daily Living. * = All others were African American except one who was Native 
American who was HIV+.  †p < .05; ‡p < .01.  
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Table 3 : Correlations for Cognitive Measures (N = 78)  

Variables       1     2      3     4   5   6 

1. Useful Field of View   1.00      

2. Complex Reaction Time   0.51** 1.00     

3. Letter & Pattern Comparison  -0.44** -0.44** 1.00    

4. WCST Percentage Correct  -0.32** -0.31** 0.33** 1.00   

5. Finger Tapping Test  -0.25* -0.13 0.33** -0.03 1.00  

6. HVLT  -0.47** -0.41** 0.30** 0.40** 0.15 1.00 

Note.  WCST = Wisconsin Card Sorting Test; HVLT = Hopkins Verbal Learning Test.  

*p < .05; **p <.01  

 

Table 2 : Descriptives for HIV+ Sample on HIV-Related Variables (N = 78)  

Variable n (%) M (SD) Range 

Years with HIV  12.93 (7.34) 1.00 - 26.10 

No. Taking ART (%) 68 (87%)   

Medication Adherence  3.19 (4.31) 0.00 - 17.00 

Current CD4+ count   471.30 (274.40) 11.00 - 1,140.00 

Nadir CD4+ count   276.39 (236.60) 1.00 - 1,037.00 

Current Viral Load   14,780.82 (67,501.02)       48.00 - 549,000.00 

No. with Current CD4+ count < 200 (%)* 12 (15%)   

No. with Nadir CD4+ count < 200 (%)* 33 (42%)   

No. with Undetectable Viral Load (%)  28 (38%)                    

Note.  N for medication adherence = 67.  N for current viral load = 74. *CD4+ counts below 200 are 
indicative of AIDS. Current CD4+ Count = Current CD4+ lymphocyte count (cells/µL); Nadir CD4+ 
Count = Nadir CD4+ lymphocyte count (cells/µL); Current Viral Load = Current Viral Load (copies/ml).  
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Table 4 :Cognitive and Functional Test Scores of the HIV+ Clusters and the HIV- Reference Group 
(Total N = 162)  

Group   

 

 

Cluster 1 

(n = 32) 

Cluster 2 

(n = 46) 

HIV- Group 

(n = 84) 

Test M SD M SD M SD p 

UFOV® Test 1039.78 279.19 527.61 244.72 638.45 334.64 < .0001 a,b 

Complex Reaction Time       2.36     0.53     1.64     0.34     1.75     0.47 < .0001 a,b 

Letter & Pattern Comparison     67.81   16.83    82.83   15.04   82.75   17.28 < .0001 a,b 

WCST Percent Correct     40.83   15.83   57.30   16.85   54.35   18.84 < .0001 a,b 

WCST Categories Completed       1.19     1.67     3.45     2.06     3.07    2.25 < .0001 a,b 

Finger Tapping Test     49.08     7.91   51.52     7.52   48.63   8.27 ns 

HVLT     18.69     5.90   26.89     3.90   24.12   6.21 < .0001 a,b,c 

TIADL       2.95     3.86    -0.95     1.90    -0.60   2.65 < .0001 a,b 

OTDL     63.41     7.56   71.37     5.72   69.71   7.38 < .0001 a,b 

Note.  UFOV® Test = Useful Field of View Test; WCST = Wisconsin Card Sorting Test; HVLT = Hopkins Verbal 
Learning Test; TIADL = Timed Instrumental Activities of Daily Living; OTDL = Observed Tasks of Daily Living. 

a Cluster 1 differs from Cluster 2 at p < .05 

b Cluster 1 differs from HIV- Group at p < .05 

c Cluster 2 differs from  HIV- Group at p < .05  
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Table 5 : Demographic and Mental and Physical Health Differences of the HIV+ Clusters and the HIV
- Reference Group (Total N = 162)  

  
Cluster  

 
Cluster 1 

(n = 32)  

Cluster 2 

(n = 46) 

HIV- Group 

(n = 84) 

 

Variable M SD M SD M SD p-value 

Age 51.27   10.84 43.36 8.83 47.93 13.06 < .05 a 

No. Over Age 50 (%) 19 (59%)      12 (26%)  41 (49%)  < .01 a, c 

No. Men (%) 22 (69%)  37 (80%)  33 (39%)  < .05 b, c 

No. Heterosexuals (%) 20 (63%)  19 (41%)  78 (93%)  < .05 b, c 

No. Caucasians* (%) 8 (25%)  21 (46%)  29 (36%)  ns 

No. Working (%) 2 (6%)  10 (22%)  35 (42%)  < .001 b, c,† 

Income  1.56 0.84 1.87 1.61 1.98 1.53 ns 

Education (years) 12.66 2.51 12.85 2.49 12.79 1.68 ns 

No. Med. Conditions 1.94 1.24 1.34 1.02 1.06                0.99 < .01a, b 

No. w/ Hepatitis C (%) 14 (44%)  12 (26%)  6 (7%)  < .001 b, c,† 

No. w/ Mood Prob. (%) 18 (56%)  26 (57%)  33 (39%)  ns 

No. w/ Stroke (%) 6 (19%)  1 (2%)  5 (6%)  < .05a, b 

No. w/ Hypertension (%) 20 (63%)  18 (39%)  32 (38%)  < .05 a, b 

No. w/ Diabetes (%) 4 (13%)  5 (11%)  10 (12%)  ns 

No. Medications 5.25 3.85 4.54 3.04 2.18 2.74 < .001 b, c 

POMS Total 35.59 32.94 35.39 45.05 28.26 37.89 ns 

POMS-Positive 16.94 6.43 18.28 6.87 19.27 6.52 ns 

POMS-Negative 52.53 30.55 53.67 40.53 47.54 34.87 ns 

Stressful Life Events 263.56 151.71 271.59 132.10 238.51 164.16 ns 

ASI-Alcohol Use 0.07 0.15 0.35 0.75 0.24 0.45 ns 

ASI-Drug Use 0.03 0.06 0.03 0.08 0.02 0.04 ns 

Notes.  M = Mean; No. = number; SD = standard deviation; Working = currently working either part-time or full-
time; For income, 1 = $0 - $10,000 and 8 = over $70,000; No. Med. Conditions = total number of medical condi-
tions; Mood prob. = self-reported mood problems (depression or anxiety); POMS = Profile of Mood States; Stress-
ful life events = Social Readjustment Scale score; ASI = Addiction Severity Index. * = All others were African 
American except one who was Native American who was HIV+. 

a Cluster 1 differs from Cluster 2 at p < .05 

b Cluster 1 differs from HIV- Group at p < .05 

c Cluster 2 differs from  HIV- Group at p < .05 

† p  < .10 for Cluster 1 versus Cluster 2  
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Table 6 : Differences Between Clusters on HIV-Related Variables (Total N = 78)  

 
Cluster 2 

(n = 46) 

 Cluster 1 

(n = 32)  

Variable n (%) M SD n (%) M SD p 

Years with HIV  14.68 7.91  11.72              6.73 0.08 

No. Taking ART (%) 27 (84%)   41 (91%)   0.39 

Medication Adherence  2.44 3.43         3.70  4.78 0.25 

Current CD4+ count   498.50 247.20  452.37  293.00  0.47 

Nadir CD4+ count   329.72 225.33  239.28          239.54 0.10 

Current Viral Load   5,395.70 17,159.16  21,179.77 86,216.81 0.33 

No. with Current CD4+ 
count < 200 (%)* 

4 (13%) 

 

  8 (17%) 

 

  0.40 

 

No. with Nadir CD4+ 
count < 200 (%)* 

11 (34%) 

 

  22 (48%) 

 

  0.17 

 

No. with Undetectable 
Viral Load (%) 

14 (47%)   14(32%)   0.15 

Note.  N for medication adherence = 67.  N for current viral load = 74.  *CD4+ counts below 200 are indica-
tive of AIDS.  Current CD4+ Count = Current CD4+ lymphocyte count (cells/µL); Nadir CD4+ Count = Nadir 
CD4+ lymphocyte count (cells/µL); Current Viral Load = Current Viral Load (copies/ml).  
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HIV- group highlights the importance of considering 

comorbid medical conditions in the context of 

neurocognition in HIV, as such cardiovascular conditions 

are common side effects of both aging and HIV 

medications. The trend for Hepatitis C prevalence and 

unemployment differing between the two HIV+ clusters 

(with the lower performance cluster having fewer 

employed individuals and more individuals with Hepatitis 

C) is interesting and suggests that Hepatitis C co-

infection and unemployment may play a role in their 

poorer performance. Regarding employment, the 

direction of this relationship is unknown (i.e., are they 

performing worse because they are not employed and 

thus experiencing a lack of mental stimulation, or are 

they not employed because of initial cognitive 

problems?); however, there may be a bidirectional 

relationship. Causal inferences cannot be made with 

these cross-sectional analyses. The association of total 

number of reported medical conditions with cluster 

membership may have been driven by the independent 

effects of hypertension and stroke, but nonetheless 

implies the importance of treating medical conditions 

that may affect cognition in individuals with HIV. For 

number of prescribed medications, the finding that the 

HIV+ clusters both had significantly more medications 

than the HIV- group was not surprising as this difference 

is typical of HIV+ samples and is expected given the pill 

regimens of HAART.    

 The finding that there were no significant 

differences between the HIV+ clusters on current CD4+ 

count was congruent with prior cluster analytic studies. 

However it was surprising that nadir CD4+ lymphocyte 

count (an index of disease severity) was not related to 

cluster membership. This may be due to the majority of 

the sample being relatively healthy and AIDS-free. The 

finding that being prescribed to HIV medications and 

medication adherence were not related to cognitive 

performance was also surprising; however this sample 

contained a large majority of individuals who were 

prescribed HIV medications and were largely adherent to 

these medications, limiting the variability with which to 

examine the effect of these variables. While not 

statistically significant, the trend for years with HIV, with 

those in the lower performing cluster having been 

diagnosed with HIV for about three years more on 

average than the “normal” cluster may suggest at first 

glance that individuals who have had HIV longer may be 

at an increased risk for cognitive declines. However, 

since years with HIV and age were moderately 

correlated (r = 0.42), it may be that age at least 

partially explains this relationship, as years with HIV is 

inherently confounded by age, making it difficult to 

disentangle the potential effect of length of HIV disease 

on neurocognition in long-term survivors.  

The final analysis confirmed the validity of the 

cluster solution, showing that a majority of the lower 

performing cluster participants were classified with 

psychometrically defined NCI, and a majority of the 

“normal” cluster were defined as cognitively “normal” 

compared to the HIV- reference group. The finding that 

47% of the HIV+ sample exhibited at least subtle NCI is 

congruent with the findings on the prevalence of NCI in 

the HAART era10. These cognitive test scores were raw, 

uncorrected for age, which should be noted when 

interpreting psychometrically defined NCI, which was 

relative to our sample means rather than population 

normative data. Albeit, this was deemed appropriate in 

the current study given the comparability of our HIV- 

and HIV+ groups on demographic factors.   

Implications 

 Cognitive declines may not necessarily occur in 

all HIV+ persons. Age and the associated co-morbid 

conditions of both aging and HIV should continue to be 

considered when examining neurocognition in those 

aging with HIV in both clinical and research settings. 

Clinicians and researchers should be aware of potential 

cognitive declines in adults with HIV, even if these 

declines are subtle. This study highlights the importance 

of using a demographically similar HIV- reference group 

when examining cognitive dysfunction in HIV+ samples 

in order to avoid overestimation of cognitive dysfunction. 

Additionally, the finding that 47% of the HIV+ sample 

had some form of NCI was in parallel with the current 

HIV literature, and thus underscores that although HAD 

is decreasing, more subtle cognitive decrements are still 

prevalent and should be taken seriously and monitored 

by individuals with HIV as well as their healthcare team.   

Limitations and Directions for Future Research 

 Significant limitations of the current study 

include the relatively small sample size and cross-

sectional design. Further, only self-report questionnaires 

of mood and current (i.e., 30-day) substance use were 

administered, thus, future studies should utilize 

structured clinical interviews to ascertain both substance 

use and psychiatric disorders. Future studies should 

examine cognitive subtypes in HIV using very large 

sample sizes (i.e., thousands of participants) for optimal 

performance of the cluster analysis technique. In cluster 

analysis, the larger the sample, the more variables that 

can be included, thus larger sample sizes may allow for 

a greater number of distinct clusters to be discovered. 

Additionally, more studies are needed that include older 

samples (i.e., aged 50 and above). While participants in 

this age group may have been scarce in years prior to 

the advent of HAART, with the increase in the 

prevalence and incidence of HIV in adults over age 50, 

these individuals will be an important population to 
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examine in the coming years. Also, longitudinal studies 

are needed that examine the trajectory of cognitive 

functioning and cognitive change in adults with HIV as 

they age into older adulthood.   

 In addition to the need for future research 

examining cognitive declines associated with HIV, 

intervention strategies to ameliorate such cognitive 

declines are needed. For example, research in the 

gerontological literature has suggested that 

computerized cognitive remediation therapy may be an 

effective intervention strategy to help improve or 

maintain cognition, especially in the domain of 

processing speed18. Pilot research has also utilized this 

technique in a sample of adults with HIV and it was 

found to be effective in improving processing speed and 

performance of speeded everyday functioning compared 

to a no-contact control group29. Additionally, future 

research is needed to examine the efficacy of preventive 

strategies to avoid cognitive dysfunction in HIV.  For 

example, Vance and colleagues30 have posited the 

concept of theoretical “cognitive prescriptions” which are 

individualized behavioral plans given by clinicians to help 

promote habits that may increase positive 

neuroplasticity (e.g., healthy diet, exercise, intellectual 

stimulation), and reduce habits that may increase 

negative neuroplasticity (e.g., substance abuse, 

depression). While these healthy and unhealthy 

behaviors are commonly acknowledged by individuals, 

many may not be aware of the potential relationship of 

these lifestyle habits to cognition and thus performance 

of everyday activities. Thus, educating individuals with 

HIV (especially those with subjective cognitive 

complaints) about this relationship may make them 

more inclined to adjust their behaviors to promote better 

cognitive functioning. 
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