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Abstract
The profile of HIV-associated neurocognitive disorders (HAND) has classically been
characterized as “subcortical”, but questions have arisen as to whether aging with HIV in the
antiretroviral therapy era has subtlety shifted the expression of HAND into a more “cortical”
disorder (e.g., decay of semantic memory stores). We evaluated this hypothesis by examining
semantic fluency and its component processes (i.e., clustering and switching) in 257 individuals
across four groups stratified by age (<40 and ≥ 50 years) and HIV serostatus. Jonckheere-Terpstra
tests revealed significant monotonic trends for the combined effects of HIV and aging on overall
semantic (and letter) fluency and switching, but not cluster size, with greatest deficits evident in
the older adults with HIV infection. Within the older HIV-infected cohort, poorer switching was
uniquely associated with self-reported declines in instrumental activities of daily living and
deficits in learning and executive functions, but not semantic memory. Results suggest that HIV
infection and aging may confer adverse additive effects on the executive components of semantic
fluency (i.e., switching), rather than a degradation of semantic memory stores (i.e., cluster size),
which is a profile that is most consistent with combined frontostriatal neuropathological burden of
these two conditions.
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With advances in the management of HIV infection and corresponding decreases in
mortality rates, the prevalence of older individuals living with HIV/AIDS has steadily
increased over the past 10 years (Centers for Disease Control and Prevention, 2009). Both
HIV infection and aging are independently associated with neural abnormalities (e.g.,
frontostriatal pathology; Chang et al., 2005; Drachman, 2006; Jernigan et al., 1991;
Langford et al., 2005), neurocognitive impairment (e.g., Reger Welsh, Razen, Martin &
Boone, 2002; Salthouse, 1996) and corresponding functional declines (Cahn-Weiner et al.,
2000; Heaton et al., 2004). As such, there is growing concern that the combined effects of
these two risk factors amplifies their independent adverse effects on brain structure and
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function, which may have important implications for disease management, health outcomes,
and quality of life.

Although findings across the HIV aging literature are not entirely consistent (e.g., Valcour,
Paul, Neuhaus & Shikuma, 2011), a number of studies now show that older HIV-infected
adults are at greater risk for adverse consequences on central nervous system (CNS)
structure and function than their younger HIV-infected or older seronegative counterparts
(e.g., Ernst & Chang, 2004; Green et al., 2005). For example, older age has been associated
with increased HIV-associated neuropathological burden (e.g., Achim et al., 2009), and
smaller brain volumes (e.g., Jernigan et al., 2005) in HIV-infected adults. Older individuals
with HIV infection may also be at greater risk for HIV-Associated Neurocognitive Disorders
(HAND; Becker, Lopez, Dew & Aizenstein, 2004; Valcour et al., 2004a). In fact, Valcour et
al., (2004a) reported a three-fold increased risk of HIV-associated Dementia (HAD) in older
(i.e., over 50 years of age) relative to younger HIV-infected individuals, even when taking
into account other demographic factors, HIV disease severity, psychiatric comorbidities, and
cART use. Even in the absence of dementia, many studies have found evidence for greater
cognitive impairment in older HIV-infected individuals, particularly within the domains of
executive functions, information processing speed, and episodic memory (e.g., Sacktor et
al., 2007; Woods et al., 2010). Older HIV-infected individuals may also experience less
favorable functional outcomes (e.g., poorer medication and financial management; Thames
et al., 2011), particularly in the setting of neurocognitive impairment (e.g., Barclay et al.,
2007).

One current controversy in the neuroAIDS of older adults posits that there has been a subtle
shift toward neocortical (e.g., temporal and parietal lobe) neuropathology in the era of cART
(e.g., Kieburtz et al, 1996). While this theory remains controversial, there is some evidence
of pathology in HIV-infected individuals that may be similar to that observed in traditional
“cortical” dementias (e.g., Alzheimer’s disease). For example, recent neuropathological
studies have reported abnormal levels of beta amyloid (Green et al., 2005) and increased
intraneuronal accumulation of amyloid plaques (Achim et al., 2009) in the brains of older
HIV-infected adults. In addition, decreased CSF beta amyloid and increased tau
concentrations have been found in HIV-infected individuals with HAND (Brew et al., 2005;
cf. Ances et al., 2011). Neuroimaging studies have also revealed cortical thinning in parietal
regions (e.g., Thompson et al, 2005) and smaller temporal lobe volumes (Jernigan et al.,
2005) in HIV-infected individuals. Genetic studies have also found evidence for an
association between Apolipoprotein E epsilon 4 (ApoEε4), a risk factor for Alzheimer’s
disease (AD), and HAND among older adults with HIV (e.g., Valcour et al., 2004b). Despite
these intriguing findings, controversy remains because many of these pathological and
biomarker findings are non-specific to AD (e.g., ApoEε4 and tau), may reflect different
mechanistic processes (e.g., absence of neurofibrillary tangles), and use conflicting
terminology.

Nonetheless, based on this emergent theme of findings, some authors have argued that the
profile of neurocognitive impairment in older HIV-infected adults may now be increasingly
more consistent with that seen in “cortical” dementias (e.g., rapid forgetting, visuoperceptual
deficits, and a degradation of semantic memory), rather than the classic “subcortical” pattern
(e.g., executive dysfunction, bradyphrenia) that has historically been observed in younger
and middle-aged HIV-infected adults (e.g., Kieburtz et al., 1996; Ragin et al., 2005).
Evidence for this hypothesis arises from studies that have found HIV-associated deficits on
tests of spatial cognitive (e.g., visuoperceptual) abilities, which are thought to be particularly
reliant on the posterior parietal lobe (e.g., mental rotation; Olesen, Schendan, Amick, &
Chronin-Golumb, 2007; Sharma, Amick, Shendan & Chronin-Golomb, 2003), and on tests
of verbal and visual episodic memory (Sacktor et al., 2007). However, the interpretation of
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the visuoperceptual findings is controversial in light of data showing that HIV-associated
deficits in spatial cognition may be driven by working memory and executive dysfunction
(e.g., Weber et al., 2010). Moreover, the pattern of memory impairment observed in older
HIV-infected adults (e.g., impaired retrieval in light of intact recognition memory) is more
suggestive of executive dysfunction consistent with frontostriatal pathology (e.g.,
Gongvatana et al., 2007) than the prototypical shallow encoding, rapid forgetting, and
intrusions observed in cortical dementias. Also arguing against the cortical hypothesis, Scott
et al. (2011) observed no age by HIV interactions on a relatively comprehensive
neurocognitive battery sensitive to posterior neocortical injury, including measures of
consolidation, semantic knowledge, and visuoconstruction. As such, the available cognitive
evidence is mixed regarding whether the neuropsychological profile of HAND in older HIV-
infected adults includes impairments observed in cortical dementias in the era of cART.

Troyer’s clustering and switching model of verbal fluency provides a potentially useful
framework within which to further explore this controversial hypothesis (Troyer,
Moscovitch, & Winocur, 1997). Category fluency tasks require rapid, self-initiated search
and retrieval from semantic stores to orally generate as many words as possible within 60
seconds that belong to a specific semantic category (e.g., animals). This influential
conceptual model of verbal fluency deficits suggests that optimal performance depends on
two related, but separable factors; viz., clustering and switching (Gruenewald & Lockhead,
1980; Troyer et al., 1997). In brief, clustering refers to the generation of words within
specific semantic subcategories and is viewed as an automatic retrieval process associated
with the integrity of semantic memory and the medial temporal lobes (e.g., Tröster et al.,
1998). Switching describes the ability to disengage from one lexico-semantic cluster in order
to search for, engage, and retrieve words from another relevant cluster (Troyer et al., 1997)
and is considered to be a more controlled executive ability, likely associated with frontal
systems (e.g., Ho et al., 2002). Research on verbal fluency components within
neurodegenerative conditions has supported this neural dissociation between clustering and
switching (e.g., Tröster et al., 1998; Troyer et al., 1998). For example, while individuals
with both Parkinson’s disease (PD) and AD produce fewer total words on category fluency
tasks, their clustering and switching profiles diverge. PD patients tend to switch less often
than healthy adults, but produce normal mean cluster sizes, whereas individuals with AD
show impairment in switching and lower mean cluster sizes (Troyer et al., 1998).

Semantic fluency declines are evident in both older healthy adults and HIV-infected
individuals, and the available data suggest that these declines reflect dyscontrol of switching
rather than an inability to generate sufficient cluster sizes (Iudicello et al., 2008; Troyer et
al., 1997). Specifically, Troyer et al., (1997) found that older healthy adults switched
between lexico-semantic categories less frequently relative to their younger counterparts, but
generated similar cluster sizes. Similarly, HIV infection is associated with impairments in
letter (e.g., Woods et al., 2004) and category switching (e.g. Iudicello et al., 2008), whereas
clustering remains largely unaffected. In addition, HIV-associated category fluency deficits
may be exacerbated when the switching demands became more explicit (i.e., using an
alternating fluency task; Iudicello et al., 2008). This verbal fluency profile observed in both
healthy aging and HIV infection is most consistent with the pattern of clustering and
switching observed in conditions with prominent frontostriatal pathology (e.g., Tröster et al.,
1998; Troyer et al., 1998).

While there is evidence for semantic fluency impairment in older HIV-infected adults
relative to younger seropositive individuals (Hardy et al., 1999), no studies have examined
the combined effects of HIV and aging on the component processes (i.e., clustering and
switching) of category fluency. Viewed through the lens of the cortical hypothesis, one
would expect that older HIV-infected adults might evidence impairment in switching in
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addition to smaller cluster sizes, reflecting both executive dysfunction and the degradation
of the semantic stores, respectively. Alternatively, the traditional frontostriatal viewpoint of
HAND would predict that the combined effects of aging and HIV infection would confer
additive adverse effects on switching, but not clustering. With these competing predictions
in mind, the current study sought to explore the cortical hypothesis controversy by applying
Troyer’s model of clustering and switching in order to elucidate the verbal fluency profile of
older adults living with HIV infection, including its neurocognitive and everyday
functioning correlates.

Method
Participants

This study included 257 baseline participants enrolled in NIH-funded studies conducted
within the San Diego HIV Neurobehavioral Research Program. Each participant was
classified with respect to HIV serostatus (i.e., HIV+ and HIV−) and age (i.e., older ≥ 50 and
younger < 40). This classification yielded 63 Older HIV+; 51 Older HIV−; 50 Younger HIV
+; and 93 Younger HIV− participants. HIV infection was indicated by enzyme linked
immunosorbent assays (ELISA) and a Western Blot confirmatory test.

Individuals were excluded if they met Diagnostic and Statistical Manual of Mental
Disorders (4th ed.) (DSM-IV; American Psychiatric Association, 1994) criteria for
substance dependence within six months of evaluation or if they tested positive for illicit
drugs (except marijuana) on a urine toxicology screen on the day of testing. Additional
exclusion criteria included a history of severe psychiatric (e.g., schizophrenia) or
neurological (e.g., active CNS opportunistic infections, cerebrovascular accidents, seizure
disorders, closed head injuries) illness, or an estimated verbal IQ score less than 70 on the
Wide Range Achievement Test, Revision 3 (WRAT-3 Revised; Wilkinson, 1993).
Demographic characteristics for the four groups are presented in Table 1. The four groups
did not differ in terms of years of education, estimated verbal IQ, ethnicity, or sex (all ps >
0.10).

Table 1 also displays the medical characteristics for the study participants. The older groups
had a significantly greater proportion of individuals infected with HCV and with
cardiovascular risk factors relative to the younger groups (ps < 0.05). As might be expected,
the Older HIV+ group had a longer duration of disease, lower nadir CD4 counts, and a
greater proportion of individuals diagnosed with acquired immune deficiency syndrome
(AIDS) as compared with the Younger HIV+ group (ps < 0.001). Nevertheless, a larger
proportion of the Older HIV+ group was taking antiretroviral medications (p < 0.001), and
had lower plasma (p < 0.001) and CSF (p = 0.017) HIV viral loads relative to their younger
counterparts.

Procedure
Each participant provided written, informed consent and was administered a standard
measure of category (i.e., animal) and letter (i.e., FAS) fluency (Benton, Hamsher & Sivan,
1994) alongside a comprehensive neuropsychological and medical evaluation. Fluency
performance was determined by the total number of correct words generated, and scored for
clustering and switching according to the rules and criteria established by Troyer et al.
(Troyer, 2000; Troyer et al., 1997). Briefly, mean cluster size was indexed by the average
number of successfully generated words belonging to the same semantic subcategory (e.g.,
animals used as pets, such as cat and dog). Switching was determined by the total number of
times an individual disengaged from one semantic cluster and switched to another.
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The remaining neuropsychological test battery included an estimate of premorbid verbal IQ
(reading subtest of the WRAT-3; Wilkinson, 1993), and measures from designed to assess
neurocognitive domains relevant to HAND in accordance with Frascati research criteria
(Antinori et al., 2007) as listed below:

(1) Speed of Information Processing: Trail Making Test Part A (Army Individual
Test Battery, 1944; Heaton et al., 2004), Wechsler Adult Intelligence Scale-III
(WAIS-III) Digit Symbol and Symbol Search (Heaton, Taylor, & Manly, 2001;
The Psychological Corporation, 1997), Stroop Color Naming (Golden, 1978); (2)
Attention/Working Memory: Paced Auditory Serial Addition Test (PASAT; Heaton
et al., 2004; Gronwall, 1977; Gronwall & Sampson, 1974), WAIS-III Letter
Number Sequencing (Heaton et al., 2001; The Psychological Corporation, 1997);
(3) Executive Functions: Halstead Category Test (Heaton et al., 1991; Reitan &
Wolfson, 1993), Wisconsin Card Sorting Test-64 Card Version (WCST-64; Kongs,
Thompson, Iverson, & Heaton, 2000) Perseverative Responses, Trail Making Test
Part B (TMT-B; Army Individual Test Battery, 1944; Heaton et al., 2004), Stroop
Interference (Golden, 1978); (4) Learning: Hopkins Verbal Learning Test-Revised
(HVLT-R; Benedict, Schretlen, Groninger, & Brandt, 1998) Total Trial 1–3 Recall,
Brief Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997) Total Trial
1–3 Recall; (5) Memory: HVLT-R Percent Retained (Benedict et al., 1998),
BVMT-R Percent Retained (Benedict, 1997); (6) Motor: Grooved Pegboard
Dominant and Non-dominant hand (Heaton et al., 2004; Klove, 1963).

Raw scores from the measures listed above were converted to demographically (e.g., age,
education) corrected T-scores, which were used to derive individual and global deficit scores
(i.e., GDS; Carey et al., 2004). Consistent with prior research, a GDS cut-off score of 0.5
was used to classify individuals as neuropsychologically impaired (NP Impaired; which
corresponds approximately to a T-score < 40) or NP Unimpaired. HIV-infected individuals
were classified as having HAND if they met recent Frascati research (see Antinori et al.,
2007) criteria for one of three conditions: asymptomatic neurocognitive impairment (ANI),
HIV-associated mild neurocognitive disorder (MND), and HIV-associated Dementia
(HAD). HAND diagnoses required that participants demonstrate global NP impairment that
was not better explained by comorbid conditions. Within the 27 older HIV-infected
individuals with HAND (i.e., 43% of the older HIV-infected cohort), approximately 67% (n
= 18) were classified as ANI, 30% (n = 8) as having MND, and 3% (n = 1) with HAD.
These proportions of HAND subdiagnoses are generally consistent with current
epidemiological estimates (see Heaton et al., 2010).

Current mood was assessed using the Profile of Mood States (POMS; McNair, Loor &
Droppleman, 1981), which is a 65-item, self-report measure of current (i.e. the week prior to
evaluation) affective distress. Participants were asked to rate various adjectives (e.g.,
“unhappy”) on a five-point Likert-type scale ranging from 0 (i.e., “not at all”) to 4 (i.e.,
“extremely”), which were then used to derive a total mood score (i.e., POMS Total Mood
Disturbance) that was used for all analyses. The Older HIV+ cohort endorsed significantly
greater overall affective distress relative to the Older HIV− (p = 0.031) and Younger HIV−
(p = 0.004) individuals, but did not differ from the Younger HIV+ group (p = 0.206). No
significant omnibus difference was observed between the groups specifically on the
Depression/Dejection subscale (p = 0.160).

Everyday functioning was measured using a modified version of the Lawton and Brody
(1969) Activities of Daily Living Scale, which requires participants to self-rate their current
and best levels of functioning with regard to 10 instrumental activities of daily living (i.e.,
IADLs) including Financial Management, Home Repair, Medication Management, Laundry,
Transportation, Grocery Shopping, Shopping, Housekeeping (Cleaning), Cooking, and
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Telephone Use. Participants were classified as IADL dependent if they reported decline (i.e.,
current rating of functioning is lower than their best level of functioning) in two or more
IADLs (consistent with Heaton et al., 2004). Analyses regarding the predictors of IADL
dependence were conducted in the Older HIV+ group only. Using this system, within the
older HIV-infected cohort, 39% (n=24) were classified as “IADL Dependent”, whereas 61%
(n=37) were considered “IADL Independent”. The IADL Dependent and Independent
samples were generally comparable with respect to rates of overall neuropsychological
impairment (p = 0.142), and most demographic (e.g., age, ethnicity, gender), medical (i.e.,
hepatitis C virus, hypertension, diabetes mellitus, and hypercholesterolemia) and HIV
disease characteristics (e.g., AIDS status, Nadir CD4 lymphocyte count, current CD4 count,
plasma and CSF viral loads) that may influence an individual’s everyday functioning
abilities (all ps > 0.10). However, the IADL Dependent group endorsed significantly higher
levels of current affective distress (i.e., POMS Total Mood Disturbance; p < 0.001) and
slightly higher education levels (p = 0.087) and longer estimated durations of HIV infection
(p = 0.082).

Data Analyses
Prior to analyses, the data were reviewed for outliers (i.e., > 3.5 SD from the overall mean)
and normality using the Shapiro-Wilk W Test. Given the non-normal distributions of some
of the fluency variables (e.g., mean cluster size), non-parametric statistics were used
wherever possible for consistency. The critical alpha was set to 0.05 for all analyses. A
series of Jonckheere-Terpstra (i.e., J–T) tests for ordered monotonic trends (Jonckheere,
1954; Terpstra, 1952) were conducted to test the hypotheses that median verbal fluency
scores would decrease in a stepwise additive fashion as the number of neurocognitive risk
factors increased. Thus, it was predicted that the Younger HIV− group would have the
highest median scores, followed by those with only one risk factor (i.e., Younger HIV+ or
Older HIV−), with the Older HIV+ demonstrating the poorest performance. Linear
regression analyses using the four-level aging and HIV grouping variable as a predictor of
overall category fluency performance was then conducted to explore the confounding effects
of the demographic, medical, and psychiatric factors that differed between the study groups.
Despite the non-normal distributions of some of the primary variables of interest, this
regression approach was deemed appropriate given the large sample sizes and largely
normal residuals. Follow-up pairwise comparisons using Wilcoxon Rank-Sum tests were
then conducted and were restricted to comparisons involving the older HIV+ group only to
reduce Type I error risk. Effect sizes for group comparisons were conducted using Hedge’s
g.

Raw scores for the individual cognitive tests were converted to population-based z-scores
(i.e., individual score minus the group mean, divided by the group standard deviation) using
raw score distributions from the clinical sample (i.e., older HIV-infected sample) for
standardization and comparison purposes. The use of the clinical sample’s raw score
distributions is based off of a standard published approach that we have used in previous
studies (e.g., Zogg et al., 2011). The individual z-scores were then averaged to create
cognitive domain z-scores, which were used to explore the cognitive correlates of switching
within the Older HIV-infected group. Spearman’s rho correlation coefficients and linear
regression analyses were conducted to examine the associations between category fluency
switching performance and the HIV disease variables and cognitive domains in the Older
HIV-infected group. Logistic regression procedures were used to explore the relationship
between switching performance and self-reported IADL dependence in the older, HIV-
infected sample, alongside global NP impairment, as well as possible confounding
psychiatric and HIV disease characteristics noted above that differed between the IADL
dependent and independent groups.
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Results
Figure 1 shows the additive effects of HIV and aging on overall Category Fluency
performance, as indicated by a significant monotonic trend across the four study groups (J–T
statistic = 3.03; p = 0.001). Specifically, the Older HIV+ group produced significantly fewer
correct words overall relative to the Older HIV− (p = 0.038, g = −0.37), Younger HIV+ (p =
0.017, g = −0.51), and Younger HIV− (p < 0.001, g = −0.70) groups. Follow-up regression
analyses revealed that the aging/HIV group effect remained a significant predictor of overall
category fluency performance (adjusted R2 = 0.09; p = 0.004), even while accounting for the
characteristics that differed between the groups (e.g., current mood symptoms). There were
no significant effects of HCV infection on fluency performance in the older groups (ps >
0.10), which was evaluated separately given the low prevalence of HCV in the younger
cohorts.

Figure 2 shows a similar, significant additive effect for the switching component of animal
fluency (J–T statistic = 2.16; p = 0.015). Follow-up comparisons indicated that the Older
HIV+ cohort switched less often relative to the Younger HIV+ (p = 0.025, g = −0.51) and
Younger HIV− (p < 0.001, g = −0.70) groups, although they performed comparably to the
Older HIV− adults (p = 0.914, g = −0.13). A closer examination of this null finding revealed
that the Older HIV-infected individuals with HAND (n = 27) demonstrated significantly
worse switching relative to the both unimpaired older HIV+ participants (n = 36; p = 0.004,
g = −0.68) and older HIV-seronegatives (p = 0.016, g = −0.48). A follow-up multiple
regression showed that the four-level age/HIV grouping variable remained a significant
predictor of switching (adjusted R2 = 0.10; p < 0.001) even when mood symptoms and
vascular risk factors were included in the model. Moreover, neither POMS Total Mood
Disturbance nor the Depression/Dejection subscale significantly correlated with switching
performance in the Older HIV+ group (both ps > 0.10). In contrast, no significant effects of
age or HIV were found for the category fluency clustering variable (J–T statistic = −1.37; p
= 0.915; See Figure 2).

Figure 1 also displays the significant additive effects of HIV and aging on overall letter
fluency performance (J–T statistic = 1.65; p = 0.049) in the expected direction. Follow-up
pairwise comparisons indicated that the Older HIV+ group produced fewer overall words on
the letter fluency test relative to the Younger HIV− group (p = 0.032, g = −0.33). No other
significant group differences in overall letter fluency output were observed (all ps > 0.10). A
similarly modest monotonic trend was found for letter fluency switching (J–T statistic =
1.56; p = 0.060; See Figure 2). Follow-up analyses indicated that the Older HIV+ group
switched significantly less than the Younger HIV− group (p = 0.024, g = −0.39), with more
modest, trend-level effects relative to the Older HIV− (p = 0.095, g = −0.30) and Younger
HIV+ (p = 0.060, g = −0.39) groups. Similar to the category fluency results, there were no
orderly between-group differences on letter fluency mean cluster size (J–T statistic = 0.372;
p = 0.355; See Figure 2).

Category switching performance correlated with attention/working memory (Spearman’s ρ =
0.349; p = 0.006), learning (ρ = 0.486, p < 0.001), speed of information processing (ρ =
0.345, p = 0.006), motor skills (ρ = 0.304, p =0.018) and memory (ρ= 0.328, p = 0.010),
along with executive functions at a trend level (ρ = 0.224; p = 0.082). In contrast, switching
performance was not significantly associated with semantic memory as measured by the
WRAT-3 (Wilkinson, 1993; Spearman’s ρ = 0.182; p = 0.226). Regression analyses
revealed executive functions (p = 0.011) and learning (p = 0.024), as independent predictors
of animal switching performance [overall model F(6, 50) = 4.47; p = 0.001; adjusted R2 =
0.27].
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Finally, amongst the older HIV-infected group, poorer switching performance was a
significant independent predictor of IADL dependence (p = 0.041), even when accounting
for global neuropsychological impairment (i.e., NP Impaired/Unimpaired), as well as HIV
disease characteristics (i.e., duration of infection), current affective distress (i.e., POMS
Total Mood Disturbance), and years of education (overall model χ2 = 34.6; p < 0.001). The
unit odds ratio associated with switching in the older HIV-infected group was 1.5 (95%
confidence interval =1.11 – 2.19).

Discussion
This current study investigated the “cortical” hypothesis of aging and neuroAIDS by
adopting Troyer’s conceptual model to examining the clustering and switching aspects of
category fluency in well-characterized samples of older and younger adults with and without
HIV infection (Troyer et al., 1997). Overall, our findings argue against a posterior
neocortical pattern of neuropsychological impairment associated with the combined effects
of aging and HIV infection. While we found significant adverse additive effects of HIV
infection and aging on overall category fluency performance, this effect was exclusively
driven by the switching (i.e., executive) components of the task, rather than an inability to
generate sufficient cluster sizes. Specifically, a significant stepwise decline in performance
was observed for category fluency switching, with performance levels highest in the
Younger HIV seronegative group and lowest in the Older HIV+ group. In contrast, no
significant stepwise deleterious effects were observed for mean cluster size. It is unlikely
that these findings are better explained by potentially confounding HIV disease and
treatment characteristics or co-morbid medical conditions (e.g., vascular disease, HCV
infection). While the older HIV+ group endorsed significantly more overall affective
distress on the POMS relative to the older and younger HIV− samples, though their ratings
did not differ significantly from their younger HIV+ counterparts. However, there were not
any significant correlations between current affective distress and switching within the older
HIV-infected cohort and HIV/age group status remained a significant predictor of switching
when the POMS was included in a multiple regression model. Thus, in our cohort, it is
unlikely that switching declines in our older HIV-infected cohort could be attributed to
current mood symptoms, which is consistent with most literature that has failed to find
additive effects of depression and HIV infection on cognition (e.g., Cysique et al., 2007).
Collectively, these findings provide support for the additional burden of HIV infection and
aging on the controlled executive (i.e., switching) components of fluency and underlying
frontostriatal systems, rather than a more widespread pattern of neocortical (e.g., temporal
and parietal) dysfunction and corresponding degradation of semantic memory stores.

Although there was no serostatus effect on category fluency switching in the older groups,
post-hoc analyses revealed that older HIV-infected individuals with HAND switched
significantly less often than older persons without HAND (g = −0.68) and the seronegatives
(g = −0.48). Interestingly, there was no effect of HAND on clustering among the older
cohort (ps > 0.10). A similar pattern was observed for letter fluency, whereby the older
HAND group demonstrated significantly lower switching (ps <.05), but not clustering (ps >
0.10), relative to older HIV-infected individuals without HAND (g = −0.64) and older
seronegative adults (g = −0.60), who did not differ from each other (g = 0.00). Collectively,
this evidence suggests that a subset of older HIV+ individuals (i.e., those with HAND) may
experience impairment in switching, which is consistent with prior research showing an
increased risk of cognitive impairment in older HIV-infected adults (e.g., Valcour et al.,
2004). These data are of possible clinical relevance given research to suggest that older
HIV-infected adults, and particularly those with cognitive impairment (e.g., Barclay et al.,
2007), are at greater risk for functional declines and highlights the need for early
identification and remediation of cognitive impairment in this growing subpopulation.
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Although inferential, this verbal fluency evidence is most consistent with the sequelae of
pathological and structural brain abnormalities within the frontostriatal regions in older
HIV-infected individuals (e.g., Ernst & Chang, 2004; Jernigan et al., 2005; Wiley et al.,
1998), rather than an increased burden of age and HIV on posterior neocortical structures. In
other words, the pattern of impaired switching in the setting of normal clustering observed in
older adults with HIV infection is not consistent with that observed in conditions
characterized by more widespread cortical dysfunction. For example, both clustering and
switching are impaired in Alzheimer’s disease (i.e., AD; Troyer, et al., 1998), which
associated with prominent neocortical pathology (e.g., Davies, Mann, Sumpter, & Yates,
1987). These findings are consistent with the prior data showing intact semantic memory
(e.g., naming objects and famous faces) in older HIV-infected adults (Scott et al., 2011).
Indeed, the profile of older HIV-infected adults mirrors the pattern of clustering and
switching performance that has been independently observed in aging (e.g., Troyer et al.,
1997) and HIV infection (e.g., Iudicello et al., 2008; Miliken et al, 2004; Woods et al.,
2005), as well as in other conditions affecting the integrity of the frontostriatal systems (e.g.,
PD; Troyer, et al., 1998; Tröster et al., 1998).

Findings regarding the underlying cognitive mechanisms of switching impairment in older
HIV-infected adults also argue against the cortical hypothesis. While switching was
associated with a majority of the cognitive domains assessed (e.g., attention/working
memory, executive functions, motor skills, episodic memory, and information processing
speed), only executive functions (e.g., mental flexibility, inability to inhibit inappropriate
responses, attention shifting) and learning emerged as the strongest predictors. These
findings are consistent with previous research demonstrating modest associations between
HIV-associated category switching deficits and executive dysfunction (e.g., Iudicello et al.,
2008). The association between switching impairment and learning in the older HIV-
infected group is somewhat difficult to interpret given prior research suggesting an
association between HIV-associated episodic verbal learning and memory deficits and
medial temporal (i.e., hippocampal) dysfunction (e.g., Maki et al., 2009). However, HIV-
associated episodic memory impairment is largely driven by dysfunction in the executive
processes involved in encoding (e.g., use of effective organizational strategies) and retrieval
(e.g., Gongvatana et al., 2007; Woods et al., 2005), which have been associated with frontal
systems (e.g., Baldo & Shimamura, 2002). In contrast, there is no strong evidence to suggest
that HAND is associated with high rates of semantically-related intrusions or rapid
forgetting (e.g., Woods et al., 2005; cf. Scott et al., 2006). As mentioned above, no
significant associations were found between switching impairment and a measure of
semantic memory in the older HIV-infected group (e.g., WRAT-3 Reading). Collectively,
this evidence suggests that the category fluency impairment in this older HIV-infected
sample may be primarily driven by a deficiency in the executive processes involved in
switching.

Of note, it is possible that the relatively young age of our “older” HIV-infected sample
(mean = 58.2 years old, standard deviation = 6.2), which is quite young in comparison to
traditional cognitive aging studies, may have limited our ability to detect the more
prominent and/or differential neurocognitive effects that may be observed in samples with
substantial proportions of individuals over age 60. Thus, we cannot rule out the possibility
that more widespread cognitive impairment (e.g., semantic memory deficits) may evolve as
individuals age into their late 60s and 70s with HIV infection. Moreover, the older HIV-
infected adults in this study were relatively healthy (only 30% had detectable viral loads,
mean current CD4 count = 435 cells/μl), and only one individual was classified with HAD.
Thus, our findings can be most comfortably interpreted for older individuals with ANI and
MND. It is possible that older HIV-infected cohorts with more advanced disease or those
with HAD may demonstrate cognitive impairment reflective of more widespread cortical

Iudicello et al. Page 9

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



neuropathology (e.g., Scott et al., 2006). In support of this notion, increased cortical damage
has been observed in HIV-infected individuals with more advanced disease (e.g., Kruman,
Nath & Mattson, 1998) and deficits in episodic learning and memory that are generally more
consistent with underlying cortical pathology (e.g., recency list learning effects consistent
with a primary encoding deficit) have been demonstrated in individuals with HAD (e.g.,
Scott et al., 2006). Nevertheless, the general pattern of switching versus clustering deficits
persisted when analyses were restricted to only the older HIV-infected individuals with
HAND, the majority of whom had ANI and MND.

A few additional limitations are worth noting. First, this study tested an additivity model,
thus inferences regarding potential interactive or synergistic effects of aging and HIV
infection may not be gleaned from these results. Second, our older HIV-infected sample was
predominantly Caucasian (approximately 75%), and mostly male (approximately 83%),
which may limit the generalizability of these findings. Third, due to the inclusion of
participants from different protocols, a consistent measure of lifetime substance (i.e., alcohol
and illicit drug) use was not available for this study. Lastly, some of the observed cognitive
impairment observed in this older HIV-infected cohort may be attenuated by issues related
to survival bias (e.g., an attrition of those who may have survived for long periods of time
without substantial HIV-associated CNS damage). Future research is needed to carefully
examine these potentially confounding factors (e.g., substance use) and their effects on the
profile of HAND in older HIV-infected individuals. For example, studies could examine
factors that may delay the clinical presentation of symptoms (e.g., cognitive reserve) that
would otherwise reflect the more widespread neocortical damage that may be present in
older HIV-infected adults.

Of possible clinical significance, results of this study suggested that switching impairment in
older HIV-infected adults was a significant predictor of self-reported declines in
instrumental activities of daily living (IADLs), even when accounting for potentially
confounding variables that differed between IADL independent and dependent groups (i.e.,
education, duration of HIV infection, and affective distress). Odds ratio analyses revealed
that older HIV-infected individuals were approximately 1.5 times more likely to be
classified as IADL dependent per switching unit decrease. Moreover, including global
neurocognitive impairment in the model did not alter the significance of switching as a
predictor of IADL dependence (p = 0.04). This data is consistent with research suggesting a
significant association between executive functions, and specifically, verbal fluency
impairment, and declines in everyday functioning in both HIV infection (e.g., Heaton et al.,
2004; Woods et al., 2006) and in normal aging (e.g., Cahn-Weiner, Boyle, & Malloy, 2002).
Collectively, this evidence provides novel insight into the cognitive predictors (e.g.,
category fluency switching) of IADL dependence in older HIV-infected individuals and for
the clinical utility of category fluency switching as a potential useful diagnostic tool in
determining whether older individuals with HIV infection may be particularly vulnerable to
declines in everyday functioning.
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Figure 1.
Z-scores displaying the effects of HIV infection and aging on category and letter fluency
overall performance. Error bars in this figure represent standard errors. Y = younger (< 40
years); O = older (≥ 50 years).
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Figure 2.
Z-scores displaying the effects of HIV infection and aging on category and letter fluency
component processes (i.e., switching and clustering). Error bars in these figures represent
standard errors. Y = younger (< 40 years); O = older (≥ 50 years).
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