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Abstract
This study developed and then cross-validated a novel weighting algorithm based on multiple
comorbid risk factors (stimulant use, vascular disease, hepatitis C, HIV disease severity, cognitive
reserve) to predict cognitive functioning among 366 HIV+ adults. The resultant “risk severity
score” was used to differentially weight, as a function of age, the impact and magnitude of
multiple risk factors on cognition. Among older adults (> 50 years) the risk severity index was
differentially predictive of learning/memory and verbal fluency, whereas among younger adults it
was linked to working memory and executive function. Cognitive reserve was found to be the
most robust predictor of neurocognition.

Despite advances in combination antiretroviral therapy (cART), cognitive impairment
persists among individuals with HIV infection (Becker et al., 2011; Heaton et al., 2010).
Many factors contribute to the development and severity of cognitive dysfunction including
potentially irreversible brain injury that developed before patients were started on highly
effective antiviral therapy as well as incomplete blood-brain-barrier penetrance leading to
inadequate suppression of the adverse effects of HIV on central nervous system function
(see Review - Heaton et al., 2011). In addition, there is a high prevalence of comorbid
conditions that continue to plague individuals with HIV (Weiss, Osorio, Ryan, Marcus, &
Fishbein, 2010). Approximately 15–30% of HIV+ individuals are infected with the hepatitis
C virus (HCV) (Sherman, Rouster, Chung & Rajicic, 2002) and 40% are substance users
(Bing et al., 2001). Additionally, with the advent of antiretroviral therapy, more individuals
are living over the age of 50, which makes them more vulnerable to long-term toxicity from
HIV treatment and age-related illnesses (e.g., vascular disease).

Although it has been difficult to disentangle comorbid conditions that are associated with
HIV and its treatment from those that are independent of HIV, various comorbid factors
have been demonstrated to place HIV positive individuals at greater risk for cognitive as
well as functional declines. Furthermore, recent research has demonstrated that HIV+
individuals with low cognitive reserve have an increased vulnerability to syndromic HIV-
associated neurocognitive disorders (HAND), which is characterized by both cognitive and
functional difficulties (Morgan et al., 2012).
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Cognitive Reserve
Although low cognitive reserve has not been generally viewed as a “risk factor”, there is
evidence to suggest that cognitive reserve capacity (usually indexed by estimated premorbid
intelligence and/or educational attainment) may be a good indicator of which HIV infected
individuals will display neurobehavioral abnormalities (Basso & Bornstein, 2000).
Researchers have theorized that individuals may not begin to exhibit overt signs of
neurobehavioral dysfunction until after a certain threshold of brain damage has been
sustained; therefore, individuals with high cognitive reserve may have a higher threshold for
neuropsychological dysfunction and more cognitive resilience to continuous cerebral insults
(Satz, 1993). Satz et al. (1993) found that the predicted prevalence of cognitive dysfunction
was 38% in HIV individuals with no more than 12 years of education while, in the other
education-serostatus groups, the prevalence was less than 17%. One study estimated
cognitive reserve based on education, occupation and premorbid intelligence and
demonstrated similar findings. On measures of attention, memory, executive functioning and
visuospatial ability, asymptomatic HIV individuals with low reserve displayed more
cognitive deficits than asymptomatic seropositive individuals with high reserve, and
seronegative individuals with low or high reserve (Stern, Silva, Chaisson, & Evans, 1996).
In a recent study by our lab (Thames, Foley, Panos, Singer, & Hinkin, 2011), individuals
with high levels of reserve who were matched on overt neurocognitive status evidenced
greater striatal atrophy compared to individuals with lower levels of reserve. This suggests
that individuals with high levels of cognitive reserve may be able to shoulder greater levels
of neuropathology before neurobehavioral manifestations occur.

HIV Disease Severity
Immunological markers (e.g., CD4 count) provide clinical information about the severity of
HIV disease. Low CD4 count has been linked to neurological complications in the pre-
HAART era (Childs et al., 1999). More specifically, individuals with a CD4 count below
200 cells/mm3 are considered highly vulnerable to such complications (e.g., CNS
opportunistic infections; Chiesi et al., 1996). In the era of cART, a low current CD4 count
among patients on pharmacotherapy is less frequently encountered. However, studies have
demonstrated that the historical lowest CD4 count (or nadir CD4) remains a strong predictor
of neurocognitive impairment (Valcour et al., 2006; Heaton et al., 2011; Tate et al., 2011;
Ellis et al., 2011) and is related to a current diagnosis of HIV-associated neurocognitive
dysfunction (HAND; Valcour, Paul, Neuhaus, & Shikuma, 2011).

Hepatitis C Virus (HCV)
Cognitive dysfunction (particularly within the domains of attention/working memory and
psychomotor speed) has been demonstrated in HCV-infected individuals (independent of
severity of liver disease, e.g. cirrhosis). Given the overlap in pattern of neurocognitive
dysfunction and neurophysiologic abnormality common to both HIV and HCV it has been
suggested that there may be additive (Letendre et al., 2005; Lu, Robinson, & Zhang, 2009;
Hilsabeck, Perry, & Hassanein, 2002; Morgello et al., 2005; Perry et al., 2005) and
synergistic (Laskus et al., 2004) effects of co-infection on cognition. It has been also been
demonstrated that co-infected individuals have higher rates of AIDS, lower CD4 counts and
higher plasma viral load compared to HIV mono-infected individuals (Greub et al., 2000).
Several groups have demonstrated that co-infected individuals are more likely to exhibit
neurocognitive impairment than individuals infected with HIV or HCV alone (Letendre et
al., 2005; Letendre et al., 2007; Martin et al., 2004; Hilsabeck, Castellon, & Hinkin, 2005;
Hinkin, Castellon, Levine, Barclay, & Singer, 2008), though others have failed to replicate
these findings (Ryan, Morgello, Isaacs, Naseer, & Gerits, 2004; Perry et al., 2005).
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Substance Use
History of substance use is extremely common among the HIV infected populace, with 40–
74% of HIV-infected individuals reporting past or current substance use disorders
(Gonzalez, Barinas, & O’Cleirigh, 2011). It has been suggested that HIV individuals who
abuse psychostimulants (i.e., cocaine and methamphetamine) are at greater risk for poor
medication adherence, which places them at greater risk for adverse clinical outcomes
(Arnsten et al., 2002; Hinkin et al., 2004; Hinkin et al., 2007; Tucker et al., 2004). While the
independent neuropsychological effects of HIV and methamphetamine use have been well
documented, less is known about the combination of these factors. Several studies have
shown that methamphetamine use aggravates HIV associated cognitive declines (Rippeth et
al., 2004; Carey et al., 2006). Mixed results have been found with regards to the impact of
cocaine use on HIV associated cognitive disorders, with some (Meade, Lowen, MacLean,
Key, & Lukas, 2011; Durvasula et al., 2000) but not all (Chang et al., 2008) finding that
cocaine use potentiates the adverse CNS effects of HIV infection. Recency of last use
appears to be the strongest predictor of whether additive cognitive deficits emerge.

Vascular Risk
HIV infected individuals demonstrate a higher prevalence of vascular risk factors (i.e.,
myocardial infarction, coronary heart disease, atherosclerosis, hypertension, diabetes and
obesity) compared to seronegative individuals (Adeyemi, 2007; Hsue et al., 2004; Lebech et
al., 2007; Magalhaes, Greenberg, Hansen, & Glick, 2007; Tipping, de Villers, Wainwright,
Candy, & Bryer, 2007; Triant, Lee, Hadigan, & Grinspoon, 2007). Numerous studies have
demonstrated that cART is associated with an increased risk of atherosclerosis and vascular
events (Carr et al., 1999; Holmberg et al., 2002; Stein et al., 2001). Previous research has
suggested that vascular risks such as high total cholesterol, diabetes, myocardial infarction,
and congestive heart failure are associated with neuropsychological impairments in HIV-
positive individuals, particularly in the areas of processing speed, learning/memory and
executive functioning (Foley et al., 2010; Wright et al., 2010). Furthermore, markers of
atherosclerosis [e.g., common carotid artery intima-media thickness (IMT), coronary artery
calcium (CAC)] have also been linked to cognitive dysfunction (Bots, Dijk, Oren, &
Grobbee, 2002; Greenland, Smith, & Grundy, 2001; Mangili et al., 2006). Becker et al.
(2009) demonstrated that IMT and estimated glomerular filtration rate (GFR; a marker of
vascular disease) were associated with slowing of psychomotor speed. Additionally,
coronary artery calcium was marginally associated with memory function. Wright et al.
(2010) also found that HIV-positive individuals with preexisting cardiovascular disease had
a 6.2 fold higher likelihood of evidencing neurocognitive impairment relative to those
without vascular risk factors.

Aging & HIV
Whether advancing age accelerates HIV associated cognitive decline remains unclear. This
is a question of critical importance since increasing proportions (approximately 50%) of
HIV+ individuals are age 50 or over. With the reduced morbidity and mortality that has
accompanied the advent and standard implementation of cART, more individuals 50 and
older are living with HIV (Valcour et al., 2006). Much of the literature has demonstrated
that normal aging confers its own risk for the development of medical illnesses including
diabetes, coronary angioplasty, and myocardial infarction. Hence, there is reason to suspect
that older adults may be particularly vulnerable to neurocognitive impairment due to normal
age related immunosenescence and the adverse effects of age-linked medical co-morbidities.

While a host of prior studies have targeted a subset of the above discussed risk factors, few
studies have attempted to simultaneously model the impact of multiple risk factors. Justice
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& colleagues (2012) combined a number of factors (e.g., HIV biomarkers and age) into an
index that predicted mortality rates. Similarly, Cysique et al. (2010) created a noncognitive-
based algorithm that utilized age, current CD4 cell count, past central nervous system (CNS)
HIV-related diseases, and current treatment duration in order to identify HIV+ individuals at
risk of HIV-associated neurocognitive impairment. However, the current study advances the
aforementioned studies in that it includes multiple comorbid conditions that have
demonstrated to impact cognition, and that have not been examined by the aforementioned
studies. Given the ubiquity of multiple comorbid risks among the HIV-infected population,
there is a clear need to continue to find novel ways to study the relative impact of these risk
factors, both individually and in aggregate, on cognition. There are several advantages to
examining a combination of comorbidities as opposed to examining them separately.
Foremost, it allows for examination of the relative contribution of each comorbid factor and
provides us an understanding of the complex interplay of such factors on cognition.
Furthermore, it increases the predictive power of the relationship between multiple
comorbidities and cognition.

The objective of this study was to develop and validate a weighting algorithm (to be
described below) to model the relative impact of multiple comorbid risk factors on
neurocognition in order to ascertain: (1) whether certain risk factors are associated with
differential cognitive deterioration and (2) whether these risk factors, individually and in
aggregate, exert similar effects in younger versus older HIV+ adults.

Methods
Participants

Participants consisted of 366 HIV+ individuals recruited through advertisements posted at
university-affiliated infectious disease clinics, as well as through community agencies in the
Los Angeles area that specialize in providing services to HIV-infected individuals. All
individuals were prescribed a highly active antiretroviral therapy (HAART) regimen.
Exclusionary criteria included diagnosis of psychotic spectrum disorder, CNS opportunistic
infections, traumatic brain injury with loss of consciousness in excess of 30 min, and seizure
disorders. These exclusion criteria were selected because they are not typically thought to be
associated with either HIV infection or its treatment.

Measures
Neuropsychological assessment—Participants were administered one of two similar
fixed widely-used neuropsychological test batteries (Battery A or Battery B) to yield
summary scores for the domains of attention/working memory, information processing
speed, verbal fluency, learning and memory, executive functioning and motor functioning
(Ettenhofer et al., 2009) (see Table 1 for a list of specific cognitive tests and normative data
used). Raw test scores were converted to demographically-corrected T scores (with a mean
of 50 and a standard deviation of 10) using published normative data. Domain T scores were
calculated by using the mean T score for all the individual tests comprising the given
domain. A global cognitive T score was also created by summing the individual test T
scores and dividing by the number of administered tests. See Heaton et al. (1995) for a
detailed description of this approach.

Risk factors—Below we discuss our approach to the assessment and categorization of
various risk factors thought to place individuals “at risk” for the development of
neurocognitive dysfunction.
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Cognitive reserve—Although studies have examined cognitive reserve through various
measurements (e.g., occupational attainment), a combination of word reading and
educational attainment appears to be the most robust and widely used method in recent
studies (Foley et al., 2012; Brickman et al., 2011; Rentz et al., 2010). Therefore, cognitive
reserve scores were based on word-reading ability as measured by the American National
Adult Reading Test (AMNART - a measure of premorbid intelligence), and years of
education attained. This measure combines an index of quantity of education (years attained)
along with an index thought to reflect quality of education (ability to pronounce
orthographically irregular words that do not follow the usual grapheme –to-phoneme rules
of pronunciation); therefore, it is able to capture two key components that contribute to
cognitive reserve. The distribution of years of education for the entire sample (i.e., range =
5–20 years, M = 13, and SD = 2.25) closely mirrors studies that have used HIV populations
with similar demographics (Dawes et al., 2008; Heaton et al., 1995). The following formula
was utilized to convert years of education to standard scores: ([subject raw score – sample
mean]/standard deviation x 15 + 100). This created a scale that was consistent with the
AMNART scale. AMNART scores were not standardized within sample, but derived from
the general population normative data. AMNART standardized scores and the standardized
years of education were averaged to create a cognitive reserve score. For the purposes of
statistical analyses, a median split was utilized to dichotomize scores into high and low
cognitive reserve. Individuals with low cognitive reserve were considered to be more
susceptible to cognitive dysfunction.

HIV Disease Severity—Self-reported biomarkers (e.g., nadir cd4+ and recent cd4+) were
used to characterize HIV disease severity. Individuals were considered ‘at risk’ for cognitive
difficulties if they had one (either nadir or recent CD4+ to be < 200) or both (nadir and
recent cd4+ of < 200).

Vascular—Individuals were classified as having vascular risk based on self-report of one
or more of the following conditions: hypertension, diabetes, myocardial infarction,
congestive heart failure, or stroke.

Hepatitis C—Individuals with Hepatitis C (based on self-report) were considered to be ‘at
risk’ for cognitive difficulties.

Stimulant Use—Patients with current use (i.e., in the past month) and/or patients meeting
criteria for abuse or dependence of methamphetamine and/or cocaine (based on SCID, and a
modified version of SCID assessing substance use, self-report, or urine analysis) were
characterized as being ‘at risk’ for cognitive dysfunction.

Analyses
Analytic procedures were as follows: (a) Younger (< 50 years old, n = 296) and older (> 50
years old, n = 70) HIV+ individuals were compared on demographic and risk factor
variables; (b) In order to examine the aggregate impact of multiple risk factors on
neuropsychological performance, study risk factors (i.e., cognitive reserve, HIV disease
severity, vascular, hepatitis C and stimulant use) were weighted based on the results of
linear regression conducted using all of the risk factors as predictors of global cognitive
functioning. Subsequently, each of the risk factors were multiplied by the unstandardized
beta weights and then combined to create a ‘risk severity score’; (c) Cross-validation
analyses were employed (using random split half samples) in order to validate the beta
weights derived from the above analyses; (d) Linear regressions were conducted utilizing
the ‘risk severity score’ and functioning within each of the cognitive domains (information
processing speed, learning and memory, attention and working memory, executive
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functioning, verbal fluency and motor functioning) in order to determine whether risk
severity differentially predicts performance within individual cognitive domains and
whether the severity of the risks exert similar effects in younger versus older HIV+ adults;
(e) Linear regressions were conducted utilizing individual risk factors and functioning
within each of the cognitive domains in order to examine the relationship between specific
risk factors and specific neurocognitive domains among younger and older individuals. To
control for Type I error associated with the number of analyses employed, the false
discovery rate (FDR) was used (Benjamini & Hochberg, 2000).

Results
(a) Demographic and risk factor variables

As shown in Table 2, younger (< 50 years) and older (> 50 years) groups were not
significantly different in terms of gender, race/ethnicity, and education. Additionally, there
were no significant differences between the two groups with regards to cognitive reserve
score, hepatitis C status, stimulant use, and mean weighted risk (risk severity score).
However, individuals in the younger group demonstrated greater disease severity (nadir
CD4 < 200, higher percentage of AIDS diagnosis) compared to the older group. The older
group had more individuals with vascular risks compared to the younger group (Table 2
about here).

(b) Weightings of risk factors
Results of linear regression conducted using all of the risk factors in the prediction of global
cognitive functioning (T score) demonstrated that cognitive reserve exerted the greatest
predictive association (B = −5.06), followed by disease severity (B = −1.38), hepatitis C (B
= 1.11), stimulant use (B = −0.38), and vascular risks (B = −0.32). All relationships were in
the expected direction.

(c) Cross-validation of weights
The above weighting system was further validated using a split-half technique in which a
linear regression was conducted using all of the risk factors as predictors of global cognitive
functioning on a random sample of cases (approximately 50% of the entire group), which
produced virtually identical weightings (See Table 3) (Table 3 about here).

(d) Risk severity score and neuropsychological performance
As anticipated given the manner in which it was calculated, for both younger and older HIV
+ individuals the weighted risk severity score was significantly predictive of neurocognitive
functioning across virtually all domains. More specifically, among younger adults the
weighted risk severity score significantly predicted performances on information processing
speed, F(1, 295) = 14.48, p < .001, learning and memory, F(1, 295) = 35.40, p < .001,
attention and working memory, F(1, 295) = 45.66, p < .001, executive functioning, F(1, 295)
= 49.73, p < .001, verbal fluency, F(1, 295) = 19.99, p < .001, and motor functioning, F(1,
295) = 14.98, p < .001, tasks. In older adults, the weighted risk severity score significantly
predicted performances on learning and memory, F(1, 69) = 11.41, p = .001], verbal fluency,
F(1, 69) = 19.92, p < .001, executive functioning, F(1, 69) = 4.52, p = .04], and motor
functioning, F(1, 69) = 4.30, p = .04, tasks (See Table 4) (Table 4 about here). Interaction
effects between age and risk severity were not found for information processing speed,
learning and memory, attention and working memory, executive functioning and motor
functioning. However, there was a significant interaction effect of age and risk severity on
verbal fluency, t(365) = −3.53, p < .01, such that older adults with greater risk severity
performed worse than the other age/risk severity groups on verbal fluency tasks.
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Interestingly, an examination of the effect sizes suggests that there may be a differential
impact of risk severity on cognitive functioning amongst the older vs. younger individuals.
The effect sizes were larger for younger compared to older individuals in the domains of
attention and working memory (R2 = .13 versus .04) and executive functioning (R2 = .15
versus .06). In contrast, the effect sizes were larger for older individuals relative to the
younger participants in the domains of learning and memory (R2 = .14 versus .11) and
verbal fluency (R2 = .23 versus .06). Both younger and older individuals were comparable in
terms of effect sizes in the domains of information processing speed and motor functioning.

(e) Individual risk factors and neuropsychological performance
As detailed in the following section, an examination of individual risk factors revealed a
differential impact of each risk on the various cognitive domains (See Table 5) (Table 5
about here).

Information Processing Speed—Among younger individuals, cognitive reserve
significantly predicted information processing speed to a greater extent than did the other
risk factors (B = −0.18, t(250) = −2.91, p = .004). Vascular risk was also predictive of
information processing speed (B = −0.15, t(250) = −2.48, p = .01). For the older individuals,
no risk factors were predictive of information processing speed. However, the beta weights
for stimulant use, disease severity, cognitive reserve and hepatitis C were, for the most part,
larger than that seen among the younger subjects. This suggests that these factors may
predict information processing speed in older adults to a greater degree than in younger
adults and that the absence of statistical significance was attributable to insufficient power
rather than a lack of association.

Learning and Memory—For younger individuals, cognitive reserve significantly
predicted learning and memory, exerting a greater impact than the other risk factors (B =
−0.33, t(250) = −5.52, p < .001). For older individuals, no risk factor was significantly
associated with learning and memory; however, the beta weights for hepatitis C and vascular
risks were larger than that seen among the younger subjects.

Attention and Working Memory—Among younger individuals, cognitive reserve was
the only factor that significantly predicted attention and working memory (B = −0.35, t(250)
= −5.85, p < .001). Similarly, among older subjects cognitive reserve was the only factor
that significantly predicted attention and working memory (B = −.39, t(41) = −2.56, p = .
02); however, the beta weights for vascular risk suggests that it predicts attention and
working memory to a greater degree in older adults than younger adults. Additionally, the
beta weight for stimulant use demonstrated a positive impact of stimulants on attention and
working memory.

Executive Functioning—In younger individuals, cognitive reserve was the only factor
that significantly predicted executive functioning (B = −.36, t(250) = −6.11, p < .001). In
older individuals, no risk factors significantly predicted executive functioning. However, the
beta weight for cognitive reserve is suggestive of a relationship between cognitive reserve
and executive functioning.

Verbal Fluency—For both younger and older individuals, cognitive reserve was the only
factor that significantly predicted verbal fluency, with the older adults being impacted to a
greater degree (B = −.49, t(41) = −3.37, p = .002). Furthermore, examination of the beta
weight for vascular risk suggests that it predicts verbal fluency to a greater degree in older
adults compared to younger adults.
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Motor Functioning—Cognitive reserve in younger individuals significantly predicted
motor functioning (B = −.20, t(250) = −3.14, p = .002). Although no risk factors predicted
motor functioning in older adults, the beta weight for cognitive reserve and disease severity
suggested a relationship between these factors and motor functioning.

Discussion
The present study sought to examine the independent and aggregate effects of various
comorbid risk factors on cognitive functioning among younger and older HIV-infected
individuals. Although studies have examined such risk factors in isolation, to our
knowledge, the present study is the first to create and validate an algorithm to differentially
weight the impact and magnitude of multiple risk factors on cognition.

In order to examine the aggregate impact of risk factors, findings from an initial analysis of
risk factors and global cognition were utilized to create a ‘risk severity score’. Results were
consistent with expectations such that risk severity predicted differential neurocognitive
functioning across a number of domains for both younger and older adults. Specifically, we
found that individuals with higher risk severity scores demonstrated greater cognitive
impairment than individuals with lower risk scores. Furthermore, despite comparable risk
severity scores among both younger and older groups, a high risk severity in younger adults
had more predictive power in determining functioning in the domains of attention/working
memory and executive functioning while a high risk severity in older adults had more
predictive power in determining functioning in the domains of learning/memory and verbal
fluency. Therefore, this differential manifestation of risk severity on cognitive functioning
may be dependent on the age of the individual. Although we would expect older adults to be
impacted by the study risk factors to a greater degree than younger adults across all
cognitive domains, this was not found to be the case. This could reflect the fact that older
HIV+ adults typically produce greater dispersion or intra-individual variability in cognitive
performance (Morgan et al., 2011).

Such variability could also be a function of the types of risk factors included or endorsed by
the younger and older adults. For example, a unique feature of this study is that low
cognitive reserve was shown to be a risk factor for neurocognitive compromise. The
differential impact of risk may also be attributed to younger adults having a significantly
higher degree of disease severity than the older adults (i.e., higher proportion of AIDS and
lower nadir CD4) producing a more frontal-subcortical neurocognitive profile. Additionally,
the nature of deficits associated with the risk index that strongly loaded for younger adults
(e.g., information processing speed and executive functioning) are findings that have been
characteristically seen in HIV and indicative of subcortical involvement. However, among
the older cohort, a differing pattern of loadings emerged (e.g., learning/memory and verbal
fluency) in terms of the impact of the risk index. While verbal fluency clearly involves
subcortical and cortical regions alike, the fact that among older adults, learning/memory
(rather than more subcortical functions) was strongly implicated with the risk index may
suggest the possibility of a different presentation with increasing age.

There may be some cohort effects contributing to the type of cognitive impairments
observed between younger and older HIV+ participants (i.e., differences in HIV
transmission route, greater risk taking behavior in younger adults) that may increase the
likelihood of poor medication adherence, particularly among the younger individuals;
thereby amplifying the impact of advanced disease severity among the younger sample.
Interestingly, despite a similar length of HIV infection among the younger and older adults
(8.8 years and 9.1 years, respectively), the younger cohort demonstrated greater disease
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severity, which can possibly be attributed to poor medication adherence, lending further
support to possible differences among the cohorts.

Examination of the impact of individual risk factors on cognitive domains revealed several
unexpected findings. Interestingly, cognitive reserve appeared to be the most important and
influential predictor of performance in the attention/working memory and the verbal fluency
domains for both younger and older adults. Cognitive reserve predicted additional areas of
performance in information processing speed, executive functioning, and motor functioning
in younger adults. These results are consistent with previous findings from our group that
utilized a different dataset (Foley et al., 2012) that have demonstrated the protective role of
cognitive reserve in terms of neurocognitive dysfunction. Low cognitive reserve has not
been generally viewed as a risk factor because it does not independently cause cognitive
problems, though it does mediate the overt expression of cognitive dysfunction.
Nevertheless, low cognitive reserve has demonstrated to increase susceptibility to the
adverse effects of other types of neurological insults, including HIV-associated neurological
problems.

Surprisingly, the other risk factors that were studied were not found to impact
neurocognitive functioning to the same degree. Vascular risk was found to be predictive of
information processing speed for the younger adults. Such findings are consistent with other
studies that have demonstrated similar deficits among HIV+ adults (Sacktor et al., 2007;
Becker et al., 2009). A previous study by our group examining the impact of vascular risk
factors and age on cognitive functioning demonstrated an association between vascular risk
and slowed processing speed even after controlling for age (Foley et al., 2010). Surprisingly,
despite a greater rate of vascular risks among the older adults, this was not found to be
predictive of neurocognitive dysfunction in this particular dataset. While we were able to
identify isolated risk factors and neurocognitive associations, these were not as robust as
was the relationship between cognitive reserve and neurocognition. The lack of significance
between the high and low cognitive reserve groups in terms of the number and types of risk
factors present, further supports this relationship.

Although the focus of the current manuscript was to examine differential risk factors
between older and younger HIV+ individuals, we recognize that advanced age is considered
to also be a risk factor to cognitive impairment. Therefore, we conducted ancillary analyses
where age was included in the model as a predictor of global cognitive functioning. We
found that age was not significantly predictive of cognition, and that cognitive reserve
continued to account for most of the variance in cognitive functioning. This provides rather
strikingly support for the role of cognitive reserve and underscores how low levels of
reserve can place HIV+ individuals at risk for cognitive impairments.

An important limitation to the current study concerns the unequal sample sizes of the two
groups, with a significantly underpowered older HIV group. This explains our failure to
detect a statistically significant relationship between risk and certain cognitive domains
despite effect sizes that were similar to that seen among the younger subjects (e.g., cognitive
reserve and processing speed). Furthermore, although the age of our older HIV group was
consistent with other HIV aging studies, it is still young compared to most non-HIV aging
research. Therefore, we may not be observing the full effect of age. If the mean age of the
older group was increased, there may have been an even greater distinction in the cognitive
profiles of younger and older adults.

Another limitation concerns the self-reported nature of most variables (i.e., vascular,
hepatitis C, stimulant use, and disease severity). Although previous studies have
demonstrated associations between these risk factors and cognition, our inability to
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document such a relationship for many of the risk factors suggests that the utilization of self-
reported variables (which is often considered to be less reliable) may have contributed to the
lack of findings. This may especially be problematic in terms of reporting specifics of
disease severity (e.g., CD4 count). However, previous studies have demonstrated a strong
agreement between self-reported diagnoses and medical records (Azar et al., 2005; Simpson
et al., 2004; Bush et al., 1989). Even after controlling for advanced age and cognitive
impairment, Simpson et al (2004) observed continued agreement between self-reported
conditions and medical records among cancer, stroke, myocardial infarction, and
Parkinson’s disease. While there is little reason to suspect this relationship would not hold
for the HIV infected population, the findings reflect possible unreliability of the measures to
detect expected associations; and therefore a significant limitation.

We were also constrained by the nature and extent of the data collection aspect of the
present study. Hence, we lacked access to data, such as cholesterol level, which may have
also shown to be predictors of neurocognitive dysfunction. Similarly, the prevalence of other
substances (e.g., alcohol use/abuse/dependence) within our data was lower than that found in
the general HIV population, and therefore, was not included as a possible risk factor despite
the fact that such substances have been shown to impact cognition.

Furthermore, in order to reduce the number of predictors, we decided to not include
psychiatric comorbidities. We recognize that HIV individuals demonstrate higher rates of
depression than the general population; however, several studies have demonstrated
inconsistent findings in terms of its impact on cognition (Shimizu et al., 2011), with many
studies demonstrating no effect of depression on cognition (Thames et al., 2011; Cysique et
al., 2007; Millikin et al., 2003; von Giesen et al., 2001; Mason et al., 1998; Goggin et al.,
1997; Grant et al., 1993; Mapou et al., 1993; Hinkin et al., 1992).

Despite these limitations, the findings of this study are promising. Future studies should
consider employing medically-confirmed (e.g., via lab reports, current or previous medical
records) as opposed to self-reported risk factors. Furthermore, studies would benefit by
expanding on the breadth of each risk factor (e.g., including substances other than
stimulants), as well as adding psychiatric comorbidities. Future studies should also consider
utilizing a risk weighting algorithm as was done in the present study to model the relative
impact of risk factors on cognitive functioning and such an approach will provide a better,
more accurate picture of the complex interplay of multiple risk factors and cognition over
time, and give us a greater understanding as to how aging alters the impact of these risk
factors among HIV+ individuals. Cognitive reserve appears to play a very influential role in
cognitive functioning and has often been overlooked in many HIV studies examining the
relationship between risk and cognition. Given that low cognitive reserve as a “risk factor”
is a relatively new focus in HIV research, it is an area that warrants further examination.
Furthermore, assuming that greater risk severity results in greater cognitive declines, we
would expect there to also be functional declines (i.e., problems with medication
management) (Thames et al., 2011). Therefore, it would be interesting for future studies to
examine whether risk severity moderates the relationship between cognition and functional
measures, especially among older adults.
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Table 1

Neuropsychological Tests by Domain

Domain/Test Battery Normative Source

Speed of Information Processing

    Trail making test Part A A, B Heaton et al., 1991

    Symbol digit modalities test A Smith A., 1982

    Digit symbol coding B Wechsler, D., 1997

Learning and Memory

    CVLT trials 1–5 A Delis et al., 1987

    CVLT-II trials 1–5 B Delis et al., 2000

    CVLT short delay free recall A Delis et al., 1987

    CVLT-II short delay free recall B Delis et al., 2000

    CVLT long delay free recall A Delis et al., 1987

    CVLT-II long delay free recall B Delis et al., 2000

Verbal Fluency

    COWAT letter fluency A, B Selnes et al., 1991

    COWAT category fluency A, B Selnes et al., 1991

Attention and Working Memory

    Paced auditory serial addition test A, B Stuss et al., 1988

Executive Functioning

    Trail making test Part B A, B Heaton et al., 1991

    Stroop color-word test – interference A, B Selnes et al., 1991

    Short category test A Wetzel & Boll, 1987

    Wisconsin card sorting test – 64 card version B Kongs et al., 2000

Motor Functioning

    Grooved pegboard dominant hand A, B Heaton et al., 1991

    Grooved pegboard nondominant hand A, B Heaton et al., 1991

Note: CVLT - California Verbal Learning Test; CVLT-II – California Verbal Learning Test – Second Edition; COWAT – Controlled Oral Word
Association Test
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Table 2

Demographic Characteristics of Younger and Older Individuals

Age Group

Young
(< 50 years)
n = 296

Old
(> 50 years)
n = 70

p

Age 40.44
(range 18–49)

53.49
(range 50–69)

<.01

Education 12.97 (2.236) 13.44 (2.268)

AMNART 103.72 (9.70) 105.07 (11.19)

Ethnicity (%)

  Caucasian 15.2 20.0

  African American 66.9 64.3

  Hispanic 12.2 10.0

  Asian 2.0 1.4

  Other 3.7 4.3

Sex (%)

  Male 81.1 80.0

  Female 18.9 20.0

Risk factors

  Cognitive reserve (% low) 50.5 47.1

    Cognitive reserve (mean) 103.72 (9.702) 105.07 (11.193)

  High HIV disease severity (%) 62.6 50.0 <.10

    Nadir CD4 (median IQR) 154 (32–266) 203 (51–393) <.05

    Recent CD4 (median IQR) 350 (207–557) 464 (293–645)

    Undetectable viral load (%) 35.7 47.6

    AIDS diagnosis (%) 68.0 50.0 <.05

  Vascular (%) 25.3 42.6 <.01

  Hepatitis C (%) 15.7 17.9

  Current stimulant use, abuse and/or dependence (%) 30.0 29.8

Weighted risk (mean) 3.35 (2.55) 2.94 (2.70)

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 April 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 18

Ta
bl

e 
3

Sp
lit

-h
al

f 
R

eg
re

ss
io

n 
R

es
ul

ts
 f

or
 G

lo
ba

l C
og

ni
tio

n 
an

d 
R

is
k 

Fa
ct

or
s

Sp
lit

-h
al

f 
1

95
%

 C
on

fi
de

nc
e

In
te

rv
al

Sp
lit

-h
al

f 
2

95
%

 C
on

fi
de

nc
e

In
te

rv
al

B
L

ow
er

U
pp

er
B

L
ow

er
U

pp
er

C
og

ni
tiv

e 
R

es
er

ve
−

4.
58

−
6.

44
−

2.
72

−
4.

41
−

6.
19

−
2.

64

St
im

ul
an

ts
−

0.
26

−
2.

29
1.

78
−

0.
68

−
2.

64
1.

28

D
is

ea
se

 S
ev

er
ity

−
1.

96
−

3.
89

−
.0

4
−

0.
56

−
2.

39
1.

27

H
ep

at
iti

s 
C

0.
99

6
−

1.
46

3.
46

1.
64

−
0.

80
4.

08

V
as

cu
la

r
−

0.
81

−
2.

83
1.

20
−

0.
49

−
2.

48
1.

51

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 April 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 19

Ta
bl

e 
4

R
eg

re
ss

io
n 

R
es

ul
ts

 f
or

 C
og

ni
tiv

e 
D

om
ai

ns
 a

nd
 R

is
k 

Se
ve

ri
ty

 S
co

re
 –

 b
y 

A
ge

 G
ro

up
s

Y
ou

ng
 (

< 
50

 y
ea

rs
)

O
ld

 (
> 

50
 y

ea
rs

)

F
R

2
B

p
F

R
2

B
p

In
fo

rm
at

io
n 

Pr
oc

es
si

ng
 S

pe
ed

14
.4

8
.0

5
−

.2
2

<
.0

01
3.

46
.0

5
−

.2
2

.0
7

L
ea

rn
in

g 
an

d 
M

em
or

y
35

.4
0

.1
1

−
.3

3
<

.0
01

11
.4

1
.1

4
−

.3
8

.0
01

A
tte

nt
io

n 
&

 W
or

ki
ng

 M
em

or
y

45
.6

6
.1

3
−

.3
7

<
.0

01
2.

89
.0

4
−

.2
0

.0
9

E
xe

cu
tiv

e 
Fu

nc
tio

ni
ng

49
.7

3
.1

5
−

.3
8

<
.0

01
4.

52
.0

6
−

.2
5

.0
4

V
er

ba
l F

lu
en

cy
19

.9
9

.0
6

−
.2

5
<

.0
01

19
.9

2
.2

3
−

.4
8

<
.0

01

M
ot

or
 F

un
ct

io
ni

ng
14

.9
8

.0
5

−
.2

2
<

.0
01

4.
30

.0
5

−
.2

4
.0

4

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 April 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 20

Table 5

Regression Results for Individual Risk Factors and Cognitive Domains – by Age Groups

Young (< 50 years) Old (> 50 years)

B p B p

Information Processing Speed

  Cognitive Reserve −0.18 .004 −0.16 .34

  Stimulants 0.10 .09 −0.17 .30

  Disease Severity −0.08 .21 −0.18 .25

  Hepatitis C 0.08 .18 −0.12 .46

  Vascular −0.15 .01 0.08 .65

Learning and Memory

  Cognitive Reserve −0.33 <.001 −0.19 .25

  Stimulants −0.04 .50 0.02 .90

  Disease Severity −0.09 .12 −0.30 .06

  Hepatitis C 0.10 .09 −0.12 .44

  Vascular 0.11 .06 0.19 .24

Attention and Working Memory

  Cognitive Reserve −0.352 <.001 −0.39 .02

  Stimulants −0.046 .44 0.26 .11

  Disease Severity −0.058 .34 0.13 .40

  Hepatitis C 0.045 .46 −0.09 .54

  Vascular 0.020 .74 −0.17 .27

Executive Functioning

  Cognitive Reserve −0.36 <.001 −0.22 .21

  Stimulants −0.01 .87 0.03 .87

  Disease Severity −0.09 .14 −0.02 .90

  Hepatitis C 0.09 .15 0.002 .99

  Vascular −0.08 .17 0.04 .79

Verbal Fluency

  Cognitive Reserve −0.27 <.001 −0.49 .002

  Stimulants −0.004 .95 0.06 .69

  Disease Severity −0.02 .77 0.01 .97

  Hepatitis C −0.004 .94 0.08 .60

  Vascular 0.05 .42 −0.19 .19

Motor Functioning

  Cognitive Reserve −0.20 .002 −0.15 .38

  Stimulants −0.03 .68 −0.07 .69

  Disease Severity −0.02 .73 −0.13 .42

  Hepatitis C −0.01 .86 −0.10 .56

  Vascular −0.10 .13 −0.09 .60
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