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Abstract

Apathy is associated with impaired neuropsychological functioning in individuals with HIV. While cognitive reserve (CR) delays neurocog-

nitive decline, CR’s relationship with apathy has never been studied. We examined CR’s association with apathy in 116 HIV-positive individuals

recruited from an urban AIDS center and assessed whether this relationship is moderated by age and/or disease severity. Participants completed

the Wechsler Test of Adult Reading and Apathy Evaluation Scale. A CR-composite, combining years of education and word-reading ability,

significantly predicted apathy (t ¼ 22.37, p ¼ .02). CR’s relationship with apathy was not moderated by age, but participants with nadir

CD4 levels ≤200 demonstrated a stronger association (t ¼ 23.25, p ¼ .002) than those with nadir CD4 levels . 200 (t ¼ 20.61, p ¼ .55).

These findings suggest a protective effect of CR against apathy in HIV-infected individuals across the age span, particularly after a certain thresh-

old of disease severity.
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Introduction

Human immunodeficiency virus (HIV) enters the central nervous system (CNS) early in the course of the disease (Navia, Cho,

Petito, & Price, 1986) and can be detected in the brain within 2 weeks of infection (Paul, Cohen, Navia, & Tashima, 2002). After

entering the nervous system, the virus aggregates in the subcortical and frontal brain regions, notably the basal ganglia, globus

pallidus, caudate nucleus, and prefrontal white matter (Brew, Rosenblum, & Price, 1988; Paul et al., 2002). Neuroimaging

studies have demonstrated HIV-associated atrophy in both cortical and subcortical regions of the brain (Hall et al., 1996;

Jernigan et al., 1993; Paul et al., 2002; Raininko et al., 1992), resulting in declines in neuropsychological performance

(Bornstein et al., 1993; Castellon et al., 2006; Ferrando et al., 1998; Heaton et al., 1995, 2011; Van Gorp, Miller, Satz, &

Visscher, 1989). In fact, 50% of individuals with HIV infection experience neurocognitive complications (Cysique & Brew,

2009; Heaton et al., 1995), which can range from subtle deficits on neuropsychological tests to severe dementia syndromes that

profoundly disrupt an individual’s functioning and activities of daily living.

Another neuropsychiatric symptom that results from CNS viral damage is apathy, defined as lack of motivation not attributable

to the diminished level of consciousness, intellectual impairment, or emotional distress (Marin, 1991). Apathy is especially prom-

inent in disorders affecting the frontal lobe and subcortical structures (Cummings, 1993; Marin, 1991; Marin, Firinciogullari, &

Biedrzycki, 1993). Previous research has demonstrated that apathy is significantly associated with cognitive impairment in indi-

viduals with HIV, Parkinson’s disease, Alzheimer’s disease, and stroke (Castellon, Hinkin, Wood, & Yarema, 1998; Cole et al.,

2007; Hinkin, Castellon, & Hardy, 2000; Paul, Brickman, et al., 2005; Paul, Flanigan, et al., 2005; Starkstein, Bolduc, Preziosi, &
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Robinson, 1989; Starkstein, Jorge, Mizrahi, & Robinson, 2006). Furthermore, neuroimaging studies have linked apathy to the

lower volume of the nucleus accumbens and poor white matter integrity in the prefrontal cortex (Hoare et al., 2011; Paul et al.,

2002; Paul, Brickman, et al., 2005), leading many researchers to conclude that apathy’s simultaneous decrease in the behavioral,

cognitive, and emotional aspects of goal-directed behavior results from prefrontal brain damage (Cummings, 1993; Hoare et al.,

2011; Tekin & Cummings, 2002).

Given the hypothesized association between apathy and frontal-subcortical brain circuitry, it is not surprising that apathy is

prominent among individuals with HIV, with an estimated prevalence rate of 26% (Castellon et al., 2006; Paul, Flanigan,

et al., 2005; Tate et al., 2003). Among individuals with HIV, one study (Kamat et al., 2012) found higher levels of self-reported

apathy to be associated with greater impairment in functioning, and two studies have reported a relationship between apathy and

poor medication adherence (Rabkin et al., 2000). Additionally, three previous studies have reported significant correlations

between apathy and cognitive dysfunction in individuals with HIV (Castellon et al., 1998; Castellon, Hinkin, & Myers, 2000;

Paul, Flanigan, et al., 2005). Castellon and colleagues (1998, 2000) reported increased apathy to be strongly correlated with

poor performance on measures of working memory, divided attention, and response inhibition. More recently, Paul, Flanigan,

and colleagues (2005) found that apathy was significantly related to performance on measures of learning efficiency and cognitive

flexibility.

While apathy is associated with poor neuropsychological functioning (Castellon et al., 1998; Kuzis et al., 1999; Starkstein &

Brockman, 2011), cerebral reserve has been shown to delay cognitive decline in the face of CNS insult in HIV and other brain

diseases, such as Alzheimer’s disease, Parkinson’s disease, stroke, and various dementia syndromes (Koerts, Tucha, Lange, &

Tucha, 2012; Ojala-Oksala et al., 2012; Pillai et al., 2011). Cerebral reserve refers to the ability to maintain cognitive functioning

despite damage sustained to the brain (Stern, 2002). This phenomenon can be explained by passive differences in brain structure,

such as number and/or density of neurons and synapses, commonly referred to as “brain reserve” (Stern, 2002; Scarmeas & Stern,

2003), or active differences in the functionality of brain processes, such as the efficiency of neural processing and the ability

to recruite alternative brain netwoks to compensate for the effects of pathology, commonly referred to as “cognitive reserve

(CR)” (Richards & Deary, 2005; Stern, 2002).

Previous literature has demonstrated CR’s capacity to protect against cognitive decline in individuals with HIV (Basso &

Bornstein, 2000b; Foley et al., 2012; Satz et al., 1993; Stern, Silva, Chaisson, & Evans, 1996). For example, Stern and colleagues

(1996) demonstrated that HIV-positive patients with lower CR exhibited more deficits on measures of attention, memory, execu-

tive function, and visuospatial abilities than higher CR counterparts. Further studies on CR and HIV confirm that HIV-infected

individuals with higher levels of CR display less neuropsychological impairment than those with lower CR (Basso &

Bornstein, 2000b; Foley et al., 2012; Satz et al., 1993). Additionally, individuals above the age of 50 and those with advanced

stages of HIV continue to benefit from CR’s protective effects (Basso & Bornstein, 2000a, 2000b; Foley et al., 2012). Thus, it

appears that CR delays neuropsychological manifestations of HIV-related CNS damage, even among older age groups and at

late stages of HIV disease progression.

Several variables have been hypothesized to maintain or enhance CR, including premorbid intelligence as well as lifetime

experiences of mental stimulation, such as education, occupational attainment, and participation in leisure activities

(Cosentino & Stern, 2012; Stern, 2002, 2009). Word-reading ability is often used as a proxy for premorbid intelligence

(Franzen, Burgess, & Smith-Seemiller, 1997), because it can withstand the effects of many types of brain damage and is more

reliant on existing knowledge than current cognitive functioning (Willshire, Kinsella, & Prior, 1991). Recent research

(Brickman et al., 2011) recommends examining a composite of years of education and simple word-reading ability as proxies

for both psychosocial experience and innate intelligence, respectively. Thus, the present study employs a sample-based composite

score which places equal weight on highest level of educational attainment and performance on the Wechsler Test of Adult

Reading (WTAR; Wechsler, 2001) in an effort to investigate the relationship between CR and apathy in patients with HIV.

While previous evidence reveals that CR is protective against neuropsychological decline in individuals with HIV (Basso &

Bornstein, 2000b; Foley et al., 2012; Satz et al., 1993; Stern et al., 1996), the relationship between CR and apathy has yet to be

studied in this population. As individuals with HIV live longer due to efficacious treatments (CDC, 2005), apathy’s impact on

quality of life is of increasing clinical importance and further clarification of its resilience and risk factors is clearly warranted.

We examined CR’s relationship with apathy in HIV-positive patients from across the lifespan. Since brain reserve was not directly

measurable in the current study, CR was utilized as a proxy measure. We hypothesized that consistent with the active model of

cerebral reserve, higher levels of CR will be associated with lower levels of apathy in individuals with HIV due to better com-

pensatory functioning, thus diminishing the experience of apathy despite frontal dysfunction. We also explored the moderating

role of age and disease severity on this relationship to ascertain whether CR’s impact decreases with age and/or at increasingly

compromised HIV disease stages. Consistent with preliminary findings on CR in older patients with HIV (Foley et al., 2012),

we predicted that CR’s protective quality would remain stable across age groups. Additionally, we predicted that CR’s association
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with apathy would remain stable throughout the course of HIV disease progression, as has been found by previous studies on CR

and HIV (Basso & Bornstein, 2000a, 2000b; Foley et al., 2012).

Methods

Participants

This study examined data from 116 HIV-positive individuals recruited from the Center for Positive Living/I.D. Clinic at the

Montefiore AIDS Center, Bronx, NY, between November 2011 and April 2012. Participants were recruited to provide represen-

tation in 10-year age bins from age 20 to 70 and above. Eligibility requirements included age 18 and older and diagnosis of HIV.

Diagnosis was confirmed by review of medical records, HIV-related blood investigations, and medication records, by two clinical

research assistants who were blinded to performance on the study predictor and outcome measures. Individuals with a known

history of head injury, neurologic disorder, or developmental disability per self-report or medical record were excluded.

Patients with a Mini-Mental State Examination (MMSE) score below 25, which is the recommended cutoff for normal cognition

(Crum et al., 1993), as well as those with self-reported current use of cocaine, heroin, and/or other intravenous drugs, were not

included.

Materials and Procedure

Each participant provided written, informed consent following study protocols approved by the local institutional review board.

Eligible participants completed demographic questionnaires and self-report measures of apathy and mood. A trained research

assistant administered the WTAR to assess premorbid intelligence (Wechsler, 2001), as part of a larger neuropsychological

test battery.

Apathy. Apathy was measured with Marin’s Apathy Evaluation Scale-Self (AES; Marin, 1991). The psychometric properties of

this scale have been well established with internal consistency reliability ranging from 0.86 to 0.94, and test–retest reliabil-

ity ranging from 0.76 to 0.94 (Marin, Biedrzycki, & Firinciogullari, 1991; Marin et al., 1993; Marin, Firinciogullari, &

Biedrzycki, 1994). The AES is a brief self-report measure of apathy consisting of 18 items related to motivation, self-initiation,

and drive over the past 4 weeks. It has been shown to be psychometrically robust for assessing apathy across a wide array of disease

populations (Clarke et al., 2011) and has been previously used with HIV-positive individuals (Castellon et al., 2000; Paul,

Brickman, et al., 2005; Paul, Flanigan, et al., 2005; Rabkin et al., 2000). The mean AES score in a normative healthy sample is

24.4 (4.5), with a suggested cutoff criterion of 34 (Kant et al., 1998). Participants responded to their degree of agreement with

each item using a 4-point Likert scale, where 1 ¼ not at all and 4 ¼ extremely. Scores range from 18 to 72, with higher scores

reflecting greater apathy. The dependent measure in the current study was total AES score.

Mood. Mood was assessed with the Beck Depression Inventory-II (BDI-II), a self-report rating scale that queries the presence and

prominence of cognitive, affective, and somatic symptoms of depression over the past 2 weeks (Beck, 1987). Scores on this

21-item inventory range from 0 (symptom absent) to 3 (presence of symptom is pronounced), yielding a possible total range

from 0 to 63. BDI-II cognitive-affective and somatic subscores were calculated according to the manual (Beck, 1987), because

positively endorsed somatic items may be related to physical illness in medically ill populations. This method is commonly

used by other HIV investigators (Castellon et al., 1998, 2006; Law et al., 1994, 1995).

Wechsler Test of Adult Reading. The WTAR (Wechsler, 2001), a reading test comprised of a list of 50 words that have atypical

grapheme to phoneme translations, was administered to provide an estimation of pre-morbid intellectual and memory abilities.

Word-reading tests are commonly used to estimate premorbid intelligence in a variety of clinical populations (Franzen et al.,

1997), based on the assumptions that reading is highly correlated with intelligence in the general population, is relatively resistant

to the effects of many types of brain damage, and is more reliant on existing knowledge than current cognitive functioning

(Willshire et al., 1991). Test–retest reliability of the WTAR is high, with coefficients in the 0.90 range (Green et al., 2008;

Mathias, Bowden, & Barrett-Woodbridge, 2007; Whitney, Shepard, Mariner, Mossbarger, & Herman, 2010). The number of

words pronounced correctly served as the dependent measure.

The Stroop Color-Word Interference Test. The Stroop Color-Word Interference Test (Stroop, 1935; Golden, 1978) measures the

relative speeds of word reading, color naming, and naming colors used to print an incongruous color name. It assesses multi-

ple functions but is primarily used as a measure of response inhibition and cognitive flexibility (Spreen & Strauss, 1998).
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Poor performance is associated with frontal lobe damage and frontal systems dysfunction (Spreen & Strauss, 1998). Test–retest

reliabilities are high and have been found to range from 0.83 to 0.91 in healthy individuals (Spreen & Strauss, 1998; Uttl & Graf,

1997). Participants’ raw score on the color-word condition of this test was used in the current study to control for their response

inhibition and cognitive flexibility, which have been previouslyassociated with apathy level (Castellon et al., 2000; Paul,Flanigan,

et al., 2005; Posada et al., 2010). The number of correct items completed in 45 s served as the measure of interest.

CR composite. A CR composite score was calculated as an average of the sample-based z-scores for years of education and

word-reading ability on the WTAR (Wechsler, 2001). By using a single CR composite score that places equal weight on education

and word reading, we reduced Type I error and increased the vigor of the measurement. Combining years of education and simple

word-reading ability is a widely used and reliable method (Brickman, Siedlecki, & Stern, 2010; Rentz et al., 2010), as it incorpo-

rates psychosocial exposure and intrinsic intelligence, which are both critical to the assessment of CR (Stern, 2009).

HIV-related medical measures. Two independent researchers trained and certified in the hospital’s electronic records system

extracted and confirmed the following measures from participants’ medical records: Date of HIV diagnosis, presence of AIDS

diagnosis, current CD4 cell count, CD4 nadir, current plasma RNA level, and highest recorded plasma RNA level. Highest

recorded plasma RNA level was utilized as opposed to the current viral level because of the waxing and waning nature of the

viral load in patients undergoing treatment (Thompson et al., 2005). Recent neuroimaging research has shown that

HIV-related cortical atrophy is likely a result of cumulative disease history as opposed to current disease status (Kallianpur

et al., 2012; Thompson et al., 2005). Furthermore, neuronal damage occurs even after the successful suppression of viral

plasma, due to reservoirs of HIV-infected monocytes that accumulate in perivascular spaces in the brain and initiate inflammatory

processes (Kallianpur et al., 2012). Therefore, the highest recorded level of the viral load is likely a more useful indicator of disease

severity, especially in a population currently receiving viral suppressive treatment (90.5% of our sample was on HAART). Disease

duration, measured as months since HIV diagnosis, was also calculated for each participant.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS), Version 17.0 (2009), was used for all data analyses. Distributions were

inspected for kurtosis and skew, and square root or log10 transformations were performed as indicated. HIV RNA plasma levels

were expressed in log10 units because of the large range, from less than 400 copies (“undetectable”) to several million. Pearson

and point-biserial correlations were used to examine the associations between the following variables: Age, gender, AES

score, BDI-II cognitive-affective subscore, CR composite, WTAR score, years of education, disease duration, CD4 nadir, and

log10 highest HIV plasma level. Because of the multiple measures and comparisons entailed, we used p , .01 to denote statistical

significance, with p ¼ .01 to p , .05 to indicate trend significance. We utilized hierarchical regression analysis to determine the

association between CR and apathy, using the CR composite as the predictor and AES score as the dependent variable. Age,

gender, BDI-II cognitive-affective subscore, comorbid hepatitis C virus (HCV), disease duration, CD4 nadir, log10 highest

HIV plasma level, and performance on the Stroop Color Word Interference Test (Golden, 1978; Stroop, 1935) were entered as

covariates in Step 1 to control for their potential confounding effects on apathy. Specifically, previous research has shown

apathy to be associated with male gender, older age, HCV, and impaired performance on tests of response inhibition and cognitive

flexibility (Brodaty, Altendorf, Withall, & Sachdev, 2010; Castellon et al., 2000; Paul, Flanigan, et al., 2005; Posada et al., 2010).

To assess whether age or disease severity moderated the impact of CR on apathy, we entered the following two-way product terms

at Step 2: CR × age, CR × log10 highest plasma level, CR × CD4 nadir, and CR × disease duration. Simple slopes tests (Aiken &

West, 1991) were utilized to interpret the significant interactions. To further assess the role of nadir CD4 cell count on the rela-

tionship between CR and apathy, participants were stratified by nadir CD4 cell count (later disease stage, ≤200; earlier

disease stage, .200). Independent sample t-tests were utilized to examine differences in AES score, CR composite score, and

Stroop color-word performance between the two groups. Multiple linear regression analysis was conducted, using the CR com-

posite as the predictor and AES score as the dependent variable, for participants with earlier and later disease stages. Age, gender,

BDI-II cognitive-affective subscore, comorbid HCV, and performance on the Stroop Color-Word Interference Test (Golden,

1978; Stroop, 1935) were entered as covariates to control for their potential confounding effects on apathy.

Results

Demographic and medical characteristics for the study participants are presented in Table 1. Participants’ ages ranged from

22 to 79, and 63.8% (n ¼ 74) of participants were 50 years or older. Participants’ education level ranged from 5 to 19 years,

and 54% (n ¼ 63) attained at least a high-school diploma. Approximately 23.3% (n ¼ 27) of participants reported a history of

M.E. Shapiro et al. / Archives of Clinical Neuropsychology 29 (2014) 110–120 113



intravenous drug use, and 15.5% (n ¼ 18) had a diagnosis of comorbid HCV according to medical records. Women comprised

66.4% of the sample. Regarding racial composition, 55.2% of participants identified themselves as Black, 32.8% as White,

and 12% as other. In terms of ethnicity, 40.5% of the sample self-identified as being Hispanic. Approximately 51.7% (n ¼ 60)

of participants had a diagnosis of AIDS at the time of assessment, and 90.5% were on antiretroviral therapy. Mean disease duration,

measured as years since initial diagnosis, was 12.2 (1.3) years. The mean total BDI-II score in the current sample was 14.6 (10.6),

demonstrating mild levels of depression for the group, overall. The mean cognitive-affective and somatic subscales were 7.9 (7.4)

and 6.8 (4.4), respectively. The mean AES score in the current sample was 30.1 (7.76), and 31% (n ¼ 36) of participants reported

clinically significant apathy according to the recommended cutoff. Mean WTAR standard score was 78.9 (13.2) in the current

sample, which is considered to be in the borderline intellectual range. Correlations for study variables of interest are presented

in Table 2. WTAR score and years of education were significantly correlated in our sample (r ¼ .287, p , .001), indicating

limited consistency between participants’ reading level and years of education.

CR and Apathy

Results of the regression model are presented in Table 3 and revealed that CR significantly predicted AES score (t ¼ 22.37,

p ¼ .02), while controlling for age, gender, HCV status, BDI-II cognitive-affective subscore, Stroop color-word performance,

disease duration, nadir CD4 cell count, and log10 highest HIV plasma level.

Table 1. Demographic and medical characteristics of sample

Characteristic Total sample (n ¼ 116)

Mean SD

Age (years) 51.9 14.48

Education (years) 11.7 2.36

BDI

Total score 14.55 10.56

Cognitive-affective subscore 7.93 7.35

Somatic subscore 6.78 4.42

Apathy Evaluation Scale 30.1 7.76

MMSE 27.57 1.54

WTAR (SS) 78.90 13.21

CD4 cell count, most recent 558.47 409.25

CD4 cell count, nadir 246.58 228.23

log10 HIV plasma level, most recent 1.18 1.72

log10 HIV plasma level, highest 4.10 1.68

Notes: WTAR ¼Wechsler Test of Adult Reading; MMSE ¼Mini-Mental State Examination; BDI-II ¼ Beck Depression Inventory-II; HIV ¼ human immuno-

deficiency virus.

Table 2. Bivariate correlations for demographic, disease, apathy, and cognitive reserve variables

Variable 1 2 3 4 5 6 7 8 9 10

1. Age

2. Gender 2.06

3. MMSE score 2.39a .07

4. Apathy 2.07 .08 2.26a

5. BDI-II, cog-affective subscore 2.16b .14b 2.05 .64a

6. Disease duration .13b .08 .12 .05 .04

7. log10 highest plasma RNA level 2.02 .03 2.03 .23a .11 2.14b

8. Nadir CD4 cell count 2.08 .00 2.03 2.06 2.02 2.11 2.14b

9. WTAR score .01 2.08 .32a 2.21a 2.13b .08 .07 .13b

10. Years of education 2.07 .00 .23a 2.23a 2.13b 2.01 2.14b .16b .29a

11. Cognitive reserve composite score .00 2.05 .32a 2.26a 2.16b .04 2.05 .17a .80a .80a

Notes: Gender: 0 ¼ men, 1 ¼ women. WTAR ¼Wechsler Test of Adult Reading; MMSE ¼Mini-Mental State Examination; BDI-II ¼ Beck Depression

Inventory-II.
aCorrelation significant at the .01 level (two-tailed).
bCorrelation significant at the .05 level (two-tailed).
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Age and Disease Severity Moderators

Results of hierarchical regression analysis are presented in Table 3 and indicated that age did not significantly moderate the

relationship between CR and AES score (t ¼ 1.03, p ¼ .31). Disease duration and log10 highest HIV plasma level also did not

significantly moderate the relationship between CR and apathy; however, there was a significant interaction between CR and

nadir CD4 cell count (t ¼ 2.27, p ¼ .03). This interaction is visually depicted in Fig. 1, with high/low values of nadir CD4 cell

count as +1 SD, respectively, from the sample mean (Aiken & West, 1991; Cohen, Cohen, West, & Aiken, 2003).

Examination of simple slopes revealed that the relationship between CR and apathy was stronger for participants with lower

nadir CD4 cell counts (t ¼ 24.56, p , .001) and was not significant for those with higher nadir CD4 cell counts (t ¼ 20.30,

p ¼ .76). When stratified by nadir CD4 cell count, 57 participants had nadir CD4 cell counts of 200 and lower, indicating a

later stage of HIV infection, and 59 had nadir CD4 counts of above 200. Independent sample t-tests revealed that there were no

significant group differences in level of apathy (t ¼ 1.63, p ¼ .10) or Stroop color-word performance (t ¼ 21.87, p ¼ .06).

Table 3. Hierarchical regression results for predicting apathy

Predictor B SE t sig. Dr2

Step 1

Age 0.05 0.00 0.02 .98 .00

Gender 1.33 0.02 0.23 .82 .00

BDI- II, cog-affective subscore 0.09 0.53 6.38 .00 .25

log10 highest plasma RNA level 0.00 0.17 2.05 .04 .03

Nadir CD4 cell count 0.00 0.06 0.73 .47 .00

Disease duration (years) 0.09 0.02 0.26 .79 .00

Comorbid hepatitis C virus 1.92 0.13 1.54 .13 .01

Stroop color-word performance 0.08 20.02 20.18 .86 .00

CR composite score 0.80 20.20 22.37 .02 .03

Step 2

CR × log10 highest plasma RNA 20.16 0.00 21.10 .27 .01

CR × nadir CD4 cell count 0.31 0.00 2.27 .03 .03

CR × disease duration 0.00 0.11 20.02 .98 .00

CR × age 0.29 0.05 1.03 .31 .01

Notes: CR ¼ cognitive reserve; BDI-II ¼ Beck Depression Inventory-II. Gender: 0 ¼ men, 1 ¼ women. Comorbid hepatitis C virus: 0 ¼ no, 1 ¼ yes. Dr2 ¼

change in r2 for adding this predictor to the model last. Step 1: R2 ¼ .43, F ¼ 7.8, p , .001. Step 2: R2 ¼ .48, F ¼ 6.5, p , .001.

Fig. 1. Significant interaction between CR and nadir CD4 count in predicting apathy. High and low values of nadir CD4 count represented as 1 SD above and below

the mean of the current sample. CR represents the minimum and maximum values in the current sample. Error bars represent 95% confidence limit. Examination

of simple slopes revealed that the relationship between CR and apathy was stronger for those with lower nadir CD4 cell counts (t ¼ 24.56, p , .001) and was not

significant for those with higher nadir CD4 cell counts (t ¼ 20.30, p ¼ .76).
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However, there was a significant group difference in CR composite score (t ¼ 22.76, p ¼ .01), such that participants with later

stages of HIV had significantly lower levels of CR. Multiple regression results are presented in Table 4 and indicated that among

participants with advanced HIV (nadir CD4 ≤ 200), CR significantly predicted AES score (t ¼ 23.25, p ¼ .002), while control-

ling for age, gender, HCV status, BDI-II cognitive-affective subscore, and Stroop color-word performance. However, among

participants with earlier disease stages (nadir CD4 . 200), CR did not significantly predict AES score (t ¼ 20.61, p ¼ .55).

Discussion

The current study demonstrates that CR is associated with lower levels of apathy in HIV-positive individuals. While previous

literature has demonstrated that CR protects against neuropsychological decline in individuals with HIV, this is the first study, to

our knowledge, to specifically evaluate the relationship between CR and apathy in an HIV-positive population. Additionally,

consistent with previous HIV literature (Foley et al., 2012), we found that CR’s association with apathy was not moderated by

age and continues to have a protective effect at advanced disease stages (Basso & Bornstein, 2000a, 2000b; Foley et al., 2012).

In fact, despite displaying lower levels of CR, participants with nadir CD4 cell counts of≤200 demonstrated a stronger relationship

between CR and apathy, suggesting that CR’s protective effect may actually increase at later disease stages. HIV-positive indivi-

duals at advanced disease stages with lower levels of CR appear to be at greater risk for apathy, suggesting that apathy may serve as

a bio-behavioral marker for CNS pathology. Taken together, these findings support the theory that HIV-positive individuals with

higher CR can withstand more viral damage to the CNS before exhibiting apathy, particularly in individuals with advanced

disease.

Numerous studies have revealed that higher levels of intelligence and education (i.e., CR) are good predictors of individuals’

ability to sustain brain damage without exhibiting cognitive deficits (Brickman et al., 2011; Katzman, 1993; Satz et al., 1993;

Scarmeas & Stern, 2003; Stern, 2002, 2009, 2011). However, findings regarding the protective quality of CR on neuropsychiatric

symptoms have been equivocal (Bornstein, Miller, & van Schoor, 1989; Deb, Lyons, Koutzoukis, Ali, & McCarthy, 1999;

Gomez-Hernandez, Max, Kosier, Paradiso, & Robinson, 1997; Groom, Shaw, O’Connor, Howard, & Pickens, 1998; Hibbard

et al., 2004; Holsinger et al., 2002). Studies examining education level and neuropsychiatric symptoms in individuals with trau-

matic brain injuries and neurodegenerative disorders failed to find any association (Gomez-Hernandez et al., 1997; Groom et al.,

1998; Hibbard et al., 2004; Holsinger et al., 2002). More recently, though, premorbid intelligence was found to protect against

depression in traumatic brain injury survivors (Salmond, Menon, Chatfield, Pickard, & Sahakian, 2006). Among individuals

with HIV, we found that CR significantly predicted apathy level while controlling for depression. The fact that the association

between CR and apathy was found to be independent of depression indicates that, consistent with our hypothesis, there is a

unique relationship between these two variables. To our knowledge, the current study is the first to demonstrate CR as a resilience

factor against apathy in HIV.

We hypothesize that the observed relationship between CR and apathy in our study population is due to a protective effect of CR

against apathy via more efficient neural processing and more effective compensation. Perhaps, individuals with higher cognitive

skills have a greater ability to optimize emotional functioning through the use of alternative cognitive strategies or more efficient

use of brain networks. Support for the active model of CR in individuals with HIV has been demonstrated by Ernst (2002) who

found that HIV-infected individuals exhibited greater activation of the lateral prefrontal cortex on fMRI compared with

healthy controls, suggesting that individuals with HIV may draw on additional or accessory brain pathways to compensate for

underlying brain pathology (Morgan et al., 2012). Future neuroimaging studies should examine the recruitment of more efficient

neural pathways in HIV-infected individuals with CR in order to further investigate this hypothesis. It is also possible that, in

accordance with the brain reserve model, increased frontal subcortical resilience, as measured by higher density of synapses,

Table 4. Multiple regression results for predicting apathy when sample stratified by nadir CD4 cell count

Predictor Nadir CD4 ≤ 200 (n ¼ 57) Nadir CD4 . 200 (n ¼ 59)

B SE t sig. Dr2 B SE t sig. Dr2

Age 20.37 0.07 22.73 .01 .06 0.28 0.08 1.80 .08 .05

Gender 20.06 1.47 20.66 .52 .00 0.06 2.25 0.44 .66 .00

Comorbid hepatitis C virus 0.20 2.00 1.92 .06 .03 0.02 3.32 0.15 .88 .00

Stroop color-word performance 20.14 0.09 21.06 .29 .01 20.01 0.13 20.09 .93 .00

BDI-II, cog-affective subscore 0.54 0.10 5.31 .00 .23 0.49 0.14 3.94 .00 .22

Cognitive reserve composite score 20.31 0.90 23.25 .00 .09 20.08 1.34 20.61 .55 .01

Notes: BDI-II ¼ Beck Depression Inventory-II. Gender: 0 ¼ men, 1 ¼ women. Comorbid hepatitis C virus: 0 ¼ no, 1 ¼ yes. Dr2 ¼ change in r2 for adding this

predictor to the model last. Nadir CD4 ≤ 200: R2 ¼ .63, F ¼ 12.94, p , .001. Nadir CD4 . 200: R2 ¼ .35, F ¼ 4.10, p ¼ .002.
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dendritic branching, or brainvolume, maypassively protect individuals from exhibiting symptoms of apathy. However, the current

study did not assess for brain reserve and future studies are necessary to evaluate this possible link.

There are several other possible explanations for our novel finding that should be explored in future research. For instance, it is

possible that CR is merely a marker for a mediating factor that protects against apathy. Although our model adjusted for many

confounders, such as gender, age, comorbid HCV, and disease severity, it is likely that additional unmeasured confounders

exist. Perhaps HIV-positive individuals with higher CR engage in healthier behaviors or in more frequent and/or higher quality

social interactions that act to reduce apathy. Although it is often presumed that health behaviors translate directly into HIV

disease severity, which was accounted for in the current study, there remains the possibility that a non-HI-related health

marker protects against apathy. Future studies on CR and apathy should examine a wider range of health behaviors and social inter-

actions in order to assess whether these are mediating factors.

It is also important to emphasize that correlation does not demonstrate causation, and thus the exact nature of the relationship

between CR and apathy is unclear. It is possible that both CR and apathy are impaired by a common pathological process of HIV

infection. We must note our lack of an HIV negative control group as a limitation to the current study. Without examining the re-

lationship between CR and apathy in an otherwise healthy matched sample, we cannot conclude whether this relationship is ex-

clusive to those with HIV or occurs independent of the disease. Further examination of the CR-apathy relationship among healthy

individuals as well as patients with other CNS diseases will help elucidate whether specific HIV-related neuropathology underlies

this relationship or whether a universal CR-apathy association exists. Lastly, due to the cross-sectional nature of the current study,

we cannot rule out the reverse causality hypothesis, in which CR is actually reduced by apathy as opposed to protecting against it.

It is possible that individuals with higher baseline levels of apathy demonstrate lower levels of educational attainment or do not

engage in cognitively stimulating activities that would promote intelligence and word-reading ability. Therefore, longitudinal

studies, as well as the use of pre- and post-injury/disease apathy scales, such as the Frontal Behavior Systems Checklist, are

necessary to clarify the nature and direction of the relationship between apathy and CR.

While CR has been associated with delayed neuropsychological and functional decline in numerous neurodegenerative disor-

ders (Basso & Bornstein, 2000b; Satz et al., 1993; Scarmeas et al., 2003; Stern, 2009, 2011; Stern et al., 1996; Morgan et al., 2012),

the current study is the first to demonstrate an association between CR and apathy, a common neuropsychiatric symptom in CNS

diseases (Cummings, 1993; Marin, 1991; Marin et al., 1993). Consistent with previous HIV literature, we found that this relation-

ship was stable across all age groups and that CR continued to be protective against apathy at advanced disease stages.

Interestingly, the association between CR and apathy was stronger among participants with nadir CD4 cell counts of 200 and

lower, indicating that CR may be particularly beneficial among HIV-infected individuals with advanced stages of the disease.

As this is the first study to examine the relationship between CR and apathy, additional research, particularly longitudinal

studies, is necessary to clarify the demonstrated relationship. Further research examining the moderating role of nadir CD4 cell

count is necessary, as this may have important apathy treatment implications. Research on CR and apathy in healthy controls

and individuals with other neurodegenerative disorders is also necessary to ascertain whether this relationship is unique to

HIV neuropathology or occurs independent of HIV.
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