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Abstract

There is debate as to whether the neurocognitive changes associated with HIV infection represent 

an acceleration of the typical aging process or more simply reflect a greater accentuated risk for 

age-related declines. We aimed to determine whether accelerated neurocognitive aging is 

observable in a sample of older HIV-infected individuals compared to age-matched seronegatives 

and older-old (i.e., aged ≥ 65) seronegative adults. Participants in a cross-sectional design included 

48 HIV-seronegative (O−) and 40 HIV-positive (O+) participants between the ages of 50–65 (mean 

ages = 55 and 56, respectively) and 40 HIV-seronegative participants aged ≥ 65 (OO−; mean age = 

74) who were comparable for other demographics. All participants were administered a brief 

neurocognitive battery of attention, episodic memory, speeded executive functions, and 

confrontation naming (i.e., Boston Naming Test). The O+ group performed more poorly than the 

O− group (i.e., accentuated aging), but not differently from the OO− on digit span and initial recall 

of a supraspan word list, consistent with an accelerating aging profile. However, the O+ group’s 

performance was comparable to the O− group on all other neurocognitive tests (ps > .05). These 

data partially support a model of accelerated neurocognitive aging in HIV-infection, which was 

observed in the domain of auditory verbal attention, but not in the areas of memory, language, or 

speeded executive functions. Future studies should examine whether HIV-infected adults over 65 
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evidence accelerated aging in downstream neurocognitive domains and subsequent everyday 

functioning outcomes.
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While the mortality rates and life expectancies associated with HIV infection have improved 

due to the widespread use and effectiveness of combined antiretroviral therapies (cART), 

there persists a high prevalence of HIV-associated, Non-AIDS (HANA) conditions (e.g., 

cardiovascular disease) among persons living with HIV disease (Guaraldi et al. 2011; High 

et al. 2012). In parallel, there is an increasing prevalence of HIV+ adults aged 50 and over 

(Smit et al. 2015). Advancing age is associated with higher rates of HANA conditions 

among individuals living with HIV disease (Greene et al. 2013). This observation has 

prompted questions of whether biological changes due to HIV infection (e.g., inflammation) 

directly result in early onset pathophysiologies more commonly observed in older adults 

(accelerated aging). Alternatively, it is possible that HIV disease is associated with a higher 

prevalence of age-related HANA conditions that emerge at the expected age of onset 

(accentuated aging). In other words, accelerated aging involves direct changes that mimic 

and exacerbate the aging processes, such as a cohort of HIV+ persons developing congestive 

heart failure in their mid-30s. In contrast, an accentuated aging process would show a higher 

prevalence of congestive heart failure among older HIV+ adults in their mid-60s as 

compared to age-matched controls. While this topic remains controversial (Pathai et al. 

2014), determining the extent to which HIV disease processes reflect accelerated and/or 

accentuated aging may allow for a better understanding of how to address HANA conditions 

in the context of HIV infection.

There is a host of literature showing biological cascade effects (e.g., immune dysregulation, 

cellular senescence) consistent with accelerated aging in diseases that affect younger and 

middle-aged persons. For example, age-related biological changes have been observed in 

sclerosis-associated fibrosis (Luckhardt and Thannickal, 2015), anxiety disorders (Perna et 

al. 2016), Down syndrome (Horvath et al. 2015), and schizophrenia (Czepielewski et al. 

2016). In laboratory studies of HIV, accelerated aging has been observed through increased 

immune senescence associated with alterations in T-cell generation and gene expression 

(Boulias et al. 2016; Chou et al. 2013; Gianesin et al. 2016; Pathai et al. 2014) and resulting 

inflammation (for review, see Bhatia et al. 2011). Epigenetic studies of post-mortem brain 

tissues of HIV+ individuals show increased DNA methylation (Horvath and Levine 2015), 

suggestive of accelerated aging that may be particularly pronounced in individuals with 

HIV-associated neurocognitive disorders (HAND; Levine et al. 2016).

With regard to neurocognitive aging in HIV disease, the presence of both accelerated and 

accentuated aging are supported through a combination of indirect and direct evidence. First 

and foremost, age is reliably observed as an independent risk factor for HIV-associated 

neurocognitive dysfunction in HIV disease (Valcour et al. 2004). In fact, the rate of 

neurocognitive impairment is significantly higher in older compared to younger HIV-
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infected individuals, with a prevalence rate in older HIV+ adults estimated around 40% 

(Valcour et al. 2004). Among older adults, HIV and normal aging also share risk and 

protective factors for neurocognitive impairment, including the ApoE ε4 allele and lower 

cognitive reserve (Morgan et al. 2012; Valcour et al. 2004).

In the pre-cART era, Van Gorp and colleagues (1989) were the first to provide direct 

evidence of accelerated neurocognitive aging. In that study, younger HIV+ adults’ (mean 

age, 37.5 years) performance was similar to that of older seronegative adults (mean age, 70 

years) on tests of learning, delayed memory, processing speed and attention, visuospatial 

processing, and language, suggesting that the average 40-year old with HIV had the same 

cognitive status as a healthy 70-year old. A careful review of more recent cART era studies 

suggests a similar pattern of accelerated neurocognitive aging (e.g., Woods et al. 2010; Avci 

et al. 2016). Across many of these studies, a stair-step effect is observed whereby age and 

HIV have an additive impact on neurocognitive outcomes. Specifically, younger HIV+ 

groups reliably perform comparably to older HIV− groups, and both of these groups perform 

more poorly than older HIV+ groups. For example, several papers show that the memory 

functioning of HIV+ individuals in their mid-30s are comparable to HIV− individuals in 

their mid-50s (Avci et al. 2016; Woods et al. 2010; Scott et al. 2011). While most studies 

have reliably shown differences between HIV+ adults and age-matched seronegative 

comparison subjects (potentially supporting accentuated aging), no studies in the cART era 

have directly examined whether older HIV+ adults – who may be at greatest risk to 

experience both accelerated and accentuated aging – evidence neurocognitive profiles 

similar to those of much older seronegative adults.

Given previous findings of accelerated neurocognitive aging in pre-cART era HIV samples 

(Van Gorp et al. 1989), and given other neurocognitive studies that have shown additive 

effects of HIV and aging on cognition, the present study sought to replicate these results 

using a three-group design in a well-characterized cART era HIV population. Accentuated 

aging as defined in the current study design would be observed if the older HIV+ group 

performed worse on neurocognitive domains compared to an age-matched seronegative 

comparison group. Not exclusively, accelerated aging in the current design is further defined 

as the older HIV+ group also performing no differently than older-old (aged ≥ 65) 

seronegative comparison participants. Therefore, the current study aims to determine 

whether the profile of neurocognitive performances in an older (aged 50–65) HIV+ sample 

is impaired relative to an age-matched seronegative comparison group (accentuated aging), 

and furthermore commensurate with those seen in older-old (aged ≥ 65) seronegative 

comparison participants (accelerated aging).

Method

Participants

A total of 128 older (i.e., ≥ 50 years of age) Caucasian participants were selected from two 

larger studies, one focused on prospective memory and neurocognition in HIV at the 

University of California, San Diego (UCSD) HIV Neurobehavioral Research Program 

(HNRP), and the other a longitudinal study on healthy aging at UCSD and the VA San 

Diego Healthcare System. Participants from the UCSD HNRP study (n=40 HIV+ and n=55 
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HIV−) were recruited from the San Diego community and local HIV clinics. All participants 

were over age 50 (mean=56.3, range=50–75). In order to ensure a comparison group with a 

mean age more consistent with the traditional typically aging literature in support of our 

study aims, we also included a cohort of older individuals over 65 (n=33) from the typical 

aging parent study that was closely balanced with the HNRP cohorts in terms of 

demographic factors that may influence cognition (i.e., education, gender). These 

participants were recruited through newspaper advertisements and community lectures for 

enrollment in a longitudinal study on healthy aging at UCSD and the VA San Diego 

Healthcare System. Participants were stratified by age and HIV status into one of three study 

groups: 1) HIV seronegative aged 50–65 (older HIV−, or “O−“; n=48); 2) HIV positive aged 

50–65 (older HIV+, or “O+”; n=40; and 3) “Older old” HIV negative aged ≥ 65 years (older 

old HIV−, or “OO−“; n=40).

General exclusion criteria for both studies included chronic neurological (e.g., stroke, 

seizure disorders) or psychiatric (e.g., psychosis) conditions, head injury with loss of 

consciousness greater than 30 minutes, and non-HIV-associated dementias. Participants 

within the HNRP cohorts were excluded if they met Diagnostic and Statistical Manual of 
Mental Disorders-IV-TR (American Psychiatric Association 2000) criteria for substance use 

disorders within six months of evaluation or if they tested positive on a urine toxicology 

screen for illicit drugs (except marijuana) on the day of testing. They were also excluded if 

they had an estimated verbal IQ score (VIQ) below 70 on the Wechsler Test of Adult 

Reading (WTAR; Psychological Corporation 2001). By nature of the inclusion/exclusion 

criteria of the healthy aging parent study, none of the OO− participants had lifetime histories 

of alcohol or other substance dependence. Based on a comprehensive neuromedical and 

neuropsychiatric evaluation conducted as part of the healthy aging study, none of the elderly 

individuals included in this study met criteria for mild neurocognitive impairment (MCI) or 

dementia.

Demographic, psychiatric, medical, and HIV disease characteristics for the study 

participants are presented in Table 1. As shown in Table 1, approximately 57.5% (n=23) of 

our HIV+ group had AIDS, and 92.5% (n=37) were taking antiretroviral medications. Their 

median duration of HIV infection was 17.9 (8.1, 22.3) years. Their median nadir and current 

CD4 counts were 183.5 (interquartile range: 90.0, 270.75) and 590.5 (interquartile range: 

432.0, 771.5), respectively. Approximately 85.0% (n=34) had undetectable viral load in 

plasma. By design, both the older HIV negative and older HIV-positive groups (O− and O+) 

were significantly younger (mean age [SD] = 55.9 [4.2] and 54.9 [3.9], respectively) than the 

“older old” HIV-negative (OO−) group (mean age [SD] = 73.6 [6.1]; ps < .01), though they 

were comparable to each other (p > 0.10). Compared to the OO− and O+ groups, the O− 

group had a significantly higher rate of lifetime alcohol dependence (p = .005). Compared to 

the OO− group, the O− and O+ groups had a significantly higher rate of lifetime non-alcohol 

substance dependence (p < .001) and a significantly lower rate of Hepatitis C virus infection 

(p = .003). Rates of substance use dependence histories for alcohol/non-alcohol were 

39/50% for the O− group, 15/45% for the O+ group, and 0/2.5 for the OO− group. On 

average, our study participants had 15 years of education and approximately 62% of the 

entire sample was male. There were no group differences in sex or sex differences on the 
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neuropsychological tasks both across the entire cohort and within the HIV+ sample (ps > .

10).

Materials and Procedure

The procedures involved in this study were approved by the human subjects institutional 

review boards at UCSD and the VA San Diego Healthcare System. Each participant 

provided written, informed consent, and was administered a study-specific comprehensive 

neuromedical and neuropsychological evaluation. HIV serostatus was determined by 

enzyme-linked immunosorbent assays and confirmed by a Western blot test.

As part of their respective neuropsychological test batteries, participants within both studies 

were administered the Digit Span subtest of the Weschler Memory Scale 3rd edition (WMS-

III; Psychological Corporation, 1997), the Trail Making Test (TMT) Parts A and B (Army 

Individual Test Battery, 1944), the Boston Naming Test (BNT; Goodglass et al. 2001), and 

the California Verbal Learning Test 2nd edition (CVLT-II; Delis et al. 2000). Raw scores for 

Digit Span (Total Correct), TMT (TMT A and B Total Time), BNT (Total Correct), and 

CVLT-II (Trial 1, Learning Total Trials 1–5, Long Delay Free Recall) were used to examine 

differences in neurocognitive test performance between the groups. Since the purpose of the 

current study was to examine possible accelerated aging effects (e.g., O+ performances that 

are commensurate with OO− performances), normative adjustments for age could have 

potentially shown this pattern even in the absence of an effect of accelerated aging (and 

better explained our findings), and thus raw scores were deemed the best metric to use for 

this study’s primary analyses. Since none of the variables listed in Table 1 were associated 

with any of the neurocognitive outcomes, no covariates were used for the study’s primary 

analyses. Raw scores were converted to population-based z-scores derived from the entire 

study sample (n=128) for use in the equivalence test analyses (see Data Analysis section 

below).

For the O+ and O− groups, current mood symptoms were assessed using the Profile of Mood 

States (POMS; McNair et al. 1981), which is a 65-item, self-report measure of current (i.e. 

the week prior to evaluation) affective distress. Each participant was asked to rate various 

mood symptoms (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 used to derive five subscale scores (e.g., POMS 

Depression subscale) and a total mood score (i.e., POMS Total Mood Disturbance). The 

healthy aging study participants (OO+ group) were administered the Geriatric Depression 

Scale (GDS; Yesavage et al. 1983), which is a 30-item self-report measure used to assess 

depression symptoms in the elderly. Participants rate each item yes or no, which is scored as 

either 0 (no) or 1 (yes) points. The total number of points is summed for the total score. 

Participants were classified as depressed or not depressed using the POMS or GDS using 

previously validated cutpoints (POMS elevated ≥ 1.5 SD of normative depressive/dejection 

scale scores, Patterson et al. 2006; GDS elevated ≥ 10, Yesavage et al. 1983).

Statistical analyses were conducted using a JMP software package (version 11.0) and the 

critical alpha was set at p < .05. Outliers greater than 4 standard deviations from the 

population mean were excluded from analyses. Since the majority of the neuropsychological 

variables (except CVLT-II Trials 1–5, for which ANOVA and Tukey-Kramer HSD post-hocs 
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were used) were non-normally distributed as determined by Shapiro-Wilk tests of normality 

at a critical alpha of .05, primary analyses were conducted using Wilcoxon Rank Sums tests 

(ANOVA and Tukey-Kramer HSD post-hocs were used for CVLT-II Trials 1–5). We tested 

for equivalence/non-equivalence using a three-step process by examining: (1) group 

differences, (2) effect sizes, and (3) equivalence tests. Primary analyses for group differences 

included comparing performances between the three study groups on the overlapping 

neurocognitive measures, for which Z-ratio, p values, and Cliff’s d effect-size values can be 

found in Table 2. Next, equivalence tests were conducted using the Two One-Sided Tests 

(TOST) approach to further explore any null findings between the O+ and OO− groups 

using a threshold difference of 0.75, for which smaller differences in sample-based z-scores 

were considered to be practically equivalent and significant p values for both upper and 

lower thresholds indicating practical equivalence. We elected to utilize a threshold of 0.75 

since sample-based z scores of 0.75 on either side of a respective group’s score parallels the 

1.5 SD cutoff commonly used in clinical and research settings to designate impairment (e.g., 

Heaton et al., 2004). Finally, we examined group differences using linear regressions (i.e., 

using dummy codes for the 3 groups) while controlling for demographic variables (i.e., 

gender, education).

Results

Figure 1 shows sample-based z-scores for all neuropsychological tasks across the three age 

groups. Mean-level comparisons of raw scores on neuropsychological tests showed that 

Digit Span total scores differed across the three groups (χ2[2] = 8.31, p = .016). As shown in 

Table 2, post hoc pair-wise Wilcoxon rank-sum tests revealed that while the O+ and OO− 

groups performed significantly more poorly than the O− group (p < .05), they did not differ 

in their performance relative to each other (p = .759). Two One-Sided Tests revealed that the 

O+ and OO− groups evidenced practical equivalence for performances on Digit Span Total 

(ps < .05). Performances on Trial 1 of the CVLT-II significantly differed across the three 

groups (χ2[2] = 13.95, p < .001) such the O+ and OO− performed significantly more poorly 

than the O− group (ps < .05), while the O+ and OO− groups did not differ (p = .340). Two 

One-Sided Tests revealed that the O+ and OO− groups evidenced practical equivalence for 

performances on CVLT-II Trial 1 (p < .05). Performances on Trail Making Test A 

significantly differed across the three groups (χ2[2] = 6.24, p = .044) such that the O− and 

the O+ group performed significantly better than the OO− group (ps < .05), while the O+ 

and O− group did not differ (p = .972). Performances on TMT B significantly differed across 

the three groups (χ2[2] = 6.45, p = .040) such that the O− performed significantly better 

than the OO− group (p = .014), and neither group differed from the O+ group (ps > .05). 

Overall performance on Trials 1–5 on the CVLT-II significantly differed across the three 

groups (F[2,125] = 3.86, p = .024) such that the O− group performed significantly better 

than the OO− group (p = .007) but neither group differed from the O+ group (ps > .05). 

There were no differences across the three groups in performance on Boston Naming Test or 

CVLT-II Long Delay Free Recall (ps > .10).

In order to determine whether the observed effects and null results were due to group 

differences on demographic variables (i.e., education, gender), we ran regression analyses to 

compare neurocognitive performance across the three age/HIV groups while controlling for 
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education and gender. For Digit Span, the overall model reached statistical significance (F[4, 

121] = 3.05, p = .020, R2 adjusted = .06). Within this model, Tukey HSD pairwise least 

square means tests revealed that compared to the O− group, the O+ group (β = 2.48, p = .

039) and the OO− group (β = 3.03, p = .008) had significantly poorer performances on Digit 

Span. However, the O+ and OO− groups did not differ on Digit Span (β = 0.63, p = .805). 

Education was a significant independent predictor in this model at the level of a trend (β = 

1.80, p = .074). Gender was not a significant independent predictor of Digit Span 

performance (β = 0.75, p = .457). For CVLT-II Trial 1, the overall model reached statistical 

significance (F[4, 123] = 5.42, p < .001, R2 adjusted = .12). Compared to the O− group, the 

O+ group (β = 2.42, p = .045) and the OO− group (β = 4.52, p < .001) had significantly 

poorer performances on CVLT-II Trial 1. The O+ and OO− groups did not differ on 

performance of the CVLT-II Trial 1 (β = 2.10, p = .095). Gender was a significant 

independent predictor in this model at the level of a trend (β = 1.85, p = .067). Education 

was not a significant independent predictor of CVLT-II Trial 1 performances (β = 1.05, p = .

298).

Discussion

There is growing concern as to whether HIV infection confers risk for premature 

neurocognitive impairment relative to seronegative adults (accentuated aging), and whether 

such processes might further result in neurocognitive changes similar to that of much older 

seronegative adults (accelerated aging). Given previous findings of biological accelerated 

aging in HIV, as well as pre-cART era neurocognitive studies showing preliminary findings 

of accelerated neurocognitive aging (Van Gorp et al. 1989), we expected to see evidence of 

both accentuated (i.e., higher prevalence rates of neurocognitive impairment compared to 

age-matched seronegative controls) and accelerated neurocognitive aging (i.e., 

neurocognitive impairment rates that are similar to those of much older seronegative adults) 

due to HIV infection. Our results indicate that not only are Older HIV+ adults impaired in 

basic auditory attention compared to age-matched seronegative adults (accentuated aging), 

but that Older HIV+ adults also are impaired on auditory attention measures to a degree that 

is commensurate with much older seronegative adults in their 70s (accelerated aging). The 

significant differences suggestive of accentuated and accelerated aging were associated with 

medium effect sizes (d = .4 for Digit Span and Trial 1 CVLT-II), while the equivalence of the 

Older HIV+ and Older Old HIV− groups were associated with very small effect sizes in 

these same areas (d = .1 for Digit Span and Trial 1 CVLT-II). Of note, these findings could 

not be better explained by other demographic, disease, or comorbid factors. Interestingly, 

however, the effects observed do not appear to manifest in other neurocognitive domains 

including memory, language, or speeded executive functions.

This evidence of both accelerated and accentuated aging of auditory attention in HIV disease 

are consistent with an earlier qualitative review suggesting that aging with HIV may lead to 

impairment in more basic cognitive processes (Hardy and Vance 2009). In this case, the data 

suggest that basic auditory attention is susceptible to the effects of HIV disease (accentuated 

aging) and that such effects are consistent with the level and pattern of functioning observed 

in much older healthy adults (accelerated aging). This study utilized clinical measures of 

attention (i.e., digit span and single trial word-list learning,) that are non-specific tasks 
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involving other overlapping domains (e.g., speed of information processing) and thus may 

not offer insights into the neural or precise neurocognitive mechanisms underlying 

accelerated/accentuated cognitive aging in HIV. As such, future studies may study this 

domain more carefully and experimentally using detailed, theoretically-informed tasks 

designed to assess underlying cognitive networks of attention that might be susceptible to 

HIV (e.g., Hinkin et al. 2000; Martin et al. 1992), and show a pattern of accelerated aging. 

Tasks that are grounded in theoretical models of attention, such as those proposed by Dennis 

and colleagues (2008), Knudsen (2007), Posner and Rothbart (2007), or Wang and Fan 

(2007), may provide such insights. For example, the attention network task (ANT; Fan et al. 

2002) was developed using the theoretical framework of Posner and Petersen (1990) to 

specifically assess the alerting (e.g., sustained attention), orienting (e.g., shifting attention), 

and the executive (e.g., response inhibition, monitoring, voluntary control of attention) 

networks. Based on our current findings of higher-order processes (e.g., executive functions, 

delayed memory) showing no pattern of accelerated aging, such future studies with the ANT 

may expect to find that in HIV infection, basic attention networks (e.g., alerting, orienting) 

may evidence accelerated aging while higher-order attention networks (e.g., executive) may 

remain relatively intact.

As mentioned above, we did not observe an accelerated/accentuated aging profile in the 

other neurocognitive domains assessed (i.e., episodic memory, executive functions, and 

language). One possible explanation for these null findings is that older adults are 

successfully able to compensate for basic auditory attention deficits when faced with more 

challenging tasks (e.g., by successfully leveraging repetition of the word list on the CVLT-

II). Another possible explanation is measurement challenges, given the fairly cursory way in 

which these higher-order domains were assessed. For example, we utilized only Trails B as a 

measure of executive functions, which is a broad domain that also includes constructs such 

as novel problem-solving, abstraction, planning, etc. that were not assessed herein and may 

have revealed deficits. Nevertheless, the present data call into question why changes 

associated with either accentuated or accelerated aging were not also found in higher-order 

neurocognitive functions, which are the more commonly reported problems by individuals 

with HIV (e.g., Heaton et al. 2011; Woods et al. 2009). Future studies could include a 

broader assessment of other higher-order domains (e.g., delayed memory, prospective 

memory, abstraction, problem-solving) to determine if such domains might also evidence 

patterns of accelerated neurocognitive aging.

A broader implication of the current data includes whether HIV+ adults will continue to 

experience accelerated aging and to what extent such processes might continue as HIV+ 

adults age into their 60s and 70s. In a recent study from our laboratory (Sheppard et al. 

2015) HIV+ adults aged 60 and older were nearly 7 times more likely to be neurocognitively 

impaired as compared to HIV+ individuals aged 50–60. Thus, it will be critical as 

individuals with HIV disease continue to age to determine whether the presently observed 

accelerated aging pattern in basic verbal attention might be an indicator for broader 

accelerated aging in HAND rates, and/or manifest in downstream neurocognitive (e.g., 

delayed memory, prospective memory, problem-solving) or everyday functioning (e.g., 

medication management) outcomes. Indeed, previous studies have shown such stair-step 

additive effects on prospective memory (Woods et al. 2010) and global cognition (Moore et 

Sheppard et al. Page 8

J Neurovirol. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



al. 2014), but future studies should specifically conduct equivalence tests as presently 

utilized—or utilize multivariate methods such structural equation modeling—in order to 

confirm accelerated aging patterns on these outcomes in HIV. Furthermore, longitudinal 

studies will be critical to determine whether HIV+ individuals who evidence an accelerated 

aging profile in their 50s and 60s are at an increased risk for more severe impairments as 

they age into their later 60s and 70s.

This study is the first cART era study to directly compare the neurocognitive performance of 

older HIV+ adults to that of an age-matched seronegative group and an older-old 

seronegative group. A limitation of the current study is the cross-sectional design, which 

precluded us from examining possible accelerated neurocognitive aging processes over time, 

as well as relatively small samples (n range 40–48), which should be increased for future 

studies of accelerated aging in HIV. While the alcohol and substance dependence histories 

were unrelated to any neuropsychological outcome variables, lifetime non-alcohol substance 

dependence, since higher rates were observed in the O− and O+ groups compared to the OO

− groups, should be examined by future studies as a possible contributor to an overall effect 

of accelerated aging (Gongvatana et al. 2014; Iudicello et al. 2012). One notable 

characteristic of our HIV+ sample is the rates of individuals prescribed ARV regimens 

(92.5%), which is comparable to rates reported by Centers for Disease Control (2013) for 

patients under care, but nevertheless may not be generalizable to persons not engaged or 

retained in care, who may be at even higher risk for impairment. Another limitation of the 

current study is the lack of a younger seronegative group (aged 20s or 30s) to determine 

whether the O+ group showed accentuated aging compared to the O− group, or whether the 

O+ group simply showed a deficit to all younger seronegative age groups. Inclusion of 

younger HIV−/HIV+ and a healthy control group (as opposed to a comparison sample with 

broadly comparable non-HIV comorbidities as currently used) in future work investigating 

accelerated aging may give insight into how accelerated aging might be observable across 

the lifespan. Nevertheless, as the HIV+ population continues to age, future studies should 

also utilize similar group comparisons using O− and O+ groups in their 60s, which is when 

typically aging individuals would be expected to evidence age-related cognitive changes, 

thus providing stronger evidence for an effect of accentuated aging. Such investigations 

would allow for a determination of whether the aging HIV+ population experiences higher 

rates of neurocognitive impairment in their 60s and 70s (i.e., accentuated aging). While the 

present study provides modest support for a pattern of accelerated neurocognitive aging in 

the context of HIV disease, these findings need to be explored using neuroimaging 

techniques and other biomarkers, as it is possible that the pattern of older HIV+ adults 

evidencing similar performance to much younger seronegative individuals may also be 

observed in brain structure, functioning, or pathology. For example, candidate mechanisms 

for explaining the higher observed rates of neurocognitive impairment due to older age in 

HIV infection include more rapid disease progression (Goetz et al. 2001), increased 

neuropathological burden (Gelman and Schuenke 2004), immunological changes (Valcour et 

al. 2004), neurochemical changes affecting glial activation and neuronal integrity in frontal 

systems (Ernst and Chang 2004), and smaller frontal and temporal cortical volumes 

(Jernigan et al. 2005; Pfefferbaum et al. 2014). However, future studies should determine 

whether such changes do support a model of accelerated neurocognitive aging.
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Figure 1. 
Sample-based mean z-scores on neuropsychological tasks among older seronegative (O−), 

older HIV+ (O+), and older-old seronegative (OO−) groups. Error bars represent standard 

errors.

Note. * p < .05; BNT = Boston Naming Test; CVLT-II = California Verbal Learning Test-

Second Edition
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