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Abstract

This study examined whether HIV-associated neurocognitive impairment (NCI), assessed with the
HIV-Dementia Scale (HDS), predicted mortality in an ethnically diverse sample of 209 HIV-
positive adults. Participants were predominantly in the mid-range of illness at baseline, and
followed over 13-years. At baseline, 31 (15%) participants scored in the NCI range (HDS < 10);
58 (28%) died during follow-up. Baseline NCI was significantly associated with earlier mortality
(HR=2.10, 95% CI [1.10 - 4.00]) independent of demographic and HIV disease-related
covariates. Less errors on the antisaccade task, an index of executive/attention control, was the
only HDS subtest predicting earlier mortality (HR=0.72, 95% CI [0.58 - 0.90]). In the absence of
an AIDS-defining condition, NCI, particularly in the executive/attention domain, is an independent
prognostic marker of morality in a diverse HIV-positive cohort. These findings highlight the
clinical utility of brief screening measures in this population.
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Introduction

Neurocognitive impairment (NCI) is a prevalent and disabling consequence of Human
Immunodeficiency Virus (HIV). Even in the era of widely available, highly effective
antiretroviral therapy (ART), over 30% of people living with HIV continue to suffer from
HIV-associated neurocognitive disorder (HAND) [1]. In fact, all but the most severe
presentations of HAND (i.e., HIV-associated dementia [HAD]) are increasing in prevalence,
likely as a function of rising survival rates secondary to improved viral control [2]. With the
advent of these potent antiretroviral medications, the clinical presentation of HAND has
shifted away from the more severe impairments characteristic of HAD towards more mild
deficits in psychomotor speed, learning and prospective memory, and most notably,
executive functioning (e.g., attention, working memory, executive control, mental flexibility,
inhibition, etc.) [3-5]. Despite their relatively mild nature, these impairments can interfere
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with the ability to perform important everyday activities such as driving, cooking, medical
self-care, financial management, and occupational functioning [6, 7].

In the earliest stage of infection, compromised CD4* lymphocytes, monocytes, and
macrophages of the host transport the virus through the blood brain barrier (BBB) [8, 9].
Within the central nervous system, direct viral neurotoxicity [10] and chronic immune-
mediated neuroinflammation [11, 12] leave a pathological signature of glial activation,
synaptodenditic simplification, and neural apoptosis and degeneration [9]. Because
antiretroviral medications often have poor BBB penetration, independent viral reservoirs can
proliferate in the CNS despite efficacious viral suppression the periphery [13]. While
researchers have traditionally argued that the resulting imbalance of viral suppression
primarily contributes to the persistence of HAND in the ART era [14], others have more
recently proposed a central role for cerebrovascular disease [15].

The advent of highly effective antiretroviral therapies, which quell viral replication and
allow for immune reconstitution and preservation, has substantially reduced HIV mortality
rates [16, 17]. Yet, people living with HIV continue to face an increased risk of mortality
compared to their non-infected counterparts, even among those with a successful response to
ART [18, 19]. Early on, HIV-infected persons faced an estimated reduced life expectancy of
up to 17 years compared with non-infected persons [20]. However, a recent comprehensive
analysis [21] indicated a ten-year increase in life expectancy for young adults starting ART,
as well as lower mortality rates for individuals starting ART between 2008-10 compared to
those starting treatment in 2000-03. Nonetheless, life expectancy among HIV-infected
individuals, even those initiating ART, remains lower than in the general population [21].
Thus, identifying clinical predictors of early mortality, especially among individuals whose
disease progression is not severely advanced, remains a top assessment and treatment
priority in the ART era.

There are several well-established independent predictors of mortality in HIV, including
older age, low CD4 lymphocyte counts, presence of AIDS-defining illnesses, and lower
hemoglobin concentrations [22-24]. Beyond these, there is accumulating evidence that HIV-
associated NCI is an independent predictor of shortened survival time among patients living
with HIV, independent of confounding risk factors [25-30]. However, to our knowledge, all
but two studies to date [26, 30] included patients with a history of AIDS-defining clinical
conditions, and neither study was conducted in the era of highly effective antiretroviral
therapy availability.

The primary aim of the present study was to examine the relationship between baseline NCI
and mortality in a sample of men and women with HIV who were predominantly in the mid-
range of their illness, over a long-term follow-up period of up to 13 years. We hypothesized
that global NCI, measured by a brief screening instrument, would predict earlier time to
mortality independent of demographic and disease-related covariates. The secondary aim
was to examine each of the four subtests of the screening tool (i.e., psychomotor speed,
memory, constructional praxis, and attention/executive control) in relation to mortality, in
order to elucidate which cognitive domains (if any) were most pertinent to mortality risk.
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Participants were recruited from physician’s offices, specialty clinics, service organizations,
and hospitals in Miami, Florida, between 1997 and 2000, shortly after the advent of the first
potent antiretroviral medication therapies. Participants were included if they were HIV
positive and had CD4 cell counts between 150 and 700 cells/mm3. Subjects were excluded if
they were under age 18, had ever experienced an AIDS-defining (Category C) clinical
condition, ever had nadir CD4 cell counts below 75 cells/mm3 (this was intended to ensure
exclusion of individuals with a history of end-stage AIDS, who were unlikely to have a
reasonable chance at immune reconstitution), had an additional life-threatening illness, were
actively psychotic or suicidal, or had current alcohol or drug dependence (defined as
meeting DSM-I11-R criteria within the past six months) or intravenous (IV) drug use in the
past six months. Of note, individuals with a history of lifetime (but not current) alcohol or
substance dependence or 1V drug use were not excluded. Participants were reimbursed for
their time.

Demographic information and sample characteristics are shown in Table 1. A total of 209
men and women (71.8% male) with a mean age of 37.7 years (SD = 8.7) met the study
criteria. The sample was ethnically and racially diverse, with approximately equal parts non-
Hispanic White (30.6%), non-Hispanic African American (35.4%), and Hispanic (29.7%)
participants. There was also a range of educational attainment in the sample; approximately
one-third of participants had no more than a high school education, slightly more than one-
third attended some college, and slightly less than one third obtained a college or graduate
degree. Approximately 20% of participants were currently employed full-time, and nearly
44% reported receiving disability at baseline.

While participants’ CD4 counts ranged from 150-700 cells/mm3, the overwhelming
majority (86.5%) had CD4 cell counts between 150 and 500 cells/mm?3 (Mcps = 323.02
cells/mm3). Based on this CD4 cell count range and the absence of preexisting AIDS-
defining clinical conditions, we consider the sample to be predominantly in the mid-range of
illness. However, it is important to recognize that at study entry, 16.7% of participants had
CD4 counts below 200 cells/mm3, the current case definition for AIDS. Nearly 50% of
participants reported being on HAART (highly active antiretroviral therapy, with protease
inhibitors) at baseline, and an additional 31.1% reported being on combination therapy
without protease inhibitors. Of note, at the time this study was initiated, the term HAART
was used to distinguish “modern” antiretroviral medications from the less effective,
originating AIDS medications. Since then, the terms “cART” (combination antiretroviral
therapy), and more recently “ART” (single-drug therapies), have fallen into favor to describe
the most contemporary, highly effective medication regimens. Hereafter, we use the term
HAART only to specifically refer to the early protease inhibitor-based HIVV-medications.

All participants completed written informed consent, a clinical assessment interview to
screen for exclusionary psychopathology (SCID-111-R) [31], and blood draw for CD4 and
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viral load assays. The neurocognitive screeners were administered by trained research staff
supervised by a licensed psychiatrist. Study procedures were approved by the University of
Miami institutional review board.

Global neurocognitive impairment.—The HIV-Dementia Scale [32] is a brief
screening instrument that assesses global HIV-related cognitive impairment based on
performance across four subtests: a timed alphabet-writing task, recall for three words after
a short delay, a cube-drawing task, and an antisaccade task. Respectively, these tasks assess
psychomotor speed (6 points), memory (4 points), visual-spatial constructional praxis (2
points), and executive inhibitory control (4 points). A total of 16 points is possible.

For the antisaccade task, patients are instructed to maintain a centrally fixed gaze, and
volitionally produce a saccade in the opposite direction of a randomly presented stimulus in
the visual periphery. For example, the examiner sits approximately one foot away facing the
examinee at eye-level, with both of his/her arms outstretched to the sides. The examiner
instructs the examinee to fixate on the examiner’s nose, and look in the opposite direction
when the examiner’s moves one of his/her fingers. An error is scored if the subject fails to
properly produce the antisaccade (e.g., looks in the direction of the stimulus or maintains a
central gaze). Twenty trials are administered and a score is calculated based on the number
of saccadic errors (i.e., < 3 errors = 4, four errors = 3, five errors = 2, six errors=1, more than
six errors = 0). This task requires inhibition of the reflexive pro-saccade toward the stimulus,
and volitional response generation toward the desired opposite direction, and is thus
considered a measure of executive inhibitory control [33].

Lower HDS total scores indicate greater cognitive impairment, with scores less than or equal
to 10 out of 16 indicating possible HAND with excellent sensitivity and specificity [34].
Although critics of the HDS suggest that its sensitivity to detect more subtle types of
neurocognitive disorder is lower than formal neuropsychological assessment [35], it has
proven to be a reliable predictor of HAND in clinical samples [36] and has been used in
clinical and research settings [37]. In the present study, participants were categorized based
on their baseline total HDS scores; participants scoring at or below the clinical cutoff score
(i.e., <10 on the HDS) were categorized as “NCI,” while the rest were categorized as
cognitively “within normal limits” (WNL) [34, 37].

Depressive symptoms.—The Beck Depression Inventory-11 [38] is a widely used and
well-established self-rating inventory for assessing depression severity. The inventory
contains 13 items, each scored from “0” indicating minimal symptomology, to “3”
indicating severe symptomology. Total scores greater than 13 suggest elevated levels of
depressive symptoms.

Mortality Data

Baseline interviews were conducted beginning in March of 1997. Mortality data were
accessed from the Death Master File, a weekly-updated publically available data source that
reflected all deaths reported to the Social Security Administration (SSA) up to the time we
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accessed it in April 2010. To identify any deaths that may not have been reported to the

SSA, obituaries were also searched online using participants’ birthdays and full names.

Disease Markers

Covariates

Plasma CD4 lymphocyte count (CD3+CD4+) was determined by whole-blood 4-color direct
immunofluorescence using a coulter XL-MCL flow cytometer. Viral load was determined
using the Roche Amplicor RT/PCR assay sensitive to 400 copies of viral plasma RNA.

Demographic and disease related covariates were selected a priori due to their relevance to
health outcomes in HIV and to maintain consistency with previous studies from our group.
Demographic variables included age, race/ethnicity (coded 1 = African American, 0 =
other), gender (0 = female, 1 = male), and education (0 = less than high school, 1 = some
high school, 2 = high school graduate, 3 = some college, 4 = college graduate, 5 = graduate
degree). Education, rather than income or employment, was chosen as a relatively unbiased
indicator of socioeconomic status because income and employment are more likely to be
influenced by progressing illness. Baseline CD4 lymphocyte counts and viral load were
included as markers of initial disease status. Antiretroviral medication status was dummy
coded at three levels: 1= no medication use, 2 = combination therapy without protease
inhibitors, 3 = HAART.

Statistical analyses.—All analyses were performed using SPSS Version 22. Data was
determined to be missing at random for four cases, and was subsequently excluded listwise.
Descriptive statistics for demographic, disease-related, and neurocognitive variables were
generated for the overall sample and the two subgroups. Subjects were dichotomously
classified as either NCI (dummy code = 1) or WNL (dummy code = 0) based on their HDS
total scores (cutoff of < 10). The NCI and WNL groups were compared using independent &
tests for continuous variables, and chi-square tests for categorical variables. Next, we
conducted a series of Cox proportional hazards regression analyses adjusted for age, gender,
education, race/ethnicity, and baseline CD4 cell count, viral load, and antiretroviral
medication status, in order to examine associations with mortality. Hazard ratios (HR) and
their 95% confidence intervals (CI), were computed. First, we examined whether the
presence of NCI at baseline predicted mortality over the 13-year follow-up period. A
Kaplan-Meier plot was generated for descriptive purposes to depict survival curves for the
NCI and cognitively WNL groups. Second, we examined the HDS total score and each of
the four subtest scores (i.e., antisaccade task/executive control, psychomotor speed, memory,
and construction) simultaneously in relation to mortality, with each treated as continuous.
Third, we examined each covariate independently in relation to mortality in univariate
analyses. To facilitate interpretation, several variables were dichotomized: subjects with a
high school diploma were compared against those with some college or more; subjects with
CD4 lymphocyte counts below 200 cells/mm?3 were compared against those with more than
200 cells/mm?3; subjects with detectable viral load were compared against those undetectable
viral load; subjects on any kind of antiretroviral medication regimen were compared against
subjects with no medication use. Finally, to be thorough, we conducted a post-hoc analysis
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with additional control for baseline depressive symptom scores to account for potential
effects of depression on cognitive performance and/or mortality.

Based on HDS performance, 31 (14.8%) subjects scored in the NCI range and 178 (85.2%)
patients scored within normal limits (WNL) at baseline. Table 2 shows comparisons between
the NCI and WNL groups on sociodemographic, disease-related, and neurocognitive
measures. On average, NCI subjects were marginally older and had slightly lower CD4
lymphocyte counts. Aside from these differences, the two groups were comparable on
sociodemographic variables (i.e., gender, educational attainment, and race/ethnicity). The
HDS total and subtest scores were each significantly lower in the NCI group compared with
the cognitively WNL group. Correlations for the HDS with sociodemographic and illness-
related covariates in the overall sample (not shown) revealed that lower HDS total scores
were significantly associated with older age (r=-.14, p=.04), African American race (r=
-.18, p=.01), and lower educational attainment (r= .27, p<.001).

The median follow-up duration for the overall sample was 11 years (range, 0.92 — 13.08
years). Between study entry and the end of the 13-year follow-up period in 2010, 58 (27.8%)
of subjects in the overall sample had died. In 2002, 17 (8.1%) subjects had died; in 2004, 28
(13.4%) subjects had died.

As shown in Table 3, Cox proportional hazard regression analyses controlling for age,
gender, African American race, education, CD4 lymphocyte count, viral load, and
antiretroviral medication status revealed that NCI at baseline was significantly associated
with earlier mortality (HR = 2.10, 95% CI [1.10 — 4.00], p=.024). Baseline CD4 count
(treated continuously) was the only covariate associated with mortality with NCI in the
model. Survival curves for the NCI and WNL groups are illustrated in Figure 1.

A post-hoc analysis with additional control for depressive symptoms indicated that NCI
remained significantly associated with mortality, when BDI-1I total score was treated
continuously (HR = 2.09, 95% CI [1.09 — 4.00]) or dichotomously using a cutoff score of
greater than 13 (HR = 2.13, 95% CI [1.19 — 4.12]). These findings suggest that the NCI-
mortality link persisted beyond the effects of baseline depressive symptomology.

In a supplemental analysis, HDS total score and each HDS subtest score (all treated as
continuous) were examined as predictors of mortality, controlling for the same
sociodemographic and disease-related covariates. As shown in Table 4, superior
performance on the antisaccade subtest was the only score significantly associated with time
to mortality (HR=0.72, 95% CI [0.58 — 0.90], o = .003). To further compare the predictive
properties of the subtest scores, we entered all four subtests simultaneously, with covariates,
in a Cox regression model. Results showed that antisaccade performance remained a
significant predictor of time to mortality (H~R = 0.74, 95% CI [0.60 — 0.92], p=.007) above
and beyond psychomotor speed, memory, construction, and covariates.
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Each covariate was independently examined as a predictor of mortality in univariate
analyses. As shown in Table 5, older age, African American race, lower education, and CD4
cell counts below 200 cells/mm?3 were each significantly associated with mortality.

Discussion

HIV-associated neurocognitive impairment (NCI) predicted earlier mortality in a sample of
seropositive men and women predominantly in the mid-range of their illness over a long-
term follow-up (median = 11 years). Subjects performing in the NCI range on the HIV-
Dementia Scale (HDS) at baseline were over twice as likely to die during the follow-up
period compared to subjects scoring within normal limits at baseline. This finding was
independent of age, gender, race, and education as well as peripheral CD4 lymphocyte
count, viral load, and antiretroviral medication status at baseline, suggesting that potential
confounding sociodemographic factors or more advanced disease progression at the onset of
the study likely did not account for the pronounced mortality hazard observed among
neurocognitively impaired subjects.

In many ways, the present study serves as a conceptual replication of previous work. Firstly,
univariate analyses of covariates identified more advanced disease progression (i.e., lower
baseline CD4 lymphocyte counts) as well as older age, African American race, and lower
educational attainment as individual predictors of earlier mortality, largely confirming
findings from previously followed cohorts [25, 26, 28, 30, 39]. Secondly, the time adjusted
proportional hazard ratio for mortality among patients with NCI observed in the present
study (HR = 2.10) closely resembles those noted in previous investigations. In the pre-
HAART era, Mayeux et al. [26] reported that HIV-positive men with neuropsychological
impairment were nearly three times more likely than non-impaired subjects to die over a
median of 18 months. Wilkie et al. [30] found that men scoring in the bottom 25! percentile
on a composite measure of memory were 3.5 times as likely to die over a median of 24-
months compared with those at the top 25™ percentile. To our knowledge, these are the only
other existing studies conducted exclusively with subjects absent of AIDS-defining clinical
conditions across the pre or post-HAART eras, and they were both relatively small (i.e.,
18/111 and 14/119 deaths/subjects, respectively) and restricted to gay men. Our findings add
to this limited body of literature by showing that the link between HIV-associated NCI and
mortality extends to a larger (i.e., 58 deaths/209 subjects) and more diverse sample of men
and women over a considerably longer follow-up.

Our findings are also consistent with those from several larger cohort studies of mixed-
gender samples. In the pre-HAART era, Ellis et al. [25] found a two-fold increase in
mortality risk for subjects with mild presentations of HIV-associated NCI compared with
unimpaired subjects over a median 2.4 year long follow-up (106 deaths/ 414 subjects). In
their study, approximately 14.0% of subjects had a history of AIDS-defining illnesses.
During the post-HAART era (i.e., after 1996), Vivithanaporn et al. [29] conducted a
population based study in Canada and found that subjects with HAND were approximately
three times as likely to die during a median 7.6 year follow-up than subjects without. Over
25% of subjects in their cohort had previous AIDS-defining illnesses. Sevigny et al. [28]
reported a six-fold mortality hazard for subjects with HAD compared to those without,
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among a particularly ill sample of patients with advanced HIV infection (i.e., restricted to
CD4 counts <300 cells/mm3). Tozzi et al. [39] found that Italian subjects with failed viral
response to HAART exhibiting baseline cognitive impairment were 2.9 times more likely to
die during the median 32.4 month long follow-up than unimpaired subjects. In this study,
38.8% of subjects met CDC criteria for Category C disease stage at baseline. Although our
study included a small proportion of individuals with CD4 counts below 200 cells/mms3,
falling in the AIDS-defining range, all participants had a negative history of Category C
AIDS-defining clinical conditions at baseline, and therefore we consider them to be
predominantly mid-range. Thus, our study augments the literature by demonstrating that
HIV-associated NCI portends earlier mortality among patients predominantly in the mid-
range of illness, and does so during the post-HAART era over an extended follow-up.

To our knowledge, the present study is also the first to assess HIV-associated NCI in relation
to mortality using a brief and easy to administer screening measure of HI\-associated
neurocognitive impairment (i.e., the HDS). Approximately 15% of subjects in the present
study met our operational definition of NCI indicated by the HDS. Among other studies in
the post-HAART era, this prevalence was slightly higher than that reported in Vivithanaporn
et al.’s [29] Canadian population-based study (6.2%), and considerably lower than those
reported by Tozzi et al. [39] or Sevigny et al. [28] (54.0% and 70.1%, respectively). It is
suspected that this relatively lower prevalence may reflect our exclusion of patients with a
history of more advanced disease progression, as well as the insensitivity of the HDS to
more mild forms of NCI compared to the more extensive neuropsychological batteries
utilized in other studies.

There are multiple plausible pathways through which HIV-associated NCI may be related to
greater mortality risk. First, NCI can lead to poor fidelity to complex antiretroviral
medication regimens [3, 40], which is an established independent predictor of mortality in
HIV [41] presumably through inadequate viral suppression. Second, HIV-associated NCI
can interfere with utilization of health care resources [42], such as those necessary for
vigilant monitoring of disease progression, timely initiation of antiretroviral therapy, and
interventions for potentially treatable illnesses secondary to immune compromise (e.g.,
additional infectious diseases, cardiometabolic syndrome, etc.). Third, some researchers
posit that the development of NCI among patients on ART may reflect suboptimal viral
suppression in the CNS as a result of either poor antiretroviral penetration of the BBB or
medication resistant viral mutations within CNS viral reservoirs [43]. It is plausible that
sustained viral toxicity within the CNS, even in the context of adequate peripheral viral
control, may pose a dual threat to cognitive functioning and survival. Fourth, it is
conceivable that patients exhibiting NCI may have been infected with a particularly virulent
and lethal strain of HIV, or that these patients possess genetic or psychobiological
vulnerabilities that are common to both the development of NCI and earlier mortality.

An underexplored mechanism potentially underlying the link between HIV-associated NCI
and mortality during the ART era is increased vulnerability to vascular diseases, which are
established risk-factors for both dementia and death [44]. Patients with HIV on ART face
increased risk of cerebrovascular and cardiovascular diseases compared to their non-infected
counterparts [45-48], likely due to the atherogenic properties of antiretroviral medications
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and HIV’s direct toxicity to endothelial functioning [49, 50]. In light of the growing
evidence linking vascular factors to cognitive impairments in virally suppressed patients
with HIV [51, 52], and considering the overlapping clinical features of vascular dementia
and HAND, some researchers now hypothesize that cerebrovascular pathology may be
central to the development of HAND in the ART era [15]. Thus, it is plausible that vascular
disease manifested systemically and/or cerebrally may dually impact cognition and mortality
in patients with HIV. Future studies are needed to elucidate the role of vascular factors
within the NCI-mortality relationship.

The secondary study aim was to examine performance on the individual subtests of the HDS
as predictors of mortality. Only a few studies from the pre-HAART era have reported
domain-specific relationships with mortality, and those include language impairments [26],
verbal memory impairments [30], and stable patterns of psychomotor slowing [53]. In the
present study, performance on the antisaccade task emerged as the only significant predictor
of mortality among the four HDS subtests. Specifically, a one-point decrease on this task
was associated with a 28% increased mortality hazard, controlling for demographic and
disease related covariates. In an additional analysis examining all four subtests
simultaneously, antisaccade performance predicted mortality above and beyond
psychomotor speed, memory, and construction combined, suggesting that it is a particularly
robust neurocognitive predictor of mortality in HIV.

Although it is labeled as an “attention” subtest on the HDS, substantial research on the
neurocognitive underpinnings of the antisaccade task suggests that it is perhaps more
accurately conceptualized as a measure of executive functioning (see [33] for review), one of
the earliest and most severely impacted cognitive domains among ART-medicated
individuals [4]. Successful execution of this deceptively simple task requires top-down
cognitive control to negotiate conflict between concurrent, competing mechanisms
(inhibition of the reflexive pro-saccade toward the stimulus, and volitional response
generation toward the desired opposite direction) [33, 54]. Additionally, the antisaccade task
activates frontal-subcortical networks involving the frontal eye fields, dorsolateral and
ventrolateral prefrontal cortices, the posterior parietal and supramarginal gyrus, and the
striatum [55, 56], which also subserve the executive functions [57]. Accordingly, clinical
populations evidencing fronto-subcortical dysfunction and executive deficits (e.g., patients
with Huntington’s disease, Alzheimer’s disease, schizophrenia, and prefrontal lesions),
exhibit impaired performance on the antisaccade task (see [58] for review).

Patients living with HIV also demonstrate saccadic dysfunction, even among those who are
neurologically asymptomatic [59]. Additionally, they characteristically show compromised
integrity of fronto-striatal white-matter tracts on neuroimaging [60], even among those who
are cognitively asymptomatic or non-demented [61, 62]. Thus, the preliminary findings
presented here suggest that the antisaccade subtest of the HDS may be particularly sensitive
to early HIV-associated executive changes reflecting more advanced neurological disease
burden.
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Clinical Implications

Overall, our findings confirm that HIV-associated NCI is a prognostic marker that may help
identify patients at risk for earlier mortality. Whereas the prognostic value of plasma viral
markers (e.g., HIV RNA level) has become less clear following the advent of ART [63],
objective cognitive assessments may offer much needed prognostic information for
clinicians in the ART era. Although the HDS has been criticized for its relative insensitivity
to milder presentations of HIV-associated cognitive impairment, our findings suggest that
this brief screening measure, particularly when considering the antisaccade component,
produces similar results with regard to prediction of mortality as larger neuropsychological
batteries, but with the added advantage of being substantially faster and easier to administer
and score. In settings seeking to minimize the strain on time or resources, or when
comprehensive neuropsychological measures are unavailable, the HDS may offer clinicians
rapid and objective prognostic data to complement immune and viral markers of disease
progression. The installation of assessments for NCI as a part of routine care, even among
ART-medicated patients with viral-control, may guide treatment planning by signaling the
need for increased psychosocial support to address cognitive limitations, assessment and
treatment of vascular risk factors, adherence-augmentation interventions, and/or more
aggressive antiretroviral regimens.

The HDS has been criticized for containing elements that are less familiar to non-
Westernized cultures (e.g., cube drawing), and because the antisaccade task may be difficult
to administer without adequate training. In response, Sacktor et al. [64] created the now
widely used International HIV-dementia scale (I-HDS), which omitted the antisaccade task.
While there may indeed be merit to these criticisms and subsequent alterations, the present
findings speak to the prognostic value of the antisaccade subtest and raise questions
regarding the trade-off between improving the ease of administration with the I-HDS and
neglecting to assess antisaccade performance. Interestingly, a recent systematic review
comparing the I-HDS and HDS [65] found that both measures failed to achieve standard
levels of accuracy to provide convincing evidence for a diagnosis of HAND; however, the
HDS yielded a higher summary diagnostic odds ratio for assessing HAND than the I-HDS.
It may be prudent for investigators seeking to develop new brief screening measures for
HIV-associated NCI to weigh the prognostic value of the antisaccade when considering
potential test elements to include.

Limitations and Future Directions

There are several limitations of the present study that should be acknowledged. First, the
HDS is a measure of gross HIV-associated NCI and is less sensitive to more mild
presentations of cognitive impairment [35, 66], suggesting that subjects with more mild
impairments were possibly not assigned to the NCI group. Similarly, the HDS did not allow
for stratification of NCI by severity, thus limiting our ability to examine how different
degrees of impairment might differentially relate to mortality. Second, we only examined
cognitive impairment at a single time-point (i.e., baseline), and it is possible that cognitive
status, as measured by the HDS, could have changed during the course of the follow-up
period (e.g., with improved antiretroviral adherence). Future studies may seek to examine
patterns of cognitive decline over multiple time points in relation to mortality. Third, this
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study began at the turn of the HAART era when the antiretroviral options were less
advanced and optimized than they are today. Fourth, this study did not account for several
variables that may have been related to cognition and mortality, such as premorbid 1Q, non-
HIV-related neurodegenerative disease, hepatitis-C co-infection, cardiovascular disease data,
or cause of death. Future studies may seek to include a more stringent set of covariates, and
to specifically examine whether a more fine-grained analysis of socioeconomic status plays
a role in the relationship between NCI and mortality. Fifth, a small proportion of our sample
met the case definition for AIDS at baseline based on CD4 lymphocyte count. The inclusion
of these individuals limited our ability to generalize findings to patients exclusively in the
“mid-range” of illness or to disease stages outside the parameters of our inclusion/exclusion
criteria (e.g., end-stage AIDS). Additionally, the present findings may not generalize to
populations with current (i.e., past six months) substance dependence or IV drug use, given
our exclusion of such individuals. Sixth, our use of the HDS precludes generalizations to the
more widely used international-HDS, and it is for future studies to determine the prognostic
value of the international-HDS. Finally, future studies are needed to examine potential
mechanisms through which NCI is related to early mortality (e.g., medication adherence,
health care utilization, biomarkers of sustained virulence within the CNS, and accelerated
vascular disease).

Conclusion

HIV-associated neurocognitive impairments are becoming increasingly prevalent in the ART
era. In the present study, we found that among patients predominantly in the mid-range of
their illness, the presence of NCI was associated with more than twice the likelihood of
death than those with scores indicting absence of cognitive impairment, independent of
sociodemographic and HIV-disease related variables. This predictive effect was evident over
a median of 11 years. Among the four HDS subtests, antisaccade performance was the
strongest and only subtest associated with mortality. These findings indicate that
performance on the HDS, and antisaccade subtest in particular, has prognostic utility for
assessing mortality risk. Furthermore, this highlights the prognostic utility of brief screening
measures assessing global cognitive impairment among HIV patients without an AIDS-
defining clinical condition.
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Survival curves, controlling for covariates, for participants with neurocognitive impairment
(NCI) and those who were cognitively within normal limits (WNL) based on the HIV-

Dementia Scale performance at study entry.
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Table 1.

Overall Sample Characteristics and Descriptive Statistics

Variable n %
Age (M, SD) 37.7(87) 209 100.0
Gender
Male 150 718
Female 59 28.2
Race
Non-Hispanic White 64 30.6
African American 74 35.4
Hispanic 62 29.7
Other 9 43
Educational Attainment
Some high school or less 33 15.8
High school graduate 35 16.7
Some college 81 38.8
College graduate 40 19.1
Graduate degree 19 9.1
Employment Status
Full-time 43 20.6
Unemployed 34 16.3
Disability 91 435
Other 41 19.6
CD4 cells/mm? (M, SD) 323.02(122.8) 209 100
Viral Load copies/mL 417152 209 100
Antiretroviral Medication
No medication 41 19.6
Combination therapyb 65 311
HAARTS 103 493
Beck Depression Inventory-11 (M, SD) 11.5(8.9) 209 100
HIV-Dementia Scale Range M SD
Total 0-16 136 26
Antisaccade task 0-4 35 11
Psychomotor Speed 0-6 51 1.7
Memory 0-4 3.6 0.7
Construction 0-2 14 0.9

Notes.
a .
median value.

bexcluding protease inhibitors.

chighly active antiretroviral therapy (with protease inhibitors).
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Table 2.

Sample characteristics for NCI and WNL groups

Variable NCI®(n=31) WNLP(n=178) Ct/y2(@n PVAUe
Age (M, SD) 40.6 (8.4) 37.2(8.6) -2.03(207) .04
Gender, 77 (%) male 22 (71.0) 128 (71.9) .01 (1) 91
Race/Ethnicity, 77 (%) 6.08 (3) 12
Euro American 4(12.9) 60 (33.7)
African American 12 (38.7) 62 (34.8)
Hispanic 13 (41.9) 49 (27.5)
Other 2(6.5) 7(3.9)
Educational Attainment, 77 (%) 5.47 (4) .24
< Some High School 8(25.8) 25(14.1)
High School Graduate 5(16.1) 30 (16.9)
Some College 13 (41.9) 68 (38.4)
College Graduate 2(6.5) 38 (21.5)
Graduate Degree 3(9.7) 16 (9.0)
CD4 Count (M, SD) 283.2 (126.5) 330.0 (121.2) 1.97 (207) .05
Antiretroviral Status, 77 (%) 3.74(2) .29
No medication 5(16.1) 36 (20.2)
Combination therapye 14(452) 51(28.7)
HAART, 12 (38.7) 91 (51.1)
Beck Depression Inventory-11 (M, SD) 13.8 (9.3) 11.1(8.8) -1.57 (207) 12
HDS Total (M, SD) 8.8 (1.4) 145 (1.6) 18.77 (207)  <.001
Antisaccade Task (M, SD) 2.7(1.6) 3.7(0.9) 3.08 (207) .004
Psychomotor Speed (M, SD) 2.1(2.3) 5.6 (0.9) 8.30 (207) <.001
Memory (M, SD) 3.2(1.0) 3.7 (0.6) 2.97 (207) .006
Construction (M, SD) 0.7 (0.9) 1.5(0.8) 4.37 (207) <.001

Notes. HDS= HIV-Dementia Scale.
aNCI= neurocognitive impairment group (HDS total score < 10).
b . i L
WNL = neurocognitively within normal limits (HDS total score >10).

Statistic is #value for continuous variables (age, CD4 count, viral load, HDS total and subtests) and chi-square value for categorical variables
(gender, race/ethnicity, income, employment status, route of infection, educational attainment, antiretroviral status).

e L . . . A
Combination antiretroviral therapy without protease inhibitors.

Highly active antiretroviral therapy with protease inhibitors.
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Multivariate hazard model of neurocognitive impairment (NCI) predicting mortality, adjusted for covariates

Variable Hazard Ratio 95% ClI p-value
Age 1.04 0.99 - 1.07 .06
Gender? 0.92 0.48-1.76 .81
Race/Ethnicityb 1.45 0.78 - 2.67 24
Education 0.80 0.61-1.04 .10
CD4 cells/mm? 0.997 0.994 - 0.999 <.01
Log viral load 1.28 0.98 - 1.68 .07
Antiretroviral status® 109 0.76 - 1.56 63
d 2.10 1.10 - 4.00 .02

NCI

Notes. Covariates: age, African American race, gender, education, CD4 cell counts, viral load, antiretroviral medication status. Cl= confidence

interval.

a
Male gender was entered as the reference group.

African American ethnicity was compared against all other ethnicities.

c - . . -
Any medication regimen was compared against no medication use.

NCI group was compared against the within normal limits (WNL) group. All other predictors were treated as continuous variables.
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Table 4.

Multivariate hazard models of HDS subtests predicting mortality, adjusted for covariates

Variable Hazard Ratio  95% CI p-value
HDS Total 0.93 0.84-1.03 17
Antisaccade task 0.72 0.58 - 0.90 .003
Psychomotor speed 1.05 0.90-1.23 .52
Memory 1.00 0.68 - 1.49 .99
Construction 0.80 0.60 - 1.07 14

Page 20

Notes. Covariates: age, African American race, gender, education, CD4 cell counts, viral load, antiretroviral medication status. HI\V-Dementia
Scale (HDS) total score and all subtest scores were treated as continuous. Lower scores indicate worse performance. Cl = confidence interval.
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Table 5.

Univariate hazard models of each covariate predicting mortality

Variable Hazard Ratio  95% Cl p-value
Age 1.03 1.00-1.06 .04
Gender? 114 065-1.98 .65
Race/Ethnicity” 196 117-327 01
Education® 057 034-095 .03
CD4 cells/mm?? 259 147-457 001
Log viral load® 165 0.89-3.05 A1
1.56 074-330 .24

Antiretroviral status f

Notes. Cl= confidence interval.

a
Male gender was entered as the reference group.

African American ethnicity was compared against all other ethnicities.

C,. . .
High school diploma was compared against some college or more.

dCD4 counts >200 cells/mm3 were compared against CD4 counts <200 cells/mm3.

e . . .
Detectable viral load was compared against undetectable viral load.

Any medication regimen was compared against no medication use. Age was treated as a continuous predictor.

AIDS Behav. Author manuscript; available in PMC 2020 December 01.

Page 21



	Abstract
	Introduction
	Methods
	Participants
	Procedure
	Measures
	Global neurocognitive impairment.
	Depressive symptoms.

	Mortality Data
	Disease Markers
	Covariates
	Statistical analyses.


	Results
	Discussion
	Clinical Implications
	Limitations and Future Directions

	Conclusion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3:
	Table 4.
	Table 5.

