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Abstract

The Veterans Aging Cohort Study (VACS) Index is a composite marker of multisystem injury among HIV-infected persons. We
aimed to examine its cross-sectional association with functional outcomes, after considering neurocognitive impairment (NCI)
and other well-established correlates of everyday functioning among HIV-infected persons. Participants included 670 HIV-
infected adults (ages 18-76; 88% male; 63% non-Hispanic White; median current CD4 =404 cells/mm’ ; 67% on antiretroviral
therapy; AIDS = 63%) enrolled in observational studies at the University of California San Diego HIV Neurobehavioral Research
Program. Functional outcomes were assessed via self-report measures of declines in activities of daily living, perceived cognitive
symptoms in daily life, and employment status. NCI was assessed via a comprehensive neurocognitive test battery and defined
based on established methods. Covariates examined included demographics, HIV disease characteristics not included in the
VACS Index, and psychiatric comorbidities. The VACS Index was computed via standard methods and categorized based on its
distribution. Results from multivariable regression models showed that both higher VACS Index scores (indicative of worse
health) and the presence of NCI were independently associated with declines in activities of daily living, increased cognitive
symptoms in daily life, and unemployment. These independent effects remained after adjusting for significant covariates. In
conclusion, the VACS Index may be a useful tool for identifying HIV-infected patients at high risk for everyday functioning
problems. Considering factors such as NCI, historical HIV disease characteristics, and current mood might be particularly
important to enhance the predictive power of the VACS Index for functional status among HIV-infected persons.

Keywords AIDS - Biomarkers - Comorbidity - Employment status - Activities of daily living - Neurobehavioral manifestations

Introduction now experiencing multiple age-related comorbidities (Deeks

and Phillips 2009), and thus, composite biomarkers that incor-

The development of combination antiretroviral therapy (ART)
has greatly improved life expectancy in individuals infected
with human immunodeficiency virus (HIV), resulting in steady
increases in the number of older adults living with HIV over
recent years (Mahy et al. 2014). People living with HIV are
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porate both traditional HIV and non-HIV factors might better
capture the complex nature of disease burden in HIV.

The Veterans Aging Cohort Study (VACS) Index was de-
veloped as a composite marker of multisystem injury among
people living with HIV. It combines age, with HIV biomarkers
(i.e., plasma RNA and CD4+ T cell counts) and non-HIV bio-
markers (i.€., indicators of renal and liver function, anemia, and
hepatitis C virus co-infection) (Justice et al. 2012; Justice et al.
2010) that are routinely collected and monitored by HIV
healthcare providers. It has been validated as a prognostic tool
for mortality among HIV-infected persons (Justice et al. 2010,
2012, 2013; Tate et al. 2013) and has been linked to poor health
outcomes, including increased risk for fragility fractures
(Womack et al. 2013) and hospitalizations (Akgun et al.
2014). Additionally, in cross-sectional and longitudinal studies,
it has been associated with neurocognitive impairment (NCI)
and neurocognitive decline (Marquine et al. 2014, 2016a).
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Neurocognitive impairment is highly prevalent in HIV.
Approximately half of HIV-infected persons show NCI, and
about half of HIV-infected persons with NCI also show deficits
in everyday functioning, such as difficulties in performing activ-
ities of daily living, cognitive symptoms in everyday life, unem-
ployment, driving problems, and medication nonadherence
(Heaton et al. 2004; Marcotte et al. 2004; Vance et al. 2013,
2014). Other important predictors of daily functioning problems
among HIV-infected person include HIV disease burden, co-
morbid medical and psychiatric conditions, and certain demo-
graphics (e.g., older age, lower formal education) (Blaum et al.
2002; Morgan et al. 2012). Higher VACS Index scores (indica-
tive of worse health) have been linked with dependence in in-
strumental activities of daily living (IADLs) and medication
nonadherence (John et al. 2016). Yet, the limited prior research
on the VACS Index and functional outcomes has not investigat-
ed its link to other important functional outcomes in HIV (e.g.,
cognitive symptoms in everyday life and unemployment) or
considered the impact of other well-established determinants of
functional status in HIV, such as neurocognitive impairment and
psychiatric comorbidities. As the use of the VACS Index as a
marker of disease status in research continues to expand, exam-
ining its link to functional outcomes can aid in interpretation of
findings from research on other important outcomes in HIV.
Furthermore, given that the VACS Index is largely based on
biomarkers commonly collected in clinic, understanding its as-
sociation with functional outcomes may help clinicians better
gauge whether HIV-infected patients might be at increased risk
for everyday functioning problems.

There were two main aims to the current study. First, we were
interested in extending prior findings showing a link between
the VACS Index and some measures of functional status, (i.e.,
dependence in IADLs and ART adherence) (John et al. 2016),
by examining the association of the VACS Index with other
functional outcomes, i.e., cognitive symptoms in everyday life
and employment status. We hypothesized that higher VACS
Index scores (indicative of worse health status) would be asso-
ciated with increased cognitive failures in everyday life and
higher rates of unemployment. We were also interested in inves-
tigating whether the VACS Index might be independently asso-
ciated with functional outcomes (i.e., unemployment, declines
in activities of daily living, and cognitive symptoms) after con-
sidering the impact of NCI and other established predictors of
functional outcomes in HIV. We hypothesized that the VACS
Index would independently contribute to functional status.

Methods
Participants

Six hundred seventy HIV-infected adults enrolled in NIH-
funded cohort studies at the University of California San
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Diego (UCSD) HIV Neurobehavioral Research Program
from April 14th, 1999, to January 23rd, 2016, participated
in the current study. The details of these studies have been
reported previously (Heaton et al. 1995; Moore et al. 2017,
Rippeth etal. 2004; Woods et al. 2004). Inclusion criteria for
the present study were (1) presence of HIV infection as de-
termined by enzyme-linked immunosorbent assays (ELISA)
with Western blot confirmatory test; (2) having laboratory
data available to calculate the VACS Index; (3) having valid
data on measures used to assess functional outcomes mea-
sures, i.e., Patient’s Assessment of Own Functioning
Inventory (PAOFI) and/or Activities of Daily Living Scale;
(4) being primarily English speaking; and (5) being free of
sensory and physical problems that would interfere with test-
ing. For those participants who had data available on the
VACS Index and functional outcome measures at more than
one time point, data from the first date was used.
Approximately a quarter of the sample (27%) had participat-
ed in at least one prior visit at our center. Data on the remain-
ing of the sample (73 %) was from the first visit at our center.

Materials and procedures

All procedures were approved by the UCSD Human Research
Protections Program Institutional Review Board. After pro-
viding written informed consent, participants completed ex-
tensive neuromedical, neurocognitive, psychiatric, and sub-
stance use evaluations, similar to prior research by our group
on the VACS Index (Marquine et al. 2014). They also com-
pleted self-report measures of everyday functioning.

Neuromedical evaluation

Participants underwent a standardized medical history inter-
view and structured neurological and medical examinations,
which included the collection of blood and urine samples. The
medical history interviews were conducted by trained research
staff and the examinations were performed by clinicians.
Laboratory measurements included routine clinical chemistry
panels, complete blood counts, rapid plasma reagin, HCV
antibody, and CD4+ cells (flow cytometry) performed at a
Clinical Laboratory Improvement Amendments (CLIA)-certi-
fied, or CLIA equivalent, laboratory. Plasma HIV-1 RNA
levels were measured by reverse transcriptase polymerase
chain reaction (Roche Amplicor, v. 1.5; lower limit of quanti-
tation, 50 copies per milliliter). Self-report data (verified by
medical records when available) were collected on duration of
HIV infection, nadir CD4+ T cell count, and ART history. The
VACS Index was computed as described elsewhere (Justice
et al. 2010, 2012), with higher scores representing worse dis-
ease status. Given the skewed distribution of VACS Index
scores in the current sample, and based on prior findings on
the association of the VACS Index and NCI (Marquine et al.
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2014), we categorized VACS Index scores into three groups
(low, medium, and high) based on the interquartile range
(IQR) values in the current sample (VACS Index IQR = 10—
34). The low VACS Index group included participants with
scores of 10 or lower in this index, the high VACS Index
scores included those with scores of 34 or higher, and the
medium VACS Index group included those with scores that
were within the IQR.

Functional outcomes

Functional outcomes were ascertained via the Activities of
Daily Living Scale (Lawton and Brody 1969), and the PAOFI
(Chelune et al. 1986). The Activities of Daily Living Scale is a
self-report measure that assesses current level of functioning in
various daily activities, compared to when participants were
functioning at their best (Lawton and Brody 1969).
Participants rated their current and best (i.e., highest previous)
ability levels on 11 IADLs (i.e., finances, grocery shopping,
cooking, planning social activities, understanding reading ma-
terial/TV, communication, transportation, shopping, managing
medication, childcare, and work) and five basic activities of
daily living (BADLs; i.e., housekeeping, home repairs, bathing,
dressing, and laundry). For the present study, we used declines
in TADLSs scores, defined as the sum of the difference scores
between the highest level of previous functioning and current
functioning on the 11 items assessing [ADLs.

The PAOFI is a self-report questionnaire used to measure
participants’ perceived functional capacity in their everyday
activities across memory, language and communication,
higher level cognitive and intellectual functioning, motor,
sensory-perceptual ability, and recreation (Chelune et al.
1986). Participants rated themselves using a 6-point Likert-
type scale that is anchored at “Almost always” and “Almost
never.” Items that obtain a rating of “Fairly often,” “Very
often,” or “Almost always” are assigned a point. The primary
outcome was the number of everyday cognitive symptoms, as
represented by the sum of all items, with a higher score indi-
cating more cognitive problems. An additional single item
concerning work functioning is included in the PAOFI, which
was used to classify participants as either employed (i.e., full
or part time) or unemployed.

Neurocognitive impairment

Participants were administered a neuropsychological test bat-
tery designed to assess domains sensitive to HIV-associated
NCI including verbal fluency, executive function, attention/
working memory, episodic memory (learning and delayed re-
call), speed of information processing, and fine motor skills
(Cysique et al. 2011). Raw scores from individual tests were
converted to demographically adjusted 7 scores, which were
converted to global deficit scores, ranging from 0 (7 score >

39, no impairment) to 5 (7 scores <20, severe impairment)
(Carey et al. 2004). Global deficit scores greater than or equal
to 0.5 were used to classify NCI (Carey et al. 2004).

Psychiatric and substance use characteristics

In order to comprehensively consider the impact of psychiatric
characteristics on everyday functioning, we obtained current
(last 30 days) and lifetime (prior to the last 30 days) history of
major depressive disorder (MDD) and substance use disorders
in a subset of our sample (n=534) using structured inter-
views, which follow the criteria set by the Diagnostic and
Statistical Manual of Mental Disorders—Fourth Edition
(American Psychiatric Association 1994). The presence of a
“substance use disorder” was defined as meeting criteria for
either current (last 30 days) or lifetime abuse or dependence
for any of the following substances: alcohol, cannabis, meth-
amphetamine, opioids, cocaine, sedatives, and hallucinogens.
Current mood was assessed with the original or second ver-
sion of the Beck Depression Inventory (BDI), and we used
appropriate cut points to quantify degree of depressed mood
symptoms (Beck et al. 1961; Beck et al. 1996).

Statistical analyses

Statistical analyses were conducted using a JMP software
package (version 12.0.1). To examine the relationship be-
tween the VACS Index and functional outcomes, we initially
ran a series of analyses of variances (ANOVAs) on IADL
declines and PAOFI total scores, and a chi-square test on em-
ployment status by VACS Index group. Models that yielded
significant VACS Index group differences were followed by
pairwise comparisons with adjustments for multiple compari-
sons, using Tukey’s method. We then examined whether the
VACS Index and NCI were independently associated with
everyday functioning measures via a series of linear regres-
sion models on IADL declines and PAOFT total scores, and a
logistic regression model on employment status, with VACS
Index group and NCI as predictors. In order to investigate
whether demographic (i.e., age, gender, education,
race/ethnicity), HIV disease characteristics (i.e., nadir CD4+
count, ART status, months exposure to ART, AIDS status, and
duration of infection), or psychiatric comorbidities (i.e., life-
time and current major depressive and substance use disor-
ders, and current depressed mood symptoms) might account
for the impact of the VACS Index and NCI on functional
outcomes, we first examined the univariable association of
each of these covariates with the functional outcomes via a
series of independent sample ¢ tests, ANOVAs, Pearson cor-
relation coefficients, or chi-square tests, as appropriate.
Variables which were associated with the functional outcomes
at p <0.10 in univariable analyses were entered into a back-
ward stepwise regression model, along with the VACS Index
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and NCI. Backward model reduction was done based on
Akaike information criterion (AIC), which selects the best
set of predictors for a given outcome. Variables selected via
this method were included in the final models on IADL de-
clines, PAOFTI total scores, and employment status.

Results

Demographic factors, HIV disease characteristics,
and psychiatric conditions

Descriptive characteristics of the study cohort are listed in
Table 1. The cohort consisted of a majority of non-Hispanic
White males who were between 18 and 76 years of age and
had between 6 and 20 years of education. Over half of the par-
ticipants had AIDS and were on ART. Among those on ART,
about half had detectable plasma HIV RNA. Approximately
halfofthe samplereported alifetime history of major depressive
disorder, and nearly three quarters of the participants reported a
lifetime history of substance use disorder.

Association of the VACS index and NCI with functional
outcomes

Figure 1a, b shows means and standard errors on IADL de-
clines and PAOFT total scores, respectively, by VACS Index
group. Results from an ANOVA on IADL declines showed a
significant effect of VACS Index group, F' (2, 667)=26.71,
p<0.0001. Follow-up pairwise comparisons with Tukey’s
correction showed that the high VACS Index group reported
significantly more IADL declines compared to both the low
VACS Index group (Cohen’s d=0.68; p<0.0001) and the
medium VACS Index group (Cohen’s d=0.56; p<0.0001),
with no significant differences between the latter two groups
(Cohen’s d=0.15; p=0.30).

Results from an ANOVA on PAOFTI total score showed a
significant effect of the VACS Index, F (2, 667)=4.24, p=
0.02. Follow-up pairwise comparisons with Tukey’s correc-
tion showed that the high VACS Index group reported signif-
icantly higher PAOFTI total scores compared to both the low
VACS Index group (Cohen’s d=0.27; p=0.02) and the me-
dium VACS Index group (Cohen’s d = 0.23; p = 0.03), with no
significant differences between the latter two groups (Cohen’s
d=0.04; p=0.90).

Figure 1c shows percent of unemployed participants by
VACS Index group. Results from chi-square test showed sig-
nificant group differences, X2 =38.09, df=2, p<0.0001.
Follow-up analyses showed that there was a higher rate of
unemployment in the high VACS Index group compared to
the medium VACS Index group (OR =3.18, CI=1.92-5.51,
p<0.0001), which in turn was higher than in the low VACS
Index group (OR =1.53, CI=1.04-2.23, p=0.03). The high
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HIV disease characteristics

Current CD4" T cell count (median, [IQR])
On ART (%)

Plasma HIV RNA (% detectable)®
Months of exposure to ART (median, [IQR])
Nadir CD4" T cell count (median, [IQR])

Table 1 Descriptive characteristics of the study cohort (n = 670)
Variable Descriptive statistic
Demographics
Age (years, M [SD]) 42.7 (10.0)
Education (years, M [SD]) 13.52.5)
Sex (% male) 88.36
Ethnicity (%)
Non-Hispanic White 62.54
Non-Hispanic Black 18.36
Hispanic 13.73
Other 5.37

404 (190-605.3)
66.92

52.69

25.4 (1.1-80.4)
148 (24.8-300)

AIDS (% yes) 62.88
Duration of infection (years, median [IQR])° 94 (3.9-15.1)
Psychiatric characteristics (% yes)
Lifetime major depressive disorder® 50.57
Current major depressive disorder® 18.97
Lifetime substance use disorder® 70.10
Current substance use disorder? 13.65
Current mood symptoms (%)
Mild 29.53
Moderate 17.97
Severe 7.12
NCI (%) 38.36
VACS Index scores (median, [IQR]) 18 (10-34)
VACS Index group (%)°
Low 28.51
Medium 46.42
High 25.08
Everyday functioning outcomes
TIADL declines (median, [IQR]) 1(0-3)
PAOFI total score (median, [IQR]) 3.5 (1-10)
Unemployment (%) 71.60

ART antiretroviral therapy, /ADL instrumental activities of daily living,
NCI neurocognitive impairment, PAOFT Patient Assessment of Own
Functioning

?Percent detectable among those on ART
"n=607
‘n=534
4n=520

¢VACS Index group = VACS Index scores were grouped based on IQR;
low < 10, medium = 10-34, high >34

VACS Index group also had significantly higher rates of un-
employment than the low VACS Index group (OR =4.86,
CI=2.85-8.60, p<0.0001).
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Fig. 1 Means and standard errors of instrumental activities of daily living
(IADL) declines (a), cognitive failures in everyday life (b), and percent of
unemployment (c¢) by the Veterans Aging Cohort Study (VACS) Index
group. *p <0.05; **p <0.01; ***p <0.001

Results from separate regression models on IADL declines,
PAOFTI total scores, and unemployment, including the VACS
Index and NCI as sole predictors, showed significant indepen-
dent effects of VACS Index group and NCI (Table 2). The
high VACS Index group reported significantly more IADL
declines, perceived cognitive failures in daily life, and unem-
ployment than the low and medium VACS Index groups. The

medium VACS Index group also showed higher unemploy-
ment than the low VACS Index group, with no significant
group differences on other everyday functioning outcomes.
The presence of NCI was significantly and independently as-
sociated with more IADL declines and cognitive failures in
daily life, as well as higher unemployment.

We then examined whether covariates might account for
the impact of the VACS Index and NCI on everyday function-
ing outcomes. Covariates associated with IADL declines in
univariable analyses (at p <0.10) included lower education,
lower nadir CD4, AIDS status, increased current depressed
mood symptoms, and history of lifetime and current major
depressive disorder. These variables were entered into a step-
wise regression on IADL declines, which selected all of the
aforementioned covariates to be included in the final model,
except for AIDS status and current major depressive disorder.
Results from the final model (F [9, 430]1=19.19, p <0.001,
Adj R’ =0.28) showed that both the VACS Index (p < 0.001)
and NCI (p =0.02) continued to be independently associated
with IADL declines, as did most of the covariates (i.e., nadir
CD4, current depressed mood symptoms, and lifetime history
of major depression; ps < 0.01).

Covariates associated with PAOFI total scores in
univariable analyses (at p < 0.10) were older age, lower edu-
cation, lower nadir CD4, AIDS status, increased current de-
pressed mood symptoms, and history of lifetime and current
major depressive disorder and lifetime substance use disorder.
These variables were included in a stepwise regression on
PAOFI total scores, which selected all of these covariates ex-
cept for AIDS status and current major depressive disorder.
Results from the final model (' [11, 430]=24.24, p <0.001,
Adj R=0.37) showed that NCI (p =0.02) continued to be
independently associated with higher cognitive symptoms,
and the medium VACS Index group reported significantly
fewer cognitive symptoms than the high VACS Index group
(p = 0.03), with no other significant VACS Index group differ-
ences. The covariates that were independently associated with
cognitive failures in everyday life in this final analysis includ-
ed age, education, and current mood symptoms (p < 0.001).

Covariates associated with unemployment in univariable
analyses (at p <0.10) included older age, lower education,
lower nadir CD4, AIDS, ART status (on/off), duration of ex-
posure to ART, worse current mood symptoms, and lifetime
and current major depressive disorder. Stepwise regression
analyses assessing the association of the VACS Index and
NCI with unemployment selected age, education, AIDS sta-
tus, duration of exposure to ART, and current mood symptoms
to be included as covariates. Results from the final model
(X°[10]1=82.27, p<0.0001) showed that both the VACS
Index (p <0.01) and NCI (p = 0.02) continued to be indepen-
dently associated with unemployment, as was lower educa-
tion, AIDS status, and worse current depressed mood symp-
toms (ps<0.01).
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Table 2  Association of the VACS Index and NCI with functional outcomes (n = 670)

TADL declines® PAOFI total score” Unemployment®

Estimate (SE) P Estimate (SE) p OR (CI) P
Intercept 2.78 (0.20) - 6.67 (0.63) — - -
VACS Index [low]* —1.62 (0.25) <0.0001 —1.70 (0.77) 0.03 0.22 (0.12-0.38) <0.0001
VACS Index [medium]® —1.30(0.22) <0.0001 —1.42(0.69) 0.04 0.34 (0.19-0.56) <0.0001
NCI 0.75 (0.19) <0.0001 2.75 (0.58) <0.0001 2.04 (1.40-3.00) <0.001

#Overall model: F (3, 669)=23.44, p<0.0001, Adj R =0.09, pairwise comparisons; low VACS Index group (compared to medium), estimate = 0.32,

SE=0.23,p=0.31

® Overall model: (3,669)=10.39, p<0.0001, Adj R =0.04, pairwise comparisons; low VACS Index group (compared to medium), estimate = 0.28,

SE=0.67,p=091

¢ Overall model: X (3) =52.22, p <0.0001, pairwise comparisons; low VACS Index group (compared to medium), OR = 0.65 (0.44-0.96), p =0.03

4 Reference group = high VACS Index

Discussion

The VACS Index, a composite including age, HIV bio-
markers, and biomarkers of multi-organ system dysfunc-
tion, has been previously linked to dependence in IADLs
and ART nonadherence (John et al. 2016). Results from the
present study extend these prior findings to other functional
outcomes. Specifically, we found that higher VACS Index
scores were associated with increased cognitive symptoms
in everyday life and unemployment, in addition to more
declines in IADLs. Present findings also show that the pre-
viously found link between the VACS Index and IADLs
remained after considering the impact of NCI, a well-
established predictor of everyday functioning in HIV.
Furthermore, both the VACS Index and NCI were indepen-
dently associated with worse functional outcomes, even af-
ter adjusting for significant covariates, including demo-
graphics, HIV disease characteristics not included in the
VACS Index, and psychiatric comorbidities.

While higher VACS Index scores were associated with
worse everyday functioning in all domains of functional status
that were assessed (i.e., IADL declines, cognitive symptoms,
and unemployment), the most notable group differences were
found between participants with high VACS Index scores
compared to those with low and medium VACS Index scores.
This suggests that participants with VACS Index scores in the
uppermost quartile of our sample might be particularly vul-
nerable to everyday functioning problems. These results are
consistent with prior findings by our group, showing that high
VACS Index scores were most predictive of concurrent NCI
and neurocognitive decline (Marquine et al. 2014, 2016a).
Additionally, effect sizes on the association of the VACS
Index with IADL declines tended to be medium to large,
and participants in the high VACS Index group were three to
four times more likely to be unemployed than those in the low
and medium VACS Index groups, respectively. In contrast,
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effect sizes on the association of the VACS Index with the
perception of cognitive failures in everyday life were small
to medium and tended to be less notable than for the other
functional outcomes. These results indicate that the strength
of the association between the VACS Index and functional
outcomes might differ depending on the specific area of
functioning assessed.

tBoth the VACS Index and NCI were independent pre-
dictors of everyday functioning for all outcomes, suggesting
that the association between the VACS Index and everyday
functioning cannot be fully explained by NCI. This is nota-
ble in light of prior findings based on separate studies that
had found the VACS Index to be associated with NCI
(Marquine et al. 2014, 2016a) and functional outcomes
(John et al. 2016). These independent effects remained after
adjusting for significant covariates, indicating that the com-
bined effect of HIV disease burden and medical comorbid-
ities, and NCI are all important factors driving everyday
functioning problems in HIV.

In addition to the VACS Index and NCI, depressed mood
was also an independent predictor for all functional outcomes.
This is consistent with prior studies (Morgan et al. 2012;
Rabkin 2008; Rourke et al. 1999) and highlights the important
role that psychological factors might have on everyday func-
tioning. Given the cross-sectional design of the present study,
however, it might also be the case that increased difficulties in
everyday functioning might lead a person to become increas-
ingly depressed. Our cross-sectional data do not permit teas-
ing apart the relative onset of depression symptoms versus
declines in everyday functioning. Future research efforts to
investigate the temporal relationship between everyday func-
tioning outcomes and depression are warranted.

Historical HIV disease characteristics, such as nadir CD4
and AIDS, were also independent predictors for some of the
outcomes (i.e., nadir CD4 for IADL declines, and AIDS for
unemployment). This is also consistent with prior findings
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(Morgan et al. 2012) and underscores the importance of con-
sidering these historical HIV disease factors in addition to
current health status, when assessing functional outcomes in
HIV-infected persons.

The fact that NCI and certain demographics, historical
HIV disease characteristics, and psychiatric comorbidities
were independently associated with functional outcomes,
after accounting for the VACS Index, suggests that these
factors, which are not included in the VACS Index, might
improve its predictive utility for functional outcomes in
HIV. Furthermore, while not investigated in the present
study, the predictive accuracy of the VACS Index for
functional outcomes might improve with the addition of
biomarkers of inflammation. Several studies have found
that fibrin degradation product, D-dimer, adds to the ac-
curacy of the VACS Index for mortality (Justice et al.
2012; So-Armah et al. 2016). Perhaps the addition of oth-
er biomarkers of inflammation, monocyte activation, and
coagulation that are usually associated with neurocognitive
decline (e.g., blood levels of interleukin-6, soluble CD14)
could add to the VACS Index’s predictive accuracy of
neurocognitive and functional outcomes (So-Armah et al.
2016; Turchan et al. 2003).

Our study had several limitations. We had very few partic-
ipants who were over the age of 65 or female. Also, prior
findings showed that the association of the VACS Index with
NCI was weaker among Hispanics (Marquine et al. 2016b).
Because of the relatively small percent of Hispanics in the
present study, we were not able to investigate whether our
findings differed by ethnic group, and caution is warranted
when generalizing our findings to segments of the US HIV-
infected population that are not fully represented in the
present study. As noted above, we cannot infer causality
in the present study given its cross-sectional nature. An
important next step would be to examine the predictive
accuracy of the VACS Index for functional outcomes via a
longitudinal study design in a sample that includes a larger,
older, and more diverse sample, which includes a sizeable
number of women. It would also be important to assess
everyday functioning via other types of measures that
might augment participant’s self-report, such as the utiliza-
tion of informants’ report and of performance-based mea-
sures of everyday functioning.

Overall, we have extended initial evidence linking the
VACS Index to everyday functioning, an important patient
outcome in HIV. Given that the VACS Index uses regularly
collected biomarkers, it can be a useful tool for clinicians to
assess the degree to which HIV-infected patients might be at
high risk for everyday functioning problems. Considering
additional factors, such as NCI, historical HIV disease
characteristics, and current mood, might be particularly
helpful in determining functional status among HIV-
infected persons.
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