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Abstract

Higher levels of physical activity (PA) have been linked to better neurocognitive functioning in
many populations. The current study examines the longitudinal association between PA and
neurocognitive functioning among HIV-infected and HIV-uninfected persons. Community-
dwelling adults (N=291) self-reported level of PA and completed a comprehensive
neuropsychological battery at two to four study visits (Mean follow-up time=2.6 years).
Participants were divided into three PA groups: "No PA" (no PA at any visit), "Consistent PA" (PA
at >=50% of visits), and "Inconsistent PA" (PA <50% of visits). A mixed effect model, adjusting
for significant covariates showed that all PA groups had statistically significant, yet modest,
neurocognitive decline over time; and, the Consistent PA group began with, and maintained,
significantly better neurocognitive function compared to the other two PA groups. This effect was
evident among both HIV-uninfected and HIV-infected persons, despite the fact that HIV-infected
persons showed lower baseline neurocognitive function. PA is a modifiable lifestyle behavior that
may help to protect against neurocognitive impairment regardless of HIV status, however, given
the proportion of HIV-infected individuals who evidence neurocognitive difficulties, a focus on
increasing PA seems warranted.
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Resumen

La actividad fisica (AF) ha sido asociada con un mejor funcionamiento neurocognitivo en varios
grupos. Este estudio examind la asociacion longitudinal entre la AF y el funcionamiento
neurocognitivo en personas con y sin infeccion del VIH. Adultos viviendo en la comunidad
(N=291) proporcionaron informacidn acerca de sus niveles de AF y completaron una bateria
neuropsicoldgica exhaustiva. Los participantes completaron entre dos y cuatro visitas relacionadas
con el estudio (tiempo de seguimiento promedio = 2,6 afios) y fueron divididos en tres grupos de
AF: “Ninguna AF” (Ninguna AF durante todas las visitas del estudio), “AF Consistente” (AF
durante 50% o mas de las visitas del estudio), y “AF Inconsistente” (AF durante menos del 50%
de las visitas del estudio). Un modelo estadistico mixto, ajustando por el efecto de variables
externas, indic6 que hubo una reduccion estadisticamente significativa, pero poco pronunciada, en
el funcionamiento neurocognitivo en todos los grupos. Ademas, el grupo con AF Consistente
demostré un mejor funcionamiento neurocognitivo en comparacion con los otros dos grupos de
AF al comienzo del estudio, el cual se mantuvo durante el seguimiento. A pesar de que las
personas con VIH demostraron un funcionamiento neurocognitivo mas bajo al comienzo del
estudio que las personas sin VIH, el efecto de AF fue demostrado en los dos grupos. Es importante
recalcar que la AF es un factor de vida modificable que podria proteger contra los dafios
neurocognitivos independientemente de si las personas tienen o no VIH. Dada la proporcion de
personas con VIH que demuestran problemas neurocognitivos relacionados con esta enfermedad,
sera importante enfocar los esfuerzos investigativos en desarrollar formas de incrementar la AF en
este grupo de personas.

Keywords

HIV/AIDS; cognition; physical activity; exercise; neurocognitive impairment; HI\-associated
neurocognitive disorders

Introduction

Antiretroviral therapy (ART) has improved a number of health outcomes and extended the
lifespan of individuals infected with human immunodeficiency virus (1, 2). Yet, HIV-
associated neurocognitive impairment (NCI) continues to be prevalent, with approximately
half of community-dwelling HIV-infected adults experiencing NCI (3). Although the most
severe form of HIV-associated neurocognitive disorders (HAND), HIV-associated dementia
(HAD), is on the decline, there is evidence that the milder forms of HAND have increased in
prevalence (3). Even mild NCI can lead to problems with everyday functioning, including
medication adherence, driving, and financial management (4-7). Moreover, HIV infection
and aging may have additive or synergistic negative effects on the central nervous system
(CNS), leading to increased rates of NCI among older HIV-infected cohorts (8, 9). Thus, as
the population of HIV-infected adults lives longer, the need to address the longer-term
impact of NCI is increasing. Identifying modifiable lifestyle factors that may protect
neurocognition across the lifespan may inform development of prevention and intervention
methods for this population.
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One promising lifestyle factor that may prevent NCI and improve the integrity of the CNS is
physical activity (PA). The long-term benefits of PA on neurocognitive outcomes among
HIV-uninfected older adults are well established (10-12). Epidemiological studies have
indicated that midlife PA is associated with a lower risk of neurocognitive decline and
dementia later in life (13, 14). Moreover, PA intervention trials have consistently shown
improved cognitive function in older HIV-uninfected adults who participate in aerobic
activity as compared to control groups (10, 15-20). Although the mechanisms by which PA
affects neurocognition are not yet completely elucidated, research has suggested direct
effects on the CNS, such as increased gray and white matter volume (10, 16, 18, 21),
changes in functional brain activity and strengthening of brain connections (22-27), and
increases in cerebral perfusion (15, 28-31) and neurotrophic factors (32, 33) that support
angiogenesis and neuroplasticity. Indirect effects via the reduction of comorbidities (e.g.,
diabetes, hypertension) may also contribute to the decreased risk of cognitive decline (34,
35).

The relatively limited research on PA and cognition among those living with HIV is
consistent with what has been shown among HIV-uninfected adults; higher levels of PA are
associated with decreased concurrent risk for NCI (36-38). Moreover, work by our group
among older adults living with HIV has shown that active lifestyles (including PA) are
associated with better cognition and that PA is associated with better cognition and everyday
functioning among older adults living with HIV (39, 40). Neuroimaging work has recently
revealed that those who are physically active, as opposed to sedentary, have better executive
functioning scores, and executive functioning was significantly associated with larger
putamen volumes in adjusted models (40, 41). Despite this growing research, we are
unaware of any longitudinal studies that explore the relationship between cognition and PA
among those living with HIV and such studies are necessary to ascertain directionality and
to determine if PA modifies neurocognitive trajectories over time in this vulnerable
population. Additionally, no studies to date have compared the neurocognitive benefits of PA
among those with HIV as compared to those without HIV.

The primary objective of the current study was to examine the association between self-
reported PA and objectively measured neurocognitive change in a large and diverse cohort of
HIV-infected and HIV-uninfected persons. We hypothesized that both HIV-infected and
HIV-uninfected participants who reported PA would show decreased risk for neurocognitive
decline. We were also interested in examining whether the association between PA and
neurocognitive decline was comparable between HIV-infected and HIV-uninfected persons
given the increased risk for NCI in HIV.

Methods

Participants

The present study examined 235 HIV-infected and 56 HIV-uninfected community-dwelling
adults recruited by the HIV Neurobehavioral Research Program (HNRP) for various cohort
studies described elsewhere (42—44). Inclusion criteria for present analyses included having
at least two visits with data for both self-reported PA and global neurocognition. Forty-nine
participants had two visits, 42 had three visits, and 200 had four visits. All visits were
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between 5 months and 53 months from the prior visit with median follow-up time between
visits of 10.9 (5.1, 36.3) months in the HIV-uninfected group and 12.0 (5, 52.8) months in
the HIV-infected group. This is consistent with the annual visit structure for most of the
studies from which these data were gathered. Median follow-up time over the full study
period for the overall sample was 35 (24, 36) months. A participant’s earliest visit with both
primary data points of interest was considered the baseline assessment for this study and was
used to compare demographic variables between groups. Data from the total 1061 visits
were used for analysis.

After providing informed consent, participants underwent comprehensive neurocognitive,
neuromedical and psychiatric evaluations at baseline and follow-up visits.

Neurocognitive Function

Neurocognition was assessed via a well-validated standardized neurocognitive test battery
that covers seven cognitive domains commonly affected by HIV (3). The domains and tests
included Verbal Fluency, Working Memory, Speed of Information Processing, Learning,
Recall, Executive Function, and Motor Function (45). Due to the repeated
neuropsychological testing of participants, we used published norms for change to compute
practice-adjusted scaled scores for each neuropsychological test (45). Practice-adjusted
scaled scores for individual tests were averaged to compute domain and global practice-
adjusted scaled scores.

Physical Activity

Physical activity (PA) was assessed via a staff-administered questionnaire developed by the
HNRP to give an estimate of the recent metabolic rate of participants. Participants were
asked to estimate time spent in PA in the last 72 hours. More specifically, this was defined as
any PA in which the heart beats rapidly. A list of examples was given (i.e., running, jogging,
lifting heavy weights, aerobics, hockey, football, soccer, squash, basketball, cross country,
judo, roller blading/skating, vigorous swimming, vigorous long distance bicycling). We have
chosen the term PA here to be more consistent with the general literature on this topic. All
participants completed this measure at baseline and at least one follow-up visit. Due to the
skewed distribution of the time spent in PA variable, for each study visit we dichotomized
this variable into whether a participant reported any PA or not. This is consistent with the
methodology previously used by our group using this measure (36). We then divided
participants into three groups based on their responses across study visits. The “No PA”
group, consisted of those who reported no PA across all study visits. The “Consistent PA”
group, consisted of those who reported PA at more than half of their study visits. The
“Inconsistent PA” group consisted of those who reported PA at some visits but less than half
of the visits.

HIV Disease Characteristics

Current CD4+ count and plasma HIV viral load was determined from blood specimens taken
at each visit. Plasma HIV viral loads were deemed “undetectable” below 50 copies/mL.
Nadir CD4+ count was self-reported unless a study lab value was found to be lower.
Hepatitis C co-infection was determined by antibody testing, Viral RNA, or prior diagnosis
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(n=22). AIDS diagnosis was made using CDC classification of 3 or C (46). Duration of HIVV
infection, ART use, and months exposed to ART were self-reported by participants to a
member of the neuromedical team.

Psychiatric Characteristics and Physical Health Status

Current mood state was evaluated using the Beck Depression Inventory-11 (BDI-II; (47).
Substance use disorders (i.e., alcohol, amphetamine, cannabis, cocaine, hallucinogen,
inhalant, sedative, opioid, PCP) and lifetime and current major depressive disorders were
assessed through the computer-assisted Composite International Diagnostic Interview
(CIDI), version 2.1 (48). Current and lifetime substance use disorder included any diagnosis
of substance abuse and/or substance dependence to the substances listed above by DSM-IV
criteria. Self-reported physical functioning and mental functioning were evaluated using the
physical health summary (PHS) and mental health summary (MHS) scores, (49) derived
from the Medical Outcomes Study HIV health Survey (50). Body Mass Index (BMI) was
calculated using height and weight.

Statistical Analysis

To evaluate the association between PA and neurocognitive change by HIV status we
conducted a series of mixed effect linear models on global and domain neurocognitive scale
scores, with subject specific random intercepts and slopes in our overall sample. Mixed-
effects models were used for these data to accommodate for within subject correlations that
naturally occur in longitudinal studies. The mixed effect linear models on global and domain
neurocognitive scores in the overall sample included terms for (1) HIV status; (2) PA group
(i.e. “No PA”, “Consistent PA”, and “Inconsistent PA™); (3) time; (4) the two-way
interactions between PA group and time, HIV status and time, and HIV status and PA group;
(5) the three-way interaction among HIV status, PA and time; and (6) adjustments for
demographic characteristics (age at baseline, education, gender, ethnicity) and significant
covariates. To create a more parsimonious model, non-significant interaction terms were
subsequently removed.

In order to identify significant covariates to be included in these mixed effect models we first
considered psychiatric, substance use, and medical comorbidities that were associated with
global scaled scores at p < 0.10 level and differed at the p < 0.10 level between PA groups
and HIV status groups. We ran independent samples chi-square (or Fisher’s exact) tests for
baseline covariates (lifetime substance use and major depression diagnoses, and Hepatitis C
infection), and linear and logistic mixed effects models for time-dependent covariates (BDI-
Il total score, current major substance use and major depression diagnoses, MHS, PHS, and
BMI). Covariates that differed by PA groups or HIV status in these univariable analyses and
that also showed univariable association with changes in scaled scores (p < 0.10) were
included in a mixed effect linear model on global neurocognitive scaled scores along with
terms for HIV status, PA group, time, and demographic characteristics (age at baseline,
education, gender, ethnicity). We then removed non-significant covariates in a systematic
backward selection with significance level a = 0.05.
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We also examined the association of PA to global and domain neurocognitive change within
our HIV-infected group adjusting for the effect of significant HIV-disease characteristics
following a similar methodology as presented above. The main multivariable model included
terms for (1) PA group; (2) time; (3) the interaction between PA group and time; and (4)
adjustments for demographic characteristics (age at baseline, education, gender, ethnicity)
and significant covariates. In subsequent analyses we removed any non-significant
interaction terms.

Covariates examined within the HIV-infected group included similar psychiatric, substance
use and medical comorbidities as in the overall sample, along with HIV-disease
characteristics that were significantly associated (p< 0.10) with either global neurocognitive
change or PA group among HIV-infected participants. HIV-disease characteristics were
considered for inclusion based on their baseline values (i.e., duration of HIV infection,
AIDS, nadir CD4, ART status, duration ART) or as time-dependent covariates (CD4 cell
count, plasma and CSF RNA).

All multivariable models are based on the subset of participants that had available data for
all the covariates that were considered for inclusion in multivariable analyses.

Baseline Sample Characteristics by HIV status

Table 1 shows demographic, substance use, psychiatric and physical health characteristics of
participants with and without HIV infection at the baseline visit, as well as HIV disease
characteristics of the HIV-infected group. The HIV-infected group was comprised of a
higher percentage of ethnic/racial minorities; had higher scores on a measure of current
depressed mood; a higher proportion of persons with a history of major depression, self-
reported physical and mental functioning; a lower proportion of persons with Hepatitis-C
infection; and lower BMI.

Time in Physical Activity

For visits with reported PA in the last 72 hours, the Consistent PA group reported spending
an average of 178 (190) minutes in PA and the Inconsistent PA group reported spending 185
(207) minutes (F=0.10, df=1, 269, p=0.75).

Physical Activity and Neurocognitive Change by HIV Status

Analyses aimed at identifying significant baseline and time-dependent covariates that might
impact the association between PA and neurocognitive change by HIV status showed that
Hepatitis C (¢=—-3.59, df= 731, p<0.001), physical health score (¢= 1.66, df= 498, p=0.10),
and current substance diagnosis (#= 1.68, df= 708, p=0.09) were associated with global
neurocognition. Of these covariates, Hepatitis C (X2 =16.4, df=1, p<0.001) and physical
health score (£= —-3.40, df= 498, p<0.001) were significantly associated with HIV status and
Hepatitis C with PA group (XZ = 6.7, df= 2, p=0.04). None of these variables, however,
remained significant when entered in a model of global neurocognition along with
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demographic characteristics, HIV status, PA and time, and thus were not included in
subsequent multivariable models.

Results from the multivariable model examining the association between PA and global
neurocognitive change by HIV status including terms for HIV status, PA group, time and
their interaction, along with adjustments for demographics showed no significant
interactions (ps>0.45; see Figures 1a and 1b). Thus, interaction terms were removed from
the model. These results revealed a main effect of time, PA group, and HIV, indicating that
neurocognitive function declined significantly over time in all groups. The Consistent PA
group had significantly better neurocognitive function than both the No PA (Estimate = 1.28,
SE=0.33, t=3.83, df= 492, p<0.001) and the Inconsistent PA groups (Estimate = 1.19, SE
=0.34, t=3.50, df=492, p<0.001), with no significant differences between the latter two
(Estimate = -0.08, SE=0.27, t=-0.31, df= 492, p=0.76). The HIV-infected group had
worse neurocognitive function across time than the HIV-uninfected group (Estimate = —1.24,
SE=0.40, t=-3.05, df= 492, p=0.002).

Comparable analyses by cognitive domain also showed no significant interactions and thus
these terms were removed from the final models. In five of seven neurocognitive domains
(\erbal Fluency, Working Memory, Speed of Information Processing, Executive Function,
and Motor Function), the Consistent PA group showed significantly less neurocognitive
decline than the No PA Group. Effect sizes between the three PA groups derived from these
analyses are shown in Figure 2.

Physical Activity and Neurocognitive Change among HIV-infected Participants

Univariable analyses of baseline and time-dependent covariates (i.e., psychiatric, physical
and HIV disease characteristics) showed detectable HIV plasma viral load (X2 =6.1, df=2,
p=0.05) and Hepatitis C co-infection (XZ =5.8, df=2, p=0.05) were associated with PA, and
detectable HIV CSF viral load was associated with global neurocognition (¢= -2.09, df=
298, p=0.04). Only detectable HIV CSF viral load remained significant in a multivariable
model that also included terms for demographics, PA group and time, and thus HIV CSF
viral load was included in subsequent models.

The multivariable model examining the association between PA group and global
neurocognitive change within the HIV-infected group included terms for PA group, time and
their interaction, along with adjustment for demographic characteristics and significant
covariates. This model showed no significant PA X time interaction (XZ =2.03, df=2,
p=0.36), and thus the interaction term was removed from the model. The final model is
presented in Table 2 and yielded a similar pattern of findings to those in the overall group.
Namely, global neurocognitive function declined over time in all PA groups, and the
Consistent PA group showed better global neurocognitive function across time than both the
No PA (£3.88, df=252, p<0.001) and the Inconsistent PA groups (£2.85, df=252, p<0.01),
with no significant differences between the latter two (£1.19, df=252, p=0.24).

Comparable models by neurocognitive domain showed results consistent with those on
global neurocognition in most domains except for Learning, Recall, and Motor function,
which were not significant. Again, we saw performance declined over time with Consistent
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PA being significantly associated with higher scaled scores in comparison with the other two
PA groups (all ps<0.05).
Discussion

The present study demonstrates that HIV-infected and HIV-uninfected persons who
consistently engage in PA maintain better neurocognitive function over time than those who
participate in PA inconsistently or do not engage in PA. This finding is consistent with
previous research documenting that inconsistent or no PA is associated with concurrent risk
for NCI in HIV-infected adults (36, 37). As would be expected, HIV-infected persons had
worse neurocognitive function overall. Yet, the strength of the association between PA and
neurocognitive decline was comparable among HIV-infected and HIV-uninfected persons,
even after adjusting for a number of potential confounds including differences in
demographic characteristics, and physical and mental health status. Moreover, the
relationship between PA and cognition was not better explained by these factors or HIV
disease characteristics when examining the HIV-infected individuals alone. The cognitive
domains that demonstrated a similar relationship between PA and cognition included Verbal
Fluency, Working Memory, Speed of Information Processing, Executive Function, and
Motor function, whereas Recall and Learning were not significantly associated with PA.
Additionally, we did not find a significant difference in rate of decline among the PA groups.

The association of PA to global and domain neurocognitive functioning did not differ by
HIV status. This is particularly encouraging given results from prior intervention studies in
HIV-uninfected persons that show that PA can improve neurocognition. Participants who
reported consistent PA over time had significantly better neurocognitive functioning as
compared to those who did not, but we did not find a significant difference between our
Inconsistent PA group and our No PA group. The nature of our PA variable only allowed for
self-reported examination of time engaged in rather vigorous PA (mostly identified as
traditional “exercise” or sporting activities) in the past 72 hours. The variable did not take
into account duration of a given PA session or which specific type of PA the participant
engaged in. Furthermore, this variable may also have missed relatively strenuous PA that
may occur in the context of the individual’s life (e.g., walking to work, construction as a
job). These limitations of our measure may be one reason why we were not able to observe
differences between the Inconsistent and No PA groups.

Although participants who were consistently physical active began with and maintained
better neurocognitive function, rates of decline were similar across PA groups. One possible
explanation for this finding is that we did not intervene on PA behavior. Our available data
do not allow ascertainment of when participants began their PA practices; thus, the major
benefit of PA may have occurred prior to the study time period. Additionally, participants
may have begun, altered or ended PA during the study, obscuring the relationship between
time and PA. Further longitudinal observational studies and intervention studies are needed,
along with longer follow-up periods and objective measurement of PA (e.g., using a
pedometer or accelerometer), in order to better examine the effect of PA on neurocognitive
trajectories over time. Specifically, if there were a dose response relationship that may
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thwart decline, this level of PA could be prescribed. This dose may be higher or even lower
than current CDC guidelines for PA.

PA may benefit neurocognition through both indirect and direct impacts on the CNS. The
indirect benefit of PA on the brain may be via reduced neurocognitive risk factors, such as
diabetes, high blood pressure and hyperlipidemia (51). Studies have shown that aerobic PA
can improve body composition, reduce waist circumference and weight, and improve lipid
levels in those with HIV infection (52), which are risk factors for NCI in HIV-infected adults
(53). The cognitive domains of Speed of Information Processing and Executive Function are
linked to metabolic and cerebrovascular disease (20), both of which are also risk factors for
neurodegeneration and cognitive decline (54). Many of the cognitive domains for which we
found an association with consistent PA are mediated by frontal and subcortical brain
systems that are commonly affected in HIV and by cerebrovascular disease (55, 56). Thus,
the indirect effects that PA exerts on cerebrovascular and metabolic risk factors may help to
explain our current findings (35).

PA also has direct impacts on the brain, as studies have shown that PA reduces oxidative
stress and inflammatory markers, and increases neurogenesis, angiogenesis, and
synaptogenesis in the brain (57, 58). The directionality between PA and neurocognition
remains unclear as it might be the case that participants with better neurocognitive function
are better able to adhere to a specific PA regimen. As suggested above, randomized control
trials examining the effect of PA on neurocognitive function in HIV-infected adults are
needed and warranted given the large effect sizes observed among HIV-uninfected
populations (59).

Our study was limited by the use of self-report to measure PA. Self-reported data are subject
to bias; however, self-report of PA captures some behaviors that may not be identified by
accelerometry (60). Seventy-two hours is a short period to assess PA; yet, the validity of this
period of recall is similar to that of self-report measure of PA over longer recall periods (61).
Our questionnaire was short and did not specify the daily frequency or duration, and the
quantity of PA in various categories (e.g., leisure vs. work-related PA). Although we were
able to report recent PA behavior over several visits, we are unable to assess when PA habits
were started and/or suspended. Our decision to divide our sample into three groups
(Consistent PA, No PA, and Inconsistent PA) based on the report of PA across visits was
done to simplify interpretation of our findings. We considered other groupings, but decided
on the presented approach as it appeared to best encapsulate the groups of people who
showed a consistent pattern of behavior across visits (Consistent PA and No PA), while also
depicting data of a less clear third group. Interestingly, we found that the inconsistent PA
group performed similarly to the No PA group, lending support to the notion that consistent
PA may be to key in maintaining health benefits (62, 63). Finally, it is important to note
neurocognitive functioning declined in both HIVV+ and HIV- groups, but this decline was
very small. On average, the change in cognition over the entire study period (up to 5 years)
was predicted to be approximately 0.42 SS. Considering that SS have a mean of 10 and
standard deviation of 3, a change in 0.42 SS may be of little clinical significance as it
represents less than a quarter of a standard deviation. This degree of change is expected
given that our analyses used scaled scores that are not corrected for age and it is well
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accepted that most neurocognitive abilities show some small decline with age. While our
models adjusted for age at baseline, the impact of advancing age over the study period on
cognition was not accounted for.

It is also important to note that the HIV-uninfected adults who participated in this study had
a significantly higher rate of Hepatitis C infection than even our HIV-infected group;
therefore, our results may not generalize to the larger HIV-uninfected population. The
strength of this study includes the assessment of a large, well-characterized cohort and the
extensive and well-validated neurocognitive battery over time.

In addition, we did not address the important issue of nutrition in this survey. Cross-behavior
regulation studies show that individuals who exercise consistently report better compliance
with healthy diet practices (64). Adults living with HIV are also reported to have poor diet
quality, including higher fat consumption and lower fiber intake compared to HIV-
uninfected adults (65, 66). Greater central obesity, a key factor modulated by diet, is
associated with a higher rate of NCI in HIV-infected individuals (53) Substantial evidence
indicates that diet interventions, such as the well-known Mediterranean diet, may slow
cognitive decline over time or lead to cognitive improvement in domains such as working
memory and executive function (67). Therefore, subsequent work in this field should
optimally examine both PA and diet effects on neurocognition in HIV-infected cohorts.

Future studies would benefit from the use of objective measurements of PA, such as
pedometers, accelerometers, or supervised PA, to assess which types, intensity, and
frequency of PA yield the most neurocognitive benefit over time. With the longitudinal
design of our study we are able to start making stronger inferences about the potential
directionality of findings; yet, the observational nature of the study pre-empts more definite
conclusions. PA intervention studies would be best suited to make a more direct assessment
of the relationship between time and the neurocognitive benefits of PA. Additional research
is also needed to understand the complex underlying neural mechanisms whereby PA may
protect or improve neurocognitive function in the HIV-infected population. We owe it to
persons living with HIV infection to more definitively be able to say what dose may be
needed in order to thwart neurocognitive decline and the specific ways that PA may
ameliorate neurocognitive impairment and decline.

Individuals, both with and without HIV infection, who consistently reported PA maintained
higher neurocognitive functioning over time. These results suggest that PA may represent a
modifiable lifestyle factor that promotes positive neurocognitive outcomes in the HIV-
infected population, which represents a group at increased risk for neurocognitive problems.
In our study the relationship between PA and neurocognition was similar between HIV-
uninfected and HIV-infected participants, which is promising because of extensive research
showing that PA enhances cognition in HIV-uninfected adults. PA inventions trials in HIV-
infected persons are needed to identify and promote the optimal neuroprotective PA regimen
for this population.
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Figurel.
aand b. Mixed-effect linear model examining the longitudinal relationship between

neurocognitive change (i.e., practice adjusted global scaled scores) and PA group (No PA,
Consistent PA, Inconsistent PA) by HIV status. The HIV-uninfected group (Figure 1a)
demonstrated better overall neurocognitive function than the HIV-infected group (Figure
1b), and there were no significant differences in neurocognitive change over time between
the PA groups as evidenced by similar slopes across PA groups. PA=Physical Activity.
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Figure 2.
Effect sizes, measured by Cohen’s d, for estimating group differences in mean practice-

adjusted scaled scores for the entire sample. Values were obtained from multivariable mixed-
effect linear models examining the longitudinal relationship between neurocognitive change
and PA group (No PA, Consistent PA, Inconsistent PA). PA=Physical Activity.
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Table 1
Cohort characteristics by HIV status (N=291)
Variable HIV Serostatus
HIV-infected HIV-uninfected Test Statistics
(n=235) (n=56) p

Demogr aphics
Age (years) 49.2 (9.8) 51.6 (9.4) =-1.69, 0f=289  0.09
Education (years) 13.1(3.1) 13.8 (2.9) £=-1.55, 0289 0.12
Male 73% 63% X2=2~02' arl 0.15
Ethnicity X?=7.24, df=2 0.03

White 59% T7%

Black 20% 7%

Other 21% 16%
Psychiatric Characteristics
Beck Depression Inventory-11 8.5 (3.0-15.0) 4.0(1.0-9.3) =241, d=288 0.02
Lifetime Substance Use 66% 66% x%=0, df=1 >0.99
Disorder
Current Substance Use 4% 0% FET 0.22
Disorder
Lifetime Major Depressive 58% 38% x2=6.97, df=1 <0.01
Disorder
Current Major Depressive 8% 2% FET 0.14
Disorder
Mental Health Summary Score  51.9 (43.1-58.4) 60.8 (54.6-63.4) =-5.63, <0.01

ar=32.2

Physical Health
Characteristics
Physical Health Summary 50.7 (39.0-57.6) 585 (53.7-61.9) £-5.77, <0.01
Score dr=43.1
Body Mass Index 25.7(23.2-28.8) 28.0(24.9-31.2) £-2.30, d278 0.02
Hepatitis-C Infection 23% 52% x2=16.4, df=1 <0.01
HIV Disease Characteristics
Duration of Infection (years) 14.9 (9.9-19.1)
Nadir CD4 Count 158 (50-259) --- --- -—-
Current CD4 Count 542 (368-794)
Detectable Plasma Viral Load  27%
AIDS Diagnosis 63%
ART Prescribed 85%
Months Exposed to ART 87.8 (40-141) x2=0.32, df=2 0.85

Physical activity
Consistent
Inconsistent
None

Neurocognition
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Variable HIV Serostatus

HIV-infected HIV-uninfected Test Statistics
(n=235) (n=56) p

Global Scaled Score 9.4 (7.8-10.8) 10.2 (8.8-11.6) £=-2.66, d=289 <0.01

Notes. Mean (SD), Median (IQR), or % reported. ART = antiretroviral therapy. FET = Fisher’s exact test.

Missing Demographic data. Beck Depression Inventory-I1: 0.3%, Lifetime and Current Substance Use Disorder: 1%, Lifetime and Current Major
Depressive Disorder: 1%, Mental and Physical Health Summary Score: 26.1%, Body Mass Index: 3.8%, Duration of Infection: 0.9%, Nadir CD4:
0.4%, Current CD4: 2.6%, Detectable Plasma Viral Load: 5.5%, AIDS: 0.9%, ART Prescribed: 0.9%, Months Exposed to ART: 2.1%.
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Table 2

Mixed-effect linear model examining change in neurocognitive function by physical activity (PA) group and
demographic and HIV disease-related covariates among the HIV sample (/7=118)

Term Estimate (SE) T statistic p

(df = 254)
Age -0.07(0.02)  -3.96 <0.001
Education 0.23 (0.06) 3.80 <0.001
Gender (female) 1.33(0.39) 3.42 <0.001
Race/Ethnicity (white)  0.57 (0.27) -1.99 0.048
Detectable CSF RNA -0.40 (0.16) -2.55 0.01
PA group?

Consistent 1.78 (0.46) 3.88 <0.001
Inconsistent 0.42 (0.35) 1.19 0.24
Time (+ 30 days) -0.01(0.002) -3.21 <0.001

Note.

aReference group = No Physical Activity.
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