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Objective and subjective sleep measures are associated
with neurocognition in aging adults with and without HIV

Laura M. Campbella,b , Maulika Kohlia,b, Ellen E. Leeb,c,d, Christopher N.
Kaufmannc,e, Michael Higginsf, Jeremy D. Delgadillog, Robert K. Heatonb,
Mariana Chernerb, Ronald J. Ellisb,h, David J. Mooreb and Raeanne C. Mooreb

aSDSU/UC San Diego Joint Doctoral Program in Clinical Psychology, San Diego, CA, USA;
bDepartment of Psychiatry, University of California San Diego, San Diego, CA, USA; cVA San Diego
Healthcare System, San Diego, CA, USA; dSam and Rose Stein Institute for Research on Aging,
University of California San Diego, La Jolla, CA, USA; eDivision of Geriatrics and Gerontology,
Department of Medicine, University of California San Diego, La Jolla, CA, USA; fDepartment of Family
Medicine and Public Health, University of California San Diego, San Diego, CA, USA; gAdvancing
Diversity in Aging Research (ADAR) Program, San Diego State University, San Diego, CA, USA;
hDepartment of Neurosciences, University of California San Diego, San Diego, CA, USA

ABSTRACT
Objective: Poor sleep quality is related to worse neurocognition
in older adults and in people with HIV (PWH); however, many pre-
vious studies have relied only on self-report sleep questionnaires,
which are inconsistently correlated with objective sleep measures.
We examined relationships between objective and subjective
sleep quality and neurocognition in persons with and without
HIV, aged 50 and older. Method: Eighty-five adults (PWH n¼ 52,
HIV-negative n¼ 32) completed comprehensive neuropsycho-
logical testing to assess global and domain-specific neurocogni-
tion. Objective sleep quality was assessed with wrist actigraphy
(total sleep time, efficiency, sleep fragmentation) for five to 14
nights. Subjective sleep quality was assessed with the Pittsburgh
Sleep Quality Index. Results: Objective and subjective sleep meas-
ures were unrelated (p’s> 0.30). Compared to HIV-negative partic-
ipants, PWH had greater sleep efficiency (80% vs. 75%, p¼ 0.05)
and were more likely to be using prescription and/or over the
counter sleep medication (p¼ 0.04). In the whole sample, better
sleep efficiency (p< 0.01) and greater total sleep time (p¼ 0.05)
were associated with better learning. Less sleep fragmentation
was associated with better learning (p< 0.01) and recall (p¼ 0.04).
While PWH had slightly stronger relationships between total sleep
time and sleep fragmentation, it is not clear if these differences
are clinically meaningful. Better subjective sleep quality was asso-
ciated with better executive function (p< 0.01) and working
memory (p¼ 0.05); this relationship was primarily driven by the
HIV-negative group. Conclusions: Objective sleep quality was
associated with learning and recall whereas subjective sleep qual-
ity was associated with executive function and working memory.
Therefore, assessing objective and subjective sleep quality could
be clinically useful, as they are both related to important domains
of cognition frequently impacted in HIV-associated neurocognitive
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disorders as well as neurodegenerative disorders associated with
aging. Future studies should evaluate if behavioral sleep interven-
tions can improve neurocognition.

Introduction

The availability of combination antiretroviral therapy (cART) has greatly improved life
expectancy among persons with HIV (PWH) who have access to adequate health care
(Samji et al., 2013). Despite the beneficial effects of cART on controlling HIV viremia,
neurocognitive impairment remains prevalent among PWH, particularly in PWH aged
50 and older (Cherner et al., 2004; Makinson et al., 2019). However, recent studies
demonstrate that some PWH are able to achieve successful cognitive aging (i.e., gener-
ally defined as preserved cogntion and everyday functioning; Malaspina et al., 2011;
Moore et al., 2014, 2018). Therefore, as the population of older PWH continues to
grow, there is an important need to identify predictive markers of neurocognitive
impairment and investigate potentially modifiable health-related behaviors that may
promote successful cognitive aging among older PWH.

The prevalence of sleep disturbance is elevated in both PWH (58%; Wu et al., 2015)
and older HIV-negative adults (14–38%; Morin et al., 2006; Ohayon, 2002) in compari-
son to the general population (10%; Ram et al., 2010). In PWH, sleep disturbance is
hypothesized to be a multidetermined result of the neurotoxic cascade initiated by
HIV (e.g., inflammation), antiretroviral medications, and psychosocial variables (e.g.,
depression, stress; Allavena et al., 2016; Gallego et al., 2004; Vosvick et al., 2004; Wirth
et al., 2015). In the geriatric literature, studies suggest sleep quality decreases as a
result of normal aging and more profound sleep disturbances are associated with age-
related neurodegenerative disorders (e.g., Alzheimer’s disease; Crowley, 2011).
Alzheimer’s disease pathology (i.e., p-tau) has also been shown to target wake-
promoting neurons in the brain, which has been hypothesized to account for the
sleep-wake disruption seen in patients with Alzheimer’s disease (i.e., increased sleep
fragmentation, arousal deficiencies; Oh et al., 2019; Peter-Derex et al., 2015). Moreover,
it is hypothesized that sleep may promote cognition by supporting proper glymphatic
function to clear neurotoxins from the brain (Eugene & Masiak, 2015; Fultz et al.,
2019), and poor sleep may contribute to neurodegeneration through increased neuro-
inflammation and disrupted neurogenesis in the hippocampus (Yaffe et al., 2014).
Taken together, because HIV is associated with chronic neuroinflammation and accel-
erated brain aging (Wing, 2016), sleep may be particularly important as PWH age to
help preserve brain integrity and cognition.

Although there are increased rates of cognitive impairment and poor sleep quality
among PWH, the association between sleep quality and cognition in this population
remains relatively understudied. In a study of 36 adults with HIV on ART, Gamaldo
et al. (2013) found that some tests of attention, executive function, and motor speed
were associated with better sleep quality on polysomnography in PWH; however, sub-
jective sleep quality and actigraphy-based sleep indices were not significantly related
to cognitive functioning. In another study, researchers found that worse subjective
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sleep quality was associated with worse learning and delayed recall among PWH and
HIV-negative adults (Mahmood et al., 2018). Notably, this study has been the only
study thus far to compare PWH and HIV-negative adults, but only examined subjective
sleep quality. While these studies present somewhat variable results, they suggest that
sleep quality is associated with cognitive function among PWH and highlight the need
to better understand the relationships between sleep and cognition in this population.

In the cognitive aging literature, research findings on the relationship between
sleep and cognition are also somewhat heterogeneous but several studies have found
subjective and/or objective measures of sleep disturbance are related to worse cogni-
tive functioning and increased risk of cognitive impairment (Shi et al., 2018; Yaffe
et al., 2014). Given the increased rates of sleep disturbance in PWH and older adults,
sleep may be an important health behavior that can be modified in order to decrease
the risk of HIV-Associated Neurocognitive Disorders (HAND; Antinori et al., 2007) and/
or age-related cognitive decline.

Sleep quality is a complex construct to empirically evaluate. Currently, most
research utilizes self-report sleep questionnaires or polysomnography (current “gold
standard” assessment of sleep), which have limitations. Questionnaires rely on retro-
spective recall that can be highly variable and biased as a subjective report.
Polysomnography monitors sleep stages and cycles to identify disruptive sleep pat-
terns; however, polysomnography is typically captured in a controlled setting for one
to two nights, rather than in an individual’s regular sleep environment. With the
advancement of wearable digital technology, passive data collection methods have
the ability to capture objective sleep measures in real-time and in an individual’s nat-
ural sleeping environment for multiple days. Preliminary evidence optimistically sug-
gests wrist-worn actigraphy can be efficacious in assessing sleep variables about
which participants lack insight (e.g., wake after sleep onset; Lee & Suen, 2017). For
example, in a study aimed to understand specific sleep problems among adults with
HIV, participants who reported difficulty falling asleep and subjective sleep disturban-
ces had actigraphy and clinical measures comparable to those of the good sleepers
(Lee et al., 2012). Similarly, a study of HIV-negative adults aged 55 and older found
that perceived sleep quality, measured with the Pittsburgh Sleep Quality Index (PSQI),
was different from and did not correlate with objective sleep quality; the authors
hypothesize this may be in part due to the reliance on retrospective recall on subject-
ive measures which may be particularly difficult for older adults. Therefore, the authors
concluded that objective and subjective sleep quality measures tap different aspects
of sleep and both yield clinically meaningful data (Landry et al., 2015). Thus, imple-
menting both subjective and objective sleep measurement techniques in research
designs may provide additional insight into the differential patterns of sleep quality
among older persons living with and without HIV.

Given that PWH often experience poor sleep quality, sleep may be an important
modifiable health behavior to address in order to promote successful cognitive aging.
Thus, our primary study aim was to fill important gaps in the literature by examining
the relationships between neurocognition, subjective sleep quality, and objective sleep
quality, and explore if these relationships differ by HIV serostatus. We hypothesized
that both subjective and objective sleep quality would be associated with
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neurocognition; however, due to the mixed results in the literature described above,
we did not have a priori hypotheses about which specific cognitive domains would be
related to sleep quality. Our secondary aim was to characterize subjective and object-
ive sleep quality measures in middle-aged and older adults with and without HIV.

Materials and methods

Participants

Fifty-two PWH and 32 HIV-negative adults, aged 50–74 years, were included in this
cross-sectional, observational study. Participants were recruited from an existing sub-
ject pool at University of California San Diego’s (UCSD) HIV Neurobehavioral Research
Program (HNRP) and newly recruited from the community (e.g., community clinics,
flyers in the community, presentations at community organizations) between 2016
and 2018. If a participant was co-enrolled in another study at the HNRP and com-
pleted a comprehensive neuromedical and neurobehavioral visit for the co-enrolled
study within the past six months, their data from these visits were linked. The study’s
exclusion criteria were: serious mental illness (e.g., bipolar disorder, schizophrenia), his-
tory of a non-HIV neurological disorder (e.g., head injury with loss of consciousness
>30min, seizure disorder, stroke), persons not fluent in English, and estimated verbal
IQ < 70 as measured by the Wide-Range Achievement Test-4 Reading Subtest.
Additionally, participants were rescheduled if they had a positive alcohol breathalyzer
or urine toxicology (which screend for marijuana, cocaine, amphetamines, opiates, bar-
bituates, benzodiazepines, PCP; participants with prescription medications in these
drug classes were not considered to be “positive”) with the exception of marijuana,
given its long duration of detection. Participants with positive urine toxicology for
marijuana denied marijuana use on the day of testing, and participants that were posi-
tive for marijuana or prescription medications on the urine toxicology test gave no
evidence of intoxication during neuromedical or neuropsychological evaluations.
Participants were excluded from analyses if they had less than five days of actigraphy
sleep data (n¼ 2). The study was approved by the UCSD Institutional Review Board.
Additionally, all participants demonstrated decisional capacity (Jeste et al., 2007), pro-
vided written informed consent, and were compensated for their participation.

Measures and procedures

Neuropsychological evaluation
Participants completed the standard HNRP neuropsychological test battery that
assesses seven cognitive domains (i.e., verbal fluency, executive function, speed of
information processing, verbal and visual learning, delayed recall memory, attention/
working memory, and complex motor skills) commonly affected in HIV (Heaton et al.,
2010). Specific tests in each domain can be found in Table 1. Raw scores from the
neuropsychological tests are converted to practice-effect corrected, normalized scaled
scores and averaged per domain to get an overall domain scaled score (M¼ 10,
SD¼ 3; Cysique et al., 2011). Additionally, estimated premorbid IQ was measured using
the WRAT-4 Reading subtest.
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Objective sleep
Participants were asked to wear the ActiGraph GT9X Link device on their nondominant
wrist 24 h/day for the duration of a two-week study (range of sleep data: 5–15 nights),
except when the watch could get wet (e.g., bathing). The ActiGraph has been shown
to be able to distinguish between sleep and wakefulness when worn during sleep
(Cole et al., 1992), and the time windows were assessed for sleep versus wake states
on a minute-by-minute basis using a rolling window currently accepted as best prac-
tice (Cole et al., 1992; Sadeh et al., 1994). Participants were also asked to record in
daily written logs the time that they went to bed (i.e., tried to fall asleep) and the
time that they first awoke in order to estimate number of minutes in bed. A trained
research assistant matched the sleep and awake times reported by participants to the
objective data to ensure the objective data also suggested that participant was likely
asleep or trying to sleep. When sleep logs were missing, number of minutes in bed
(i.e., sleep onset and awake time) were manually determined from the objective data
by a trained research assistant using the detection methods detailed in Full et al.
(2018). The following variables were derived and used in analyses in this study: total
sleep time – number of minutes asleep derived from the Cole-Kripke algorithm; sleep
efficiency – total sleep time divided by number of minutes in bed; and sleep fragmen-
tation index – an index of restlessness during sleep (Knutson et al., 2011; Loewen
et al., 2009).

Subjective sleep (Pittsburgh Sleep Quality Index)
The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) is a widely-used, 19-item
measure that assesses self-reported sleep quality over the past month. The PSQI yields
seven component scores: daytime dysfunction, habitual sleep efficiency, subjective
sleep quality, sleep disturbances, sleep duration, sleep latency, and use of sleeping

Table 1. Neuropsychological battery by domain.
Verbal fluency Learning
Controlled Oral Word Association Test (FAS; Benton

et al., 1994)
Hopkins Verbal Learning Test-Revised (Total

Learning; Brandt & Benedict, 2001)
Category Fluency Test (“animals” and “actions”; Benton

et al., 1994)
Brief Visuospatial Memory Test-Revised (Total

Learning; Benedict, 1997)
Executive Function Recall
Wisconsin Card Sorting Test (Computerized 64-cards;

Kongs et al., 2000)
Hopkins Verbal Learning Test-Revised (Delayed

Recall; Brandt & Benedict, 2001)
Trail Making Test Part B (Army Individual Test

Battery, 1944)
Brief Visuospatial Memory Test-Revised (Delayed

Recall; Benedict, 1997)
Stroop Color and Word Test (Interference score; Golden

& Freshwater, 1978)
Working Memory

Speed of Information Processing
WAIS-III Letter-Number Sequencing (Psychological

Corporation, 1997)
WAIS-III Digit Symbol (Psychological Corporation, 1997) Paced Auditory Serial Addition Task (Gronwall, 1977)
WAIS-III Symbol Search (Psychological

Corporation, 1997)
Complex Motor Skills

Trail Making Test Part A (Army Individual Test
Battery, 1944)

Grooved Pegboard Test (Dominant and Non-
Dominant; Kløve, 1963)

Stroop Color and Word Test (color trial; Golden &
Freshwater, 1978)

Note: WAIS-III¼Weschler Adult Intelligence Scale – Third Edition.
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medications. Each component score is summed to create a global PSQI score ranging
from 0 to 21, with higher scores reflecting worse sleep quality.

Neuromedical & psychiatric assessment
All participants completed a standardized neuromedical and psychiatric assessment.
Medical comorbidities in Table 2 were determined by a combination of self-report
diagnosis or use of a medication for the condition. BMI was calculated from height
and weight measurements. Current and lifetime psychiatric and substance use diagno-
ses in Table 2 were assessed using the Composite International Diagnostic Interview
(CIDI; World Health Organization, 1997), which is a computer-assisted structured inter-
view. Participants also completed the Beck Depression Inventory-II (Beck et al., 1996)

Table 2. Participant characteristics by HIV serostatus (N¼ 84).
HIVþ (n¼ 52) HIV– (n¼ 32) t or v2 p

Demographic variables
Age (years), M (SD) 59.1 (6.3) 59.2 (6.7) –0.2 0.88
Male, n (%) 44 (84.6%) 18 (56.3%) 8.2 <0.01
Race/Ethnicity – – FET 0.56
Non-Hispanic White, n (%) 33 (63.4%) 21 (65.6%) – –
African American/Black, n (%) 13 (25.0%) 5 (15.6%) – –
Hispanic/Latino, n (%) 4 (7.7%) 5 (15.6%) – –
Other, n (%) 2 (3.9%) 1 (3.1%) – –

Education (years), M (SD) 14.2 (2.5) 14.8 (2.5) –1.1 0.26
Employed, n (%) 16 (31.4%) 11 (34.4%) 0.1 0.78
Household Incomea, n (%) – – FET 0.01
<$10,000 7 (14.0%) 3 (11.1%) – –
$10,000–$34,999 36 (72.0%) 11 (40.7%) – –
$35,000–$74,999 3 (6.0%) 6 (22.2%) – –
�$75,000 4 (8.0%) 7 (25.9%) – –

Medical comorbidities
Hyperlipidemia, n (%) 34 (65.4%) 15 (46.9%) 2.8 0.09
Hypertension, n (%) 33 (63.5%) 14 (43.8%) 3.1 0.08
Diabetes mellitus, n (%) 10 (19.2%) 9 (28.1%) 0.9 0.34
Hepatitis C, n (%) 16 (30.8%) 2 (6.3%) FET 0.01
BMIb, M (SD) 27.9 (5.9) 32.4 (8.9) –2.5 0.01
BMI >30b, n (%) 14 (26.9%) 15 (46.9%) 3.5 0.06
“At risk” for obstructive sleep apnea, n (%) 9 (17%) 9 (28%) 1.4 0.241

Psychiatric functioning
LT MDD, n (%) 37 (71.2%) 9 (28.1%) 14.8 <0.01
Current MDDb, n (%) 7 (13.5%) 1 (3.2%) FET 0.25
LT any substance use disorder, n (%) 37 (71.2%) 16 (50.0%) 3.8 0.06
LT alcohol use disorder, n (%) 27 (51.9%) 11 (34.4%) 2.5 0.12
LT cannabis use disorder, n (%) 21 (40.4%) 6 (18.8%) 4.3 0.04
LT methamphetamine use disorder, n (%) 18 (34.6%) 4 (12.5%) FET 0.04
Current substance use disorderb,c, n (%) 2 (3.9%) 1 (3.5%) FET 1.00
BDI-II, median [IQR] 7 [2, 11.75] 3 [0, 4.75] 8.8 <0.01
BAI, median [IQR] 4 [1, 10.75] 1 [0, 3.75] 11.4 <0.01

HIV Characteristics
AIDS, n (%) 34 (65.3%) – – –
Current CD4, median [IQR] 703 [577, 857] – – –
Nadir CD4, median [IQR] 148 [41, 300] – – –
Duration of HIV infection (years), median [IQR] 24.1 [18.4, 28.6] – – –
On ART, n (%) 49 (94.2%) – – –
Undetectable viral loadd, n (%) 47 (97.9%) – – –

Note: BMI¼ body mass index; FET¼ Fisher’s Exact Test; LT¼ lifetime; MDD¼major depressive disorder; BDI-II¼ Beck
Depression Inventory-II; BAI¼ Beck Anxiety Inventory; ART¼ antiretroviral therapy.
an¼ 77; bn¼ 83; cAll current substance use disorder was cannabis use disorder; dn¼ 48.
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and Beck Anxiety Inventory (Beck et al., 1988) to assess current depressive and anx-
iety symptoms.

Medications used to treat sleep. Participants were considered to be using sleep medi-
cations if they were prescribed a medication approved by the US Food and Drug
Administration for insomnia (i.e., butabarbital, doxepin, estazolam, eszopiclone, fluraze-
pam, quazepam, ramelteon, secobarbital, suvorexant, tasimelteon, temazepam, triazo-
lam, zaleplon, and zolpidem), or trazodone, or over-the-counter insomnia drugs (i.e.,
diphenhydramine, doxylamine, and melatonin). Because the center does not routinely
assess over-the-counter medications, participants were also considered to be using
sleep medications if they reported using “medicine to help you sleep” at least “once or
twice a week” or more on the PSQI.

Obstructive sleep apnea (OSA) risk composite. A diagnosis of OSA or OSA risk was not
formally assessed in this study. However, given that OSA is associated with worse cog-
nition (Bucks et al., 2013), we attempted to account for OSA risk by creating an “at-
risk” for OSA group based on known risk factors (i.e., BMI and hypertension; Young
et al., 2004). Participants were dichotomized into an “at-risk” and “low risk” group and
were classified as at-risk if they had both hypertension and a BMI greater than or
equal to 30 kg/m2.

HIV disease characteristics. The following were collected via self-report: AIDS diagno-
sis, antiretroviral therapy regimen, estimated duration of infection, and nadir CD4
count (unless current CD4 count was lower than reported nadir value). Viral load
detectability (>50 copies/mL) and current CD4 count were measured in blood plasma.
In all participants, HIV serostatus was confirmed with HIV/HCV antibody point-of-care
rapid test and confirmatory Western blot analyses.

Statistical analyses

In order to characterize the study sample, analyses examining HIV serostatus group
differences on participant characteristics, sleep quality, and neurocognitive perform-
ance were assessed via Chi-Square, Fisher’s exact tests, and t-tests (or non-parametric
equivalent), as appropriate. The relationship between objective sleep variables and
subjective sleep quality (i.e., PSQI) were examined using Pearson correlations, and the
relationship between anxiety and depression and sleep variables were examined using
Spearman correlations.

Multivariable linear regression analyses were performed to examine whether object-
ive and subjective sleep variables were associated with cognition. In order to adjust
for known demographic influences on sleep and/or cognition, age, sex, years of educa-
tion, and race/ethnicity (i.e., non-Hispanic White or other – African American, Hispanic/
Latino, Asian, Native American) were included in the model. Unadjusted scaled scores
(i.e., not adjusted for demographic variables) were used as the outcome variables, as
demographics were included as covariates in the overall models. HIV serostatus, OSA
risk, and use of sleep medications were included as covariates in the objective sleep
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analyses. Subjective sleep analyses included all covariates except for use of sleep med-
ications as this is factored into total PSQI score. Subjective and objective sleep meas-
ures did not differ between those that were employed versus unemployed/retired
(p’s> 0.30), and, in paired t-tests, objective sleep measures did not differ by weekday
versus weekend days (i.e., Friday and Saturday nights; p’s> 0.50); therefore, employ-
ment status and proportion of weekend days were not included as covariates. For
analyses that included the entire sample, we report which findings survive after adjust-
ing for multiple comparisons using Bonferroni correction (0.05/4 sleep measures ¼
0.0125) in Table 3. Given the power limitations imposed by our modest sample size,
we examined cognitive domains that were significantly related to sleep in the entire
sample stratified by HIV serostatus. All analyses were conducted in JMP version 14.0.0
(SAS Institute, 2018).

Results

Sample characteristics

Demographic and clinical characteristics of the sample are presented in Table 2. PWH
and HIV-negative groups were fairly similar on demographic variables with the excep-
tion of sex (84.6% males in PWH group vs. 56.3% males in HIV-negative group). PWH
were more likely to have hepatitis C (p¼ 0.01) and lifetime Major Depressive Disorder
(p< 0.01), and were somewhat more likely to have a lifetime substance use disorder

Table 3. Sleep and cognitive variables by HIV serostatus (N¼ 84).
HIVþ (n¼ 52) HIV– (n¼ 32) t or v2 p Effect size

Objective sleep variables
Number of days of sleep data, M (SD) 12.3 (2.2) 12.3 (2.4) 0.2 0.854 g¼ 0.02
Efficiency, M (SD) 79.5% (9.2) 75.1% (10.3) 2.0 0.048 g¼ 0.45
<85% Efficiency, n (%) 40 (77%) 25 (78%) 0.0 0.898 u¼ 0.01
Objective Total Sleep Time (hours), M (SD) 5.9 (1.4) 5.6 (1.1) 1.0 0.336 g¼ 0.23
<7 h Total Sleep Time, n (%) 42 (81%) 25 (78%) 0.1 0.770 u¼ 0.03
>9 h Total Sleep Time, n (%) 1 (2%) 0 (0%) FET 0.999 –
Sleep Fragmentation Index, M (SD) 35.0 (11.9) 39.5 (13.0) 1.6 0.116 g¼ 0.36

Subjective Sleep Variables
PSQI Totala, M (SD) 8.0 (4.0) 6.2 (3.2) 2.2 0.033 g¼ 0.48
PSQI Total excluding use of sleep medicationsa, M (SD) 6.8 (3.4) 5.6 (2.8) 1.7 0.094 g¼ 0.37
>5 PSQI Totala, n (%) 36 (71%) 19 (59%) 1.3 0.246 u¼ 0.12
Subjective Total Sleep Timea, M (SD) 6.9 (1.4) 6.8 (1.2) 0.4 0.704 g¼ 0.07
Using sleep medications, n (%) 23 (44%) 7 (22%) 4.3 0.038 u¼ 0.23

Cognitive functioning
Global SS, M (SD) 8.7 (2.0) 9.4 (1.9) 1.5 0.144 g¼ 0.35
Verbal SS, M (SD) 10.5 (2.6) 11.4 (2.9) 1.4 0.170 g¼ 0.33
Executive function SS, M (SD) 8.5 (2.5) 9.0 (2.3) 0.9 0.356 g¼ 0.20
SIP SS, M (SD) 9.3 (2.3) 10.3 (2.6) 1.8 0.083 g¼ 0.41
Learning SS, M (SD) 6.9 (2.7) 7.5 (2.7) 1.0 0.315 g¼ 0.22
Memory SS, M (SD) 7.0 (2.5) 7.8 (2.6) 1.3 0.191 g¼ 0.31
Working memory SS, M (SD) 10.0 (2.8) 10.1 (2.9) 0.2 0.858 g¼ 0.03
Motor SS, M (SD) 7.5 (2.7) 8.0 (2.4) 0.8 0.432 g¼ 0.19
Premorbid IQ (WRAT) , M (SD) 103 (14) 106 (16) 0.9 0.394 g¼ 0.20

Note: FET¼ Fischer’s Exact Test; PSQI¼ Pittsburgh Sleep Quality Index; SS¼ scaled score; SIP¼ speed of information
processing; WRAT¼Wide Range Achievement Test – Reading Subtest. Effect size: g ¼ Hedge’s g (0.2¼ small,
0.5¼medium, 0.8¼ large), u ¼ phi coefficient (0.1¼ small, 0.3¼medium, 0.5¼ large).
an¼ 83.
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(p¼ 0.06). PWH had greater current levels of depressed mood (i.e., Beck Depression
Inventory-II; p< 0.01) and anxiety (i.e., Beck Anxiety Inventory; p< 0.01); however, aver-
age depression and anxiety scores for both groups were in the “minimal” range. The
HIV-negative group had a greater body mass index (BMI; p¼ 0.01) than PWH. The two
groups did not significantly differ on cognitive functioning or premorbid IQ, although
effect sizes in some domains favored the HIV-negative group (e.g., global, speed of
information processing, memory; see Table 3). With regard to HIV disease characteris-
tics, PWH in this study had high rates of ART use (94.2%) and undetectable viral load
(97.9%). Of note, analyses were re-run excluding the three PWH not on ART, and the
results did not differ significantly.

Sleep quality by HIV serostatus

Sleep quality characteristics and cognitive functioning are presented in Table 3. PWH
had a slightly greater average sleep efficiency (PWH: 79.5%, HIV-negative: 75.1%;
p¼ 0.05). In follow-up analyses, after covarying for use of sleep medications, OSA risk,
and sex, the HIV effect was somewhat attenuated and no longer significant (B¼ 3.1%,
p¼ 0.20). Additionally, PWH were more likely to use sleep medications (PWH: 44%,
HIV-negative: 22%; p¼ 0.04). PWH had a higher mean PSQI total score (PWH: 8.0, HIV-
negative: 6.2, p¼ 0.03); however, this difference was somewhat attenuated when
removing the sleep medication component from the PSQI (PWH: 6.8, HIV-negative: 5.6,
p¼ 0.09). The two groups did not differ on any other sleep variables. Both groups had
high rates of poor sleep quality as indicated by <85% efficiency (PWH: 77%; HIV-nega-
tive: 78%), <7 h of sleep (PWH: 81%, HIV-negative: 78%), and a score >5 of the PSQI
(PWH: 71%, HIV-negative: 59%).

Correlations between objective and subjective sleep quality

None of the objective sleep measures (i.e., efficiency, total sleep time, or sleep frag-
mentation index) were significantly correlated with the total PSQI score (p’s > 0.30).
However, subjective total sleep time reported on the PSQI was strongly correlated
with objective total sleep time (r¼ 0.66, p< 0.01), but subjective total sleep time
(M¼ 6.8 h) was approximately an hour greater than objective total sleep time
(M¼ 5.8 h). Anxiety and depression were also positively correlated with the PSQI
(q¼ 0.52, p< 0.01; q¼ 0.33, p< 0.01), whereas only sleep fragmentation index was sig-
nificantly negatively correlated with anxiety (q ¼ �0.26, p¼ 0.02). All objective sleep
measures were correlated with one another (p’s < 0.01). See Table 4 for correlation
coefficients for the entire sample and by HIV serostatus.

Sleep and cognition in the overall sample

In the overall sample, greater efficiency (b¼ 0.28, p¼ 0.009) and greater total sleep
time (b¼ 0.21, p¼ 0.051) were associated with better learning. Lower sleep fragmenta-
tion index scores also were associated with better learning (b ¼ �0.30, p¼ 0.003) and
recall (b ¼ �0.20, p¼ 0.035). Additionally, lower subjective PSQI scores were
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associated with better executive function (b ¼ �0.28, p¼ 0.006) and working memory
(b ¼ �0.21, p¼ 0.047). See Table 5 for model estimates and see Figure 1 for signifi-
cant findings.

Stratified analyses

When stratifying the objective sleep analyses by HIV serostatus, with consequent
reduction in statistical power, the relationship between sleep efficiency and learning
was similar for the PWH and HIV-negative groups (PWH: b¼ 0.27, p¼ 0.062; HIV-nega-
tive: b¼ 0.30, p¼ 0.153). The relationship between total sleep time and learning was
slightly greater in PWH (b¼ 0.24, p¼ 0.091) than in the HIV-negative group (b¼ 0.13,
p¼ 0.507). The relationships between the sleep fragmentation index and learning and
memory were slightly greater in PWH (learning: b ¼ �0.36, p¼ 0.008; recall: b ¼
�0.27, p¼ 0.019) than the HIV-negative group (learning: b ¼ �0.22, p¼ 0.250; recall: b
¼ �0.10, p¼ 0.609).

When stratifying the subjective sleep analyses, the PSQI total score was not signifi-
cantly related to executive function (b ¼ �0.18, p¼ 0.151) or working memory (b ¼
�0.22, p¼ 0.126) in PWH. Better PSQI scores were significantly associated with better
global cognitive functioning (b ¼ �0.42, p¼ 0.014), executive function (b ¼ �0.58,
p¼ 0.001), and working memory (b ¼ �0.35, p¼ 0.047) in the HIV-negative group. See
Table 6 for stratified model estimates.

Table 4. Correlations between objective and subjective sleep measures.
Efficiency Objective TST SFI PSQI total score Subjective TST BDI-II BAI

All participants (N¼ 84)
Efficiency 1
Objective TST 0.56�� 1
SFI –0.84�� –0.46�� 1
PSQI Total 0.04 –0.10 –0.10 1
Subjective TST 0.14 0.66�� –0.09 –0.49�� 1
BDI-II 0.16 0.13 –0.14 0.52�� 0.00 1
BAI 0.17 0.03 –0.26� 0.33�� –0.04 0.52�� 1

HIVþ (n¼ 52)
Efficiency 1
TST 0.55�� 1
SFI –0.82�� –0.43�� 1
PSQI Total 0.11 –0.09 –0.14 1
Subjective TST 0.15 0.67�� –0.11 –0.47�� 1
BDI-II 0.16 0.08 –0.17 0.52�� –0.07 1
BAI 0.11 –0.03 –0.26 0.28� 0.00 0.56�� 1

HIV- (n¼32)
Efficiency 1
Objective TST 0.58�� 1
SFI –0.87�� –0.50�� 1
PSQI Total –0.22 –0.18 0.08 1
Subjective TST 0.11 0.66�� –0.02 –0.62�� 1
BDI-II –0.06 0.14 0.06 0.32 0.06 1
BAI 0.15 0.20 –0.20 0.24 0.00 0.20 1

Note: Pearson correlations were used for sleep variables, Spearman correlations for anxiety and depression and sleep
variables. Objective TST¼Actigraphy Total Sleep Time; Subjective TST¼ PSQI Total Sleep Time; SFI¼ sleep fragmen-
tation index; PSQI¼ Pittsburgh Sleep Quality Index; BDI-II¼ Beck Depression Inventory-II; BAI¼ Beck
Anxiety Inventory.�p< 0.05; ��p< 0.01.
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Discussion

Sleep and cognition, individually, have been widely researched in PWH; however, the
associations between measures of both objective and subjective sleep quality and
cognitive functioning have still been relatively unexplored, particularly in older PWH.
Overall, in this sample of middle-aged and older PWH with well-controlled HIV and
demographically-similar HIV-negative comparison participants, we found both groups
had high rates of poor objective and subjective sleep quality. However, subjective
and objective sleep quality in PWH in this study was similar to other studies of
middle-aged PWH (Gamaldo et al., 2013; Lee et al. 2012). Additionally, other studies
of middle-aged HIV-negative adults report fairly similar findings (with the exception of
efficiency, which was somewhat worse in this group; Gamaldo et al., 2013; Jurado-
Fasoli et al., 2018; Rana et al., 2018). Interestingly, PWH had significantly better object-
ive sleep efficiency; however, this was a difference of 5%, which may not be clinically

Table 5. Linear regressions to examine the relationship between sleep and neurocognitive func-
tioning in middle-aged and older adults with and without HIV (N¼ 84).
Domain (Scaled Scores) Estimate SE 95% CI Std. estimate T p-value

Efficiency
Global 0.021 0.021 [�0.021, 0.062] 0.103 0.99 0.324
Verbal �0.002 0.034 [�0.070, 0.066] �0.008 �0.06 0.949
Executive function 0.015 0.026 [�0.037, 0.066] 0.060 0.56 0.574
SIP 0.013 0.027 [�0.042, 0.068] 0.053 0.48 0.635
Learning 0.079 0.030 [0.020, 0.138] 0.283 2.65 0.009�
Recall 0.051 0.027 [�0.003, 0.104] 0.193 1.89 0.063
Working memory 0.003 0.033 [�0.062, 0.067] 0.009 0.08 0.936
Motor 0.015 0.031 [�0.048, 0.077] 0.056 0.47 0.638

Total sleep time (hours)
Global 0.201 0.150 [�0.098, 0.499] 0.132 1.34 0.184
Verbal 0.010 0.246 [�0.481, 0.501] 0.005 0.04 0.969
Executive function 0.208 0.187 [�0.164, 0.580] 0.112 1.12 0.268
SIP 0.176 0.198 [�0.218, 0.570] 0.093 0.89 0.376
Learning 0.436 0.220 [�0.001, 0.873] 0.207 1.99 0.051
Recall 0.312 0.196 [�0.078, 0.702] 0.157 1.60 0.115
Working memory 0.244 0.233 [�0.220, 0.709] 0.111 1.05 0.298
Motor 0.207 0.227 [�0.246, 0.659] 0.103 0.91 0.365

Sleep fragmentation index
Global �0.017 0.015 [�0.048, 0.013] �0.110 �1.14 0.260
Verbal 0.000 0.025 [�0.050, 0.050] 0.002 0.02 0.986
Executive function �0.017 0.019 [�0.055, 0.021] �0.090 �0.91 0.365
SIP �0.012 0.020 [�0.052, 0.029] �0.059 �0.58 0.567
Learning �0.067 0.022 [�0.110, �0.024] �0.304 �3.09 0.003�
Recall �0.042 0.020 [�0.081, �0.003] �0.204 �2.15 0.035
Working memory �0.001 0.024 [�0.048, 0.047] �0.002 �0.02 0.983
Motor �0.004 0.023 [�0.050, 0.042] �0.019 �0.17 0.867

PSQI score
Global �0.067 0.051 [�0.169, 0.034] �0.130 �1.32 0.191
Verbal �0.094 0.085 [�0.264, 0.075] �0.129 �1.11 0.271
Executive function �0.175 0.062 [�0.298, �0.052] �0.278 �2.84 0.006�
SIP �0.055 0.067 [�0.189, 0.079] �0.085 �0.82 0.415
Learning �0.033 0.077 [�0.186, 0.120] �0.045 �0.43 0.669
Recall 0.028 0.067 [�0.105, 0.161] 0.041 0.41 0.680
Working memory �0.158 0.078 [�0.313, �0.002] �0.211 �2.02 0.047
Motor 0.042 0.078 [�0.114, 0.198] 0.061 0.53 0.596

Note: Objective sleep quality models include HIV status, age, sex, race/ethnicity, education, use of sleep medications
and obstructive sleep apnea risk composite. Subjective sleep quality models include HIV status, age, sex, race/ethni-
city, education, and obstructive sleep apnea risk composite.
CI¼ Confidence Interval; SIP¼ speed of information processing; PSQI¼ Pittsburgh Sleep Quality Index.�Denotes that finding is significant after correcting for multiple comparisons (Bonferroni correction; 0.05/4¼ 0.0125).
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meaningful, and the effect was somewhat attenuated (i.e., 3.1%) when accounting for
OSA risk, use of sleep medications, and sex. Additionally, PWH were more likely to be
taking sleep medication. This may suggest that PWH in this study are more engaged
in medical care or that their doctors were more likely to ask about sleep problems
and prescribe medications to treat insomnia. PWH reported slightly worse subjective
sleep quality, which may also be contributing to use of sleep medications. Moreover,
while high rates of poor subjective sleep quality have been reported in PWH, not all
studies in the post-cART era find that PWH have greater rates of poor sleep quality
compared to their HIV-negative peers (Crum-Cianflone et al., 2012).

The results from this study demonstrate both objective and subjective sleep quality
were associated with cognitive function in the total sample; however, objective and
subjective sleep quality were associated with different cognitive domains. Objectively-
measured average sleep quality, assessed using wrist actigraphy, were associated with
learning, and average sleep fragmentation was associated with recall. When stratifying
analyses, average total sleep time and average sleep fragmentation were slightly more
strongly associated with learning and recall in PWH. Future studies with more power
to detect differences by HIV serostatus are warranted in order to determine if this is a
clinically meaningful difference. The association between sleep and learning is consist-
ent with the Mahmood et al. (2018) study, which found poor subjective sleep quality
was associated with learning in a somewhat younger group of PWH. Additionally,
studies in older adult samples have found that objectively-measured efficiency and
fragmentation, but not the subjective PSQI score, are associated with worse learning
and memory (Cabanel et al., 2020; Cavuoto et al., 2016). The aging literature also

Figure 1. Significant relationships between sleep quality and cognition by HIV status. Note.
Standardized beta coefficients and p-values in figures are presented for the overall sample and
then by HIV serostatus. Regression lines are adjusted for covariates. HIVþ n ¼ 52; HIV- n ¼ 32 SS
¼ Scaled score; PSQI ¼ Pittsburgh Sleep Quality IndexLCLaura Campbell.
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suggests that long total sleep time may be worse for cognition than short total sleep
time (Devore et al., 2016); however, our study had only one person with longer sleep
time (i.e., >9 h), so long versus short sleep time could not be evaluated. Nevertheless,
the observed sleep-learning association is additionally consistent with a proposed
mechanism of the sleep-cognition relationships in aging adults, as poor sleep is
hypothesized to be associated with neurodegenerative conditions and impaired neuro-
genesis in hippocampal areas (Yaffe et al., 2014).

Subjective sleep quality, measured with the PSQI, was positively associated with
executive function and working memory. When stratifying analyses, it appeared this
association was driven by the HIV-negative group. In the HIV literature, Gamaldo et al.
(2013) did not find any significant associations between the PSQI and results on
objective neuropsychological testing. Conversely, Mahmood et al. (2018) found that
subjective sleep was associated with learning and memory; however, they assessed
sleep using a different self-report instrument (i.e., the SATED). In older adults, some
research has found that worse PSQI total scores are associated with worse executive
function and working memory; however, other studies have not observed this relation-
ship or have found that PSQI scores are related to other cognitive domains (Brewster
et al., 2015). Structural neuroimaging research has found that poor sleep quality is
linked with brain regions associated with executive function (i.e., prefrontal cortex and

Table 6. Linear regressions to examine the relationship between sleep and neurocognitive func-
tioning by HIV serostatus.

HIVþ (n¼ 52) HIV– (n¼ 32)

Domain (Scaled Scores) Estimate Std. Estimate p-value Estimate Std. Estimate p-value

Efficiency
Global 0.009 0.042 0.752 0.039 0.202 0.315
Executive function 0.006 0.021 0.869 0.049 0.220 0.319
Learning 0.079 0.266 0.062 0.079 0.295 0.153
Recall 0.061 0.220 0.071 0.034 0.131 0.535
Working memory –0.018 –0.060 0.680 0.020 0.069 0.732

Total sleep time (hours)
Global 0.174 0.124 0.336 0.483 0.277 0.142
Executive function 0.147 0.083 0.501 0.733 0.357 0.081
Learning 0.465 0.237 0.091 0.323 0.132 0.507
Recall 0.418 0.229 0.054 –0.027 –0.011 0.955
Working memory 0.153 0.076 0.592 0.523 0.200 0.292

Sleep fragmentation index
Global –0.014 –0.086 0.498 –0.015 –0.101 0.581
Executive function –0.021 –0.101 0.399 –0.019 –0.107 0.593
Learning –0.082 –0.356 0.008 –0.045 –0.215 0.250
Recall –0.058 –0.272 0.019 –0.020 –0.097 0.609
Working memory –0.002 –0.010 0.942 0.016 0.072 0.694

PSQI score
Global –0.031 –0.062 0.635 –0.245 –0.415 0.014
Executive function –0.112 –0.180 0.151 –0.402 –0.578 0.001
Learning 0.027 0.038 0.790 –0.248 –0.299 0.092
Recall 0.073 0.112 0.362 –0.176 –0.232 0.208
Working memory –0.155 –0.215 0.126 –0.303 –0.347 0.047

Note: Objective sleep quality models include age, sex, race/ethnicity, education, use of sleep medications and
obstructive sleep apnea risk composite. Subjective sleep quality models include age, sex, race/ethnicity, education,
and obstructive sleep apnea risk composite.
PSQI¼ Pittsburgh Sleep Quality Index.
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orbitofrontal cortex; Joo et al., 2013). Other studies of older adults and PWH suggest
that the PSQI may be influenced by depression and anxiety (Buysse et al., 2008;
Fekete et al., 2018; Potvin et al., 2014); therefore, greater anxiety and depression symp-
toms in PWH may be confounding the relationship between the PSQI and cognition in
older PWH. Nonetheless, subjective sleep quality remains an important health behavior
to assess as it may be associated with cognition, but more research is needed to
understand how negative affect may modify this relationship among older PWH.

We found that, in both groups, the objective sleep quality measures were not cor-
related to the total PSQI subjective sleep quality score. This is not surprising given
that the PSQI is a screening assessment that queries about a wide range of sleep
behaviors (e.g., daytime dysfunction, use of sleep medications) not assessed by object-
ive sleep quality methods. Additionally, these findings are in line with other studies in
older adults and PWH that have found PSQI scores are not related to objective sleep
measures (Buysse et al., 1991; Byun et al., 2016). However, objective total sleep time
measured via actigraphy and subjective total sleep time on the PSQI were strongly cor-
related, although self-reported total sleep time was approximately an hour greater
than what was collected using wrist actigraphy. This is also unsurprising given that
other studies have reported that poor sleepers are more likely to overestimate their
total sleep time (Van Den Berg et al., 2008). These findings underscore the importance
of assessing both objective and subjective sleep quality.

Several limitations should be considered when interpreting the results. First, while
this study was conducted over a period of two weeks, this study is considered cross-
sectional so we cannot assess causality. Longitudinal studies are needed to examine if
sleep is associated with long-term cognitive changes, and studies that assess daily
fluctuations using ecological momentary assessment are needed to examine how
sleep is associated with daily fluctuations in cognition. Second, while we attempted to
account for obstructive sleep apnea risk, we did not formally assess obstructive sleep
apnea. Although obstructive sleep apnea is an important consideration in sleep
research, it is difficult to account for because it is underdiagnosed (Young et al., 2002).
Therefore, future studies may consider incorporating sleep apnea assessments via pol-
ysomnography or obstructive sleep apnea screening questionnaires. Similarly, while
we attempted to account for use of sleep medications, many sleep medications are
prescribed for other conditions. For example, Trazadone’s main indication is for
depression but is commonly used for insomnia on an off-label basis. Future studies
should further assess indications for medication use as well as consider off-label indi-
cations. Third, the objective sleep assessment took place after the neuropsychological
testing and PSQI administration. While the objective sleep measures should be inter-
preted as average sleep quality, the difference in time frame could somewhat account
for the relative lack of correlation between objective and subjective sleep quality
measures. Fourth, while we accounted for demographic factors, due to limited sample
size we were not able to examine if the relationship between sleep and cognition dif-
fers by demographic factors (e.g., sex, race/ethnicity). Future studies should explore
how the association between cognition and sleep may differ by sociodemographic fac-
tors. Lastly, due to the limited research on cognition and sleep in older PWH, we
decided to look at each cognitive domain which resulted in several analyses. When
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correcting for multiple comparisons, not all results remained significant. However, the
overall pattern in which objective sleep measures were associated with learning and
subjective sleep was associated with executive functioning remained. Nevertheless,
future studies with larger samples that utilize conservative statistical approaches
should be conducted. Despite these limitations, this study is one of the first to examine
neurocognitive function and both subjective and objective sleep quality in older persons
with and without HIV and provides important and clinically useful information.

Overall, these findings highlight that sleep quality is an important health behavior to
assess in persons with and without HIV when evaluating cognition as it is related to differ-
ent cognitive domains, but domains that are commonly affected in HIV and aging.
Furthermore, both subjective and objective sleep quality should both be examined as
each provide different clinically-useful information. Sleep quality is of particular interest to
investigate as a potentially modifiable health behavior within the context of cognitive
impairment and neurodegenerative diseases, given that cognitive impairment is difficult
to treat, but there are behavioral interventions that have been shown to improve sleep
quality (Buchanan et al., 2018; Okajima et al., 2011). Some research has shown that treat-
ment of sleep apnea using a CPAP machine has improved cognitive functioning (Canessa
et al., 2011; Ferini-Strambi et al., 2003). Moreover, treatment of insomnia (i.e., Cognitive
Behavioral Therapy for Insomnia) and sleep apnea have been shown to improve quality
of life in the general population (Diamanti et al., 2013; Espie et al., 2019). These behavioral
interventions may be particularly helpful given that many sleep medications (i.e., benzo-
diazepines and z-drugs) have been associated with negative cognitive (e.g., memory loss)
and psychomotor events (e.g., falls) in older adults (Glass et al., 2005). Therefore, behav-
ioral interventions targeting sleep quality are needed to examine if improving sleep qual-
ity can help promote successful cognitive aging outcomes in older PWH.
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