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1 | INTRODUCTION

Disparities in late-life cognitive health by race and ethnicity status
are well documented, with most research showing that non-Hispanic
Black and Hispanic older adults have higher risk of Alzheimer’s disease
and related dementias (ADRD) than non-Hispanic White and Asian
older adults.’~® Socioeconomic and health-related inequalities result-
ing from interlocking historical and contemporary systems of racial
discrimination, such as education, psychosocial stressors, and cardio-
vascular diseases drive these disparities, but proximal mechanisms for
the inequities remain unexplained.?* Evaluating factors that could be
modified in old age, such as sleep quality and apnea, may offer avenues
to reduce dementia disparities in the short term.

Sleep is a modifiable factor that plausibly influences late-life cogni-
tive functioning and disparities by race and ethnicity. Sleep problems,
including poor sleep quality and obstructive sleep apnea, are especially
common among older adults, with ~ 20% reporting poor sleep qual-
ity and > 50% reporting obstructive sleep apnea.”~” Prior research
has documented heterogeneity in sleep quality and apnea across dif-
ferent races and ethnicities.8 For example, compared to White older
adults, Black, Latino, and Asian American older adults have higher

prevalence of sleep apnea syndrome.®-11 Moreover, Black older adults

to White participants.

not in executive function. Poorer sleep quality was associated with lower levels of and
faster decline in executive function but not in verbal episodic memory. Race/ethnicity
modified these associations: compared to estimated effects among White participants,
poorer global sleep quality ([?S,eep*t,me = —0.02, 95% Cl, —0.02, —0.01) was associated
with larger effects on decline in executive function among Black participants. Esti-
mated effects of some individual sleep quality components were also modified by
race/ethnicity; for example, sleep medication use was associated with faster declines
in executive function (Bs,eep*time = —0.05, 95% Cl, —0.07, —0.03) and verbal episodic
memory 35,65,,1,-,,,6 = —0.04, 95% Cl, —0.07, —0.02) among Black participants compared

DISCUSSION: Observational evidence indicates sleep quality is a promising target for
addressing racial/ethnic disparities in cognitive aging, especially among Black older

cognitive decline, cognitive function, race, sleep apnea, sleep quality

* Sleep apnea risk was associated with faster declines in verbal episodic memory but
not executive function among all participants.

* Global sleep quality was associated with lower levels of and faster decline in
executive function but not verbal episodic memory among all participants.

* Black older adults were particularly susceptible to the estimated adverse cognitive

impacts of global sleep quality, particularly the use of sleep medication.

report shorter sleep duration, poorer sleep quality, and more daytime
sleepiness than White older adults.? Given the heterogeneity in sleep
quality and apnea by racial and ethnic identity, the impact of sleep on
cognitive function and decline may also differ by these factors. Nev-
ertheless, limited research has investigated race differences in the
associations of sleep quality and apnea with cognitive function.

Using a racially and ethnically diverse cohort, this study aimed to
investigate the associations of sleep quality and sleep apnea risk with
cognitive function and decline and to examine the heterogeneity in
these associations by race and ethnicity. We hypothesized that higher
risk of sleep apnea and poorer sleep quality are associated with lower
levels of and greater decline in executive function and verbal episodic
memory scores and that these associations are stronger among Black,
Latino, and Asian older adults than among White older adults.

2 | METHODS
2.1 | Data

The Kaiser Healthy Aging and Diverse Life Experiences (KHAN-

DLE) study is a prospective cohort of community-dwelling older adults
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residing in the San Francisco Bay and Sacramento areas of California.*?
Individuals eligible for KHANDLE were long-term Kaiser Permanente
Northern California (KPNC) members; age > 65 years on January 1,
2017; spoke English or Spanish; and had previously participated in
Kaiser Permanente multiphasic health checkup (MHC) exams between
1964 and 1985. Participants were ineligible for enrollment if they
had: (1) an electronic medical record diagnosis of dementia or other
neurodegenerative diseases, (2) health conditions that would impede
participation in study interviews in the past 12 months, or (3) a history
of severe chronic obstructive pulmonary disease or congestive heart
failure hospitalizations in the past 6 months at the time of their
baseline interview.

The KHANDLE study enrolled 1712 older participants, but our anal-
yses were restricted to 1690 persons with measures of executive
function and verbal episodic memory at baseline. Of these participants,
293 were lost to follow-up at wave 2, and 127 were lost to follow-up
at wave 3 (see Figure S1 in supporting information for sample selec-
tion flowchart). Over a mean follow-up of 2.7 years (standard deviation
[SD] = 0.74), participants in our analyses contributed 5070 obser-
vations. Participants had completed nearly two waves of in-person
interviews when the COVID-19 pandemic began. The third wave was
conducted via phone for participant safety and to comply with pan-
demic restrictions. This study was approved by the KPNC Institutional

Review Board, and all participants provided informed consent.

2.2 | Measures

Racial/ethnic identity was self-reported and categorized as non-
Hispanic Asian, non-Hispanic Black, Latino, or non-Hispanic White. We
conceptualized racial and ethnic identities as relevant due to the his-
torical and contemporary patterning of social experiences by these
dimensions of identities, including the consequences of structural
racism and discrimination.

Sleep quality was assessed at baseline by a modified version of the
well-validated Pittsburgh Sleep Quality Index (PSQI), a self-reported
measure designed to assess sleep quality and disturbances over the
past month.2 The modified version of the PSQI assessed six com-
ponents of sleep, including subjective sleep quality, latency, duration,
disturbances, sleep medication use, and daytime dysfunction. Each
domainis scored on a scale of O to 3, and we created a global composite
score for overall sleep quality (range 0-18) by summing the scores of
the six components, with a higher score indicating poorer sleep qual-
ity (see Table S1 in supporting information for detailed information
of the PSQI items and the scoring of each sleep quality domain). To
reduce respondent burden, KHANDLE did not assess sleep efficiency.
As a result, the cut-off for “poor sleep quality” based on all compo-
nents of the original PSQl was not applicable. The PSQI has been widely
used in both research and clinical settings, and it has been validated
in older adult populations and across racially and ethnically diverse
populations.13-16

Sleep apnea risk was assessed at baseline by three ques-
tions derived from the STOP-BANG (snoring/tiredness/observed

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: Using PubMed, we reviewed the
literature on sleep apnea, sleep quality, and cognitive
functioning, as well as the literature on racial/ethnic dif-
ferences in these associations. Very few studies have
examined the heterogeneity in how sleep parameters
relate to cognitive outcomes by race and ethnicity.

2. Interpretation: Sleep apnea risk was associated with
faster declines in verbal episodic memory. Poorer global
sleep quality was associated with lower levels of and
faster decline in executive function. When compared to
associations among White older adults, the associations
of global sleep quality with cognitive decline were more
pronounced among Black older adults.

3. Future directions: Future research should confirm and
extend our results by incorporating objective sleep mea-
sures, quasi-experimental approaches, and additional
cognitive outcomes in diverse samples.

apnea/pressure/body mass index/age/neck circumference/gender)
measure asking the participants whether they: (1) snore loudly; (2)
often felt tired, fatigued, or sleepy during daytime; or (3) had ever been
observed not breathing during sleep. We excluded questions such as
high blood pressure from the STOP-BANG measure while creating
the score for sleep apnea risk. As high blood pressure is strongly
associated with cognitive function, including it would make it difficult
to accurately evaluate the role of sleep apnea in cognitive function. All
questions were with a binary response (yes/no). We summed the scores
of the three items to obtain a score for sleep apnea risk (range 0-3).

Cognitive function included executive function and verbal episodic
memory that were assessed at each assessment by the Spanish
and English Neuropsychological Assessment Scales (SENAS).Y” The
SENAS is a battery of cognitive tests that has previously under-
gone extensive development for valid comparisons of cognitive
change across racial/ethnic and linguistically diverse groups. Exec-
utive function composite scores were obtained using component
tasks of category fluency, phonemic (letter) fluency, and working
memory (digit span backward, visual span backward, list sorting).
Verbal episodic memory composite scores were derived from a mul-
titrial word-list-learning test. The cognitive function assessments
remained unchanged throughout the study, but the mode of inter-
view administration transitioned from in person to phone before
and during the pandemic. We z standardized executive function and
verbal episodic memory scores at each wave to baseline mean and
SD.

All models adjusted for interview mode (a time-updated variable
indicating whether the interview was conducted in person vs. over the
phone), baseline age (centered at mean baseline age), sex/gender (men

vs. women), and race and ethnicity (Asian, Black, Latino, and White). A
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second set of covariates additionally adjusted for educational attain-
ment and household income. Educational attainment was assessed by
asking participants the highest degree or last grade in school they com-
pleted and was categorized into four groups: (1) high school or lower,
(2) some college but no college credential, (3) associate degree, and
(4) bachelor’s degree or more. Household income was self-reported in
13 categories and converted to a continuous variable using the lowest
value for each non-missing category.

2.3 | Statistical analysis

We performed separate analyses for executive function and verbal
episodic memory with sleep apnea risk and the composite global PSQI
sleep quality score. The correlations among the sleep components used
to create the PSQI score are weak to moderate, ranging from 0.02
to 0.44 (see Figure S2 in supporting information). Therefore, we also
examined the associations of individual domains of PSQI component
with executive function and verbal episodic memory separately. We
fit linear mixed-effects random intercept models with current age (in
years) as the time scale to estimate the mean difference in perfor-
mance on cognitive test per unit difference in levels of each sleep
parameter. The coefficient for sleep in these models estimated the
associations of sleep with average level of cognitive function across all
waves.

We then assessed the associations between sleep apnea risk and
sleep quality and rate of cognitive decline by fitting linear mixed-effects
models with random intercepts. These models used time since base-
line (in years) as the time scale and included the cross-product of sleep
and time as well as the cross-products of covariates and time. Our
primary interest, the cross-product of sleep and time, can be inter-
preted as the difference in annual rate of cognitive decline across levels
of the sleep parameter. For each sleep quality domain and cognitive
outcome, we sequentially adjusted for the two sets of covariates as out-
lined in the previous section. All models restricted the possible range
of effect estimates to correct for practice effects based on prior work
in KHANDLE.'8 To facilitate the interpretation of findings, we com-
pared associations of sleep apnea risk and sleep quality with cognitive
function to the estimated age-related differences in cognitive function.

We evaluated heterogeneity in the associations of sleep apnea risk
and sleep quality with level and decline in cognitive function, by strat-
ifying the analyses by race and ethnicity. Because exposure-outcome
confounders (e.g., education and income) are likely influenced by race
and ethnicity, instead of testing race/ethnic differences using interac-
tion terms, we computed the differences by subtracting the estimates
of interests (e.g., sleep x time for cognitive decline) obtained from
each subsample in stratified models to estimates derived from the
comparison group. In this analysis, we selected White participants
as the comparison group for two reasons: (1) we are interested in
understanding whether sleep is a compelling target for reducing racial
disparities in cognitive aging and (2) most prior research in this area
has used predominantly White samples and we would like to evaluate

whether results are likely to generalize to other racial/ethnic groups.

Confidence intervals for these differences were calculated through
bootstrapping with 1000 iterations.

In our analytical sample, 569 (34%) individuals had either miss-
ing exposure or covariates (see Table S2 in supporting information
for details about the missingness of each exposure and covariate).
Compared to those who had complete information, those with miss-
ing exposure and covariates were more likely to be older, with lower
income and education, report poorer sleep quality, and identify as Black
or Latino. Individuals excluded due to missing data also had averaged
worse executive function or verbal episodic memory (see Table S3 in
supporting information). We imputed missing exposures and covari-
ates using multivariate imputation by chained equations (MICE) imple-
mented in the R package “mice.” We generated 35 imputed datasets
and combined the point estimates and standard errors using Rubin’s
rule. We imputed continuous variables using predictive mean match-
ing, binary variables using logistic regression, and categorial variables
using polytomous logistic regression. We included all analytical vari-
ables in the imputation models. Additionally, the risk of attrition in our
sample increased with lower baseline cognitive function, poorer sleep
quality, and higher risk of obstructive sleep apnea (see Table S4 in sup-
porting information). Therefore, we calculated the inverse probability
of continuation weights (IPCW) to account for differential attrition.

In additional analyses, we examined the potential non-linear asso-
ciations of sleep duration (i.e., the actual hours of sleep participants
reported [treated as a continuous score]) with levels of cognitive func-
tion by including a quadratic term for sleep duration in the linear
mixed-effects models. As sleep medication use may confound the rela-
tionship between sleep quality and cognitive function, we conducted a
sensitivity analysis to treat sleep medication as a covariate instead of
a component of the PSQI. All analyses were performed using R version
4.2.1.

3 | RESULTS

3.1 | Baseline characteristics of the full sample and
by race and ethnicity

Mean age of the 1690 older adults at baseline was 76.0 years (SD
= 6.77), 59.4% were women, 48.2% had a college degree or higher,
and 59.2% had central adiposity (Table 1). Black older adults reported
the worse sleep quality and sleep apnea compared to Asian, Latino, or
White respondents. White older adults reported better sleep quality
than Black, Latino, or Asian participants, but were the most likely to use

sleep medication.

3.2 | Sleep apnea risk and sleep quality with level
of cognitive function among all participants

Overall, after adjusting for demographic and socioeconomic variables,
sleep apnea risk was not associated with levels of executive function or

verbal episodic memory (Figure 1).
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TABLE 1 Characteristics of Kaiser Healthy Aging and Diverse Life Experiences participants, stratified by racial and ethnic identity (N = 1690).

All
participants
N=1690
Age (years), mean (SD) 76.0(6.77)
Sex/gender, N (%)
Women 1004 (59.4)
Men 686 (40.6)
Income in thousands of dollars, mean (SD) 88.7 (46.7)
Education, N (%)
High school or less 353(20.9)
Some college but no degree 334(19.8)
Associate degree 181(10.7)
Bachelor’s degree 814 (48.2)
2 Sleep apnearisk (0-3), mean (SD) 1.00(0.89)
2 Global sleep quality (0-18), mean (SD) 4.69(3.13)
Sleep latency (0-3) 1.14(1.13)
Sleep duration (0-3) 0.76 (0.96)
Sleep disturbance (0-3) 1.07 (0.75)
Sleep medication use (0-3) 0.60(1.09)
Daytime sleep dysfunction (0-3) 0.17 (0.53)
Subjective sleep quality (0-3) 0.97 (0.71)
Average sleep duration (hours), mean (SD) 6.59 (1.36)
Any sleep medication use, N (%) 440 (26.0)
b Depression (range: 2-38), mean (SD) 9.01(2.59)
¢ Physical activity (range 0-16), mean (SD) 8.82(3.20)
d Central adiposity, N (%) 1001 (59.2)

Note: Results reflect the original (unimputed) data.
Abbreviation: SD, standard deviation.

Racial and ethnic identity

Asian Black Latino White
participants Participants Participants participants
N=413 N=435 N =345 N=496
75.6 (6.63) 75.4(6.60) 76.0(6.43) 76.9(7.20)
220(53.3) 294 (67.6) 203 (58.8) 287(57.9)
193(46.7) 141(32.4) 142 (41.2) 209 (42.1)
103.0(47.5) 81.1(45.6) 76.0(42.9) 92.4(45.9)
49(11.9) 96(22.1) 123(35.7) 85(17.1)
54(13.1) 123(28.3) 73(21.2) 84(16.9)
35(8.5) 65 (14.9) 36(10.4) 44 (8.9)
273(66.1) 151(34.7) 110(31.9) 280 (56.5)
1.00(0.91) 1.05(0.89) 0.99(0.89) 0.97 (0.87)
4.53(3.05) 5.34(3.42) 4.45 (3.02) 4.43(2.93)
1.14(1.10) 1.28(1.21) 1.12(1.13) 1.05(1.08)
0.85(0.96) 1.06 (1.05) 0.69(0.95) 0.45(0.80)
0.98(0.73) 1.14(0.80) 1.03(0.75) 1.12(0.71)
0.45(0.98) 0.59(1.08) 0.53(1.05) 0.78(1.19)
0.17(0.53) 0.22(0.62) 0.18(0.57) 0.11(0.40)
0.94 (0.68) 1.07(0.82) 0.95(0.70) 0.92(0.64)
6.43(1.32) 6.18(1.39) 6.62(1.29) 7.06(1.29)
80(19.4) 112(25.7) 79(22.9) 169 (34.1)
9.23(2.68) 9.10(2.49) 9.18(2.98) 8.64(2.25)
8.83(3.05) 8.63(3.37) 8.73(3.27) 9.06(3.10)
146 (35.4) 145 (33.3) 124 (35.9) 211(42.5)

2Higher sleep quality scores indicate poorer sleep quality; higher sleep apnea scores indicate greater risk of sleep apnea.
bDepression was ascertained using the National Institutes of Health Toolbox Patient-Reported Outcomes Measurement Information System (PROMIS)

Depression assessment with a'I-score >60 indicating depression.

“Physical activity included light and vigorous leisure and sport activity with a higher score indicating more physically active.
dCentral adiposity was defined as a waist circumference of >90 cm for Asian men; >80 cm for Asian women; >102 cm for Black, Latino, and White men; and

>88 cm for Black, Latino, and White women.

Each unit higher (poorer) global sleep quality was associated
with 0.02 standard units lower (95% confidence interval [Cl], —0.03,
—0.005) executive function score. Global sleep quality was not asso-
ciated with levels of verbal episodic memory. To provide context for
these findings, the observed differences are comparable to the cogni-
tive function differences between participants in our sample who were
about 4 months apart in age, with each additional year corresponding
to a decrease of 0.06 units in cognitive function (3: —0.06 per year;
95% Cl,—0.06, —0.05).

Of the individual global sleep quality domains, shorter sleep dura-
tion (8= —0.07; 95% Cl, —0.10, —0.02), more frequent difficulty falling
sleep (sleep latency; f= —0.05; 95% Cl, —0.08, —0.01), and more fre-

quent sleep medication use (3 = —-0.04; 95% Cl, —0.08, —0.01) were
associated with worse executive function. More frequent difficulty
falling sleep (sleep latency; /§ = —0.04; 95% ClI, —0.07, —0.005) and
more frequent sleep medication use (,/5’ =-0.04; 95% Cl,—-0.08,—-0.01)
were also associated with lower verbal episodic memory (Figure 1).
Our analyses revealed an inverted U-shaped relationship between
sleep duration and levels of executive function and verbal episodic
memory, with the highest cognitive scores occurring with sleep
duration of ~ 7 hours (Figure 2). Most associations remained simi-
lar after adjusting for sleep medication use except sleep latency, of
which the associations with executive function became null (Table S5

in supporting information).
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FIGURE 1 Adjusted mean difference (95% confidence interval) in standardized cognitive function test scores per 1 unit higher (worse) sleep
quality and sleep apnea risk in the Kaiser Healthy Aging and Diverse Life Experiences Study (N = 1690). Notes: The executive function and verbal
memory scores were z scored to the baseline sample and were evaluated in separate models. Higher scores indicate poorer sleep quality and higher
risk of sleep apnea. Estimates were based on linear mixed effect models. Model 1 was adjusted for age, sex, race, and interview mode. Model 2 was
additionally adjusted for socioeconomic variables including income and education. Results were based on 35 imputed datasets. Inverse probability
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FIGURE 2 Associations between baseline sleep duration (continuous score) and average level of executive function and verbal episodic
memory in the Kaiser Healthy Aging and Diverse Life Experiences Study (N = 1690). Linear mixed effects models adjusted for age, sex, race,
income, and education. Results were based on 35 imputed datasets

Regarding individual sleep quality domains, increases in sleep med-

3.3 | Sleep apnea risk and sleep quality with rate

of decline among all participants ication use were associated with faster annual declines in executive

function (,é: —0.02SD; 95% Cl, —0.02, —0.01).
Sleep apnea risk was associated with declines in verbal episodic
memory but not with executive function score. Specifically, for every 3.4 | Heterogeneity in the associations of sleep

1 unit higher in sleep apnea score, average annual decline in verbal
episodic memory accelerated slightly (8= —0.02 SD; 95% C| = —0.04,
—0.001; Figure 3).

Global sleep quality was associated with faster declines in executive
function but not declines in verbal episodic memory. Each 1 unit worse
global sleep quality was associated with faster annual decline in exec-
utive function (6: —0.004 SD; 95% Cl,—0.01, —0.001; Figure 3). These
associations remained similar after adjusting for sleep medication use
(Table S5).

apnea risk and sleep quality with levels of cognitive
function by race and ethnicity

We observed no race and ethnicity differences in the associations of
sleep apnea and global sleep quality with levels in executive function or
verbal episodic memory.

When considering individual aspects of sleep quality, sleep dura-
tion was associated with lower levels of executive function scores
among Black (leeepdumﬁon = -0.09; 95% Cl, —0.16, —0.03) and Latino
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FIGURE 3 Predicted changes in executive function and verbal episodic memory scores from baseline to wave 3 by baseline sleep quality and
sleep apnea risk scores in the Kaiser Healthy Aging and Diverse Life Experiences Study (N = 1690). Notes: The executive function and verbal
episodic memory scores were z scored to the baseline sample. Higher sleep scores indicate greater risk of sleep apnea, while higher cognitive
function scores indicate better cognition. Linear mixed effect models were adjusted for baseline age, sex, race, interview mode, income, education,
interactions between time and sleep, and interactions between time and all covariates except for interview mode. All models used time since
baseline as the time scale and accounted for practice effects and interview mode (phone vs. in person). All models included random intercepts and
random slopes. Results were based on 35 imputed datasets. Inverse probability weights were included to account for loss to follow-up

(,és,eep duration =—0.09; 95% Cl,—0.18, —0.01) older adults but not among
White older adults. Unexpectedly, more frequent difficulty falling sleep
(sleep latency) was associated with lower levels of verbal episodic
memory performance among White older adults only (,és,eep latency =
—0.07; 95% Cl, —0.14, —0.01; Table Sé in supporting information).

3.5 | Heterogeneity in the associations of sleep
apnea risk and sleep quality with decline in cognitive
function by race and ethnicity

The associations between sleep apnea risk and rate of decline in
executive function and verbal episodic memory did not differ by race
and ethnicity status. However, differences were observed for the
relationship between global sleep quality and decline in executive
function. Specifically, over a mean follow-up of 2.7 (SD = 0.7) years,a 1
unit worse global sleep quality score was associated with —0.02 (95%
Cl, —0.03, —0.01) standard units faster annual declines in executive
function among Black older adults, compared to White older adults
(Figure 4). Placing the results in context, these differences were similar
to the difference in rate of change between participants in our sample

who were half a year apart in age (8= —0.04 per year; 95% Cl, —0.07,
-0.01).

We also observed differences across races and ethnicities when
examining specific aspects of sleep quality. These included sleep
latency (differences for executive function in Black participants vs.
White participants = —0.03; 95% Cl, —0.06, —0.001), sleep medica-
tion use (difference for executive function in Black participants vs.
White participants = —0.06; 95% Cl, —0.09, —0.02; difference for ver-
bal episodic memory in Black participants vs. White participants =
—0.05; 95% CI1,—0.08, —0.005), and subjective sleep quality (difference
for executive function in Black participants vs. White participant =
—0.07; 95% Cl1,—0.12, —0.02; Table S7 in supporting information). For
Black older adults, more sleep medication use (8 medication*time = —0-05;
95% Cl,—0.07,—0.03), more frequent difficulty falling sleep (3,atency»t,~me
= —0.03; 95% Cl, —0.05, —0.02), and poorer subjective sleep qual-
ity (3subject,~ve5,eepquamy*ﬁme = —0.05; 95% Cl, —0.08, —0.02) were all
associated with faster declines in executive function compared to esti-
mated associations among White older adults. For verbal episodic
memory, sleep medication use (Bmedication“time = —0.-04; 95% Cl, —0.07,
—0.02) was associated with faster declines among Black older adults
compared to White older adults (Figure S3 in supporting information).
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4 | DISCUSSION

In this prospective cohort of racially diverse older adults, sleep apnea
risk was not associated with levels of executive function or verbal
episodic memory but was associated with faster declines in verbal
episodic memory. Poorer global sleep quality was associated with
both lower levels and faster declines in executive function. Some
racial/ethnic differences in these associations also emerged: poorer
global sleep quality score, for example, was associated with faster
declines in executive function among Black older adults compared to
White older adults.

Consistent with previous studies, we showed that higher sleep
apnea risk is associated with faster declines in verbal episodic
memory.'? Sleep apnea may lead to intermittent hypoxemia or alter
sleep macro- and microarchitecture, reduce neurogenesis, and pro-
mote accumulation of amyloid plaques, resulting in declines in episodic
memory.2° Our finding that poorer global sleep quality was associ-
ated with lower levels and faster declines in executive function also
aligns with much of the existing research, which suggests that poor
sleep quality may negatively impact cognitive function.2! Although the
mechanisms underlying sleep quality and executive function are not
yet established, poorer sleep quality may be associated with increases
in inflammation and enhanced amyloid beta aggregation, which in turn
affects executive function. Our findings on the inverted U-shaped rela-
tionship between sleep duration and cognitive levels are consistent
with previous evidence that both short and excessive sleep duration

are harmful for cognitive health.22-2* We provided further evidence

that these associations are observed among racially and ethnically
diverse populations.

Our findings align with recent studies conducted in the Baltimore
Longitudinal Study of Aging and the Study of Women'’s Health Across
the Nation, demonstrating that the sleep-cognition relationship is
stronger among Black than White older adults.2> Exposure to race-
specific stressors, such as interpersonal racism, may exacerbate the
effects of sleep on cognitive outcomes.2¢ Moreover, unequal access to
sleep health education and services among marginalized racial/ethnic
populations, including Black older adults, may worsen sleep problems,
potentially contributing to the stronger associations between sleep
and cognitive function observed in Black populations. As poor sleep
quality was more prevalent for Black participants, the stronger effect
of sleep quality on cognitive decline is superimposed on higher preva-
lence of the risk factors, making sleep potentially especially pertinent
for dementia risk among Black older adults. Potential interventions
aimed at increasing access to sleep-related health-care services and
sleep hygiene education may not only help address sleep disparities but
also reduce cognitive health disparities in the long term.2’

Our findings that the associations between sleep medication use
and cognitive function were stronger among Black older adults are
in contrast to a recent study, which showed that sleep medication
use was associated with a higher risk of dementia among White
compared to Black older adults.?® These differences in findings
may be attributable to variations in the populations, the prevalence
of sleep medication use, or the outcomes assessed (e.g., dementia

vs. cognitive decline). Given that sleep medication use has become
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increasingly common among older adults and the inconclusive evi-
dence on the racial differences in its impact on cognitive outcomes,
more research is needed to investigate the impact of sleep medication
use in racial/ethnic groups historically underrepresented in cognitive
aging research. For example, electronic health records with detailed
information on sleep medication and dementia diagnosis would be
especially helpful to shed light on the racial/ethnic differences revealed
in our study.

Our study has some limitations, most importantly the reliance on
self-reported sleep quality and sleep apnea measures. Subjective sleep
measures, such as PSQI, may not fully capture sleep symptoms.2?
Measurement error in self-reported sleep measures could have
biased our results, either toward or away from the null. Despite these
drawbacks, the PSQI offers key advantages over polysomnography or
actigraphy measures, especially for disparities research. It is easier to
administer, less expensive, captures subjective aspects of sleep quality,
and is widely used in clinical settings. Additionally, it has been vali-
dated across diverse populations.3%3? When health records become
available, future KHANDLE studies will be able to link physician
diagnosis of sleep problems (e.g., insomnia) to sleep quality assessed
by the PSQI, although underdiagnoses of sleep disorders suggest
the importance of assessing self-reported experiences. Despite the
longitudinal design, we cannot rule out reverse causation, that is,
poor sleep quality or obstructive sleep apnea may be markers of
preclinical or prodromal brain conditions.?2 Furthermore, we did not
have information on the type, dosage, and duration of sleep medica-
tion use, which would need to be investigated further to clarify any
observed racial differences. For example, racial bias associated with
the prescription of controlled substances may lead to different types
of sleep medications used across racial and ethnic groups, resulting
in differential impacts on cognitive decline.®® We also did not have
information about the use of sleep treatment such as continuous
positive airway pressure machines, which could have influenced the
impacts of sleep on cognitive function. Last, while we did not find major
differences in the associations between sleep and cognitive function
between Hispanic/Latino and Asian populations compared to White
populations, our sample does not allow us to distinguish the associa-
tions between subgroups of the Hispanic/Latino or Asian populations.
Our findings may obscure meaningful differences across subgroups.t?
Future research should disaggregate data for Hispanic/Latino and
Asian populations to better understand the nuanced associations
between sleep and cognitive function within these heterogeneous
populations.

The study has several strengths, including a racially and ethnically
diverse sample, examination of various sleep parameters, and repeated
measures of cognitive function with minimal floor or ceiling effects.3*
Our study represents an important step toward unraveling the het-
erogeneity in the associations of sleep quality and sleep apnea risk
with cognitive functioning. If our findings are supported by other stud-
ies, sleep quality may emerge as an important modifiable factor for
improving cognitive functioning among Black older adults, potentially

narrowing racial disparities in cognitive decline.
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