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Abstract

Background Racial and ethnic disparities in sleep quality and cognitive health are increasingly recognized, yet little
is understood about their associations among Chinese older adults living in the United States. This study aims to
examine the relationships between sleep health and cognitive functioning in this population, utilizing data from the
Population Study of Chinese Elderly in Chicago (PINE).

Methods This observational study utilized a two-wave panel design as part of the PINE, including 2,228 participants
aged 65 years or older who self-identified as Chinese. Participants completed interviews at two time points. Cognitive
functioning was assessed using a battery of tests, including the Chinese Mini-Mental State Examination (C_MMSE),
the immediate and delayed recall of the East Boston Memory Test, the Digit Span Backwards assessment, and the
Symbol Digit Modalities Test. Sleep quality was assessed using items from the Pittsburgh Sleep Quality Index (PSQI),
covering four aspects: subjective sleep quality, sleep latency, sleep efficiency, and sleep duration. Insomnia was
assessed using four items from the Women's Health Initiative Insomnia Rating Scale. Mixed-effects regression models
were used to assess the effects of sleep parameters on baseline cognitive functioning and cognitive change over
time.

Results Participants had an average age of 77.42 years (+7.57) at baseline, with about 39% reporting fairly bad or
very bad sleep quality. Poorer overall sleep quality (B =-0.01, SE=0.01, p<.01), and more insomnia symptoms (B =
-0.01, SE=0.00, p <.001) were associated with lower baseline global cognition. However, these associations diminished
over time (sleep quality: B=0.01, SE=0.00, p <.05; insomnia: B=0.00, SE=0.00, p <.05). Among sleep quality
subdomains, all except sleep efficiency had significantly negative relationships with baseline global cognition. The
associations between sleep parameters and the four cognitive domains were less consistent.

Conclusions The findings highlight cross-sectional negative relationships between self-reported sleep parameters
and cognition, showing distinct associations between various aspects of sleep quality and cognitive domains.
Targeted interventions to improve sleep quality may have the potential to enhance cognitive health outcomes.

Keywords Sleep health, Cognition, Older Chinese americans, Mixed-effects models

*Correspondence: 3nstitute for Health, Health Care Policy and Aging Research, Rutgers, The
Fengyan Tang State University of New Jersey, New Brunswick, NJ, USA

fet7@pitt.edu “Department of Family Medicine and Community Health, Rutgers, The
School of Social Work, University of Pittsburgh, Pittsburgh, PA, USA State University of New Jersey, New Brunswick, NJ, USA

2School of Public Health, Rutgers, The State University of New Jersey, New
Brunswick, NJ, USA

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-024-05644-4&domain=pdf&date_stamp=2025-1-21

Tang et al. BMC Geriatrics (2025) 25:52

Background

Sleep problems and cognitive decline are common
among older adults. Although it is well established that
sleep plays a crucial role in cognitive functioning and
memory consolidation [1], the extent to which sleep
problems predict poor cognitive functioning in later life
remains unclear [1, 2]. Health disparities based on race
and ethnicity may further complicate the relationship
between sleep and cognition [3]. Increasing evidence
suggests racial and ethnic disparities in sleep quality and
cognitive health [3-5], yet little is known about their
associations among older Chinese Americans, a rapidly
growing population.

As individuals age, their sleep patterns often undergo
changes, including reduced total sleep duration and effi-
ciency, increased sleep fragmentation, difficulty falling
asleep, decreased time in rapid eye movement sleep and
in slow-wave sleep [6]. It is estimated that up to 50% of
older adults frequently experience difficulty initiating
or maintaining sleep, and about 40-70% report chronic
sleep problems [7, 8]. These sleep problems have signifi-
cant health implications in old age, including poor self-
reported health, depression, cognitive decline, limitations
in daily activities, reduced quality of life, and heightened
risk of institutionalization [7].

Emerging evidence suggests connections between self-
reported sleep problems and cognitive functioning in
older adults living in the community [1, 9, 10]. However,
among healthy older adults, the associations between
sleep problems and cognitive functioning are not always
apparent [10]. Studies yielding null results may be attrib-
uted to the selection of different cognitive tests, impre-
cise measures of cognitive functioning, or inadequate
assessment and analysis of sleep patterns [3, 10, 11]. Self-
reported sleep measures include sleep latency (time to
sleep onset), wake after sleep onset, sleep efficiency (ratio
of hours slept to hours spent in bed), sleep duration, and
general sleep complaints [9]. Cognition tests typically
assess executive function, attention, episodic memory,
working memory, and processing speed, which collec-
tively indicate global cognitive functioning [9]. Multiple
measures of sleep may have differential associations with
cognitive functioning and its various domains. Previous
studies have documented that long sleep latency and
duration, poor sleep efficiency and quality, and excessive
daytime sleepiness are associated with cognitive impair-
ment in later life; however, findings on these associations
have been inconsistent [10, 12, 13]. Therefore, further
research, especially with longitudinal designs, is essen-
tial to clarify the associations between specific aspects of
sleep quality and various cognitive domains.

As poor sleep health is not an integral part of the aging
process, its impact varies among adults and can dispro-
portionately affect the cognitive health of racially and
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ethnically marginalized groups, including Chinese Amer-
icans [3, 14]. Chinese Americans account for 24% of the
Asian American population, with 30% having migrated
after age 60 [15]. Many older Chinese Americans experi-
ence acculturative stress due to language barriers, social
isolation, intergenerational differences in cultural values,
and limited access to health services [11, 14]. These fac-
tors are associated with negative health outcomes, such
as anxiety, depression, and sleep disturbances [3, 14, 16].
Limited studies indicate that older Chinese Americans
tend to report poorer sleep quality, including shorter
sleep duration, lower sleep quality, and longer sleep
onset, compared to their White counterparts [14, 16].
Although the specific prevalence of cognitive impairment
among older Chinese Americans remains understudied
[17], evidence suggests that Asian Americans may expe-
rience similar or higher rates of cognitive impairment
and dementia compared to White older adults [18]. Data
from the PINE study reveal a baseline cognitive impair-
ment prevalence of 7.6% and a two-year incidence rate of
5.1% among community-dwelling older Chinese Ameri-
cans [19]. The combined effects of age-related changes,
acculturative stress, and sleep disturbances may further
exacerbate cognitive impairment in this population.

Several studies focusing on Asian Americans have
revealed the heterogeneity in the relationships between
sleep and cognitive functioning across racial and ethnic
groups [14, 16, 20]. However, the nuanced associations
between sleep problems and cognitive health warrant
further investigation within each ethnic group [3]. To
our knowledge, no study has specifically addressed older
Chinese Americans, despite their considerable popula-
tion growth and unique health disparities. Given the
limited research on this population and the inconsistent
findings in broader older populations, it is important to
improve our understanding of the relationship between
sleep problems and cognitive functioning among older
Chinese Americans to help reduce health disparities.
Therefore, the present study aims to investigate the asso-
ciations between sleep parameters and various domains
of cognitive functioning among Chinese older adults,
using data from the Population Study of Chinese Elderly
in Chicago (PINE). It is hypothesized that poorer sleep
quality and more insomnia symptoms are associated with
lower levels of baseline cognition and faster rates of cog-
nitive decline over time.

Methods

Study design and sample

This observational study utilized a two-wave panel design
as part of the PINE, a population-based, epidemiologi-
cal study examining sociocultural determinants of health
among older Chinese adults in the US. Recruitment for
PINE was conducted through collaboration with over
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20 community-based social service agencies and orga-
nizations in the Greater Chicago area. Eligibility criteria
included adults aged 60 and older who self-identified as
Chinese and resided in the area. Individuals younger than
60 and those who did not self-identify as Chinese were
excluded from the study recruitment.

Eligible older adults were approached through rou-
tine social services and outreach efforts serving Chinese
American families in Chicago and its suburban areas.
Additional recruitment strategies included word of
mouth, as well as announcements and advertisements in
newsletters and public spaces. Eligible older adults who
agreed to participate were surveyed in their preferred
language and dialects, such as Mandarin, Cantonese,
Taishanese, or English. Written consent was obtained
from all participants. A comparison with the Census data
indicated that the PINE study was representative of the
Chicago Chinese aging population, with no significant
differences in key sociodemographic characteristics [21].
This analysis included 2,228 participants aged 65 years
or older, who completed the interview between 2017 and
2019 (baseline or T1), during which sleep measures were
first introduced, and participated in follow-up interviews
between 2019 and 2021 (T2).

The PINE study was approved by the Institutional
Review Board at Rush University Medical Center in Chi-
cago, Illinois (IRB#: 10090203). This secondary analy-
sis of the PINE study was approved by Institutional
Review Boards at the University of Pittsburgh (IRB#:
EXT20030031) and Rutgers, The State University of New
Jersey (IRB#: Pro2018001578).

Measurement

Cognitive functioning

A battery of cognitive tests was administered to assess
participants’ cognitive functioning across various

domains. Perceptual speed was assessed using the oral
version of the 1l-item Symbol Digit Modalities Test
(SDMT), which calls for rapid perceptual comparisons
of numbers and symbols within a 90-second duration
[22]. Episodic memory was assessed using a combined
score from two tests: the East Boston Memory Test-
Immediate Recall (EBMT) and the East Boston Memory
Test-Delayed Recall (EBDR) of brief stories [23]. Working
memory was assessed using the Digit Span Backwards
Test (DB), drawn from the Wechsler Memory Scale-
Revised Test [24]. The fifth test in the battery, the 30-item
Chinese Mini-Mental State Examination (C-MMSE),
adapted from the widely used MMSE, was included to
measure general cognitive ability [25]. The C-MMSE has
been validated in older adults in Hong Kong [25]. Higher
scores across all tests indicated better cognitive perfor-
mance. Lastly, a global cognition score was calculated
by averaging standardized scores from these five tests to
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reduce floor and ceiling effects and other measurement
errors (Cronbach’s a=0.87) [26].

Sleep parameters

Sleep parameters included overall sleep quality with four
components, and insomnia. Overall sleep quality was
assessed using items from the Pittsburgh Sleep Quality
Index (PSQI) to measure four components: subjective
sleep quality, sleep latency, sleep efficiency, and sleep
duration [27]. The PSQI is a validated and extensively
adopted instrument to evaluate subjective sleep qual-
ity among older adults [28-31]. Subjective sleep qual-
ity was assessed with one question: “During the past
month, how would you rate your sleep quality overall?”
Responses were given on a 4-point scale, ranging from 0
(very good) to 3 (very bad). Sleep latency was measured
with one question asking about the time it takes to fall
asleep. Responses were categorized into 0 (<15 min), 1
(>15 to <30 min), 2 (>30 to <60 min), or 3 (>60 min).
Based on responses to four questions, sleep efficiency was
calculated as the actual hours of sleep time divided by the
total hours in bed and multiplied by 100. It was recoded
as 0 (=85%), 1 (=75% to <85%), 2 (=65% to <75%), or 3
(<65%). Sleep duration was measured by the actual hours
slept at night, which was further recoded onas 0 (>7 h), 1
(<7to=6h),2(<6to=5h), or 3 (<5 h). The component
scores were summed to form a global PSQI score ranging
from O to 12, with higher scores indicating poorer sleep
quality (Cronbach’s o =0.75).

Insomnia was measured using four items adapted from
the Women’s Health Initiative Insomnia Rating Scale
(WHIIRS). The WHIIRS is a reliable and valid tool for
assessing perceived insomnia severity in older adults
[32, 33]. Participants were asked how often, over the past
month, they experienced the following: difficulty falling
asleep, waking up at night and being unable to get back
to sleep, waking up too early in the morning and being
unable to get back to sleep, and feeling excessively sleepy
during the day. Each item was scaled on a 5-point scale
ranging from 0 (never) to 4 (almost always). A sum score,
ranging from 0 to 16, was calculated, with higher scores
indicating more severe insomnia (Cronbach’s a=0.83).
In addition, the item on daytime sleepiness was excluded
from the sum score to control for its effects in the models
with the PSQI and its subdomains.

Covariates

Time was indicated by baseline (0) and follow-up (1).
Sociodemographic covariates included age, sex, mar-
ried status, education, and annual income. Immigra-
tion-related variables included years living in the US
and acculturation. Acculturation was measured using
12 items adapted from the Short Acculturation Scale for
Hispanics [34], which assessed individual preferences
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in language use, media use, and ethnic social relations.
Responses were given on a 5-point scale, from 1 (only
Chinese) to 5 (only English). The summary score ranged
from 12 to 60, with higher scores indicating a higher level
of acculturation (Cronbach’s a =0.92).

We also controlled for health behaviors and health-
related variables thought to relate to cognitive function-
ing. Health behaviors included alcohol use and physical
performance. Alcohol use was calculated as the average
daily consumption of alcoholic beverage. Physical per-
formance was assessed with the Basic Physical Activi-
ties (NAGI) Scale [35], which evaluates the difficulty of
performing physical activities, such as pushing large
objects, stooping, crouching or kneeling, lifting or car-
rying weights over 10 pounds, reaching or extending
arms above shoulder level, and handing or fingering
small objects (Cronbach’s «=0.80). A higher score indi-
cated greater difficulty in performing physical activi-
ties. Health-related variables included body mass index
(BMI), depressive symptoms, and instrumental activities
of daily living (IADLs). BMI is defined as the body mass
divided by the square of the body height, expressed in
unit of kg/m?®. It was categorized as normal (<25), over-
weight (=25 to <30), and obese (=30) [36]. Depressive
symptoms were assessed using the Patient Health Ques-
tionnaire [37], excluding the question regarding respon-
dents’ sleep disturbance experience (Cronbach’s a=0.78).
IADLs were assessed with a scale measuring the difficulty
in performing various instrumental activities of daily liv-
ing [38] (Cronbach’s a=0.90).

Statistical analysis

Mixed-effects regression models were estimated to assess
initial status and changes in cognitive functioning and
the predictive effects of sleep parameters after adjusting
for sociodemographic variables, health behaviors, and
health-related covariates. The models used sleep mea-
sures and covariates from T1, and cognitive measures
from both time points. Fixed effects were used to deter-
mine whether the average change in the outcome variable
was associated with a one-unit change in a predictor vari-
able [39]. Random effects represent the general variability
among subjects [39]. The effect of time was entered as a
fixed factor to capture potential differences in cognitive
functioning between the two time points. Sleep param-
eters, covariates, and their interactions with time were
entered as fixed effects to assess their associations with
the initial level of cognition and the rate of change. Given
that two data points might not adequately illustrate a
change trend, random intercept models were specified
to allow for individual-specific means varying around the
sample mean intercept [39]. For each cognitive outcome,
six mixed-effects regression models were estimated, with
one sleep parameter and its interaction with time being
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entered, respectively. At T2, the majority of respondents
(88.2%) were interviewed in 2019. Sensitivity analyses
were conducted by rerunning the mixed-effects regres-
sion analyses, excluding those who completed the T2
assessment after March 21, 2020 (the date Illinois issued
a stay-at-home order due to COVID-19) (n=90). All con-
tinuous variables were mean-centered to prevent mul-
ticollinearity. The analyses were performed using Stata
18.0 [40].

Results

Table 1 presents the characteristics of the study par-
ticipants. The mean age of participants was 77 years
(SD=7.6), with 60% being female. On average, partici-
pants had resided in the US for 25 years (SD=12.0), and
the mean acculturation score was 14.6 (SD=3.8). The
reported average PSQI score was 4.1 (SD=3.1), and the
mean insomnia score was 5.5 (SD =4.2). Over 60% of par-
ticipants reported either good or very good sleep qual-
ity. They reported relatively few depressive symptoms
(M=1.5, SD=2.8), and had an average IADL score of 6.4
(SD=7.8).

Table 2 presents the results of six mixed-effects regres-
sion models examining global cognition. The estimates
of time and covariate effects reported here were derived
from the model using PSQI to predict both baseline and
the rate of change in global cognition (Model 1). Four out
of six full models did not reveal any significant change
in global cognition over the 2-year observation period,
except in the models using a single item of subjective
sleep quality and sleep duration (see Additional File 1).
Overall, significant negative associations were observed
between sleep parameters and global cognition cross-
sectionally. Poorer overall sleep quality, as indicated
by the PSQI (Model 1: B = -0.01, SE=0.01, p<.01), and
more insomnia symptoms (Model 2: B = -0.01, SE=0.00,
p<.001) were associated with lower baseline cognitive
functioning, respectively. Among the subdomains in the
PSQ], all except sleep efficiency were significantly related
to baseline cognition. Specifically, respondents report-
ing very bad sleep quality exhibited worse global cogni-
tion scores compared to those reporting very good sleep
quality (Model 3: B = -0.28, SE=0.06, p <.001). Similarly,
those taking longer to fall asleep (30 to 60 min) showed
lower global cognition scores compared to those fall-
ing asleep within 15 min (Model 4: B = -0.13, SE=0.04,
p<.01). Those sleeping less than five hours per night
demonstrated lower global cognition scores (Model 6: B
= -0.09, SE=0.04, p<.05), while those sleeping between
6 and 7 h had higher scores (Model 6: B=0.07, SE=0.03,
p<.05) compared to those sleeping over seven hours.

Contrary to the study hypothesis, sleep parameters
were not associated with cognitive decline over time.
Instead, the study found positive time interactions with
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Table 1 Sample characteristics of participants at T1 (N=2,228)

Characteristics Mean (SD)/n(%)? Min Max

Age 7742 (7.57) 65 103
Female 1,331 (59.74%) 0 1
Married 1,437 (64.50%) 0 1
Education 8.84 (5.00) 0 26
Income 2.03(1.08) 1 10
Years living in the US 2454 (12.01) 571 95.67
Acculturation 14.57 (3.83) 12 54
Alcohol use (@amount/day) 0.02 (0.07) 0 1.02
Physical performance 5.95 (5.60) 0 20
BMI categories

Normal 1,585 (71.36%) 1 3

Overweight 553 (24.90%)

Obese 83 (3.74%)
Depressive symptoms 1.50 (2.78) 0 22
IADLs* 642 (7.85) 0 36
Daytime sleepiness 1 5

Never 1,064 (47.78%)

Rarely 299 (13.43%)

Sometimes 468 (21.01%)

Often 253 (11.36%)
Almost always 143 (6.42%)
Overall sleep quality (PSQI) 4.13(3.05) 0 12
Subjective sleep quality 0 3

Very good 226 (11.94%)

Fairly good 1,101 (49.42%)

Fairly bad 673 (30.21%)

Very bad 188 (8.44%)
Sleep latency 0 3

<15min 875 (39.27%)

>15to <30 min 691 (31.01%)

>30 to <60 min 405 (18.18%)

>60 min 257 (11.54%)
Sleep efficiency 0 3

>85% 1,347 (60.76%)

>75% to <85% 346 (15.61%)

=265% to <75% 212 (9.56%)

<65% 312 (14.07%)
Sleep duration 0 3

>=7h 1,058 (47.64%)

<7to>=6h 489 (22.02%)

<6to>=5h 354 (15.94%)

<5h 320 (14.41%)
Insomnia symptoms 5.50 (4.24) 0 16
Global cognition -0.37 (0.95) -3.12 1.63
Perceptual speed -042 (1.03) -2.36 3.16
Episodic memory -0.36 (1.09) -2.85 1.29
Working memory -0.20 (0.95) -2.15 294
C_MMSE -0.50 (1.37) -5.72 1.02

Note BMI: Mody Mass Index. IADLs: Instrumental activities of daily living. C_
MMSE: Chinese Mini-Mental State Examination. PSQI: Pittsburgh Sleep Quality
Index
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PSQI, insomnia, and subjective sleep quality. That is,
these sleep measures were associated with slower rates of
decline in global cognition, indicating a reduced impact
of sleep problems on cognitive functioning as time pro-
gressed. Among the covariates, older age, lower levels of
education and acculturation, more difficulties in physical
performance, and more limitations in IADLs were associ-
ated with worse cognitive functioning at baseline. Addi-
tionally, significant associations were observed between
age, education, and cognitive decline, indicating that
older age and higher levels of education were linked to
accelerated cognitive decline. Interestingly, overweight
respondents exhibited better functioning compared to
those with normal weight. Daytime sleepiness showed
inconsistent effects: respondents reporting sometimes
feeling drowsy during the day had worse cognitive per-
formance compared to those reporting never feeling
drowsy, while those reporting always feeling drowsy
exhibited better cognitive performance.

Table 3 presents the mixed-effects model estimates of
sleep measures in relation to four cognitive domains after
controlling for covariates. Similar to the results for global
cognition, significant negative relationships were found
cross-sectionally between sleep parameters and cogni-
tive measures. Specifically, poorer sleep quality, either
measured by PSQI or the single item, was associated with
worse status in most domains. More insomnia symptoms
were related to poorer perceptual speed and episodic
memory. Long sleep latency was associated with worse
functioning in all domains except the C_MMSE. Sleep
efficiency showed inconsistent associations with vari-
ous domains, while sleep duration was not significantly
related to any domains. Over time, the negative effects of
sleep quality may diminish in certain domains, particu-
larly working memory and the C_MMSE. The effects of
covariates remained consistent across models (detailed
results available upon request). The sensitivity analyses
largely confirmed the significant cross-sectional associa-
tions between sleep parameters and cognitive function-
ing. However, the effects of PSQI and insomnia on the
rate of cognitive change were either barely or non-signifi-
cant statistically (Additional File 2).

Discussion

The current study examined the associations between
sleep parameters and cognitive functioning in the largest
population-based epidemiological study of US Chinese
older adults. Consistent with previous studies [3, 9, 10],
our findings generally supported cross-sectional negative
relationships between self-reported sleep parameters and
the domains of cognition and global cognition among
older Chinese Americans. Self-reported sleep quality,
whether assessed through the PSQI scale or one of its
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Table 2 Fixed effects of associations between sleep parameters and global cognition

Predictors Coefficient (SE) p
Model 1
Time -0.02 (0.02) 0.28
Age -0.02 (0.00) <0.001
Age*time -0.00 (0.00) <0.01
Female 0.05 (0.03) 0.12
Female*time -0.02 (0.01) 0.15
Married 0.05 (0.03) 0.11
Married*time 0.02 (0.02) 0.13
Education 0.08 (0.00) <0.001
Education*time -0.00 (0.00) <0.05
Income 0.01 (0.01) 0.54
Income*time -0.00 (0.01) 0.83
Acculturation 0.02 (0.00) <0.001
Acculturation*time 0.00 (0.00) 0.61
Years in the US 0.00 (0.00) 0.60
Years in the US*time 0.00 (0.00) 0.23
Physical performance -0.03 (0.00) <0.001
Physical performance*time 0.00 (0.00) 0.52
Alcohol use -0.03 (0.20) 0.90
Alcohol use*time 0.09 (0.10) 037
BMI

Normal (ref)

Overweight 0.08 (0.03) <0.01

Obese -0.03 (0.07) 0.65
BMI*time

Normal (ref)

Overweight -0.00 (0.02) 097

Obese 0.04 (0.03) 0.28
Depression -0.01 (0.01) 0.09
Depression*time 0.00 (0.00) 0.12
IADL -0.03 (0.00) <0.001
IADL*time 0.00 (0.00) 0.66

Daytime sleepiness®
Never (ref)

Rarely -0.04 (0.04) 0.34
Sometimes -0.09 (0.04) <0.05
Often -0.08 (0.05) 0.08
Almost always 0.13(0.06) <0.05

Daytime sleepiness*time®
Never (ref)

Rarely 0.01 (0.02) 0.75
Sometimes -0.01 (0.02) 0.55
Often 0.04 (0.02) 0.09
Almost always -0.03 (0.03) 027
PSQl -0.01 (0.01) <0.01
PSQl*time 0.01(0.00) <0.05
Model 2
Insomnia -0.01 (0.00) <0.001
Insomnia*time 0.00 (0.00) <0.05
Model 3

Subjective sleep quality
Very good (ref)
Fairly good -0.04 (0.04) 035
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Table 2 (continued)

Predictors Coefficient (SE) p
Fairly bad -0.04 (0.05) 0.42
Very bad -0.28 (0.06) <0.001

Subjective sleep quality*time
Very good (ref)

Fairly Good 0.06 (0.02) <0.01
Fairly Bad 0.05(0.02) <0.05
Very Bad 0.09 (0.03) <0.01

Model 4

Sleep latency
<=15 min (ref)

15-30 min 0.05 (0.03) 0.09
30-60 min -0.13 (0.04) <0.01
>60 min -0.08 (0.05) 0.09

Sleep latency*time
<=15 min (ref)

15-30 min 0.01(0.02) 0.74
30-60 min 0.02(0.02) 0.31
>60 min -0.00 (0.02) 097

Model 5

Sleep efficiency
>=85% (ref)

75-85% 0.05 (0.04) 0.16
65-75% 0.05 (0.05) 032
<65% -0.08 (0.04) 0.06

Sleep efficiency*time
>=85% (ref)

75-85% 0.00(0.02) 0.99
65-75% 0.01 (0.02) 0.60
< 65% 0.02 (0.02) 0.30

Model 6

Sleep duration
>=7 h (ref)
6-7h 0.07 (0.03) <0.05
5-6h -0.02 (0.04) 0.62
<5h -0.09 (0.04) <0.05

Sleep duration*time
>=7 h (ref)
6-7h 0.03(0.02) 0.07
5-6h 0.04 (0.02) <0.05
<5h 0.04 (0.02) 0.07

Note Model 2 controlled for all covariates except daytime sleepiness and the interaction between daytime sleepiness and time, considering daytime sleepiness as
one item measuring insomnia. Models 3 to 6 controlled for all covariates as those in Model 1. Results for covariates in Models 2-6 were not displayed for simplicity

individual items, demonstrated significant associations
with cognitive measures.

Specifically, individuals reporting very poor subjec-
tive sleep quality demonstrated lower scores on work-
ing memory, episodic memory, and the C_MMSE,
although no difference in perceptual speed was observed
between them and those reporting very good sleep qual-
ity. This aligns with a previous study that found no dif-
ference in information-processing speed between poor
and good sleepers among community-dwelling, healthy

older Americans [41]. However, other sleep parameters,
including the PSQI, insomnia symptoms, sleep latency,
and sleep efficiency, were significantly related to percep-
tual speed. These findings suggest that a single self-rated
sleep quality item may not adequately reflect the disrup-
tions of slow-wave sleep and sleep continuity that are
linked to reduced processing speed [42].

The current study revealed distinct associations
between various aspects of sleep quality and cognitive
domains. Long sleep latency, indicating more difficulty
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Table 3 Fix effects of associations between sleep parameters and cognitive domains

Perceptual speed Working memory Episodic memory C_MMSE

Predictors Coefficient (SE) Coefficient (SE) Coefficient (SE) Coefficient (SE)
Models: PSQI + Covariates
Time -0.04 (0.02) -0.02 (0.02) 0.02 (0.03) -0.07 (0.03)*
PSQI -0.01 (0.01)* -0.02 (0.01)** -0.02 (0.01)* -0.01 (0.01)
PSQI*time 0.00 (0.00) 0.01 (0.00)* 0.00 (0.00) 0.01 (0.00)*
Models: Insomnia + Covariates
Time -0.03 (0.02) -0.03 (0.02) 0.03 (0.03) -0.09 (0.03)**
Insomnia -0.02 (0.00)*** -0.01 (0.00) -0.02 (0.00)*** 0.00 (0.01)
Insomnia*time 0.00 (0.00)* 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Models: Subjective sleep quality + Covariates
Time -0.05 (0.03) -0.14 (0.03)*** -0.02 (0.04) -0.14 (0.04)**
Sleep quality

Very good (ref)

Fairly good 0.03 (0.05) -0.12 (0.05)* -0.06 (0.06) 0.00(0.07)

Fairly bad 0.03 (0.06) -0.14 (0.06)* -0.04 (0.07) -0.03 (0.07)

Very bad -0.08 (0.08) -0.24 (0.08)** -0.37 (0.09)*** -0.32 (0.10)**
Sleep quality*time

Very good (ref)

Fairly Good 0.01(0.02) 0.12 (0.03)*** 0.05 (0.03) 0.06 (0.03)

Fairly bad 0.00 (0.03) 0.13 (0.03)*** 0.04 (0.04) 0.06 (0.04)

Very bad 0.02 (0.04) 0.16 (0.04)*** 0.08 (0.05) 0.10 (0.05)*
Models: Sleep latency + Covariates
Time -0.04 (0.02) -0.04 (0.03) 0.02 (0.03) -0.09 (0.03)**
Sleep latency

<=15 min (ref)

15-30 min 0.01 (0.04) 0.05 (0.04) 0.07 (0.04) 0.06 (0.05)

30-60 min -0.16 (0.05)*** -0.08 (0.05) -0.16 (0.05)** -0.09 (0.06)

>60 min -0.12 (0.05)* -0.13 (0.06)* -0.07 (0.06) 0.01 (0.07)
Sleep latency*time

<=15 min (ref)

15-30 min 0.00 (0.02) 0.01 (0.02) 0.00 (0.02) 0.01 (0.03)

30-60 min 0.01(0.02) 0.02 (0.03) 0.01(0.03) 0.03(0.03)

>60 min -0.05 (0.03) 0.04 (0.03) -0.02 (0.04) 0.01 (0.04)
Models: Sleep efficiency + Covariates
Time -0.05 (0.02)* -0.04 (0.03) 0.02 (0.03) -0.09 (0.03)**
Sleep efficiency

>=85% (ref)

75-85% -0.02 (0.04) 0.01 (0.05) 0.10 (0.05)* 0.07 (0.06)

65-75% 0.07 (0.05) -0.04 (0.06) 0.04 (0.06) 0.14 (0.07)*

<65% -0.11 (0.05)* -0.05 (0.05) -0.07 (0.06) -0.10 (0.06)
Sleep efficiency*time

>=85% (ref)

75-85% 0.00(0.02) 0.01(0.02) -0.02 (0.03) 0.02(0.03)

65-75% -0.02 (0.03) 0.03 (0.03) 0.01 (0.04) 0.04 (0.04)

< 65% 0.05 (0.02)* 0.01(0.03) 0.0 (0.03) 0.04 (0.03)
Models: Sleep duration + Covariates
Time -0.05 (0.02)* -0.04 (0.03) 0.01 (0.03) -0.10 (0.03)**
Sleep duration

>=7 h (ref)

6-7h 0.04 (0.04) 0.06 (0.04) 0.09 (0.05) 0.07 (0.05)

5-6h -0.02 (0.05) -0.04 (0.05) -0.01 (0.05) -0.04 (0.06)

<5h -0.08 (0.05) -0.10 (0.05) -0.10 (0.06) -0.06 (0.07)

Sleep duration*time
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Table 3 (continued)
Perceptual speed Working memory Episodic memory C_MMSE

Predictors Coefficient (SE) Coefficient (SE) Coefficient (SE) Coefficient (SE)

>=7 h (ref)

6-7h 0.03 (0.02) 0.03(0.02) 0.03(0.03) 0.06 (0.03)*

5-6h 0.01(0.02) 0.04 (0.03) 0.04 (0.03) 0.07 (0.03)*

<5h 0.03 (0.03) 0.03 (0.03) 0.05 (0.03) 0.05 (0.03)

Note All models controlled for every covariate, except for excluding daytime sleepiness from the models that utilized insomnia to predict cognitive outcomes

*p<.05, **p < 01, *** p< 001

in initiating sleep, was significantly associated with worse
global cognition, perceptual speed, episodic memory,
and working memory. In contrast, sleep duration was
only linked to global cognition, while sleep efficiency
was solely related to perceptual speed. The absence of
significant effects of sleep efficiency on other domains of
cognitive functioning suggests that it may not be a criti-
cal factor in cognitive performance in this study sample.
Moreover, sleep efficiency, defined as the ratio of actual
sleep time to total time in bed, may be susceptible to
measurement error due to deficiencies in attention,
task-switching, and cognitive flexibility [43]. This could
explain its significant relationship with perceptual speed
but no other cognitive domains [43]. Consistent with pre-
vious research indicating that sleep durations shorter or
longer than 6-7 h were associated with worse cognitive
functioning [8], the current study found that sleeping for
6—7 h may be optimal for global cognition, although not
necessarily for specific domains. This observation could
be explained by the notion that the most critical aspect of
sleep quality may be the amount of unwanted intruding
wakefulness experienced, rather than the total duration
of sleep [41]. Long sleep may indicate underlying dis-
eases and failing health, whereas inadequate sleep may be
linked to cardiovascular and/or cerebrovascular disease,
stroke, metabolic syndrome, diabetes, and depression —
all of which are known contributors to an increased risk
of cognitive decline [44].

The study did not find significant time effect of sleep
parameters on cognitive decline, with some findings even
contradicting the study hypothesis. Specifically, the nega-
tive associations of poor sleep quality with global cogni-
tion and working memory appeared to weaken over the
two-year observation period. This could be attributed to
the relatively short duration of the study, insufficient to
capture a meaningful declining trend. Among the cogni-
tive measures, only the C_MMSE consistently exhibited
a decline across the analysis models. These findings sug-
gest that chronic sleep problems, rather than short-term
fluctuations, may be more strongly linked to cognitive
decline. Additionally, the association between sleep and
cognition might weaken with age, as the aging brain
may become less efficient in supporting sleep-specific
cognitive processes [10]. For older adults experiencing

chronic sleep disturbances or deprivation, the impact
of additional sleep may be minimal [10]. This could
explain findings where insomnia, a condition marked by
chronic sleep problems, was not associated with cogni-
tive decline, as well as the contradictory effects observed
for low sleep efficiency and daytime sleepiness. More-
over, these contradictory findings could be influenced by
individual differences in cognitive status. For some older
adults, cognitive capacity may shape their perceptions
of sleep quality and quantity over the past month. Poor
sleep quality, characterized by long sleep latency and low
sleep efficiency, might not necessarily act as a risk factor
for cognitive decline but instead serve as an early marker
of neurodegeneration in non-demented individuals [45].
Additionally, some older adults may demonstrate greater
resistance to the cognitive effects of sleep disturbances,
possibly due to physiological adaptations associated with
aging [9].

These potential explanations may also account for dis-
crepancies in the time effects documented in the limited
research available on other racial and ethnic groups. For
instance, a few studies conducted among older Koreans
[46] and older Japanese individuals [47] in their home
countries found significant associations between sleep
problems, such as long sleep latency and extended sleep
duration, and faster cognitive decline over time. Simi-
larly, scant evidence from studies of older Mexicans and
older Black Americans also suggests the long-term nega-
tive effects of sleep problems on cognitive decline [3,
48]. These discrepancies highlight the need for future
research to explore cultural differences, environmental
factors, or genetic variations that may influence sleep
patterns and cognitive aging.

Several limitations of this study should be noted. First,
this analysis focused on community-dwelling older
adults. While some participants remained relatively
healthy and high-functioning, those with severe cogni-
tive and physical impairments may have been unable to
participate in the PINE study. This health selection bias
could result in an underestimation of the negative effects
of sleep problems. Second, the study relied solely on self-
reported measures of sleep problems. Although subjec-
tive measures of sleep have been inconsistently linked
to poorer cognitive functioning [10], they are prone to
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differential misclassification and selective dropout. Par-
ticipants with cognitive impairments may struggle to
accurately answer sleep questions [9]. Additionally, the
PSQ], used to measure sleep quality, may not be entirely
suitable for older adults. This is because it relies on cogni-
tive capacity to recall sleep patterns over the past month,
which can be challenging for individuals with declining
cognitive function [49]. This potential bias is particularly
concerning in the context of long-term cognitive decline.
Further, the study did not account for the potential
confounding factors such as obstructive sleep apnea and
medication use. Participants with undiagnosed sleep
apnea, which was neither screened for nor diagnosed,
may have contributed to inconsistencies in the observed
associations between self-reported sleep problems and
cognitive functioning [9]. Additionally, the PINE study
did not assess the use of medications that could influence
either sleep or cognitive performance. Since medication
use may confound the relationship between sleep qual-
ity and cognition, it is important to examine the impact
of sleep medication use, particularly among racial and
ethnic groups historically underrepresented in cognitive
aging research [3]. Lastly, the average two-year follow-up
period was relatively short. This limited duration might
have constrained our ability to detect cognitive decline
and the effects of sleep problems. Future research should
aim to overcome these limitations by applying longitudi-
nal research designs, incorporating health screening and
diagnosis, and integrating reliable and valid objective
measures of sleep. These approaches will enable a more
thorough understanding of changes in sleep patterns and
cognitive functioning, as well as the factors influencing
the association between sleep and cognition over time.

Conclusion

The current study examined multiple facets of subjec-
tive sleep measures in relation to global cognition and
specific cognitive domains. The findings underscored
the significant associations between sleep quality, as
measured by the PSQI and a single self-reported item,
and various aspects of cognitive functioning. Specifi-
cally, long sleep onset latency appeared to be linked to
potential impairment in episodic memory, perceptual
speed, and global cognition. Given the high prevalence
of sleep disturbances and cognitive disorders among
older adults, understanding the relationship between
sleep health and cognitive aging holds significant public
health implications. Targeting individuals at risk of cog-
nitive decline through interventions aimed at improving
sleep quality could potentially enhance cognitive health
outcomes. Moreover, considering the racial and ethnic
disparities in sleep and cognitive health, coupled with the
limited research among older Chinese Americans, there
is a pressing need for longitudinal and interventional
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studies to mitigate health inequities in this minority
population. Older Chinese Americans may particularly
benefit from regular health screenings, targeted sleep
interventions, and enhanced acculturation and physi-
cal performance. These interventions should be imple-
mented through a culturally sensitive, community-based
approach to ensure effectiveness and accessibility. By
addressing sleep-related factors in cognitive health pro-
motion efforts, researchers and practitioners can work
towards reducing disparities and improving overall well-
being among older adults, particularly within minority
communities.
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