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Abstract

Background: Sleep is a multifaceted phenomenon influenced by both duration and quality. Various sleep disturbances
have been associated with mild cognitive impairment, but the role of specific disturbances in mild cognitive impairment
pathophysiology remains unclear. This study investigated the associations between distinct sleep disturbances and mild
cognitive impairment in adults aged 50 and older using nationally representative data.

Methods: Longitudinal data from the Health and Retirement Study were analyzed to explore the association between mild
cognitive impairment and three types of sleep disturbances: trouble falling asleep, trouble waking up, and waking up too early.
Logistic regression models estimated unadjusted (Model |) and adjusted associations accounting for sex, race/ethnicity, age,
social determinants of health (Model 2), general health (Model 3), depression (Model 4), and pain and physical activity (Model 5).
Results: The study cohort included 8877 participants aged =50years in 2018 (baseline) who were followed up in 2020.
Overall, 15.4% reported trouble falling asleep, 23.2% reported trouble waking up, and 12.8% reported waking up too early
and being unable to fall back asleep most of the time. Among older adults, approximately 13.1% reported experiencing
mild cognitive impairment; The prevalence of mild cognitive impairment was even higher in those who experienced sleep
disturbances. The unadjusted odds ratio (UOR) for experiencing trouble falling asleep most of the time was 1.69 (95% ClI:
1.42-2.03), for trouble waking up most of the time was .31 (95% CI: 1.10-1.57), and for waking up early most of the time
was .88 (95% Cl: 1.51-2.35). However, these positive associations attenuated depending on the covariate adjustment.
Conclusions: Nearly one in seven adults had mild cognitive impairment. The relationship between sleep disturbances and
mild cognitive impairment has been challenging to delineate. Our findings demonstrate a positive association between sleep
disturbances and mild cognitive impairment, although these associations were sensitive to covariate adjustments. These
findings suggest multifaceted pathways for reducing the risk of mild cognitive impairment.
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Introduction

Mild cognitive impairment (MCI), a symptomatically mild
but recognizable change in memory, is a highly prevalent
condition with 12%—18% of older adults, aged = 60years
reporting symptoms.'? The global prevalence of MCI is esti-
mated at 19.7% with 95% confidence intervals (18.3%—
21.1%).> MCI can lead to negative health consequences
including mortality. Compared to those without MCI, indi-
viduals with MCI have greater mortality rates.*

MClI is often described as an intermediate stage in the tra-
jectory to dementia.’> Older adults with MCI have an
increased risk of developing dementia including Alzheimer’s
disease (AD), a public health crisis with devastating human-
istic, clinical, and economic burdens.®’” For example, 10%—
15% of individuals with MCI develop AD (Alzheimer’s
Association, 2022).2 An interesting characteristic of MCI is
that it is reversible.’ The serious sequelae of MCI to demen-
tia as well as the reversibility of MCI have driven significant
interest in MCI early identification and its risk factors.

Existing literature suggests that immutable elements such
as age and modifiable factors such as cardiovascular risks,
depression, anticholinergic burden, smoking, diet, obesity,
comorbid conditions, sensory impairments, pain, alcohol
consumption, social isolation, and levels of physical and
intellectual activity are associated with cognitive decline and
MCIL.3'* Health conditions such as depression have been
shown to have a complex relationship with MCIL.'3

While many factors contribute to the development of
MCI, emerging literature has begun to focus on sleep distur-
bances as a potential modifiable pathway to reduce its risk.
There is growing evidence suggesting that improving sleep
quality may decrease the risk of cognitive decline leading to
MCI. For example, using a population-attributable risk cal-
culation, a meta-analysis concluded that 15% of AD could be
prevented by treating sleep disorders.'® As MCI often pre-
cedes AD as a transitional cognitive state, these findings sug-
gest that addressing sleep disturbances may also play a
crucial role in preventing or delaying the onset of MCI.

Studies have also established a potential link between sleep
disturbances and cognitive decline and MCL.'""" Self-reported
sleep quality and daytime sleepiness have been associated with
cognitive decline over a 3—4-year timeframe, and variations in
sleep duration alongside circadian disruptions have been linked
to cognitive decline and increased dementia risk.2%2> Compared
to healthy controls, persons with MCI had greater sleep distur-
bances (e.g., waking after sleep onset, reduced total sleep time,
and longer sleep onset latency) using objective measures.!” The
prevalence of sleep disturbances in individuals with MCI has
been studied in both cross-sectional and longitudinal designs.?
In a systematic review and meta-analysis of the prevalence of
sleep disturbances in individuals with MCI, sleep disturbance
prevalence was significantly lower in 16 cohort studies com-
pared to the 28 cross-sectional studies.?®

Although the relationship between sleep and cognition is
bidirectional, studies have explored sleep disturbances as a
risk factor for MCI. These studies have yielded mixed find-
ings. While sleep disorders such as a history of insomnia or
obstructive sleep apnea significantly increased the risk of
MCI among older individuals, some measures of sleep dis-
turbances such as wake after sleep onset and total sleep time
were not associated with MCI in some sub-populations such
as older women.?*?’ In a cross-sectional comparison of sleep
disturbances among those with and without MCI, no signifi-
cant differences were found in terms of subjective sleep
quality, wake-up time, sleep latency, and daytime dysfunc-
tion.”® However, in this study, a composite score was signifi-
cantly higher among those with MCI, suggesting that sleep
disturbances may be a risk factor for MCL.* In healthy
adults, a prospective cohort study found that sleep distur-
bances predicted MCI1.2” However, this study relied on a sin-
gle binary indicator of nighttime behaviors, derived from
responses to the question: “Does the patient awaken you dur-
ing the night, rise too early in the morning, or take excessive
naps during the day?” On the other hand, in a longitudinal
cohort study, the presence of sleep disturbance symptoms
did not affect the rate of decline in measures of global cogni-
tion, executive function, or memory performance in cogni-
tively healthy individuals.?® These findings suggest that the
relationship of sleep disturbance with MCI may not be
consistent.

Furthermore, the variations in measurements of MCI and
sleep disturbances may introduce significant limitations in
understanding the role of sleep in MCI. For example, there is
no single recommended “gold standard” test to measure
MCIL.? MCI can be assessed using various methods, includ-
ing traditional paper-and-pencil neuropsychological tests,
neuroimaging techniques (e.g., magnetic resonance imaging
[MRI] and positron emission tomography [PET]), and labo-
ratory-based biomarkers (e.g., cerebrospinal fluid measures
of AP and genetic markers). A scoping review article identi-
fied a total of 52 different cognitive tools.3°

Similarly, while in-lab tests of sleep disturbances provide
detailed insights, their generalizability may be restricted due
to small sample sizes. Conversely, composite sleep distur-
bance measures may obscure the specific relationship
between sleep disturbances and MCI by equally weighing
diverse sleep-related issues (e.g., difficulties in sleep initia-
tion vs maintenance). This approach neglects the intricate
nature of sleep disturbances and their potential distinct influ-
ences on MCI. Furthermore, many studies combine MCI or
dementia as the outcome variable.'® Given that sleep is a
complex phenomenon and the varied types of sleep distur-
bances, it is imperative to understand their individual asso-
ciations with MCI. Therefore, this study examined individual
sleep disturbance variables and their associations with MCI
using nationally representative data of adults aged 50years
or older.
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Methods

Data source

This retrospective study based on secondary data analysis
utilized a cohort design with longitudinal data from the
Health and Retirement Study (HRS), a prospective cohort
study of adults aged 50 and older. The HRS is sponsored by
the National Institute on Aging and conducted by the Institute
for Social Research at the University of Michigan. It surveys
a nationally representative sample of over 20,000 non-insti-
tutionalized Americans aged 50 and above every 2 years. The
primary aim of the HRS is to examine the health, economic,
and social factors that influence aging and retirement deci-
sions in the United States.?! Ethical approval for this study
was waived by the Institutional Review Board because the
study is based on a public and deidentified data.

Study cohort and study period

The study cohort included 8877 participants aged = 50 years
in 2018 (baseline period) and followed up in 2020 (follow-
up period). Participants with dementia (based on self-report
or objective assessments) at either the baseline or follow-up
were excluded, as were those with missing data on key vari-
ables including cognition score and sleep disturbances. Our
analytic cohort, weighted according to the HRS sampling
methodology, represented a population of 54,656,438 indi-
viduals aged 50 years or older.

Dependent variable: MCI without dementia (yes/no)

The dependent variable was MCI without dementia. As
stated in the introduction, there is no single recommended
“gold standard” test to measure MCI.? Thus, the HRS cogni-
tive provides a simplified assessment of cognitive function
and overlaps with parts of both MMSE and MoCA but does
not fully replicate either tool’s scope. For example, the HRS
cognitive measure overlaps significantly with both the
MMSE and the MoCA in key cognitive domains such as
memory, orientation, attention, and language. However, it
lacks the more detailed executive function and visuospatial
ability components found in the MoCA and, to a lesser
extent, the MMSE.

We identified MCI without dementia in 2020, 2years
after the sleep disturbances were measured. MCI was based
on several objective tests. MCI was identified based on a
series of tests, including immediate word recall (score range
0-10), delayed word recall (score range 0-10), serial 7s
(score range 0-5), and backward count from 20 (0-2)
assessed in 2020. Immediate and delayed word recall tests
consisted of 10 words read slowly by the interviewer and
recalled by the respondent once immediately (within 2 min)

and once at a later point in time. Scoring of word recall is
based on the number of words correctly recalled and can
range from 0 to 10. In the serial 7s test, the participant sub-
tracted 7 from 100 in the first step and continued subtracting
7 from the previous number in each subsequent step. Scores
on ecach of these tests can range from 0 to 27, with lower
scores representing poorer cognitive performance. We used
the standard cut points developed by Lang-Weir (12-27 — no
cognitive impairment; 7-11 cognitive impairment and no
dementia; and 0—6 dementia).3? Thus, a total score between 7
and 11 indicated MCI without dementia.

The threshold cut points used in our study have been vali-
dated against the Aging, Demographics, and Memory Study
(ADAMS). The ADAMS selected a subset of respondents
from the HRS sample to undergo extensive neuropsychiatric
assessment as well as detailed medical, functioning, cogni-
tive, and physical exams.*> ADAMs assign a diagnosis of
dementia, cognitive impairment without dementia, and
dementia based on objective assessments. Studies have
found a strong agreement of “normal” cognition (87.1%)
between ADAMS and the HRS. However, concordance
between ADAMS and HRS in identifying MCI without
dementia is relatively low, limiting its precision in this
category.>*

Key explanatory variables: Sleep disturbances

Similarly, there are different definitions for sleep distur-
bances across different studies. For example, sleep distur-
bance measurements range from clinical evaluations in
overnight in-lab assessments to self-reported composite
measures like the Pittsburgh Sleep Quality Index,’® the
seven-question Insomnia Severity Index,*® and the Jenkins
Sleep Scale.’” The Jenkins sleep scale has a high internal
consistency (alpha=0.80) and is a practical scale for study-
ing sleep difficulties.’’” The HRS provides a 4-question
adapted, validated version of the Jenkins Sleep Scale.>”8
These questions are routinely and broadly used in evaluating
and screening for sleep quality and sleep disturbances in
research.

We assessed sleep disturbances at baseline in 2018. These
were measured through responses to questions regarding dif-
ficulties falling asleep (“How often do you have trouble fall-
ing asleep?”’), nocturnal awakenings (“How often do you
have trouble with waking up during the night?”’), and early
morning awakenings with the inability to return to sleep
(“How often do you have trouble with waking up too early
and not being able to fall asleep again?”). After each of the
three questions, respondents were prompted with the follow-
ing: “Would you say most of the time, sometimes, or rarely
or never?” These questions are routinely and broadly used in
evaluating and screening for sleep quality and sleep distur-
bances in research. 343
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Other independent variables

We considered biological factors such as sex (male/female),
age (50-64, 6569, 70-74, 7579, 80, and more years), race
and ethnicity (non-Hispanic White (NHW), non-Hispanic
Black (NHB), Hispanic, and others), social determinants of
health (SDOH) including living alone (yes/no), education
(less than high school, high school, some college, college),
employment (yes/no), private insurance (yes/no), poverty
(poor, low income, middle income, high income), and life-
style factors including exercise (yes/no), pain severity (no
pain, mild, moderate, severe), general health (fair/poor, good,
very good/excellent), and depression. Depression was meas-
ured using the Short Form Composite International Diagnostic
Interview (CIDI-SF).* This scale uses items such as loss of
interest, appetite, trouble falling asleep, trouble concentrat-
ing, feeling down, and thoughts of death. We used a threshold
of scoring three or more points to define depression as indi-
cated by the instrument’s guidelines (yes, no).** These varia-
bles were chosen based on literature and plausible relationship
with MCL* We used general health as a proxy for chronic
conditions because of the high predictive ability of chronic
conditions with self-perceived general health.*’

Statistical analysis

The unadjusted associations of sleep disturbances with MCI
were examined using Rao—Scott chi-square tests. The
adjusted associations for each sleep variable were evaluated
using five nested multivariable logistic regression models,
each progressively accounting for additional explanatory
variables. Model 1 included only sleep disturbance variables
without adjustment. Model 2 controlled for sex, age, race/
ethnicity, and SDOH. Model 3 further incorporated per-
ceived general health, while Model 4 accounted for depres-
sion. Finally, Model 5 included adjustments for pain and
physical activity. All statistical analyses accounted for the
complex survey design of the HRS data using SAS 9.4 (SAS
Institute Inc., Cary, NC) Survey procedures.*’

Results

Overall, the study cohort was 54.4% female, 69.6% NHW,
11.8% NHB, and 12.6% Hispanic (not reported in tabular
form). A majority of adults (53.5%) were in the age group
50—64years; 22.5% lived alone. Nearly one-third (30.8%)
were college-educated and 46.3% had high income (>400%
FPL). About 23.7% of adults perceived their general health as
fair or poor. The prevalence of major depression was 18.2%.

Description by sleep disturbances

Among older adults, 15.4% (most of the time) and 33.8%
(sometimes) reported trouble falling asleep, 23.2% (most of
the time) and 38.9% (sometimes) reported trouble waking
up, and 12.8% and 33.3% reported waking up too early and

being unable to fall back asleep most of the time and some-
times, respectively (Table 1).

Table 1 also summarizes group differences in sleep distur-
bances. Overall, 25.7% of females reported trouble waking
up most of the time, compared to 20.3% of males (p <0.001).
Among different age groups, a higher proportion of individ-
uals aged 50-64 reported trouble falling asleep most of the
time compared to those aged 80+ (16.6% vs 13.7%,
p<<0.001). We also observed that a higher percentage of
Hispanic individuals reported waking up early most of the
time compared to NHW (18.6% vs 11.0%, p <0.001).

With regard to SDOH, individuals with less than a high
school education had more trouble waking up most of the
time than those with a college education or higher (24.4% vs
20.7%, p<0.001, Table 1). Individuals with lower income
and poor poverty status were more likely to experience trou-
ble falling asleep, waking up, and waking up early most of
the time compared to those with higher incomes (» <0.001).

In terms of health variables, adults who reported per-
ceived poor or fair health had higher rates of sleep distur-
bances most of the time (trouble falling asleep: 27.7% vs
7.3%; nocturnal awakening: 35.6% vs 16.1%; inability to
return to sleep: 23.4% vs 8.0%) compared to those with per-
ceived excellent health. Additionally, participants with
depression had a significantly higher prevalence of trouble
falling asleep most of the time (36.5% vs 10.7%), trouble
waking up most of the time (42.8% vs 18.9%), and waking
up early most of the time (25.4% vs 10.0%) compared to
those without depression (» <0.001). A higher percentage of
adults with severe pain experienced sleep disturbances most
of the time compared to those without pain (p <0.001).

Association of sleep disturbances with MCI

Among older adults without dementia, nearly 1 in 7 (13.1%)
had MCI (Table 2). This prevalence was even higher among
those who experienced sleep disturbances. Specifically,
18.5% of those who had trouble sleeping most of the time
reported MCI, compared to 11.8% of those who never or
rarely had trouble sleeping. Similarly, 15.5% of participants
with trouble waking up most of the time reported MCI, com-
pared to 12.3% of those who rarely or never had trouble
waking up. The prevalence of MCI was 19.0% among those
who woke up early and were unable to fall back asleep most
of the time, compared to 11.1% among those who rarely or
never experienced this issue (Table 2).

Table 3 summarizes the prevalence of MCI by other char-
acteristics of the study cohort. We observed significant dif-
ferences in MCI status by all characteristics except sex. For
example, older adults, NHB, those who live alone, those
with less than high school education, low income, fair or
poor general health, major depression, severe pain, and less
than moderate or vigorous physical activity had a higher
prevalence of MCI compared to younger adults, NHW, not
living alone, college education, high income, excellent
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Table |. Description of study cohort by sleep disturbance variables older adults aged 50 or older (weighted row percent) health
retirement study, 2018-2020.

All Trouble falling asleep Trouble waking up Woaking up early

Always Some times Rare/never Always Some Times Rare/never Always Some times Rare/never

% % % % % % % % %
15.4 338 50.8 23.2 38.9 37.8 12.8 333 53.9

Sex

Female 18.3 38.0 43.7 25.7 40.0 343 13.9 344 51.7

Male 1.8 289 59.3 20.3 37.7 42.0 I.5 31.9 56.6
Age in years

50-64years 16.6 329 50.5 233 379 38.8 14.0 31.9 54.1

65—69years 14.7 35.1 50.2 213 37.1 41.5 12.1 33.0 54.9

70-79years 13.5 35.0 51.5 24.0 40.1 35.9 1.8 34.2 54.0

80+ years 13.7 342 52.0 24.4 44.9 30.7 9.5 395 51.0
Race and ethnicity

NHW 14.7 33.0 523 239 39.2 36.9 1.0 333 55.7

NHB 18.4 335 48.1 21.4 36.0 42.7 15.3 34.7 50.0

Latino 15.2 38.8 46.0 21.1 40.6 383 18.6 337 47.7

Other race 17.4 33.0 49.5 238 379 383 16.5 29.6 53.9
Living arrangement

Alone 19.1 34.0 46.9 26.0 38.8 353 14.4 339 51.6

Not alone 14.2 337 52.1 224 39.0 38.6 12.3 33.1 54.6
Education

Less than high school 19.0 363 44.7 24.4 41.6 34.0 18.4 354 46.2

High school 17.2 35.6 47.2 25.1 384 36.6 14.8 332 51.9

Some collage 17.3 33.6 49.0 23.7 379 384 1.9 34.1 54.0

College 10.4 31.2 584 20.7 39.2 40.1 9.4 31.8 58.9
Employment

Employed I.5 31.8 56.7 20.1 394 40.5 1.4 31.6 56.9

Not employed 18.1 353 46.6 254 38.8 358 13.8 34.6 51.7
Poverty status

Poor 26.6 35.6 379 29.9 37.6 325 20.8 36.1 43.2

Low income 21.0 36.9 42.1 27.2 36.8 36.0 16.4 343 49.3

Middle income 15.8 35.1 49.1 21.6 40.6 377 1.7 339 543

High income 10.7 316 57.7 21.2 39.0 39.8 10.4 319 57.7
Private health insurance

Yes 1.8 335 54.7 214 394 39.2 .1 325 56.4

No 20.1 34.0 45.8 25.8 383 35.9 15.1 343 50.6
General health

Excellent/very good 8.3 30.1 61.6 16.1 393 44.6 8.0 29.5 62.4

Good 15.2 36.5 48.4 23.1 393 37.6 1.3 35.1 53.7

Fair/poor 27.7 36.3 36.0 35.6 37.8 26.6 23.4 37.0 39.6
Major depression

Yes 36.5 384 25.1 42.8 36.7 20.5 25.4 38.6 36.0

No 10.7 328 56.5 18.9 394 41.7 10.0 32.1 57.9
Pain

None 8.7 31.8 59.5 16.1 393 44.6 9.2 30.1 60.7

Mild 17.5 37.0 45.5 25.9 41.3 327 1.8 387 49.5

Moderate 25.4 377 36.9 348 38.6 26.6 18.0 384 43.6

Severe 38.2 329 28.9 43.7 33.6 22.7 29.8 348 353
Physical activity

Moderate or vigorous activity > |/week 12.4 32.1 554 21.3 389 39.8 1.8 31.7 56.5

No 19.6 36.3 44.1 26.1 39.0 35.0 14.3 35.6 50.1

NHW: non-Hispanic White, NHB: non-Hispanic Black.

Based on 8877 participants, alive as of 2020 and did not have dementia during baseline (2018) and follow-up (2020) periods. Missing data for living ar-
rangement, education, poverty status, employment, and private health insurance are not reported. Rao—Scott chi-squared tests were used to determine
significant group differences by sleep disturbance variables. All variables were significantly associated with sleep disturbance except for trouble falling
asleep by age (p=0.128) and waking up early by living arrangement (p =0.148).
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Table 2. Description of older adults (age = 50years) by MClI status (weighted row percent) health and retirement survey 2018 and 2020.

All No MCI MCI p-Value
N Wt.% N Wt.%
7336 86.9 1,541 13.1
Sex 0.507
Women 4,365 87.1 865 12.9
Men 2,971 86.6 676 13.4
Age groups <0.001
50-64years 3,791 90.3 631 9.7
65—69years 1,165 89.0 195 1.0
70-74years 745 86.6 133 134
75-79years 818 81.9 204 18.1
80+ years 817 69.3 378 30.7
Race/ethnicity <0.001
NHW 4,069 89.8 624 10.2
NHB 1,584 76.5 495 23.5
Hispanic 1,318 79.9 354 20.1
Other race 365 88.2 68 1.8
Living arrangement <0.001
Alone 1,656 82.1 482 17.9
Someone 5,664 88.3 1,054 1.7
Education <0.001
Less than high school 1,049 67.8 543 322
High school 2,145 83.2 560 16.8
Some collage 2,045 91.1 276 89
College 2,060 94.6 160 5.4
Employment <0.001
Employed 2,925 93.5 319 6.5
Not employed 4,387 82.1 1,215 17.9
Poverty status <0.001
Poor 902 73.8 395 26.2
Low income 1,247 76.2 425 23.8
Moderate income 2,173 85.9 444 14.1
High income 3,000 94.1 268 5.9
Private health insurance <0.001
Yes 3,817 92.4 471 7.6
No 3,466 79.8 1,053 20.2
General health <0.001
Excellent/very good 2,798 92.7 348 7.3
Good 2,702 86.7 532 133
Fair/poor 1,836 77.1 661 22.9
Major depression <0.001
Yes 1,352 79.2 456 20.8
No 5,984 88.6 1,085 1.4
Pain <0.001
None 4,366 88.4 828 1.6
Mild 759 88.6 155 1.4
Moderate 1,703 85.7 344 14.3
Severe 485 754 205 24.6
Physical activity <0.001
Moderate or vigorous activity > |/week 4,221 89.9 685 10.1
No 3,115 82.4 856 17.6

MCI: mild cognitive impairment; NHW: non-Hispanic White; NHB: non-Hispanic Black; Wt: weighted.

Based on 8,877 participants, alive as of 2020 and did not have dementia during baseline (2018) and follow-up (2020) periods. Missing data for living arrange-
ment, education, poverty status, employment, and private health insurance are not reported. Rao—Scott chi-squared tests were used to determine significant
group differences by MCI status.
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Table 3. Unadjusted and adjusted odds ratios (aORs) and 95% confidence intervals (Cls) of sleep disturbance variables from logistic
regressions on MC| among older adults (age = 50years) health and retirement survey 2018 and 2020.

Model specification

Trouble falling asleep

Trouble waking up

Waking up early

uOR 95% Cl uOR 95% ClI uOR 95% Cl
Model | unadjusted
Mostly 1.69 (1.42,2.03) 1.31 (1.10, 1.57) 1.88 (1.51, 2.35)
Sometimes 1.09 (0.95, 1.25) 1.03 (0.86, 1.23) 1.30 (1.12, 1.50)

Rare/never (ref)

aOR 95% CI

aOR 95% ClI

aOR 95% CI

Model 2: adjusted for sex, race and ethnicity, age, and SDOH (living arrangement, education, employment, poverty, and private health

insurance)
Mostly
Sometimes
Rare/never (ref)

128 (1.05, 1.56)
094  (0.80, 1.09)

Model 3: adjusted for sex, race and ethnicity, age, SDOH, and general health

Mostly
Sometimes
Rare/never (ref)

114 (0.92, 1.40)
089 (076, 1.04)

12 (092 1.37)
090  (0.75, 1.08)

.00 (0.82,1.22)
086  (0.71, 1.04)

148 (1.14,1.94)
110 (0.93,1.30)

133 (1.03,1.73)
1.04  (0.88,1.23)

Model 4: adjusted for sex, race and ethnicity, age, SDOH, general health, and depression

Mostly 1.04
Sometimes 0.86
Rare/never (ref)

(0.84, 1.30) 093 (075, 1.15) 126  (0.97, 1.64)
(0.74, 1.00) 084  (070,101) 102 (085, 1.21)

Model 5: adjusted for sex, race and ethnicity, age, SDOH, general health, depression, pain, and physical activity

Mostly
Sometimes

105 (083, 1.32)
087  (0.74, 1.01)

095 (076, 1.18)
085 (070, 1.02)

127 (0.96, 1.67)
103 (0.86,1.22)

Rare/never (ref)

MCI: mild cognitive impairment; ref: reference group; uOR: unadjusted odds ratio.
Based on 8877 participants, alive as of 2020 and did not have dementia during baseline (2018) and follow-up (2020) periods.

physical health, no major depression, no pain, and moderate
or vigorous physical activity more than once a week.

Figure 1 summarizes the unadjusted and adjusted associa-
tions of sleep disturbance variables with MCI. Panel A pre-
sents findings related to trouble falling asleep; Panel B
represents trouble waking up, and Panel C refers to waking
up early and being unable to fall back asleep. In unadjusted
(Model 1), those who experienced sleep disturbances most
of the time had higher odds of MCI (Figure 1). After adjust-
ing for sex, age, race/ethnicity, and SDOH (Model 2), the
positive association of trouble falling asleep (most of the
time: adjusted odds ratio (aOR)=1.28, 95% confidence
interval (CI): 1.05, 1.56) and waking up early and unable to
fall back asleep (most of the time: aOR=1.48, 95% CI: 1.14,
1.94) with MCI remained.

After adjusting for individuals’ perceptions of their gen-
eral health (Model 3), adults who were waking up early and
unable to fall back asleep (most of the time) were more likely
to have MCI (aOR=1.33, 95% CI: 1.03, 1.73). Furthermore,
after adjusting for depression in Model 4, this positive asso-
ciation disappeared. In the fully adjusted model (Model 5),

the associations between all sleep disturbance variables and
MCI were statistically insignificant (Figure 1).

Supplemental analyses. We included diabetes, heart disease,
COPD, stroke, and hypertension—in the regression models
instead of general health status. In these models, the associa-
tion between sleep disturbances and MCI remained consist-
ent. For example, the aORs (95% CI) were: 1.05 (0.82—1.34)
for difficulty falling asleep, 0.97 (0.78—1.21) for nocturnal
awakenings, and 1.27 (0.96-1.69) for inability to return to
sleep.

To understand the role of sleep disorders on MCI, we
included a three-category variable (No sleep disorder, Sleep
Apnea, and other sleep disorders) based on the questions:
“Have you ever been told by a doctor or other health profes-
sional that you have a sleep disorder?” and “What was the
sleep disorder?”” Controlling for sleep disorders, they did not
alter the association between sleep disturbances and MCI.
For example, the aORs (95% ClIs) were 1.03 (0.81-1.31) for
difficulty falling asleep, 0.94 (0.76—1.17) for nocturnal awak-
enings, and 1.26 (0.96—1.66) for inability to return to sleep.



SAGE Open Medicine

Model 1-Mostly 142+

Model 1-Sometimes 0,95 -———125

-

1G5+

11.09

osz»—f

'

071 ———+104
'

L
104

075+ -

'
'
'
'
'
'
'
'
'
'
'
'
'
'
084 ——
'
!
i

1 o7t 101

- —i13 -

1.02

'
T
'
|
4
'
1
'
'
101 o
'
'
'

'
'
'
'

.
'
'
'
L

(2)

4115

4118

1122

1n

(b) ©

05 10 15 10

Trouble Falling Asleep

Trouble Wa

0 25 05 10

Waking

15

king Up Up Early

Figure . lllustration of both unadjusted and adjusted associations between various sleep disturbances and MCI. Panel (a) presents the
unadjusted (Model 1) and adjusted (Models 2-5) odds ratios and their 95% Cls for trouble falling asleep in relation to MCI. Panel (b)
displays the unadjusted (Model |) and adjusted (Models 2-5) odds ratios and their 95% Cls for trouble waking up in relation to MCI.
Panel (c) shows the unadjusted (Model I) and adjusted (Models 2-5) odds ratios and their 95% Cls for waking up early and difficulty
falling back asleep, in relation to MCI. Model | is an unadjusted model. Model 2 is adjusted for sex, race and ethnicity, age, and SDOH,
including living arrangement, education, employment, poverty, and private health insurance. Model 3 includes adjustments for sex,

race and ethnicity, age, SDOH, and individuals’ self-reported general health. Model 4 further adjusts for depression in addition to the
variables in Model 3. Model 5 is the final adjusted model, incorporating all variables in Model 4, with the inclusion of pain and physical

activity.

MCI: mild cognitive impairment; Cl: confidence interval; SDOH: social determinants of health.

Discussion

In this study, we used nationally representative HRS data from
2018 to 2020 to examine the association between sleep distur-
bances and MCI among U.S. adults aged 50years and older
without dementia. Our study findings suggest that about one in
seven (13.1%) older Americans had MCI. However, the preva-
lence of MCI in this study was somewhat lower than in other
studies. In a global systematic review, the prevalence of MCI
was 15.56% (95%ClL: 13.24%-18.03%).!" For example, a
study using the U.S. Census data on individuals aged = 51 years
reported a prevalence of 22.7% (95% CI: 22.3-23.2).# This
variability in prevalence may be due to variations in geographic
populations, cultural differences, or methodological differ-
ences in MCI measurement across studies. !

We also found that sleep disturbances are highly preva-
lent among older adults with 74.6% reporting at least some
disturbance across the three measures (data not reported in
tabular form). Given the diverse definitions of sleep distur-
bances across studies, it is difficult to provide meaningful
comparisons. However, our findings are in general agree-
ment with a study that reported that the prevalence of sleep-
ing disturbances can reach nearly 70% in the presence of
multimorbidity.®® In terms of the type of sleep distur-
bances,15.4% of participants reported they had trouble
sleeping, 23.2% reported trouble waking, and 12.8% reported
awakening early and unable to fall asleep again “most of the
time.” These findings are consistent with findings from the
National Health Interview Survey, in which in 2020, 14.5%
of adults had trouble falling asleep most days or every day in

the past 30days.’! Although not specific to trouble falling
asleep, among community-dwelling older (65—79 years) per-
sons, 13% reported frequent insomnia.’”> Using previous
2008 HRS data, another study found that 12.4% of adult par-
ticipants reported difficulty falling asleep, 25.7% reported
waking up during the night, and 12.8% reported waking up
too early “most of the time.”*

Our findings from bivariate analyses indicated that indi-
viduals experiencing sleep disturbances most of the time had
a higher prevalence of MCI compared to those who rarely or
never experienced sleep disturbances. There may be several
pathways from sleep disruption to MCI. One proposed
mechanism is that sleep is responsible for decreasing oxida-
tive stress and clearing some of the metabolites that fatigue
the brain and disrupt function.>® Another potential mecha-
nism may involve glymphatic clearance. Glymphatic activ-
ity is significantly enhanced during deep sleep; therefore,
impaired glymphatic function may be associated with
reduced sleep quality and subsequent sleep disturbances.
Additionally, inefficient glymphatic clearance is linked to
the accumulation of metabolic waste, such as beta-amyloid
and tau proteins, which may contribute to cognitive decline.**
It is also plausible that sleep disturbances can lead to a higher
risk of conditions such as high blood pressure, diabetes,
depression, heart disease, and stroke which may in turn lead
to cognitive decline and impairment.>>%

A noteworthy finding in our study is that types of sleep
disturbances were associated with MCI through distinct and
multifaceted pathways. The attenuation of these associations
after adjusting for various factors highlights the complexity
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of the relationships. For example, the disappearance of the
relationship between nocturnal awakening (waking up dur-
ing the night) and MCI after controlling for age, sex, race,
ethnicity, and SDOH suggests that these demographic and
socioeconomic factors may mediate or confound this asso-
ciation. It is plausible that individuals experiencing noctur-
nal awakenings most of the time might also be those who are
disproportionately affected by adverse social conditions,
which in turn could contribute to MCI. Addressing some of
these SDOHs can help in reducing the risk of nocturnal
awakening and their impact on cognitive health.

The loss of association between trouble falling asleep and
MCI upon adjusting for general health indicates that overall
health status may play a role. Poor general health may be due
to chronic conditions and could lead to difficulties initiating
sleep and may independently contribute to cognitive impair-
ment. As shown in Table 2, individuals with poor perception
of their general health have a higher prevalence of sleep dis-
turbances across all types. Furthermore, research suggests
that individuals with multiple chronic conditions often per-
ceive their overall health as poor, while those with low socio-
economic status or psychiatric disorders may have poor
perceptions of their general health.*”"° Improving general
health through lifestyle modifications and management of
chronic conditions might alleviate sleep onset problems and
reduce the risk of MCI. We cannot rule out the bidirectional
relationship between sleep disturbances and general health.
In a study that used data from the 2019 National Health
Interview Survey, older adults (age = 60years) with sleep
problems were more likely to report poor general health.®

Without controlling for depression, we observed that
adults who reported waking up too early and being unable to
fall back asleep most of the time were more likely to have
MCI, consistent with a previous study.®’ Researchers using
data from the National Social Life, Health and Aging Project
20102015 measured cognition in older U.S. adults with a
modified Montreal Cognition Assessment along with wrist
actigraphy that recorded activity every 15s for 72h. Sleep
disruption (awakening after onset, fragmented sleep, percent
sleep, wakefulness) was assessed. Awakening after sleep
onset showed the strongest association with worse cognition
performance.®!

The statistically insignificant relationship between wak-
ing up too early and MCI after adjusting for depression
underscores the complex relationships of sleep disturbances,
mood disorders, and cognitive function. Our measure of
depression included items assessing trouble falling asleep
and difficulty concentrating. These symptoms are also key
components of sleep disturbances and cognitive impairment,
respectively. Emerging perspectives suggest that cognitive
impairment and sleep disturbances are core features of
depression, not merely secondary effects.®>®* Consequently,
when we adjusted for depression in our analysis, we may
have inadvertently controlled for variables that are integral
parts of both sleep disturbances and MCI. The overlapping

symptoms of sleep and cognition in our measure of depres-
sion suggest that adjusting for depression may constitute
overcontrol, potentially masking significant associations.

Taken together, these findings suggest that the relation-
ship of sleep disturbances with MCI is influenced by a host
of demographic, socioeconomic, general health, and psycho-
logical factors. There is a need for personalized approaches
in both research and clinical practice for prevention and
management strategies for MClI related to sleep disturbances.
Additionally, interventions for managing MCI may need to
adopt a multifactorial approach, considering various contrib-
uting factors. Prevention and management strategies may
need to be developed within a social-ecological framework.
Such a framework will consider both individual-level fac-
tors, practices, and behaviors (e.g., physical activity, socio-
economic status, chronic diseases), and social-level factors
(e.g., technology).®*

One key strength of our study is the use of an objective
measure for MCI, along with longitudinal data from a robust,
nationally representative database. We assessed sleep distur-
bances during the baseline period (2018) and subsequently
recorded the incidence of MCI during the follow-up period
(2020). This temporal design helps mitigate the methodo-
logical challenge of establishing a sequential relationship
inherent in cross-sectional studies that measure both sleep
disturbances and MCI within the same time frame® and may
be less susceptible to reverse causation. Many cross-sec-
tional and longitudinal studies have been conducted. In a
systematic review and meta-analysis of the prevalence of
sleep disturbances in individuals with MCI, sleep distur-
bance prevalence was significantly lower in 16 cohort stud-
ies compared to the 28 cross-sectional studies.?

Furthermore, in a systematic review of cohort and longi-
tudinal studies, most reported associations of sleep distur-
bances with dementia (61%) or AD (39%).°° However,
studies on sleep disturbances measures consistent with our
study and MCI are sparse. The heterogenecous methodologies
for assessing sleep disturbances and cognition®® make it dif-
ficult to draw conclusive associations between sleep distur-
bances and MCI. As stated in the introduction, mixed
findings have been observed: one prospective cohort study
found that sleep disturbances predicted MCI in healthy
adults,”” whereas another longitudinal study reported no
impact of sleep disturbances on cognitive decline in global
cognition, executive function, or memory.?® These discrep-
ancies suggest that the relationship between sleep distur-
bances and MCI may not be consistent.

Our study also has several limitations. First, the sleep dis-
turbances are self-reported, and research has shown that self-
report measures do not correlate well with objective
measures.®” Furthermore, there can be considerable variabil-
ity in sleep disturbances over a period of time due to major
life events such as illness or death, and we did not capture
this variability.®” Additionally, the database lacked certain
variables that could have further strengthened our analysis.
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For instance, sleep duration, an important measure frequently
used by researchers to capture the complexities of sleep, was
not examined. Although several measures of sleep distur-
bances were utilized, comparing our findings with other
studies remains challenging due to the lack of standardized
assessments. Lastly, this is an observational study and no
sample size calculation for statistical power was conducted.

Conclusion

Approximately one in seven older Americans without
dementia (=50years old) had MCI. Our findings demon-
strated positive associations between sleep disturbances and
MCI. However, these associations were sensitive to covari-
ate adjustments and suggested distinct and multifaceted
pathways for reducing the risk of MCI.
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