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Abstract

Introduction: There is a paucity of data exploring the extent that preclinical cognitive changes
are predictive of subsequent sleep outcomes.

Methods: Logistic regression models were used to evaluate data from a cohort of 196 African
American adults who had measures of cognitive function assessed at 2 time points during a
20-year period across the mid- to late-life transition. Cognitive testing included the Delayed Word
Recall, the Digit Symbol Substitution, and the Word Fluency tests, which were summarized as a
composite cognitive z-score. Sleep apnea was measured by in-home sleep apnea testing and sleep
duration and quality were derived from 7-day wrist actigraphy at the end of the study period.

Results: A one standard deviation (SD) lower composite cognitive z-score at baseline was
significantly associated with greater odds of low sleep efficiency (<85%) (odds ratio [OR] = 1.85,
95% confidence interval [CI] = 1.13, 3.04) and greater odds of increased wakefulness after sleep
onset time (WASQO; >60 minutes) (OR = 1.65, 95% CI = 1.05, 2.60) in adjusted models. A one SD
faster rate of cognitive decline over the study period was significantly associated with greater odds
of low sleep efficiency (OR = 1.68, 95% CI = 1.04, 2.73), greater odds of sleep fragmentation
(>35%); (OR =1.73, 95% CI = 1.05, 2.85), and greater odds of increased WASO (OR = 1.85,
95% CI = 1.15, 2.95) in adjusted models. Neither baseline cognitive z-score nor rate of cognitive
decline was associated with sleep apnea or the total average sleep duration.
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Conclusion: Cognition at baseline and change over time predicts sleep quality and may reflect
common neural mechanisms and vulnerabilities.
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Introduction

Cogpnitive impairment and sleep disturbances are common among older adults. Changes
in sleep patterns, including reduced sleep duration, continuity, and quality could be a
function of normal aging; however, some changes in sleep might result from accelerated
aging and underlying neurodegenerative processes.! Sleep-wake processes are regulated
by complex interactions between brain regions and neurotransmitter systems, many of
which are involved in memory and cognitive function.2 Sleep disorders are prevalent in
Alzheimer disease and sleep abnormalities can also appear years before cognitive decline.
Age-related disorders of both cognition and sleep are posited to have a long preclinical
phase with some evidence that the etiologically important stage of life may be middle age
for both of these pathophysiological processes.*®

Cross-sectional studies suggest an association between poor sleep quantity and/or quality
with cognitive impairment.5-8 Although there is significant evidence from longitudinal
studies suggesting that poor sleep is a precursor to cognitive decline,%10 few longitudinal
studies have specifically examined the extent to which preclinical cognitive changes
predate suboptimal sleep outcomes.1! The long latency period between the onset of
neurodegenerative processes and the onset of dementia challenges the ability to determine
the extent that sleep disruptions truly predate neurodegenerative cognitive processes, as
opposed to the extent sleep abnormalities reflect preclinical pathological cognitive changes
that are located in brain areas critical for good sleep.1? Further, there is growing evidence
suggesting a bidirectional relationship between sleep pathologies and cognitive decline.13
Further, most studies exploring this association have used subjective assessments of sleep,
have focused on older individuals in whom pathophysiological processes through which
both poor sleep and cognitive decline develop may be well underway, have had limited
follow-up, or have been done in predominately white populations.1# Thus, the relationship
between cognitive decline and poor sleep, especially among nonwhite populations, remains
unclear.

African Americans are disproportionately burdened by short sleep duration, poor

sleep quality, and sleep disordered breathing (SDB), as well as age-related cognitive
impairment,15-17 but few studies of sleep and cognitive function have included substantial
numbers of this population. We sought to determine whether African Americans who
experienced cognitive decline during a 20-year observational follow-up across the mid- to
late-life transition were at increased risk of disturbed sleep, reduced sleep duration, or SDB.
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Study population

This cohort study was conducted among the overlap of participants in the Jackson Heart
Sleep Study (JHSS) and the Atherosclerosis Risk in Communities (ARIC) study. The
JHSS is an ancillary study of the Jackson Heart Study (JHS), a longitudinal study of
African American adults recruited from the Jackson, Mississippi metropolitan area during
2000-2004 and designed to study the etiology of cardiovascular disease among African
Americans.18

ARIC is a prospective cohort of 15,792 participants, aged 45-64 years old at the baseline
visit of the study (1987-1989). ARIC participants were recruited from four communities
in the United States: Jackson, Mississippi, Forsyth County, North Carolina, Minneapolis,
Minnesota, and Washington County, Maryland. In brief, ARIC was designed to investigate
the etiology of atherosclerosis and its clinical sequelae. All participants from Jackson,

MS were African-American. The ARIC study design and objectives have been reported
previously.19

Approximately 30% of the JHS participants were recruited from the Jackson, MS cohort of
the ARIC study. Between 2012 and 2016, participants in the third JHS follow-up exam (N
= 3609) or those who had participated in other follow-up JHS ancillary studies were eligible
to enroll in the JHSS. Individuals who were first-degree relatives of a consenting participant
or who reported regular use of continuous positive airway pressure were not eligible for the
JHSS. Details of JHSS were previously published.20

A total of 913 adults were enrolled in the JHSS (2012-2016). Of those, 211 had completed
the baseline cognitive evaluation in the ARIC study (1990-1992). Participants were
excluded from the current analysis if they did not have a follow-up cognitive evaluation
(n=9) at either ARIC visit 4 (1996-1998) or visit 5 (2011-2013), had self-reported
physician-diagnosed Alzheimer disease (/7= 1), had a history of stroke at the study baseline
(n=1), or were missing all sleep outcome data of interest for this analysis (n7= 4); leaving

a total of 196 individuals in the analytic dataset (shown in Fig. 1). The present analysis
considered the “baseline” visit to be visit 2 of the ARIC study when cognitive data were first
collected. Local institutional review boards approved the JHSS and ARIC study protocols
and all participants gave informed consent.

Cognitive function tests

Delayed Word Recall (DWRT), Digit Symbol Substitution (DSST), and Word Fluency
(WFT) tests were used to assess cognitive function at ARIC visit 2 (1990-1992), visit 4
(1996-1998), and visit 5 (2011-2013). Protocols for the standardized neurocognitive test
battery were administered in the same sequence by trained examiners.

The DWRT tests verbal learning and recent memory.2! Participants learned 10 common
nouns and used each in a sentence. After a 5-minute delay, participants were asked to recall
the words. The score for the DWRT was the number of words recalled within 60 seconds.
The DSST of the Wechsler Adult Intelligence Scale-Revised tests processing speed and
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executive function.?2 Using a key, participants were asked to translate numbers to symbols.
The score was the count of numbers correctly translated to symbols in 90 seconds. The WFT
tests executive function and expressive language.23 Participants generated as many words as
possible beginning with each of the letters F, A, and S. The WFT score was the total number
of words produced across the letters in 60 seconds.

Each cognitive test score was converted to a z-score and standardized to ARIC visit 2. A
composite cognitive z-score was calculated for each visit by averaging the z-scores of the

3 tests and standardizing to visit 2. The rate of cognitive decline for each participant per
year was estimated by taking the difference in the composite cognitive z-scores between

the baseline score and the most recent follow-up score prior to the sleep study and dividing
this difference by the time between test score examinations. The rates of decline were then
standardized by subtracting an individual participant’s decline rate from the mean rate of all
study participants and dividing by the rate standard deviation. The rate of decline for the
DWRT, DSST, and WFT were calculated similarly.

Sleep measurements

Covariates

Study participants underwent 7-day wrist actigraphy and in-home sleep apnea testing.

Participants underwent actigraphy using a GT3X+ Activity Monitor on the nondominant
wrist for 7 consecutive days and completed a sleep diary to aid in scoring the actigraphy.24
Actigraphic data during 60-second epochs were scored as sleep or wake by ActiLife version
6.13 analysis software (ActiGraph Corp., Pensacola, FL) using a validated algorithm?®
after manual editing records to indicate main sleep periods. Average sleep efficiency (%)
was defined as the percentage of time spent asleep during the sleep period. Average sleep
fragmentation (%) was defined as the percentage of 1-minute periods of sleep vs all periods
of sleep during the sleep period. Wake after sleep onset (WASO) was defined as minutes

of wake time after sleep onset until final awakening. Average sleep time was defined as the
minutes spent asleep per main sleep period.

Sleep apnea was assessed with a validated Type 3 home sleep apnea device

(Embletta-Gold device; Embla, Broomfield, CO) that records nasal pressure, thoracic

and abdominal inductance plethysmography, finger pulse oximetry, body position, and
electrocardiography.26:27 Obstructive apneas were identified when the amplitude of the nasal
pressure signal was flat or nearly flat for >10 seconds and accompanied by respiratory

effort on the abdominal or thoracic inductance plethysmography bands. Central apneas were
identified if no displacement was noted on both thoracic and the abdominal inductance
channels in addition to a flat nasal pressure signal. Hypopneas were identified if a >30%
reduction of amplitude was visualized in the nasal pressure signal or, if unclear, in the
respiratory inductance bands, for =10 seconds. The respiratory event index (REI) was
calculated as the sum of all apneas plus hypopneas associated with >4% oxygen desaturation
per hour of estimated sleep.

The following baseline covariates were included in the models as potential confounders:
age, sex, education (<high school; high school, high school equivalent, or vocational school;
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college, graduate, or professional school), body mass index, diabetes status (self-reported
physician diagnosis, diabetes medication use, or HbAlc =6.5%), medication treatment for
hypertension (yes/no), smoking status (current, former, never), alcohol use (current, former,
never), and apolipoprotein E (APOE) &4 genotype (0/at least 1 #4 allele), which is a genetic
variant associated with increased risk for cognitive decline.

Statistical analysis

Results

The associations of sleep outcomes, modeled as dichotomized variables to enhance clinical
interpretation, with baseline cognitive performance as well as rate of cognitive decline

were assessed using logistic regression. Cutpoints that reflect clinically meaningful sleep
disturbances and provided adequate data for the analysis were used (REI: < vs 215,
efficiency: < vs 285%, fragmentation < vs >35%, wake after sleep onset: < vs = 60

minutes, sleep time: = vs <6 hours). Long sleep was not separately evaluated due to the

low numbers with a sleep duration >9 hours (7= 5). As a confirmatory analysis, we also ran
the models with sleep measures as continuous variables. To reduce the impact of possible
floor effects,28 we repeated the cognitive decline analyses after excluding participants in the
lowest 5% of baseline composite z-score. The cognitive test scores (DWRT, DSST, WFT,
and composite cognitive z-scores) were used to estimate associations with each of 5 sleep
outcomes: sleep efficiency, fragmentation, wake after sleep onset, REI, and sleep time.

At the baseline visit, the participants were an average age of 52.8 years (SD = 4.1; minimum
= 47; maximum = 65), and were predominantly women (72%). Average length of cognitive
follow-up was 20.3 years (SD = 2.5) and the average composite cognitive decline over the
cognitive follow-up period was 0.45 SD. Participant characteristics at the baseline cognitive
visit, stratified by rate of cognitive decline (above/below median), are presented in Table 1.
Those with a higher rate of cognitive decline over the study period were significantly older,
more likely to be current smokers, and scored higher on each of the baseline cognitive test
SCores.

The mean (SD) and percent for the sleep outcome variables were as follows: sleep
efficiency: 87.6 (4.9) with 23% having a sleep efficiency < 85%; fragmentation: 29.2%
(9.2) with 24% experiencing > 35% fragmentation; WASO: 52.3 (23.8) minutes with 29%
experiencing > 60 minutes of WASO; REI: 10.7 (14.1) events per hour of sleep, with 22%
experiencing =15.0 events per hour of sleep; and sleep time: 6.9 (1.1) hours with 19%
sleeping < 6.0 hours.

Baseline composite cognitive z-score and sleep outcomes

The associations between the baseline composite cognitive z-score and 20-year subsequent
sleep outcomes are shown in Table 2. The composite z-score at baseline was not associated
with subsequently measured REI, average sleep time, or fragmentation but was significantly
associated with subsequent sleep efficiency and WASO. A one SD lower cognitive score

at baseline was significantly associated with increased odds of low sleep efficiency (OR =
1.85; P=.02) and increased odds of prolonged WASO (OR = 1.65; £=.03) in our fully
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adjusted models. Models with sleep outcomes entered as continuous variables confirmed
these results (beta for baseline cognitive z-score and sleep efficiency = 1.5, P=.002; for
WASO= -7.1, P=.002; P> .05 for REI, average sleep time, and fragmentation).

Individual baseline cognitive tests and sleep outcomes

The associations between the baseline DWRT, DSST, and WFT z-scores and 20-year
subsequent sleep outcomes reveal that a 1 SD lower baseline WFT score, but not the

DWRT or the DSST score, was significantly associated with subsequent low sleep efficiency
(age-adjusted OR = 1.46, 95% CI 1.04-2.04; P= .03 and fully adjusted OR = 1.75, 95%

Cl 1.12-2.73; P=.01). None of the other individual cognitive test scores were significantly
associated with any of the other measures of sleep impairment.

Composite cognitive decline and sleep outcomes

Rate of composite cognitive decline was not associated with REI or sleep duration, but was
significantly associated with sleep efficiency, fragmentation, and WASO (Table 3). A one
SD faster rate of decline was associated with increased odds of low sleep efficiency, (OR

= 1.68; P=.03), increased odds of high sleep fragmentation (OR = 1.73; £=.03), and
increased odds of prolonged WASO (OR = 1.85; £=.01) in our fully adjusted models,
including the baseline cognitive z-score. Models with sleep outcomes entered as continuous
variables confirmed these results (beta for baseline cognitive z-score and sleep efficiency
=-1.0, P=.02; for fragmentation = 2.5, = .002; for WASO =5.0, P=.002; P> .05

for REI and average sleep time). We repeated the cognitive decline analyses after excluding
participants in the lowest 5% of baseline composite z-score because of possible insensitivity
of the tests to changes at the lowest range of their values (Table 3). After accounting for
possible floor effects, the associations between rate of decline and the sleep outcomes were
similar.

Individual cognitive domain decline and sleep outcomes

A one SD increased rate of cognitive decline in the DWRT was significantly associated with
increased odds of low sleep efficiency (OR = 2.12; P=.003), prolonged WASO (OR = 1.76;
P=.01), and weakly associated with increased odds of high sleep fragmentation (OR = 1.51;
P=.09) but not associated with REI or sleep duration in our fully adjusted models (Table

4). A one SD increased rate of decline in the DSST was significantly associated with low
sleep efficiency (OR = 1.86; P=.04) and prolonged WASO (OR = 2.21; P=.005). Decline
in WFT was not significantly associated with any sleep outcomes.

Discussion

In this prospective study of African American adults followed across the mid- to late-

life transition, a single composite cognitive score that was assessed at study baseline

was significantly predictive of subsequent 20-year disrupted sleep, as measured by sleep
efficiency and WASO. This baseline z-score was not associated with sleep fragmentation,
the frequency of SDB events, or the average total duration of sleep. Of the 3 tests of specific
cognitive domains, the baseline score of word fluency—a measure of executive function and
expressive language—was predictive of low sleep efficiency. Our data suggest that the value
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of the baseline composite cognitive score in predicting subsequent poor sleep efficiency was
primarily driven by lesser scores in word fluency at the study baseline. The inclusion of
potential confounding variables in the analytic models did not significantly attenuate the
estimated associations.

The rate of cognitive decline, as measured by the composite cognitive score, over the 20-
year period was significantly associated with increased likelihood of prospectively assessed
disrupted sleep continuity, as measured by sleep efficiency, fragmentation, and WASO, but
was not associated with the frequency of SDB events or the average total duration of sleep.
These cognitive decline results were similar in our models accounting for floor effects.

The associations between decline in the composite cognitive scores and disrupted sleep
continuity appear to be primarily driven by declines in scores in the DWRT, a measure

of verbal learning and recent memory, and the DSST, a measure of processing speed and
executive function.

Our findings are consistent with prospective data from the Study of Osteoporotic

Fractures that demonstrated an association between cognitive decline and subsequent sleep
disruptions, but not total duration of sleep, using data from 2,474 older white women
followed for 15 years (mean age 69 years at baseline).1! Our study was able to expand

on these previous results by including male participants, extending cognitive follow-up
time, incorporating a more comprehensive cognitive test battery, adjusting for APOE e4,
examining REI, and an examination of possible floor effects. Moreover, we observed

the association between cognitive decline and subsequent disturbed sleep in African
Americans—a group with a high prevalence of sleep disturbances—and showed that the
trajectory of decline emerged during middle-life, at a time that likely preceded the onset

of significant pathologies and multiple co-morbidities. Although we demonstrated this
association occurred at an earlier age than the previous study (mean age 53 years vs 69
years), it is unclear whether the underlying mechanisms occur earlier for African-Americans
or that the previous study observed the process later for white women. Cross-sectional data
from the Multi-Ethnic Study of Atherosclerosis showed that compared with white study
participants, Black participants had significantly higher odds of poor sleep quality at a
similar age (mean 68.8 years for each group), suggesting that Blacks may have a greater
incidence rate of sleep disturbances or develop sleep disturbances at an earlier age.1® Our
study raises the possibility that opportunities for preventive strategies for the cognitive-sleep
disturbances link be targeted for midlife or earlier.

Sleep disturbances are associated with various neurodegenerative diseases and are especially
common among people with dementia.® The association between cognitive decline and
subsequent sleep disturbances could reflect a common underlying neurodegeneration
etiology.3 Studies suggest that shared mechanisms underlie circadian rhythmicity and
long-term memory formation.2® Alternatively, causal and reverse causal mechanisms may
be operative. While sleep deprivation may be causally related to cognitive decline by
reducing clearance of toxins, such as beta-amyloid, beta-amyloid deposition also may
reduce sleep quality through impaired generation of slow wave oscillations.3° Growing
experimental evidence suggests that beta-amyloid and p-tau proteins are deposited in areas
of the brain that cause general cognitive impairment as well as in brain centers that
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influence wake and sleep promotion.3! The finding of an association between accelerated
cognitive decline across mid-life with subsequent sleep disruption is consistent with the
possibility that neurological processes that influence cognition over time also influence
neurophysiological processes needed to maintain sleep continuity. However, it is also
possible that cognitive decline and poor cognitive function are associated with psychological
distress and depression that might affect the quality of sleep.32

In contrast to the significant associations between cognitive decline and disturbed sleep, we
did not observe associations with short sleep duration. This may not be surprising given that
disturbances in sleep-wake centers in individuals with Alzheimer disease and other disorders
may result in disorders of arousal, with ensuing hypersomnolence. Therefore, despite low
sleep efficiency (which may reduce sleep time), total sleep duration may be preserved or
even increased.

Prior research suggests an association between SDB, particularly hypoxemia, with brain
dysfunction. While strong evidence for reversibility is lacking, the existing data are most
consistent with SDB as an antecedent risk factor for cognitive impairment.32 Our finding of
no association with cognitive function or decline and subsequent frequency of respiratory
disturbances provides further support that SDB is unlikely to be a consequence of early
neurodegenerative processes reflected by cognitive decline. In fact, the pathoetiology of
SDB appears to be more strongly related to anatomic factors that reduce upper airway

size as well as ventilatory control abnormalities that reflect brainstem and peripheral
chemoreflexes rather than cortical dysfunction.

A key limitation of this study is that in-home polysomnography and actigraphy were
performed only at follow-up, precluding our ability to determine whether sleep disturbances
were present in some participants at baseline; thus, we cannot exclude the possibility of
reverse causation. Another limitation is the modest sample size, resulting in small numbers
of cases with severe sleep apnea or with long sleep duration. Selection bias is another
possible limitation, as the likelihood of nonparticipation in the sleep study may have been
associated with both abnormal sleep characteristics and cognition. Although we were able
to adjust for many potentially confounding variables, we did not have data on depression

or menopausal status of women to include these covariates in the models; it is possible

that residual confounding may have led to spurious associations. Further, there was no
adjustment for multiple testing, either for the multiple sleep outcomes or when investigating
the individual cognitive tests.

Strengths of this study include the use of objective estimates of sleep continuity and
quantity, multiple objective measures of cognitive function measured over a the long follow-
up period across the mid-to-late life transition, detailed measures of CVD risk factors

and other potentially confounding factors, representation of both men and women, and
investigation of the association in the well-characterized population of Black adults from the
Jackson Heart and ARIC studies.

In summary, our study adds to the evidence suggesting that poorer cognitive function and
faster cognitive decline are closely associated with indices of sleep disturbances, with a
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pattern suggesting that processes associated with accelerated cognitive decline increase the
risk of subsequent sleep disruptions. In contrast, cognitive function did not predict SDB
severity or short sleep duration, suggesting that these relationships may not be bidirectional
during the mid- to late-life transition.
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Participants (n=913) enrolled in
Jackson Heart Sleep Study
[2012-2016]

Excluded:
No cognitive data (n=702)

Co-enrolled participants (n=211)
with baseline cognitive data from
the Atherosclerosis Risk in
Communities Study
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Excluded:
No follow-up cognitive data (n=9)
Alzheimer disease (n=1)

History of stroke at study baseline (n=1)
Missing all sleep outcome data of interest (n=4)

Participants in analytic dataset
(n=196)

Fig. 1.
Flow diagram of participants in the study.
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Table 1

Participant characteristics by rate of cognitive decline
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Slower rate of cognitive decline (below Faster rate of cognitive decline (above P
median; n = 98) median; n = 98)

Age, years 52.7 (3.9) 54.0 (4.1) .02
Female 73 (74%) 69 (70%) .52
Education 71

Some high school or less 16 (16%) 21 (22%)

High school/vocational school graduate 33 (34%) 19 (19%)

College, graduate or professional school 49 (50%) 58 (59%)
Apolipoprotein &4 carrier 35 (36%) 38 (40%) .57
Body mass index (kg/m?) 29.2 (5.6) 28.8 (4.6) 57
Diabetes 4 (4%) 2 (2%) 40
Hypertension, medication treated 28 (29%) 36 (37%) 22
Smoking status .03

Current 9 (9%) 19 (19%)

Former 30 (31%) 32 (33%)

Never 59 (60%) 47 (48%)
Alcohol use .63

Current 36 (37%) 38 (39%)

Former 19 (19%) 21 (21%)

Never 43 (44%) 39 (40%)
Composite cognitive z-score -0.6 (0.8) 0.1(0.9) <.001
Delayed Word Recall z-score -0.4 (0.8) 0.3(0.8) <.001
Digit Symbol Substitution z-score -0.7 (0.9) -0.3(0.9) <.001
Word Fluency z-score -0.2 (1.0 0.3(1.1) <.001

Data shown as mean (SD) or 77 (percentage).
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Baseline composite cognitive z-score associated with 20-year subsequent impaired sleep outcomes

Table 2

Sleep outcome Oddsratio (95% CI) per 1 SD cognitive z-scoredecrement P
Efficiency (percentage)

Model 1 1.57 (1.06, 2.33) .03

Model 2 1.85(1.13, 3.04) .02
Fragmentation (percentage)

Model 1 1.20 (0.82, 1.74) .35

Model 2 1.28 (0.80, 2.07) 31
Wake after sleep onset (min)

Model 1 1.37(0.96, 1.97) .09

Model 2 1.65 (1.05, 2.60) .03
Respiratory event index

Model 1 0.69 (0.47, 1.03) .07

Model 2 0.66 (0.40, 1.10) A1
Sleep time (min)

Model 1 0.95 (0.63, 1.42) .79

Model 2 1.00 (0.60, 1.67) .99

Model 1: Age-adjusted.

Model 2: Adjusted for baseline age, sex, education, APOE &4 status, BMI, diabetes status, antihypertensive medication use, smoking status, and

alcohol use.

Sleep Health. Author manuscript; available in PMC 2023 January 09.



Page 15

*3SN [0Y09[e puB ‘snyels BUIOLUS ‘8sh UONEIIpaW aAIsuaLIadAynUR ‘SNels se1ageIp ‘IING ‘Sniels 2 JOdV ‘UoIeINpa ‘Xas '2109s-Z aAubod a)isodwod auljaseq ‘abe auljaseq 104 paisnipy :z |9PON

‘abe pue 8109s-z aAIubod ansodwod autjaseq 1oy paisnipy T |9pON

v1'0:(8€C'88°0)S¥'T  €2°0:(ET'Z'€80) €E'T AL
6T0:(0TZ'280)GE'T  T2'0:(96°T '98°0) OE'T T I3POIN
awn des|s
G20:(rTz'e80) €T €£0:(202'6L°0) 92T AL
1€0:(06'T '28°0) 2T  6€0:(08'T'08°0) 02'T T I3POIN

200:(T6'2'0TT) 64T
20°0:(8¥'2'60°T) ¥9'T

€0°0:(¥6°2'90°T) LL'T
7000 :(v0'€ ‘v2'T) ¥6'T

10°0:(29C"'26'0) 65T
870°0 1(S€'Z '00°T) ¥S'T

10°0:($6°2 'ST'T) S8'T
G000 :(€9°Z '6T'T) LL'T

€0'0:($82'SOT) €L'T
200°0 :(20°€ '0£°T) 00°Z

€0°0:(€L'2'70'T) 89T
T0°0:(ESC'€TT) 69T

Xapul Jusns Aiojesidsay
C I8poON
T I8pON

(urw) 19suo daa|s Janse axem

¢ I3PON
T I3PON

(abeyusasad) uoneuawbel

C IspoN
T I3poN
(abeyusasad) Aousionyg

Sleep Health. Author manuscript; available in PMC 2023 January 09.

West et al.

91025-z 91150dW0d BUIBSE( JO %G 159MO| 8y ulsiueddilred jo uosnpxg  siuedpilred Apnis ||V

QU129 BAI}UDOD Joatel ul uewe DUl S T od d (1D %S6) 011eISPPO awiodIno dw IS

au1|aseq 1. 9SG 1S9MO] 3yl Ul 8109s-Z a31sodwiod e yum sjuedionued Jo uoisnjoxe
1NOYUIM pue ylIMm ‘sawiodno dea)s pasredwi uanbasgns pue sieaA 0z J9A0 $3109S-Z aAIIUB0I 311sodwiod ul aulap aAnIubod JO a1l USaMIBQ UOITRIJ0SSY

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

West et al.

*3SN |0Y09[e puR ‘snyels BUIOWS ‘8N UONEIIPaW aAISUsLIBdAYIUR ‘SNJels Sa1ageIp ‘|G ‘SIels 72 JOdV ‘UOITBINPa ‘X8s ‘8109s-Z aAIIUB0D auljaseq ‘abe auljaseq 10) paisnipy :z [8POIN

*aBe pue 8100s- aAIIUBO BuIjaseq 1oy paIsNIpy T |9PON

G50 (LLT'PLO)VTT
¥6'0 :(ZS'T ¥9°0) 86°0

87°0:(y2'2 '98°0) 6ET
150:(P8T'7L°0) LTT

LT0:(¢T'2'88°0) LET
0T'0:(€TZ'¢6'0) TV'T

02°0:(yT'2'S8°0) GE'T
6T°0:(9TZ'68°0) 8€'T

82°0:(80°C 'T8°0) 0E'T
220:(e02'S8°0) TE'T

¥1°0:(89°C ‘'280) ¢ST
020 (T2 '€8°0) Tv'T

2r0:(9T2'€L'0)S2T
8€0:(0T'2'92°0) 92T

G000 (s8¢ ‘L2 T) T2T
€00:(622'20T) LT

S7°0:(2T'2 2L 0) €2 T
2€0:(602'6,°0) 82T

¥0°0 (€€°€ '€0°T) 98°T
600 (262 '€6'0) SG'T

85°0:(26'T '89°0) 9T'T
85°0:(9LT'€L0)ETT

82°0:(T2'2'080) €€T
62°0:(16'7'€8°0) 92'T

T00:(8L22TT)9LT
200:(6€2'60'T) T9'T

60°0 ‘(7' '€6'0) TS'T
200 (872 '80'T) €9°T

€00°0 {(15°€ ‘82°T) 21T
¥00°0 :(16'2 '€2°T) 68'T

C I1spoN
T ISPON
awn das|s
C I1spoN
T ISPON
Xapul Juans Aiojelidsey
C I18poN
T ISPON
195U0 daals Jaiye axem
C I18poN
T ISPON
uoneuawbel
C I18poN
T ISPON
Aouaioiy3

Aduan|y pJom

uonnyisgns joquifs 161

1[e%9. piom palepq

3UT[aP SANIUB0D J0 3T Ul JeWe DU S T Bd d ([0 %56) 0M1SPPO

awooINo dsIS

Saw091no das|s palredwi uanbasgns pue sieak Qg 1ano S1581 aAIIUBOI [enplAIpuIl J0) aUIjoap aARIUBOD JO S3)BJ aY] U921 UOIRIJ0SSY

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Sleep Health. Author manuscript; available in PMC 2023 January 09.



	Abstract
	Introduction
	Methods
	Study population
	Cognitive function tests
	Sleep measurements
	Covariates
	Statistical analysis

	Results
	Baseline composite cognitive z-score and sleep outcomes
	Individual baseline cognitive tests and sleep outcomes
	Composite cognitive decline and sleep outcomes
	Individual cognitive domain decline and sleep outcomes

	Discussion
	References
	Fig. 1.
	Table 1
	Table 2
	Table 3
	Table 4

