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4. Rationale:

Recent epidemiological evidence has suggested that abnormal sleep quality and
quantity may be modifiable risk factors for cognitive decline and dementia; however, the
directionality of these associations remain unclear'-. Cognitive impairment and sleep
disturbances are common among older adults. Changes in sleep patterns, including a
decrease in sleep quantity and quality, could be a function of normal aging; however,
some changes in sleep might result from underlying neurodegenerative processes. Sleep
cycles are regulated by complex interactions between brain regions and neurotransmitter
systems, many of which are also involved in memory and cognitive function *°. 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.

African Americans are disproportionately burdened by short sleep duration and poor
sleep quality as well as age-related cognitive impairment 68, but few studies of sleep and
cognitive function have included many African American participants. To investigate
whether cognitive decline is associated with increased risk of objectively measured
subsequent sleep disturbances in a cohort of community-dwelling African Americans, we
will evaluate data from a cohort of ~200 men and women, who had repeated measures of
cognitive function assessed at 2 time points during a 20-year period across the mid- to
late-life transition, in relation to measures of sleep duration and quality measured at the
end of the study period.

Summary of gaps in literature

Cross-sectional studies have suggested an association between poor sleep quantity
and quality and cognitive impairment °*; however, results from longitudinal studies that
have examined poor sleep as a precursor to cognitive decline have been mixed 212,
limiting the ability to draw conclusions about the directionality of the association.
Further, most studies exploring this association have used non-objective measures 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. Thus, the
interplay between cognitive decline and poor sleep, especially among non-white
populations, remains unclear.

5. Main Hypothesis/Study Questions:

We aim to characterize the relationship between rate of cognitive decline and
subsequent poor sleep quantity and quality in an African American population across the
mid- to late-life transition. Based on results from a previous study of preclinical cognitive
decline and subsequent sleep disturbances in older, mostly white women® we hypothesize
that a higher rate of cognitive decline will be associated with:

1) greater number of apnea/hypopnea events;
i) reduced sleep efficiency;

i) greater sleep fragmentation;

iv) longer wake duration after sleep onset; but



V) will not be associated sleep time (duration)

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study Design
Retrospective cohort study among the overlap of African American participants of

the Jackson Heart Sleep Study conducted between 2012-15 and ARIC study visits 2 and
5.

Inclusions
A total of 196 participants have both the objectively measured sleep data (from the
Jackson Heart Study) and cognitive decline data (from ARIC).

Exclusions
Participants with RES_OTH = “CVD Research”

Exposure
Rate of cognitive decline based on a summary measure (global-Z) of 3 cognitive tests

given at ARIC visits 2 and 5:
Delayed word recall test (DWRT)
Digit symbol substitution test (DSST)
Word Fluency Test (WFT)

For each test, a Z-score will be calculated by subtracting the test mean and dividing
by the standard deviation. To create the “global-Z”, the Z-score from each test will be
averaged.

Rate of cognitive decline will be estimated as follows:
(Visit 2 global-z score — Visit 5 global-z score) / time between V2 and V5.

Outcomes

Apnea-Hypopnea Index = number of all apneas and hypopneas with >= 3% oxygen
desaturations per hour of sleep, measured by in-home sleep assessment.

Sleep fragmentation = percentage of restlessness during the sleep period, measured by
7-day wrist actigraphy.

Wake after sleep onset = average wake duration after sleep onset, measured by 7-day
wrist actigraphy

Sleep efficiency = percentage of time spent asleep during the in bed period, measured by
7-day wrist actigraphy.

Sleep time = Average time (minutes) spent asleep per main sleep (all days), measured by
7-day wrist actigraphy.



Statistical analysis

Graphical inspection of the relationships between rate of cognitive decline and each
of the five sleep outcomes show a linear relationship, so associations will be estimated
using multiple linear regression. Analyses will be adjusted for age, sex, BMI, education,
diabetes status, hypertension status, and history of stroke.

Model 1: Age-adjusted

Model 2: Age + BMI + sex + education + baseline diabetes status + baseline

hypertension status + stroke history

Challenges/Limitations

A limitation is that the in-home sleep assessment and actigraphy were performed
only at follow-up, so it is not possible to objectively determine whether sleep
disturbances were present in some participants at study baseline (ARIC visit 2). However,
participant self-report of a history of physician-diagnosed sleep apnea at the sleep study
visit will be used to mitigate this limitation. The moderate sample size will also limit the
statistical power.

Preliminary results

Of a total of 196 study participants, 71% are female, mean age at first cognitive visit
was 53 years (range = 47-65), and the median follow-up period between cognitive tests
was 21 years (range = 19-23). The mean decline on the composite global Z-score over the
study period was 0.48 SDs.

Table 1. Age-adjusted means for continuous measures of sleep quality and quantity in
association with rate of annual cognitive decline over the 20-year time period.

Sleep outcome Lowest Middle Highest P

tertile of tertile of tertile of

decline decline decline
Apnea-hypopnea index 7.3 8.2 144 0.03
Fragmentation (percentage) 26.5 29.8 31.6 0.0003
Efficiency (percentage) 88.7 87.2 87.4 0.05
Wake after sleep onset (minutes) 47 52 55 0.03
Sleep time 422 406 421 0.69

Further analysis will be done to adjust for other covariates. Exploratory analysis will also
be done to evaluate the associations with specific cognitive domains captured by rate of
decline in the Delayed Word Recall test, the Digit Symbol Substitution test, and the Word
Fluency test.
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