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3. Timeline: We anticipate data analyses to be complete within ~ 1.5 years of when
final ARIC NCS data are available.

4. Rationale:

Dementia and mild cognitive impairment (MCI) are common among U.S elderly?, yet
despite their immense and growing burden relatively little is known about characteristics
which lead to cognitive decline. Recent evidence, both epidemiological and
pathophysiological, has suggested a possible relation between abnormal sleep



characteristics and cognitive impairment due to both cerebral vascular etiologies and
Alzheimer’s disease. However, understanding of this relation is incomplete.

There are several mechanisms through which disordered sleep may lead to mild
cognitive impairment and dementia® ®: Chronic nocturnal hypoxia* > °, sleep
fragmentation’, mediation through cardiovascular disease risk factors (e.g. hypertension,
diabetes, inflammation), stroke (both clinical and subclinical) ® 29, AB plaque build-up®®,
and interaction with the APOE &4 risk allele™ 2,

The hypothesis that sleep disordered breathing is associated with cognitive
impairment is supported by brain morphological changes. Small neuroimaging studies
have reported that silent infarcts are more common among patients with obstructive sleep
apnea (OSA) than among controls'® **, and white matter disease severity is correlated
with the number of apnea/hypopnea events in patients with prevalent stroke™. Numerous
other small studies have reported OSA patients to have smaller gray-matter
volumes/densities than controls in a variety of brain regions'®*, with the hippocampus
most frequently noted. The consistency with which structural differences have been
observed between those with OSA and controls is intriguing; however, existing studies
are limited in that they are not prospective and likely suffer from reverse-causality, often
use selected populations (e.g. from a sleep clinic), and have small sample sizes (n
generally <50). In concordance with the human literature, animal models have shown
that both intermittent hypoxia®* % and sleep fragmentation®* ?* can independently lead to
neuronal loss in the hippocampus and prefrontal cortex.

5. Main Hypothesis/Study Questions:

Question: Explore the relation of abnormal sleep characteristics with cerebral markers of
vascular dementia (white matter hyperintensity (WMH) volume, number of lacunar
infarcts, cerebral micro hemorrhages) and Alzheimer’s disease (hippocampal and gray
matter (GM) volume) measured via MRI as part of the ARIC NCS exam.

Hypothesis: Abnormal sleep characteristics will be associated with a greater WMH
volume, a higher number of lacunar infarcts, more cerebral micro hemorrhages, and with
lower hippocampal and GM volumes.

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
Prospective cohort. We will link data from 1,892 individuals who participated in

both ARIC Visit 4 and had an in-home overnight polysomnography (PSG) as part of the
Sleep Heart Health Study (SHHS) with outcome data presently being collected as part of
the ARIC NCS exam. We anticipate that about 200 participants will have SHHS data and
brain MRIs, and be included in this analysis.

Assuming a two-tailed alpha = 0.05, 80% power, and a prevalence of
moderate/severe OSA (RDI of > 15 events/h) of 16% in the SHHS visit, we will have



80% power to detect differences in continuous brain MRI measures (e.g. WMH volumes)
of 0.54 standard deviations or larger in those with OSA compared to those without it.

Inclusion/Exclusion

Participants who at visit 4 scored below the sex- and race-specific 5th percentile in
any of the cognitive tests will be excluded, as they may have had prevalent dementia at
visit 4%, All other participants with SHHS, visit 4, and NCS brain MRI data will be
included.

Exposures
Measures of hypoxia and disordered breathing, sleep fragmentation, and sleep

duration, as previously defined in SHHS.

Hypoxia and disordered breathing

Obstructive sleep apnea (Respiratory Disturbance Index of >/< 15 events/h)
Oxygen saturation <90% (>/<1% of sleep time)

Sleep time in apnea or hypopnea, % (continuous)

Total apnea or hypopnea events, n events/night

Sleep fragmentation
e Arousal index, arousals/hour (continuous)
e Wake after sleep onset, min (continuous)

Sleep duration
e Time in sleep, min (categorical; will not assume linearity)

Outcomes
WMH volume, number of lacunar infarcts, cerebral micro hemorrhages, GM and
hippocampal volumes.

Confounders and effect modifiers
Age, race, sex, education, physical activity, smoking status, BMI, diabetes, inflammatory
markers, hypertension, APOE &4 risk allele.

Data analysis
Our analysis will follow recommendations presently being developed by the

ARIC-NCS Analysis Committee. The date of the SHHS exam will serve as baseline for
the current analysis. Visit 4 participant characteristics will be described using means and
proportions stratified by levels of the exposures.

For the primary analysis, linear regression will be used to estimate the mean
change in brain volumes (WMH, hippocampal, GM) associated with differences in sleep
characteristics. To model lacunar infarcts and cerebral micro hemorrhages, which are
counts, we will use Poisson regression with sleep characteristics remaining as the
independent variable.

We anticipate running a series of models, using ‘baseline’ covariates collected at
ARIC visit 4. The first will likely adjust for demographics (age, race, sex), while further



models will additionally adjust for behaviors, psychological characteristics (e.g.
depressive symptoms), and physiologic characteristics (e.g. BMI, inflammatory markers,
diabetes, hypertension). We also anticipate exploring whether age, sex, and APOE &4
modify relations between sleep and cognitive impairment by including interaction terms
in the models. Selection bias is of concern in this analysis, as people who attend the
ARIC-NCS exam may have better cognitive functioning than those who do not attend or
died, and may also differ from the rest of the ARIC population in regard to their sleep
characteristics. To help address this, inverse probability weighting will be used to model
selection into the study using information in ARIC as well as TICS and hospital
records®"%,
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