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Objective of the study:

Sleep disturbance and short sleep duration (e.g., <6 hours of sleep per night) are implicated in the
incidence and progression of a host of age-related conditions, including several neurodegenerative
diseases such as Alzheimer’s disease’*; however, the biological mechanisms linking sleep and these
diseases of aging are unknown. Recent research has demonstrated associations between poor sleep and
markers of biological aging®, including metrics based on DNA methylation patterns (i.e., epigenetic
clocks)®"8, Indeed, data for the Health and Retirement Study found that older adults reporting short sleep
duration (<6 hours) and insomnia symptoms showed statistically significantly faster DunedinPACE
compared to non-disturbed sleepers®.

Innovations in deep learning methods using neuroanatomic MRI data have led to alternative aging metrics
that may be more strongly associated with sleep than blood-based aging measures®°. Further, growing
evidence supports the predictive utility of MRI-based brain age metrics with respect to classifying the risk
of neurodegenerative diseases that are observed at high rates among those with sleep disturbance. That
said, no study has investigated whether sleep is associated with MRI-derived brain aging outcomes.

The aim of the present study is to investigate whether self-reported sleep measures, including measures of
sleep duration, overall sleep quality, and insomnia symptoms, are associated with the brain-derived
measure the Dunedin Pace of Aging from Neurolmaging or DunedinPACNI. We have recently found that
faster DunedinPACNI predicts cognitive decline, dementia conversion, chronic disease risk, and mortality
in the UK Biobank and Alzheimer’s Disease Neuroimaging Initiative (ADNI) datasets!t. We will extend
these findings using sleep data from the Dunedin Study, UK Biobank, and ADNI.

Data analysis methods!:

Question 1: Is poor sleep associated with accelerated aging among midlife and older adults? To
answer this question, we will first ask whether Dunedin Study members who report worse quality sleep on

1 A key concern for the Dunedin Study is superficial analyses of data that simply identify differences or deficits
between ethnic groups or other communities where inequities exist (e.g. persons with disabilities, Pasifika peoples,
members of migrant and SOGIESC (Sexual Orientation, Gender Identify and Expression and Sexual Characteristics)
communities). The cumulative effect of these types of studies is stigmatising and not of benefit. Any research that
identifies differences must (a) incorporate information on the broader context (e.g. historical or political factors);
(b) where possible undertake additional analyses to examine the source of the difference/s, and (c) include policy
recommendations for its resolution.
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the Pittsburgh Sleep Quality Index (PSQI) have faster Pace of Aging and DunedinPACNI scores at age
45. We will control for age and sex in these analyses. Furthermore, we will also test the contemporaneous
association between age 45 Pace of Aging and age 38 sleep quality also measured using the PSQI. This
will allow us to determine the sequence of any causal link that may exist between accelerated aging and
poor sleep.

Question 2: Is poor sleep associated with faster DunedinPACNI in participants of the UK Biobank?
Using DunedinPACNI, we will attempt to replicate the association between poor sleep and faster Pace of
Aging in UK Biobank. We will further test if people who self-report a history of insomnia diagnosis have
faster DunedinPACNI compared to those who do not. We will control for age and sex in these analyses.

Question 3: Is poor sleep associated with faster DunedinPACNI among people with
neurodegenerative disease? We will use data collected from 764 ADNI participants to test again test for
an association between poor sleep and faster DunedinPACNI. We will further test if associations between
poor sleep quality and faster DunedinPACNI are stronger in older adults with Mild Cognitive Impairment
and dementia. We will control for age and sex in these analyses.

Question 4: Are associations between poor sleep and faster DunedinPACNI explained by more
general risk for Alzheimer’s disease? As other risk factors for dementia (e.g., a history of psychiatric
disease, traumatic brain injuries, etc.) could drive both poor sleep and faster DunedinPACNI scores, we
will conduct sensitivity analyses repeating the primary analyses while including the top ADRD Risk Index
available in each cohort as a covariate control. As the CAIDE (Cardiovascular Risk Factors, Aging, and
Incidence of Dementia) Dementia Risk Score is a validated ADRD risk index available in all three
cohorts, it will be the primary control variable used. The CAIDE is incorporates various cardiovascular
and socioeconomic risk factors including hypertension, obesity, hypercholesterolemia, and low
educational attainment, has been shown to predict dementia across up to 40 years'?, and correlates well
with other larger ADRD Risk Indexes composed of more diverse risk factors (r’s of .55 to .63)™.

Question 5: Is poor sleep associated with an epigenetic measure of accelerated pace of aging? Lastly,
we will test whether poor sleep is associated with an epigenetic measurement of accelerated rate of aging,
DunedinPACE. This will allow us to determine whether poor sleep is associated with accelerated aging
measured using multiple modalities. We will conduct these analyses in the Dunedin and ADNI datasets,
since these datasets have DNA methylation data available. We will control for age and sex in these
analyses.

Variables needed at which ages:
Dunedin Study:

-Pace of Aging scores at age 45
-DunedinPACNI scores at age 45

-PSQI data phase 45

-PSQI data phase 38

-sex

-CAIDE Dementia Risk Index
-DunedinPACE scores at age 45

UK Biobank:

-DunedinPACNI scores

-self-reported sleep duration (Field ID = 1160)

-self-reported history of insomnia diagnosis (Field ID = 1200)
-sex

-age

-CAIDE Dementia Risk Index

ADNI:
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-DunedinPACNI scores

-Cognitive status/diagnosis

-informant-reported sleep disturbance from the Neuropsychiatric Inventory Examination (NPI)
-informant-reported severity of sleep disturbance from the NPI

-sex

-age

-CAIDE Dementia Risk Index

-DunedinPACE scores

Significance of the Study (for theory, research methods or clinical practice):
Epidemiologic and experimental data demonstrate sleep’s importance in supporting physical and mental
health, including brain health. Furthermore, sleep represents an actionable behavioral target; however,
there is a pressing need for surrogate endpoints that precede frank disease. An examination of
associations between sleep and DunedinPACNI will provide important data to guide intervention
development and future clinical trials.

How the paper will contribute to Mdori health advancement and/or equitable

health outcomes?

This research will not include separate analysis of specific ethnic groups. Nevertheless, any findings will
likely be generalizable to the Maori community. Indeed, we know already that DunedinPACNI follows
an expected socioeconomic gradient of health inequities!'. Linking poor sleep quality to faster
DunedinPACNI will further underscore the importance of good sleep for physical and mental health
especially amongst socioeconomically disadvantaged people.
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