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3. Timeline:  We anticipate data analyses to be complete within ~ 1 year of when final 

ARIC NCS data are available. 

 

 

4. Rationale:  

Dementia and mild cognitive impairment (MCI) are common among U.S elderly
1
, 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
2, 3

: Chronic nocturnal hypoxia
4
 
5, 6

, sleep 

fragmentation
7
, mediation through cardiovascular disease risk factors (e.g. hypertension, 

diabetes, inflammation), stroke (both clinical and subclinical) 
6, 8, 9

, increases in Aβ 

burden
10

, and interaction with the APOE ɛ4 risk allele
11, 12

. 

Epidemiologically, to date only the Study of Osteoporotic Fractures (SOF) has 

prospectively evaluated the relation between objectively measured sleep characteristics 

and risk of incident MCI and dementia (combined outcome)
3
.   After multivariate 

adjustment, women with sleep disordered breathing (AHI ≥15 events/hour) were 85% 

(95% CI: 11%-208%) more likely to develop MCI or dementia
3
.  This compelling SOF 

publication
3
 serves as a basis for additional hypothesis generation.  Yet, it has several 

limitations, some of which the analyses we are proposing will be able to overcome.  By 

using exposure data from the subset of ARIC participants who participated in the Sleep 

Heart Health Study (SHHS), and linking this to ARIC Neurocognitive Study (NCS) data, 

ARIC-SHHS will have a much larger sample size, objective assessment of sleep in 

middle-age, 15 years of follow-up, multifactorial comprehensive cognitive assessment, 

objective information on CVD risk factors, and both men and women will be represented. 
 

   

5. Main Hypothesis/Study Questions: 

 

Study question: Are abnormal sleep characteristics (inclusive of measures of hypoxia and 

disordered breathing, sleep fragmentation, and sleep duration) associated with greater risk 

of dementia and/or MCI?   

 

Hypothesis: Abnormal sleep characteristics will be associated with greater risk of 

dementia and MCI.  Relations will be present for all forms of cognitive impairment; 

however relations will be strongest for vascular cognitive impairment.   

 

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 with outcome data presently being collected as part of the 

ARIC NCS exam.  We anticipate that about 1,000 participants will be included in this 

analysis.   

  

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
13

.  All other participants with SHHS, visit 4, and NCS 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 

 Arousal index, arousals/hour (continuous) 

 Wake after sleep onset, min (continuous) 

 

Sleep duration 

 Time in sleep, min (categorical; will not assume linearity) 

 

Outcomes 

 Dementia and mild cognitive impairment (MCI) as classified by the ARIC-NCS 

events committee.  The primary analysis will combine dementia and MCI.  In additional 

exploratory analyses we will consider dementia and MCI, as well as dementia subtypes, 

as separate outcomes. For incidence analyses, in addition to dementia cases identified in 

the ARIC-NCS exam, possible dementia cases will also be gleaned from select 

hospitalization discharge ICD-9 codes obtained from standard ARIC follow-up 

surveillance
13

 and from inpatient and outpatient claims in ARIC participants enrolled in 

Medicare.   

 

Confounders and effect modifiers 

Age, race, sex, education, physical activity, smoking status, BMI, diabetes, inflammatory 

markers, hypertension, APOE ɛ4 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, logistic regression will be used to estimate prevalence 

ratios of the relation of sleep characteristics to prevalent dementia and MCI, defined by 

NCS examination/evaluation.  When Medicare and hospitalization data are included in 

the outcome, Cox proportional hazards regression will be used.     

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 ɛ4 



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
14-16

. 
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