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Abstract

INTRODUCTION: To determine if sleep-disordered breathing (SDB), daytime sleepiness,
insomnia and sleep duration predict seven-year neurocognitive (NC) decline in U.S. Hispanic/
Latinos (N=5,247).

METHODS: The exposures were baseline SDB, daytime sleepiness, insomnia and sleep duration.
The outcomes were change in episodic learning and memory (B-SEVLT-sum and SEVLT-Recall),

language (WF; word fluency), processing speed (DSS; Digit Symbol Substitution), and a cognitive
impairment screener (SIS; Six-item Screener).

RESULTS: Mean age was 63+8 years, 55% females with 7.0% Central American, 24.5% Cuban,
9.3% Dominican, 35.9% Mexican, 14.4% Puerto Rican, and 5.1% South American background.
Long sleep (>9 hours), but not short sleep (<6 hours), was associated with decline (Standard
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Deviation units) in episodic learning and memory (Bsgv1-sum=—0.22 (se=0.06); p<0.001;
BsevLT-Recall=—0.13 (se=0.06); p<0.05), verbal fluency (Bwr=—0.20 [se=0.06]; p<0.01), and SIS
(Bsis=—0.16 [se=0.06]; p<0.01), but not processing speed, after adjusting for covariates. SDB,
sleepiness and insomnia were not associated with NC decline.

CONCLUSION: Long sleep duration predicted seven-year cognitive decline.

Keywords
Cohort studies; Sleep; Neurocognitive decline; Risk factors in epidemiology; Hispanic/Latino

INTRODUCTION

Sleep disturbances are linked with worse neurocognitive function and possibly a higher risk
for Alzheimer’s disease (AD).[1, 2] For example, self-reports of short and long sleep
durations are associated with increased incident dementia.[2] However, most
epidemiological data do not account for important sleep confounders including sleep-
disordered breathing (SDB). Similarly, chronic insomnia, a common sleep disorder seen in
up to 15% of the U.S. adult population is associated with worse neurocognitive function in
some, but not all studies. Recent meta-analyses link SDB, insomnia and self-reported sleep
duration to increased AD risk.[2] Importantly, there is limited knowledge about the sleep
disturbances associated with neurocognitive decline in Hispanic/Latinos, one of the largest
US minority groups.[3] Latinos have up to a 4-fold risk for Alzheimer’s disease and related
dementias (ADRD) compared to non-Hispanic whites.[4, 5] Our published data from the
Hispanic Community Health Study/Study of Latinos (HCHS/SOL), the largest study of U.S.
Hispanic/Latino adults (N~16,000) across four urban sites, demonstrated a high prevalence
of sleep disorders[6] associated with stress, acculturation and cardiometabolic diseases.[7-9]
This is a prospective analysis of Study of Latinos-Investigation of Neurocognitive Aging
(SOL-INCA), which is an ancillary study to HCHS/SOL that aims to determine the factors
that predict neurocognitive disorders and decline in middle-aged to older Latino adults. We
previously described cross-sectional associations between SDB with worse memory,
language and executive function and showed [10] a curvilinear (inverted U-shaped)
association between self-reports of sleep duration and neurocognitive function.[11] That is,
participants with 7.8 hours + 1.7 hours of sleep duration had better neurocognitive scores
compared to those with short and long sleep durations.[11] The current HCHS/SOL and
SOL-INCA study evaluates SDB, daytime sleepiness, insomnia and self-reported sleep
duration as predictors of average 7-year neurocognitive change. We hypothesized that SDB,
daytime sleepiness, insomnia and self-reported short and long sleep durations are associated
with more pronounced average 7-year neurocognitive decline.

METHODS

Population.

The Hispanic Community Health Study/Study of Latinos (HCHS/SOL)[12, 13] is a
multicenter community-based prospective cohort study that aims to determine the prevalence
and risk factors for chronic diseases (e.g. cardiovascular disease) in a diverse sample of U.S.
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Hispanic/Latino adults. The initial sample of 16,145 Hispanic/Latino aged 18-74 years had
their baseline examination (2008 to 2011) in four U.S. field centers (Chicago, IL; Miami,
FL; Bronx, NY; San Diego, CA). Eligible participants were self-identified as Hispanic/
Latino background, based on questionnaires. The cohort was obtained through a stratified
two-stage area probability sample of household addresses selected in each of the four field
centers.[12, 13] The largest groups were Central American (n=1,732), Cuban (n=2,348),
Dominican (n=1,473), Mexican (n=6,472), Puerto-Rican (n=2,728), and South American
(n=1,072). The baseline evaluation gathered information on sleep disorders, demographics,
socioeconomic status, lifestyle habits (smoking, physical activity), medical history and
biological measures (e.g., anthropometrics, blood draw, oral glucose tolerance test, among
others). Neurocognitive function was obtained at baseline (n=9,623) in participants 45-75
years of age. Detailed HCHS/SOL sampling procedures are published [12, 13] and available:
https://sites.cscc.unc.edu/hchs/.

The SOL-INCA is an ancillary study, designed to examine the prevalence and determinants
of neurocognitive decline and disorders in HCHS/SOL. SOL-INCA occurred concurrent to
HCHS/SOL visit-2 (2015 to 2018). SOL-INCA repeated the same neuropsychological tests
from HCHS/SOL baseline (Visit-1), and introduced new neuropsychological test as
described below. SOL-INCA uses the complex design features of HCHS/SOL, which
include a multistage sampling strategy with stratification and clustering, and probability
weights that account for non-response and attrition, used to ensure valid generalizations to
the HCHS/SOL targeted populations.[14] All participants provided informed consent and
the study was approved by the institutional review board for each institution.

Outcomes: Neurocognitive function and score analysis:

The neurocognitive tests administered at baseline were the: (1) Six-ltem Screener (SIS;
mental status); (2) Spanish English Verbal Learning Test (SEVLT; verbal episodic learning
and memory); (3) Controlled Oral Word Association (or Word Fluency; WF; verbal fluency)
Test of the Multilingual Aphasia Examination; and (4) Digit Symbol Subtest (DSS;
processing speed) of the Wechsler Adult Intelligence Scale-Revised.[14] To evaluate
neurocognitive decline, SOL-INCA repeated the above neurocognitive battery at Visit-2 and
also administered the Trail Making Test parts A and B (TMT). [15, 16]

Main exposures: Questionnaires:

The sleep heart health study Sleep Habits questionnaire evaluates weekday and weekend
bedtime and wake time, napping behaviors, as well as related SDB symptoms such as
snoring and witnessed apneas.[6] The following questions were used to determine sleep
duration in our target population: What time do you usually go to bed?and What time do
you usually wake up? Average sleep duration was computed as the weighted average of
weekday and weekend sleep (5/7 weekday + 2/7 weekend). [8] We also categorized sleep
duration into short sleep duration (<6 hours), intermediate sleep duration (6-9 hours) and
long sleep duration (>9 hours). We used these cut-offs based on the distribution of sleep
duration and previous literature on sleep duration and adverse health outcomes.[3, 11]
HCHS/SOL also obtained the Epworth Sleepiness Scale (ESS),[17] a widely-used tool with
a validated Spanish version that assesses the likelihood of falling asleep in eight common
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situations. The insomnia questions obtained at Baseline (2008—-2011) were adapted from the
Women’s Health Initiative Insomnia Rating Scale (WHIIRS),[7] which has a total of 20
points derived from five items scored from 0—4 each. The five items are intended to assess
sleep latency, sleep maintenance insomnia, early morning awakening, and overall sleep
quality. These are used as a continuous variable ranging from 0 — 20 and a binary variable of
insomnia (yes vs. no) based on a score 210. All questionaires were administered in both
English and Spanish versions, based on participant’s preference.

Information about sleep-disordered breathing [6] was collected using the ARES Unicorder
5.2; B-Alert (Carlsbad, CA). Sleep records were scored at the HCHS/SOL Sleep Reading
Center. Respiratory events were identified as a 50% or greater reduction in airflow lasting
greater than or equal to 10 seconds with desaturations greater than or equal to 3% and
defined as the respiratory event index (REI). Sleep disordered breathing was used as a
continuous variable and dichotomized with an REI=15.

Cardiovascular risk factors:

Covariates:

We use the Global Vascular Risk Score (GVRS) and its component individual risk factors.
The GVRS was developed to predict 10-year risk of a stroke and other vascular events using
important demographic, anthropometric, behavioral, and vascular risk factors. GVRS
includes ethnicity/race, and includes waist circumference, health behaviors and peripheral
vascular disease. A detailed discussion of the GVRS, the methods for its derivation, and its
component indicators is provided in Sacco et al (2009).[18] A GVRS value of 8.2 indicated
a 10% chance for remaining stroke, myocardial infarction, or vascular death free over a 10-
year period.

Age in years measured at baseline, time lapse between sleep assessment and SOL-INCA
visit measured in days, depressive symptoms using the Center for Epidemiologic Studies
Depression scale (CESD-10),[19] and self-reported frequency of sleep medication use in the
past 4 weeks (0=None — 4 =5+ times a week). All fully adjusted models also control for
Field Center site.

Analytic Subpopulation.

SOL-INCA enrolled 6,377 eligible HCHS/SOL participants. For the current study, we
excluded n=398 participants who did not participate in the baseline sleep module, and 182
participants who reported a stroke or transient ischemic attack at baseline. We also excluded
n=206 individuals with low mental status scores (S1S<=3) at Baseline. Finally, we excluded
n=344 participants with missing values on any of the covariates of interest. The analytic
sample size was 5,247. Excluded participants had similar sex and education distributions but
were older (63-years vs. 65 years; p<0.001) than those in the analytic sample.

Statistical Analyses.

First, descriptive statistics to characterize the SOL-INCA target population are provided in
Table 1. Second, all SOL-INCA cognitive outcomes were z-scored (generated using ([ Y-
Mean Y}l Stanaard Deviation) for analyses to facilitate comparison of the estimated
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associations across tests. To examine cognitive performance at SOL-INCA, we fit survey
linear regression models to independently test the associations between each sleep risk factor
and standardized cognitive outcomes in cross-sectional and prospective analysis. Two
regression models were fit for each outcome to test (1) sex, age, education, and time lapse
between sleep assessment and SOL-INCA visit; and (2) model 1 with further adjustments
for baseline GVRS, depression symptoms, reported frequency of sleep medication, and field
center.

Third, change scores for repeated cognitive tests were calculated using survey linear
regression to predict cognitive performance at SOL-INCA as a function of baseline cognitive
performance, adjusting for age, education, and lapsed time (in days) between cognitive
assessments.[21] Test specific standardized measures of change were subsequently
calculated using 72 - 72,/ SEE where T2 was the respondent cognitive score at SOL-
INCA, 7Zyqtheir predicted score and SEE is the standard error of the regression estimator.
Subsequently, we used survey linear regression models to independently examine the
associations between each sleep risk factor and the standardized measures of cognitive
change. The zscores that represented change in performance over time were calculated
using a regression-based approach that accounted for age and education and therefore these
variables were not included as covariates in the analytic models. Two regression models
were fit for each change outcome to test (1) sex, and time lapse between sleep assessment
and SOL-INCA visit; and (2) model 1 with further adjustments for baseline GVRS,
depression symptoms, reported frequency of sleep medication, and field center. We do not
adjust for age or education as these measures were used in the derivation of the cognitive
change outcomes.

Post-hoc estimates of crude and adjusted marginal means and their 95% confidence intervals
were calculated and graphed to facilitate visualization of associations across predictors and
cognitive outcomes (Figures 1 and 2 for cognitive performance and change, respectively).
ANOVA-based contrasts were used to test differences between sleep risk groups. Estimates
of marginal differences and their 95% confidence intervals are posted in supplemental
Figures 1 and 2 for cognitive performance and cognitive change, respectively.

We previously observed that short and long sleep duration, combined with insomnia was
associated with higher rates of prevalent diabetes among Hispanic/Latino adults.[7]
Therefore, we evaluated synergisms between sleep disorders by cross-classifying categories
of SDB (respiratory event index), daytime sleepiness (Epworth score), insomnia (WHIIRS)
and sleep duration (<6 hours, 6-9 hours, >9 hours) and tested their associations with
neurocognitive change (Table 4) to examine whether and to what extent the combination of
sleep disorders are linked to neurocognitive decline. To test these associations, we used the
same regression procedures as detailed in step three above.

We conducted three sets of sensitivity analyses to check the robustness of our results. We re-
estimated all models detailed in steps two and three above to (1) control for APOE4
(APOE4 carriers vs. non-carriers) using the subsample of participants consenting to
providing genetic data (n=3,577); (2) exclude participants with elevated self-reported use of
sleep medication (i.e. 5+ times a week); and (3) using chained multiple imputation
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techniques to impute missing values on the model covariates for individuals excluded from
our primary analyses due to missing data. [20-22] Our findings were robust to all three
sensitivity specifications and the primary results remained qualitatively unchanged across all
three sensitivity tests.

Demographic and clinical characteristics of the target population are presented in Table 1.
The mean age at INCA was 6318 years. More than half were females and a large proportion
had less than a high school education (37.8%). Seventeen percent of the population had a
respiratory event index =15 (SDB), 1-in-5 had daytime sleepiness (Epworth score =10), a
third had insomnia (WHIIRS=10), and fifteen-percent had long (>9 hours) sleep duration.

Neurocognitive performance.

We found no significant associations between SDB (respiratory event index) or severe
sleepiness (Epworth score =10) and cognitive performance obtained after 7-year average
follow-up (Table 2). Insomnia (WHIIRS=10) was associated with worse performance on
memory, processing speed and attention in age, sex, education and time from sleep
assessment to INCA assessment adjusted models. These associations were no longer
significant after further adjusting for vascular risk, depression symptoms, and field center.
Longer sleep (>9 hours), compared to intermediate sleep duration (6—9 hours), was
consistently associated with worse performance across all considered cognitive domains
(Figure 1 and supplemental Figure 1). The associations were only slightly attenuated by
controlling for the covariates in the fully adjusted model for the memory, phonemic fluency,
and executive function. The associations between long sleep duration and cognitive
performance on the DSS and Trails A were no longer significant by adjusting for the
covariates.

Neurocognitive change.

We found no significant associations between baseline SDB (respiratory event index),
daytime sleepiness (Epworth score), insomnia (WHIIRS) and 7-year cognitive change (Table
3). Long sleep duration (vs. intermediate sleep) was consistently associated with decline in
memory, phonemic fluency and mental status, but not with processing speed (DSS) (Figure
2 and supplemental Figure 2). Controlling for the GVRS, depression symptoms, sleep
medication use, and field center did not change the magnitude and significance of the
derived associations.

Sleep phenotypes based on the cross-classification of sleep disorders with sleep duration
showed that individuals with insomnia (WHIIRS >10) and intermediate sleep duration (6-9
hours) declined in memory [p= —0.12 (SE=0.05); p<0.05] and mental status (SIS) [p =—0.11
(SE=0.05); p<0.05], but not in other cognitive domains, after adjustment for model
covariates. Long sleep (>9 hours) without insomnia (WHIIRS<10) was associated with
decline in memory [ﬁSEVLT—Sum: -0.39 (SE:0.07); £<0.001; BSEVLT-Recall= -0.28
(SE=0.07); p<0.001], phonemic fluency [B =—0.24 (SE=0.08); p<0.01] and mental status
(SIS) [B =—0.27 (SE=0.08); p<0.001] but not with processing speed (DSS). Other sleep
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phenotypes were not consistently associated with neurocognitive performance or change
(Table 4).

Discussion

Long sleep duration (>9 hours) was associated with seven-year neurocognitive decline in
middle-aged to older Hispanics/Latinos. Cross-sectional and prospective studies describe U-
shaped associations between sleep duration with neurocognitive impairment, decline and
dementia. [3, 23] However, in our sample only long sleep (>9 hours), but not short sleep (<6
hours), predicted neurocognitive decline after accounting for confounders. In addition, SDB
based on the respiratory event index =15 and daytime sleepiness with the Epworth sleepiness
scale =10 did not predict neurocognitive decline.

In the Atherosclerosis Risk in Communities (ARIC) Study, SDB (measured with in-home
polysomnography) was not associated with 15-year neurocognitive decline.[24] In the
Osteoporotic Fractures in Men Study, neurocognitive decline was observed among
participants with worse sleep quality (assessed with polysomnography), while in a different
study long sleep duration (>9 hours) was associated with neurocognitive decline. [25, 26]
However, a meta-analysis of 14 studies (six of them prospective) showed that SDB was
associated with a 26% increased risk of neurocognitive decline and dementia.[27] The
mechanisms by which SDB confers neurocognitive impairment is unclear, but other studies
suggest that metrics of SDB severity, such oxygen desaturations in sleep, had stronger
associations with neurocognitive impairment than the apnea-hypopnea index or the
respiratory-event index. Daytime sleepiness, measures with the Epworth sleepiness scale, is
a commonly used questionnaire of self-reported SDB that has been associated with
neurocognitive decline, dementia. [28] Some suggest that daytime sleepiness could explain
associations between SDB and neurocognitive decline, however, this finding was not
observed in HCHS/SOL and SOL-INCA. Interestingly, participants with insomnia who also
reported that 6 to 9 hours of sleep duration, but not short sleep duration (<6 hours), decline
in memory function and the neurocognitive impairment screener. It is plausible that
quantitative measures of sleep quality (macro- and micro-sleep architecture), rather than
sleep duration, could be better predictors of neurocognitive decline in some participants with
insomnia.[29, 30] Most studies of SDB involved participants that on average were older than
HCHS/SOL participants. While direct comparison is not possible, our sleep, neurocognitive
measures and follow-up time differ from prior studies, which could partly explain the
observed null findings observed with SDB and daytime sleepiness. Importantly, our analyses
included multiple dimensions of sleep with simultaneous measures of SDB, which
overcomes limitations in previous epidemiological studies. [3, 23, 31]

Our findings suggest that individuals who report long sleep duration are at higher risk for
neurocognitive decline. Self-reported long sleep duration has been associated with
neurocognitive dysfunction in various cross-sectional analyses, [11, 32, 33] but there is
limited data from prospective studies,[33] particularly among individuals from diverse
Hispanic/Latino backgrounds.[31, 33] Similar to our study, a cohort of 2,855 participants
from Korea, showed that long-sleep duration with normal neurocognitive function at
baseline had a 70% increased chance of decline after 4-years of follow-up. However, long
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sleep duration did not predict neurocognitive decline among mild cognitive impairment
(MCI) identified at baseline.[31] A meta-analysis of prospective studies showed a 58%
increase in the risk of neurocognitive decline in executive function, working and verbal
memory in older adults reporting >9 hours of sleep duration.[34, 35] In older Spaniards,
long sleep duration had over a two-fold risk of dementia after 3-years of follow-up and a
58% risk of dementia-specific mortality after 13-years. [36, 37] Similar results were
described in a community-based cohort of older adults from Japan.[38]

Possible mechanisms explaining long sleep duration and neurocognitive decline.

Longer habitual sleep duration could be an early marker of dementia with possible sleep
cycle changes or increased sleep need manifested as longer bed times.[39] Proper sleep may
facilitate Samyloid clearance from the brain; however, this remains undefined in long
sleepers.[40] Additionally, long sleep duration is associated with cerebrovascular disease,
[41] a known contributor to neurocognitive impairment and decline. While a specific
pathway between long sleep duration and decline is not clear, long sleep duration has been
associated with increased white matter hyperintensity volumes [42] and subclinical brain
infarction, affecting brain regions (e.g. the prefrontal cortex), and potentially neurocognitive
function, through vascular damage.[43] Interestingly, a meta-analysis showed that long sleep
duration, but not short sleep, was associated with increased inflammatory markers that
increase cardiovascular disease and vascular risk factors. [44] In addition, it has been
suggested that long sleep duration is associated with a later “chronotype,” or nocturnal
preference for wakefulness, which does not allow for proper realignment of the endogenous
circadian rhythms.[45] Circadian misalignment can lead to fragmented sleep and decreased
slow wave sleep, potentially contributing to long habitual sleep duration as consequence of
greater sleep need.[45] Future studies should consider how circadian rhythms influence
sleep duration and sleep quality.[46] While the specifics of the interplay between sleep and
neurodegeneration merit further study, self-reported long sleep duration may be a marker of
poor sleep efficiency, fragmentation or circadian misalignment, which may promote
neurocognitive decline and impairment. [45] Interestingly, sleep disturbances could explain
the pathological changes observed in mild cognitive impairment (MCI) and early AD.[47]
For example, history of sleep disruption was associated with increased neurofibrillary
tangles in the brainstem nuclei known to regulate sleep-wake process, in a post-mortem
sample of patients with early AD (Braak stage I/11). In a different study, older adults with
MCI had increased sleep symptoms, as well as, decreased objectively measured sleep
continuity and more fragmented sleep independent of neurocognitive performance,
suggesting that sleep disruption could be an early marker of neurodegeneration. [48, 49]

A strength of our study is the large sample of middle-aged and older Hispanic/Latinos, who
are underrepresented in studies of sleep risk factors for neurocognitive decline. In addition,
we systematically assessed demographic, behavioral, vascular risk factors, along with
concomitant SDB, daytime sleepiness and insomnia. The study also had several limitations.
First, there are a limited number of measures available for SDB assessment from the home
sleep apnea test, preventing evaluation of arousal, sleep architecture and central sleep apnea.
Second, there could be reporting bias since sleep duration is self-reported. However, in a
study of older men, participants with long sleep duration compared to intermediate sleep, did
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spend more time asleep and in bed quantified with actigraphy and polysomnography.[50] Of
importance, long sleep duration can be a symptom of poor sleep efficiency (decreased sleep
quality or continuity).[39] Long time between going to bed and getting up could be either
habitual long sleep duration or poor sleep efficiency. Follow-up studies should evaluate the
efficiency and quality of sleep, as an important measure associating sleep and neurocognitive
outcomes.[39]

Third, HCHS/SOL was designed to address gaps of U.S. Hispanic/Latino health. However,
factors such as low health literacy, low education and the implementation of cultural specific
protocols may serve as unknown confounders. Importantly, the chosen questionnaires are
available and validated in Spanish and English. Finally, confounding through unmeasured
factors is possible in any observational study such as this one.

Conclusion

In the largest study of U.S. Hispanic/Latinos, long sleep duration was associated to worse
neurocognitive performance and predicted 7-year neurocognitive decline. Longer habitual
self-reported sleep duration could be either a risk factor or harbinger of neurocognitive
decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Systematic review: The authors reviewed the literature using the PubMed
MeSH terms, “sleep” and “cognition” and “prospective studies.” We reviewed
the abstract of 146 studies and identified four relevant publications. Two
studies did not find associations between sleep disorders and cognitive
change. One study observed associations between worse sleep quality and
cognitive decline among older adults with polysomnography. In another study,
long sleep duration (>9 hours) was associated with decline. Most studies did
not adjust for sleep disordered breathing, a known confounder of impaired
cognition, and did not have simultaneous information on daytime sleepiness
and insomnia within a single cohort. No studies used data from a
representative sample of U.S. Hispanic/Latinos.

Interpretation: Our findings identified important sleep correlates of
neurocognitive decline.

Future directions: Quantifying the role of sleep disorders and cerebrovascular
disease as a pathway to neurocognitive decline. Perform chronotype and
genetic studies that can clarify causal associations with neurocognitive
decline.
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Figure 1. Cognitive performance (z-score) by sleep duration groups among middle-aged and
older Latinos.

Model 1: Adjusted for sex, age, education, time lapse between sleep assessment and SOL-
INCA visit; Model 2: Model 1 and global vascular risk score, depressive symptoms, report
of sleep medication use frequency, and field center; B-SEVLT: Brief Spanish English Verbal
Fluency Test; WF: Word Fluency; DSS: Digit Symbol Substitution. For Trails A & B higher
values indicate worse function.
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Figure 2. Cognitive decline (z-score) by sleep duration groups among middle-aged and older
Latinos.

Model 1: Adjusted for sex, time lapse between sleep assessment and INCA visit; Model 2:
Model 1 and global vascular risk score, depressive symptoms, report of sleep medication use
frequency, and field center; B-SEVLT: Brief Spanish English Verbal Fluency Test; WF:
Word Fluency; DSS: Digit Symbol Substitution; SIS: Six Item Screener.
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Table 1.

Demographics, vascular risk score, and sleep characteristics of the HCHS/SOL and SOL-INCA.

%(SE)

Education, years

<12 37.8 (1.1)

12 215 (0.9)

12+ 40.8 (1.1)
Sex

Female 54.8 (1.0)
Sleep medication frequency

None per week 83.6 (0.8)

<1 per week 3.1(0.4)

1-2 per week 3.2(0.3)

3-4 week 2.2(0.3)

5 or more per week 8.0 (0.6)
Sleepiness (ESS=10)

Severe Sleepiness 20.2 (0.9)
Sleep Duration (in hours)

Short Sleep: <6 6.6 (0.5)

Intermediate Sleep: 6-9 78.6 (0.8)

Long Sleep: =9 14.8 (0.7)
REI

>15 17.2 (0.8)
Sleep phenotype-Sleep Duration/Insomnia

Short sleep/no insomnia 35(0.4)

Short sleep with insomnia 3.1(0.3)

Intermediate sleep/no insomnia 53.9 (1.0)

Intermediate sleep with insomnia 24.7 (0.8)

Long sleep/no insomnia 8.9 (0.6)

Long sleep with insomnia 5.8 (0.5)
Sleep Phenotype - ESS/REI

ESS=0; REI<15 8.9(0.5)

ESS=0; REI 215 1.2(0.3)

ESS =1-9; REI <15 58.4 (1.0)

ESS 1-9; REI 215 11.3 (0.6)

ESS >10;REI <15 155 (0.8)

ESS 210; REI 215 45(0.4)
Sleep Phenotype — Sleep Duration/REI

Short Sleep; REI <15 5.1(0.4)

Short Sleep; REI 215 1.5(0.2)

Average Sleep; REI<15 65.5 (1.0)

Average Sleep; REI 215 13.4(0.8)
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%(SE)
Long Sleep; REI<15 12.1(0.7)
Long Sleep; REI=15 2.4(0.3)
“Mean (SD) _
REI-Continuous 8.7 (13.4)
CESD-10 7.2(6.3)
GVRS 7.1(0.9)
Days Sleep to INCA 2542.1 (436.0)

Page 17

* GVRS=Global Vascular Risk Score; CESD=Center for Epidemiologic Studies Depression; REI= Respiratory Event Index. ESS= Epworth
Sleepiness Scale. SD=Standard Deviation

SE=Standard Error based on the sampling weights and complex study design.
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