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magnetic resonance imaging (MRI) study recruited diverse Hispanics/Latinos (35-
duration. Our main outcomes were total and regional brain volumes.

was associated with smaller brain volume (B, prain = —0.05, p < 0.01) and consistently
Sleeping >9 hours was associated with smaller gray (8 ompined gray = —0.17,p < 0.05) and

occipital matter volumes (Boccipital gray = —0.18, p < 0.05).

DISCUSSION: We found that longer sleep duration was associated with lower total

brain and gray matter volume among diverse Hispanics/Latinos across sex and
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1 | INTRODUCTION

Sleep patterns can have important public health implications and can
lead to increased health care costs. Short (<7 hours) and long sleep-
ers (>8 hours) spend $1278 and $2994 (respectively) more on health
care compared to average duration sleepers.! Sleep patterns vary
among demographic groups including by race/ethnicity.? This may
partly reflect cultural practices and beliefs around sleep.® Recent work
using self-reported sleep data from the National Health and Inter-
view Survey suggests that Hispanics/Latinos, on average, were more
likely to report shorter sleep duration compared to Whites.* Hetero-
geneities in sleep patterns among Hispanic/Latino subgroups have also
been documented in the Hispanic Community Health Study/Study.@t
Latinos (HCHS/SOL). Patel et al.> reported that Hispanics/Latings ‘of
Dominican and Puerto Rican (Caribbean Latinos) heritage reporiedsig-
nificantly shorter sleep duration compared to other Hispanic/Latino
groups. More recently, Gonzalez et al.® found that Carilibean Latinos
are more likely to meet criteria for insomnia_refativé to other His-
panic/Latinos subgroups. Important demograpivic modifiers (e.g., sex)®
for sleep disorders within Hispanics/Latinasirhay also exist. For exam-
ple, Seicean et al.” found that Mexicanuiterrhad longer sleep compared
to women in a young cohort (49 yeai's on average); however, it is
unclear whether these sex/gender/differences are consistent across
other Hispanic/Latino heritdges:

Longer sleep duratigniis/gssociated with increased risk of adverse
health outcomes. Cémjpared to average sleep duration (7-9 hours),
longer (>9 houphs'eep is associated with increased risk for hyper-
tension, cafdicvascular disease, and obesity.8? Sleep patterns also
influence dedvnstream outcomes in older adults including cogni-
tion. Both short and long sleep have been linked with worse cog-
nitive performance.’? Recent meta-analyses have validated these
associations.112 Sleep disruption is a common complaint among per-
sons with dementia.’® The Neurological Disorders in Central Spain
Studies (NEDICES) found an increased risk of dementia mortality for
long sleepers (>9 hours) compared to those sleeping between 6 and
8 hours.™* Long sleep has also been linked to an increased risk of stroke,
a major pathway for disablement and dementia.’> The pathways in
which sleep could lead to dementia have been explored; for example,

background. These results reinforce the importance of sleep on brain aging in this

understudied population.

Alzheimer’s disease, magnetic resonance imaging, sleep

* Longer sleep was linked to smaller total brain and gray matter volumes.

* Longer sleep duration was linked to larger white matter hyperintensities (WMHs)
and smaller hippocampal volume in an obstructive sleep apnea (OSA\) risk group.

* These associations were consistent across sex and Hispanic/Latino heritage groups.

Winer et al. found short sleep, but not\loryg sleep, was associated with
increased amyloid burden and worse cognitive performance.'® These
findings suggest that sleep @uration might be a clinically important
metric in at-risk individuals.

We used data fropsavarge and diverse community-based cohort of
middle-aged and older “iispanic/Latino adults to fill existing gaps in the
literature on sleep, and brain health. We did so by (1) examining the
associations, between sleep duration and total and regional brain vol-
umes, (2)'suirveying different subpopulations of interest, and (3) exam-
iningmgdifications by sex and Hispanic/Latino background groups. We
hypathesized that short (<6 hour) and long (>9 hours) sleep durations
‘also tested continuously) will be associated with smaller brain vol-
umes (defined below) and larger white matter hyperintensity (WMH)
volumes. Furthermore, we proposed that these associations will be
more pronounced in Puerto Ricans, Dominicans, and women because
they have been reported to experience short sleep duration, frag-
mented sleep, and insomnia-like symptoms compared to men and other

Hispanic/Latino subgroups.®

2 | METHODS

2.1 | Data
HCHS/SOL is a community-based prospective cohort study of diverse
Hispanic/Latinos. HCHS/SOL used a complex survey design and
recruited n = 16,415 self-reported Hispanics/Latinos (ages 18-74;
2008-2011) from four major metropolitan cities: San Diego, CA;
Chicago, IL; Bronx, NY; Miami, FL. Each center recruited ~4000
community-dwelling diverse Hispanics/Latinos. Sampling design and
methods for HCHS/SOL are published elsewhere!’” and can also be
found at the HCHS/SOL website https://sites.cscc.unc.edu/hchs. The
SOL-INCA (Study of Latinos-Investigation of Neurocognitive Aging)
study, an ancillary study of the HCHS/SOL, aims to assess cognitive
performance among participants who were 45-74 years of age at visit
1(n=6377).

SOL-INCAMRI leverages the HCHS/SOL cohort and neurocognitive
datafromthe SOL-INCA to examine brain health in the Hispanic/Latino
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population, which is underserved and faces disparities in vascular
risk factors. SOL-INCA MRI seeks to examine brain health and the
role of vascular risk factor burden on cerebrovascular pathology and
Alzheimer’s disease (AD) risk using state of the science magnetic reso-
nance imaging (MRI) techniques. Approximately 2400 participants will
be recruited from SOL-INCA with participant selection enriched for
individuals with cognitive impairment (Gonzélez et al. 2019) and the
remaining cognitively healthy subjects randomly sampled with sex and
field center matching to the participants with cognitive impairment. In
addition, ~400 younger (between 35 and 50 years of age at visit 2) par-
ticipants will be selected randomly from the parent HCHS/SOL study
to achieve a lifespan perspective on Hispanic/Latino brain health. The
complete sample of participants who underwent imaging and had MRI
data processed successfully include n = 2667 participants (weightings
male = 43%, female = 56%, ages 35-85 years).

2.2 | MRI data acquisition

Participants were scanned using a GE 3T 750 (three sites) and a Philips
3T Achieve TX (one site). The sequences include: (1) T1 volume: ~1 mm?
resolution; (2) three-dimensional fluid-attenuated inversion recovery
(3D FLAIR); (3) T2*GRE (gradient echo): 2D, long T2*GRE; and (4)
resting-state functional MRI (fMRI): 10-min duration, 3 s repetition time
(TR). All images are quality checked visually at every step of the seg-
mentation process and minor errors are fixed; failed images are not
processed further. Skull stripping, or removal of non-brain tissue, was
performed using a convolutional neural network model.'® Gray mat-
ter volumes were calculated using an expectation-maximizatioh (EN)
algorithm.’” We created the initial space of the EM algorithmusing
the template-space warps of previous segmented images)We then
calculated mean and SD of the image intensities, witics’we used as
parameters for the Gaussian model. The Gaugsién model is used to
generate segmentations, which are then used‘as input for a Markov
Random Field (MRF) model. The MRF madeiwill help us produce fur-
ther mean and SD values from refined, segmentation. This process
is repeated until convergence.'? "WMH volume was obtained by per-
forming a modified Bayesian prghability structure-based algorithm on
FLAIR and 3D T1 images.2{ The likelihood values from the Bayesian
model are dichotomized™%.5 standard deviation threshold) to cre-
ate a binary WMH.ndéask. WMH volume is then log-transformed to
account for varian¢e. Hippocampal volume was calculated using an
atlas-based diffeomorphic approach,?! with an additional European
Alzheimer’s Disease Consortium-Alzheimer’s Disease Neuroimaging
Initiative (EADC-ADNI) mask to help standardize outputs.?? Finally,
we performed intensity-based label refinement to generate final

outputs.

2.3 | Cognitive testing

Cognitive testing was administered only to participants middle aged
and older (45-74 years) in their preferred language at HCHS/SOL
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RESEARCH IN CONTEXT

1. Systemic review: Authors surveyed literature regarding
sleep duration and brain magnetic resonance imaging
(MRI) volumes as well as sleep differences across sex and
ethnic groups using traditional sources (e.g., PubMed).

2. Interpretation: Most participants (79%) slept between 6
and 9 hours. One hour increase in sleep was associated
with smaller total brain volumes. Compared to the 6- to 9-
hour group, participants who slept >9 hours had smaller
total gray and occipital gray matter volume£ \We did not
find evidence for non-linear relationshipssaetween sleep
duration and brain measures. In a high\isk obstructive
sleep apnea (OSA) group, we fouyitithat’a 1-hour increase
in sleep was associated withflarger white matter inten-
sities (WMHSs) and smallérthippocampal volume. Results
were consistent across sex and background.

3. Future directionst Hutwie research should use longitudi-
nal sleep data.and\consider links between sleep duration
and other clin gally important brain markers (e.g., amy-
loid) tosfurther understand how sleep affects risk for
Alzhéimer’s disease and related dementia’s.

Visit 1 (older than 50 at MRI). The Neurocognitive Reading Center
trained technicians to ensure generalizability of testing across centers.
Bilingual/bicultural technicians administered the following cognitive
battery at each of the Field Centers: (1) Brief-Spanish English Ver-
bal learning Test (B-SEVLT: Sum = learning, Recall = memory),2324
(2) Word Fluency (WF),2°> and( 3) Digit Symbol Subtest (DSS; pro-
cessing speed).2® Global cognitive function at visit 1 was assessed by
averaging the four normalized (Z-Score) cognitive measures. Detailed

information about cognitive testing and methods at visit 1.2

2.4 | Mild cognitive impairment

Mild cognitive impairment (MCI) was assessed only in individuals over
the age of 50 at SOL-INCA MRI (unweighted n = 255) using the
National Institute on Aging-Alzheimer’s Association (NIA-AA) four
core criteria: (1) cognitive performance in the mild impairment range
for any of the tests (2—1 SD) compared to SOL-INCA norms (age, edu-
cation, sex, and Picture Vocabulary Test score adjusted); (2) Global
cognitive decline exceeding —0.55 SD/year between the two visits; (3)
any subjective cognitive decline, over the past 10 years, as assessed by
the Everyday Cognition-12 rating questionnaire; and (4) no clear evi-
dence of functional impairment using instrumental activities of daily
living.28 Individuals scoring less than 2 SD relative to SOL-INCA norms
or who met criteria for MCI (criteria 1-3 above) but had evident
functional impairment (criteria 4 above) were considered as meeting

criteria for suspected severe cognitive impairment.
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2.5 | Analytic sample

A total unweighted n = 2667 participants had MRI data available. We
excluded n = 333 participants who did not participate in the baseline
sleep module or who had missing data on model covariates for a final
analytic sample of n =2334.

2.6 | Exposure

The main exposure was self-reported sleep duration assessed at visit 1.
Participants were asked to report, in hours, their usual awake and sleep
times during the week and weekend. Participants were not told how
many hours of sleep constituted “good” sleep. Daily average sleep dura-
tion was obtained by averaging through the typical sleep duration for
an entire week (five weekdays and two weekend days). Sleep duration
was treated as a categorical and continuous measure. The categori-
cal cutoffs for sleep duration (<6 hours, 6-9 hours, >9 h) were chosen
based on previous research on sleep duration and MRI measures,?? and

our own HCHS/SOL data using these categories of sleep.3°

2.7 | Outcomes

included brain volumes, measured in cm?3, of the following: total brain,
combined gray, frontal gray matter, occipital gray matter, temporal
gray matter, parietal gray matter, lateral ventricle, WMHs, and hip-
pocampus. All outcomes were residualized to total cranial volume.aid
standardized. Both WMHs and lateral ventricle were log transfaried
before residualizing due to non-normal distributions.

2.8 | Covariates

included continuous age at MRI, time b&twe=en visits (in years), sex
(male, female), categorical education (lessithan high school, high school,
more than high school), languageroreterence (Spanish, English), His-
panic/Latino background (Dorwwhican, Puerto Rican, South American,
Mexican, Central Americai, _/Cuban), continuous body mass index
(BMI), continuous depizssion symptom score (Center for Epidemio-
logic Depression Seale LESD31), a binary measure for hypertension (no
hypertension, hvpartension) measured according to National Health
and Nutritlor Examination Survey (NHANES; systolic or diastolic blood
pressure > = 140/90 mm Hg or antihypertensive medication use),
testing center (San Diego, Miami, Chicago, Bronx), and continuous res-
piratory event index (REI; number of apnea and hypopnea events per
hour). We also controlled for self-reported sleep quality using a binary
measure based on a question probing the respondent’s assessment of
their “typical night sleep during the past four weeks” (restless, very
restless = O; average quality, sound or restful, and very sound or rest-
ful = 1). The sleep quality question was asked before asking about sleep

duration to avoid bias in response. Except for age, all covariates were

assessed at visit 1. To assess respiratory events, participants used an
ARES unicorder 5.2; B-Alert (Carlsbad, CA) during visit 1.%2

2.9 | Statistical analysis

All analyses were generated using STATA 17 software. First, we gen-
erated descriptive statistics of the target population by categorical
sleep duration (Table 1). We reported means and SDs for continuous
measures and percent and standard errors for categorical measures.
To test differences across groups, we performed analysis,of variance
(ANOVA) and chi-square tests for continuous and cavéggrical (respec-
tively) indicators. Second, we performed linear<cegressions on each
brain outcome using (1) crude; (2) age, sex, edudation, background; (3)
and full covariate adjusted models. We raqn each of these models using a
categorical (using 6-9 hours as the refexerice), and continuous measure
of sleep (Tables 2-3). For both modgls, we plotted marginal estimates
to ease interpretation of findirgs (Figures 1, 2). Models not included in
the main figures can be found in Figures S1 and S2.

In sensitivity modgiy, we tested the nonlinear relationship between
sleep duration ang brain volumes by adding a quadratic measure of
sleep duration (sieep duration * sleep duration i.e., sleep duration?).
Results from, these models can be found on Table S1. Next, we reran
three separate sets of models, treating sleep duration as a continuous
measurs, using the following subpopulations: (1) middle-age and older
participants (50+ years), (2) young participants (<50 years), and (3) ele-
sated risk obstructive sleep apnea (OSA) participants (RElI > = 5). In the
middle-age and older models (50+ years), we ran three additional mod-
els that adjust for (1) baseline global cognition at visit 1 and excluded
from analysis those with suspect severe cognitive impairment (n = 18),
(2) MCl status (n = 215) and excluded from analysis those with suspect
severe cognitive impairment, and (3) MCl status without excluding the
suspect severe cognitive impairment. Beta estimates for these mod-
els are included in Tables S2-54, respectively. In addition, we tested
modifications by background and sex in the full sample. Results from
ANOVA F-tests for those can be found in Tables S5 and S6, respectively.

3 | RESULTS

3.1 | Descriptive statistics

Descriptive statistics by sleep duration category are reported in
Table 1. On average, participants in the <é hour group (n = 182; 6.9%)
were less likely to have more than high school education and had the
lowest rate of good sleep quality of the three groups. Those in the
6-9 hour group had the highest rates of education, lowest level of
depression, the highest proportion of Spanish speakers, performed the
highest on the word fluency test, and had the highest rate of sleep
quality of the three groups. Those in the >9 hour group skewed male
and had education and sleep quality measures between the other two

groups.
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TABLE 1 Baseline sociodemographic and sleep characteristics of SOL-INCA MRI participants by sleep duration.

<6h 6-9h >9h Total p-value
Unweighted N 182 1825 327 2,334
% 6.9 78.5 14.6 100
Mean + SD
Age 64.02 +11.06 64.35+11.22 6248 +12.47 64.05+11.44 p=0.358
BMI 30.05+6.23 29.60+5.14 30.41+5.98 29.75+5.36 p=0.310
REI 6.95+11.83 7.81+11.35 8.53+16.25 7.86+12.27 p=0.661
Depression score 8.72+7.20 6.72+5.77 8.24 + 6.36 7.08 + 6.00 p=0.001
Time between visits in years 10.24 + 1.54 10.32 +1.54 10.03 + 1.40 10.27 +1.52 »=0.102
B-SEVLT Sum 22.70+5.85 23.11+5.55 22.30+5.72 22.98+5.61 p=0.272
B-SEVLT Recall 8.33+£2.92 8.38+2.84 8.22+3.13 8.36 +2.89 p=0.870
WF 18.56 +8.58 19.68 +7.02 17.82 +8.00 19.35%7.50 p=0.072
DSS 33.71+14.33 3526 +12.79 31.94+12.56 34.70+£12.92 p=0.013
% (SE)
Language preference
Spanish 82.46 (3.65) 87.26 (1.30) 79.83(3.50) 85.84(1.23) p=0.023
English 17.54 (3.65) 12.74(1.30) 20.17 (3.50;) 14.16 (1.23)
Sex
Female 49.86 (5.05) 55.76(2.03) 60.53(3.89) 56.05(1.68) p=0.279
Male 50.14 (5.05) 44.24(2.03) 39.47(3.89) 43.95(1.68)
Education
Less than high school 46.80 (5.35) 34.57 (221, 35.65 (3.77) 35.57(1.76) p=0.022
High school or equivalent 21.69(3.77) 19.¢E1138) 27.88 (4.50) 20.99(1.27)
More than high school 31.51(4.53) 45,78 (2.03) 36.47 (4.23) 43.44 (1.76)
Background
Dominican 9.85(2.65) 8.57(1.09) 8.43(1.99) 8.64(1.02) p=0.204
Central American 13.42(4.17 7.10(0.88) 6.08(1.83) 7.38(0.85)
Cuban 11.62(3.51) 24.29(2.88) 23.09 (4.20) 23.24(2.54)
Mexican 2%94(5.13) 35.53(2.38) 38.30(4.37) 35.69(2.15)
Puerto Rican 22.76(4.28) 15.84(1.56) 13.77 (2.44) 16.01(1.33)
South American 7.20(3.45) 5.72(0.85) 4.19(1.35) 5.60(0.74)
Other 3.22(2.12) 2.95(0.63) 6.15(3.21) 3.44(0.71)
Sleep Quality
Restless/very restless 29.72(4.72) 18.11(1.48) 24.86 (3.80) 19.90(1.41) p=0.012
Average/restful/very re:tfu! 70.28 (4.72) 81.89(1.48) 75.14 (3.80) 80.10(1.41)
Hypertension
No hypertension 62.03(5.27) 58.16(2.12) 53.66 (4.66) 57.76(1.81) p=0.483
Hypertensign 37.97(5.27) 41.84(2.12) 46.34 (4.66) 42.24(1.81)
Mild Cognitive Impairment (MCI)
No MCI 84.90(4.61) 87.10(1.61) 84.79 (3.48) 86.64(1.39) p=0.150
MCI 15.10 (4.61) 12.90(1.61) 15.21(3.48) 13.36(1.39)
Suspect severe cognitive impairment 0.24 (0.25) 0.97 (0.34) 3.67 (2.51) 1.27(0.43)

Abbreviations: BMI, body mass index; B-SEVLT SEVLT, Brief Spanish English Verbal Learning Test; CESD, Center for Epidemiologic Studies Depression Scale;
DSS, Digit Symbol Substitution Test; MCI, mild cognitive impairment; MRI, magnetic resonance imaging; REI, respiratory event index; SD, standard deviation;
SE, standard error; WF, word fluency.
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TABLE 3 Associations between MRI measures and continuous sleep duration (N = 2334).

Continuous ~ —0.05** [-0.09; —0.01] —0.05** [-0.08; —0.01] —0.02[-0.07;0.02] —0.02[-0.06;0.02] -0.01[-0.06;0.03] —0.01[-0.05;0.03]
sleep

Continuous ~ —0.00[-0.04;0.04] —0.00[—-0.04;0.04] —0.03[-0.08;0.02] —0.03[-0.07;0.02] —0.01[-0.06;0.04]

sleep

Continuous  0.04[-0.00;0.08] 0.03[-0.01;0.07] 0.01[-0.02;0.05] 0.01[-0.03;0.05] —0.0«(‘).0 ;0.00] —0.05[-0.09;0.00]
sleep

Note: M1 model includes time between visits (in years), continuous age, sex (male, female), Hispanic/Latino ‘galr:‘d (South American, Central American,
Mexican, Cuban, Puerto Rican, and Dominican), a trichotomous indicator for education (less than high %‘iﬂﬁgh school or equivalent, more than high
school). M2 model additionally includes language preference (English, Spanish), continuous measure fcr Fody mass index, a dichotomous indicator for sleep
quality (Restless/very restless, Average/restful/very restful), continuous depression, a binary measurg for'iypertension (no hypertension, yes hypertension),
a categorical measure for testing center (San Diego, Miami, Chicago, Bronx), and continuous respi event index.

Abbreviations: Cl, confidence interval; MRI, magnetic resonance imaging; TCB, total cranial vc@; MH, white matter hyperintensity.

o g
Q

Std Brain Volume Std #ed Gray Std Occipital Cortical Gray

N\
.25 .25 1$ .25 |

FIGURE 1 Associations between brain measures and categorical sleep duration (N = 2334). Notes: MO model includes time between visits (in
years). M1 model includes time between visits (in years); continuous age, sex (male, female), Hispanic/Latino background (South American, Central
American, Mexican, Cuban, Puerto Rican, and Dominican); and trichotomous indicator for education (less than high school, high school or
equivalent, more than high school). M2 model additionally includes language preference (English, Spanish), continuous measure for body mass
index, a dichotomous indicator for sleep quality (Restless/very restless, Average/restful/very restful), continuous depression, a binary measure for
hypertension (no hypertension, yes hypertension), a categorical measure for testing center (San Diego, Miami, Chicago, Bronx), and continuous
respiratory event index. Std = standardized; TCB, total cranial volume; WMH, white matter hyperintensity.
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FIGURE 2 Associations between brain measures and continuous sleep duration (N = 2334). N¢tzs: MO model includes time between visits (in
years). M1 model includes time between visits (in years); continuous age, sex (male, female), HiSpanic/Latino background (South American, Central
American, Mexican, Cuban, Puerto Rican, and Dominican), a trichotomous indicator for educétion (less than high school, high school or equivalent,
more than high school). M2 model additionally includes language preference (English, Sgariish), continuous measure for body mass index, a
dichotomous indicator for sleep quality (Restless/very restless, Average/restful/very.rastful), continuous depression, a binary measure for
hypertension (no hypertension, yes hypertension), a categorical measure for testiag-ecenter (San Diego, Miami, Chicago, Bronx), and continuous
respiratory event index. TCB, total cranial volume; Std, standardized; WMH, wiiite: matter hyperintensity.

3.2 | Regression models

Results from categorical and continuous models are found in Takles 2
and 3 and average marginal estimates for the brain ottdomes are
displayed in Figures 1 and 2. A 1-hour increase in-sl€2p was asso-
ciated with smaller total brain volumes (Biot-#hiin = —0.05 [-0.08;
—0.01], p < 0.01) even after full covariate adjustment. In categori-
cal models, those in the >9-hour sleep grizup had smaller gray matter
(Beombined gray = —0.17 [-0.31; —0.02], 2%, 0:05) and occipital gray mat-
ter (Boccipital gray = —0.18 [-0.33; %:0.04], p < 0.05) volumes compared
to the 6-9 hour group. In quagiaric models (Table S1), we found a lin-
ear and a quadratic associdtion between sleep duration and WMHs;
however, this associatie( wasexplained away in the fully adjusted mod-
els. Associations, witn(zil other considered brain outcomes were not
statistically signiticant.

Results/derived from focusing on the middle-age and older (50+
years) cohort were consistent with findings from the overall study
(Table S2). These results were robust to adjustment for baseline
cognitive function, exclusion of individuals with suspect severe cog-
nitive impairment, as well as correction for MCI status. Total brain
associations were not significant in the young (<50 years) cohort
after full covariate adjustment, but we found significant decrements
in combined gray (Bcombined gray = —0.14 [-0.22; —0.06], p < 0.001)
frontal (Bfrontal gray = —0.15 [-0.24; —0.05], p < 0.01), and parietal
(Bparietal_gray = —0.13 [-0.22; —0.03], p < 0.01) gray matter volume per

hour increase in sleep (Tables S3).

Results from analyses focused on the high-risk OSA (REl > = 5)
group showed that a 1-hours increase in sleep was associated with
smaller total brain volume (Biota|_prain = —0.06 [-0.10; —0.01], p < 0.05),
larger WMHs (Bwmny = 0.06 [0.01; 0.10], p < 0.05), and smaller hip-
pocampal volume (Bhippocampus = —0.07 [-0.14; —0.01], p < 0.05) in fully
adjusted models (Tables S4).

3.3 | Modification effects

Modifications by background and sex are included in Tables S5 and Sé,
respectively. We did not find evidence for significant modifications by
either of these groups in the considered models.

4 | DISCUSSION

Among Hispanic/Latino adults, we presented evidence for differential
neuroimaging outcomes based on sleep duration. Long sleep dura-
tion was linearly associated with smaller total brain matter volumes.
When sleep duration was treated categorically to distinguish between
short, typical, and long sleepers, we found that long sleep was addi-
tionally associated with smaller gray matter and occipital gray matter
volumes. Given the lack of evidence for curvilinear associations, we
re-fit continuous models for subpopulation analysis. We found that

continuous models were consistent for individuals in the middle-age
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and older cohort even after adjusting for MCI status. In addition,
young participants (<50 years) showed negative associations in gray
matter areas including frontal, parietal, and total gray matter. In the
high-risk OSA group (REl > = 5), a 1-hout increase in sleep was asso-
ciated with smaller brain and hippocampal volume, as well as larger
WMHs volume. Other work that has examined sleep dysfunction-
related markers of brain disease suggest mixed findings. Data from 122
middle age and older (56-86 years) individuals in the Baltimore Longi-
tudinal Study of Aging Neuroimaging Study showed that compared to
sleeping 7 hours a day, longer and shorter sleep were both associated
with frontotemporal gray matter loss.33 This is consistent with more
recent work demonstrating an inversed-U shape relationship between
sleep duration and gray matter volumes, with larger values among
those that slept between 6.7 and 7 hours.3* Other studies have found
null results. The Atherosclerosis Risk in Communities (ARIC) Study
found no association between short sleep duration and brain measures
in a middle-aged cohort (n = 312).3> Our research expands on previ-
ous work by (1) linking subjective sleep duration to brain volumes in
a large diverse Latino/Hispanic population and (2) testing for possi-
ble sex and background interactions. In previous HCHS/SOL studies,
we have found both short and long sleep to be linked with worse cog-
nitive performance in word fluency, memory, and processing speed.3¢
The Memory and Aging Project linked these to decrements in gray mat-
ter volumes.3” Our findings suggest that sleep might follow a “J” shaped
relationship with MRI brain volumes. Furthermore, our subpopulation
analysis highlights the importance of sleep duration as an important
marker for brain health. Young participants (<50 years) were 24-39
years during their sleep visit and presented additional decrementsin
gray matter volume compared to middle-aged and older particiozints.
One possible explanation for these findings is that long sleep durationiis
amarker for underlying cardiovascular or psychological corditions, and
these could have stronger effects in younger adults. Far‘example, one
study found that affective disorders in young partitipants is associated
with decreased frontal gray matter.38 Another possible contributor is
drinking, which has also been linked to decieased total gray and frontal
gray matter in young adults.3? Finally,our results in the high-risk OSA
group (REI >5) complement other'stuaies that have found sleep apnea
to be linked with increased WNiEisvolume?® and changes in hippocam-
pal volumes.*! These findings suggest that, regardless of the number
of respiratory events, sleeg’dluration could be an important factor for
understanding brajn n&iith in this at-risk population.

Subjective sléenduration could be a surrogate for slow wave sleep.
Slow wave sleep, also known as N3 sleep, is believed to serve many
important functions during sleep,*? and reduced N3 sleep has been
associated with smaller brain and larger WMH volumes.*® Short sleep
has also been linked to increased amyloid beta (AR) deposition,*
which can lead to smaller gray matter volumes.*> Sleep duration could
interact with brain volumes through cerebrovascular and cardiovas-
cular pathways. A meta-analysis found self-reported sleep to have
a J-shaped relationship with mortality and incident cerebrovascular
disease (CVD): those who slept less or more than 7 to 8 hours had
increased risk of CVD and mortality, and these effects were stronger
for those with longer sleep.*¢ Lifestyle factors, such as reduced physi-

cal activity,*” could partly explain the association between long sleep
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duration and smaller brain volumes.*® Increased WMHs in the high-
risk OSA population could suggest sleep disruptions may be linked to
cardiovascular or cerebrovascular pathways. Indeed, WMHSs have been
found to be potentially crucial biomarkers for CVD.*? Because we did
not assess the temporality of CVD and sleep, it is possible that short or
long sleep are health sequalae of CVD (or other factors) and thus serve
more as a marker of other complications rather than a risk factor for
brain atrophy.

Despite notable brain differences between men and women, we did
not find evidence for sex modification in sleep duration. Men, on aver-
age, have larger brain and cranial volume as well as,whiite and gray
matter volumes.>© Recently, Stickel et al.”* reported tifatalthough His-
panic/Latino men on average have bigger braip-\vvGlumes at younger
ages, this relationship, relative to Hispanic/Latiha women, shifts in
older age. Sex differences, although not\found in the limited context
of this study, deserve further focus, Kiwa et al., for example, found evi-
dence of curvilinearity in parietal, fréntal, and total gray matter for men
but not women.3* Previous SO).<INCA MRI found that men, on average,
have larger WMH volumes chmpared to women.>2 Although not statis-
tically significant, the'ateraction model with WMHs had a low p value
(b < 0.10). We alsqrdidhot find Hispanic/Latino background modifica-
tions. DeCarli et 41°° reported that Dominicans and Puerto Ricans had
the largestyresidualized gray matter volumes, whereas Cuban, South
Americans, and Central Americans had the smallest. Our results sug-
gest.that despite these differences, the associations between sleep
diration and brain MRI volumes are not modified by Hispanic/Latino

3roups.

41 | Strengths and limitations

This study has many strengths. SOL-INCA MRI is the largest and
most representative sample of diverse Hispanics/Latinos with neu-
roimaging markers of brain health. This has allowed us to validate
our findings in clinical meaningful subpopulations. Our study also
benefits from multimodal measures, thus allowing us to adjust for
important confounders such as REI, depression, baseline global cogni-
tion, and cardiovascular disease. This study also has several limitations.
Sleep duration was measured subjectively. Subjective methods to mea-
sure sleep duration are correlated moderately with actigraphy-based
methods,”* although they tend to overreport total sleep.’® Despite
using self-reported measures, we used well-validated questionnaires.’
Future research should validate these results with actigraphy-based
methods, or with measures of sleep architecture. We have used proba-
bility weights so our results can be generalized to the target population.
Finally, MRI data acquisition was performed using multiple scan-
ners, but we accounted for this by adjusting for testing center in

models.

5 | CONCLUSIONS

Sleep duration was an important independent indicator for under-

standing brain health and managing healthy brain aging across sex
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and background groups. These effects could have significant clinical
implications and help guide future guidelines and treatment.

ACKNOWLEDGMENTS

The Hispanic Community Health Study/Study of Latinos was car-
ried out as a collaborative study supported by contracts from the
National Heart, Lung, and Blood Institute (NHLBI) to the University of
North Carolina (NO1-HC65233), University of Miami (NO1-HC65234),
Albert Einstein College of Medicine (NO1-HC65235), Northwestern
University (NO1-HC65236), and San Diego State University (NO1-
HC65237). The following Institutes/Centers/Offices contribute to the
HCHS/SOL through a transfer of funds to the NHLBI: National Insti-
tute on Minority Health and Health Disparities, National Institute on
Deafness and Other Communication Disorders, National Institute of
Dental and Craniofacial Research, National Institute of Diabetes and
Digestive and Kidney Diseases, and National Institute of Neurological
Disorders and Stroke, National Institutes of Health (NIH) Institution-
Office of Dietary Supplements. Finally, Kevin Gonzalez is supported
by the National Science Foundation Graduate Research Fellowship
program (NSF GRFP). Kevin A. Gonzélez and colleagues are sup-
ported by RO1 AG048642, R56 AG048642 RF1 AG054548 and RF1
AG061022 (National Institute of Aging). Additional support includes
National Science Foundation for Kevin A Gonzalez, RO1AG067568 to
Dr. Ramos, P30AG062429 to Dr. Gonzalez, and P30AG010129 and
P30AG072972 to Dr. DeCarli.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interests to report.Author disclosuids

are available in the supporting information.

CONSENT STATEMENT
Participants provided written informed consent, 2nd.institutional
review boards approved the study at each of the cdioirdinating centers.

REFERENCES

1. Jasani FS, Seixas AA, Madondo K, Li*, Jean-Louis G, Pagéan JA. Sleep
duration and health care expenditures in the United States. Med Care.
2020;58:770-777.

2. Johnson DA, Jackson CL, i#/lliams NJ, Alcantara C. Are sleep pat-
terns influenced by racelethnicity—a marker of relative advantage or
disadvantage? Evidence 1y date. Nat Sci Sleep. 2019;11:79-95.

3. Williams NJ, Graricdiher MA, Snipes SA, et al. Racial/ethnic disparities in
sleep health ad Wéalth care: importance of the sociocultural context.
Sleep Healti,2815;1:28-35.

4. Garcid (4 Siveehan CM, Flores-Gonzalez N, Ailshire JA. Sleep patterns
among U5 Latinos by nativity and country of origin: results from the
National Health Interview Survey. Ethn Dis. 2020;30:119-128.

5. Patel SR, Sotres-Alvarez D, Castaneda SF, et al. Social and health
correlates of sleep duration in a US Hispanic population: results
from the Hispanic community health study/study of Latinos. Sleep.
2015;38:1515-1522.

6. Gonzélez KA, Tarraf W, Wallace DM, et al. Phenotypes of obstructive
sleep apnea in the Hispanic community health study/study of Latinos.
Sleep. 2021;44:zsab181.

7. Seicean S, Neuhauser D, Strohl K, Redline S. An exploration of
differences in sleep characteristics between Mexico-born US immi-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

grants and other Americans to address the Hispanic paradox. Sleep.
2011;34:1021-1031.

. Jean-Louis G, Williams NJ, Sarpong D, et al. Associations between

inadequate sleep and obesity in the US adult population: analysis of
the national health interview survey (1977-2009). BMC Public Health.
2014;14:290.

. Buxton OM, Marcelli E. Short and long sleep are positively associ-

ated with obesity, diabetes, hypertension, and cardiovascular disease
among adults in the United States. Soc Sci Med. 2010;71:1027-1036.
Lo JC, Groeger JA, Cheng GH, Dijk D-J, Chee MW. Self-reported
sleep duration and cognitive performance in older adults: a systematic
review and meta-analysis. Sleep Med. 2016;17:87-98.

Jike M, Itani O, Watanabe N, Buysse DJ, Kaneita Y. |,6ag sleep dura-
tion and health outcomes: a systematic review,dneta-analysis and
meta-regression. Sleep Med Rev. 2018;39:25-36.

Itani O, Jike M, Watanabe N, Kaneita Y. Short sl€ep duration and health
outcomes: a systematic review, meta-analgsis,*and meta-regression.
Sleep Med. 2017;32:246-256.

Mattis J, Sehgal A. Circadian rhytl{ms, sicep, and disorders of aging.
Trends Endocrinol Metab. 2016;27:192=203.

Benito-Ledn J, Louis ED, Villareje-Galende A, Romero JP, Bermejo-
Pareja F. Long sleep duration.inelders without dementia increases risk
of dementia mortality (NZCICES). Neurology. 2014;83:1530-1537.
Leng Y, Cappuccio IiP,"Wainwright NW, et al. Sleep duration and risk
of fatal and nonratal,stroke: a prospective study and meta-analysis.
Neurology. 2015;84:1072-1079.

Winer JR. Mander BA, Helfrich RF, et al. Sleep as a potential
biomarker of tau and g-amyloid burden in the human brain. J Neurosci.
2019;52:6315-6324.

l.Zvange LM, Kalsbeek WD, Sorlie PD, et al. Sample design and cohort
seiection in the Hispanic community health study/study of Latinos. Ann
tpidemiol. 2010;20:642-649.

Fletcher E, DeCarli C, Fan AP, Knaack A. Convolutional neural net
learning can achieve production-level brain segmentation in structural
magnetic resonance imaging. Front Neurosci. 2021;15:683426.
Fletcher E, Singh B, Harvey D, Carmichael O, DeCarli C, Adaptive
image segmentation for robust measurement of longitudinal brain
tissue change 2012 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society. IEEE; 2012:5319-5322.
DecCarli C, Miller B, Swan G, et al. Predictors of brain morphology for
the men of the NHLBI twin study. Stroke. 1999;30:529-536.
Vercauteren T, Pennec X, Perchant A, Ayache N, Non-parametric
diffeomorphic image registration with the demons algorithm Inter-
national Conference on Medical Image Computing and Computer-
Assisted Intervention: Springer; 2007:319-326.

Boccardi M, Bocchetta M, Apostolova LG, et al. Delphi definition of the
EADC-ADNI harmonized protocol for hippocampal segmentation on
magnetic resonance. Alzheimers Dement. 2015;11:126-138.

Gonzalez HM, Mungas D, Reed BR, Marshall S, Haan MN. A new ver-
bal learning and memory test for English-and Spanish-speaking older
people. J Int Neuropsychol Soc. 2001;7:544-555.

Breton J, Stickel AM, Tarraf W, et al. Normative data for the
brief Spanish-English Verbal Learning Test for representative and
diverse Hispanics/Latinos: results from the Hispanic community
health study/study of Latinos (HCHS/SOL). Alzheimers Dement.
2021;13:e12260.

Lezak MD, Howieson DB, Loring DW, Fischer JS. Neuropsychological
Assessment. Oxford University Press; 2004.

Wechsler D. WAIS-R, Manual: Wechsler adult intelligence scale-
revised. (No Title). 1981.

Gonzalez HM, Tarraf W, Gouskova N, et al. Neurocognitive function
among middle-aged and older Hispanic/Latinos: results from the His-
panic community health study/study of Latinos. Arch Clin Neuropsychol.
2015;30:68-77.



GONZALEZ €T AL.

Alzheimer’s &Dementia® |

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-
nitive impairment due to Alzheimer’s disease: recommendations from
the National Institute on Aging-Alzheimer’s Association workgroups
on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:270-279.

Ramos AR, Dong C, Rundek T, et al. Sleep duration is associated
with white matter hyperintensity volume in older adults: the northern
Manhattan study. J Sleep Res. 2014;23:524-530.

Kaur SS, Tarraf W, Wu B, et al. Modifying pathways by age and sex
for the association between combined sleep disordered breathing
and long sleep duration with neurocognitive decline in the Hispanic
Community Health Study/Study of Latinos (HCHS/SOL). Alzheimers
Dement. 2021;17:1950-1965.

Wassertheil-Smoller S, Arredondo EM, Cai J, et al. Depression, anx-
iety, antidepressant use, and cardiovascular disease among Hispanic
men and women of different national backgrounds: results from the
Hispanic Community health study/study of Latinos. Ann Epidemiol.
2014;24:822-830.

Redline S, Sotres-Alvarez D, Loredo J, et al. Sleep-disordered breathing
in Hispanic/Latino individuals of diverse backgrounds. The Hispanic
community health study/study of Latinos. Am J Respir Crit Care Med.
2014;189:335-344.

Spira AP, Gonzalez CE, Venkatraman VK, et al. Sleep duration and
subsequent cortical thinning in cognitively normal older adults. Sleep.
2016;39:1121-1128.

Kim REY, Abbott RD, Kim S, et al. Sleep duration, sleep apnea,
and gray matter volume. J Geriatr Psychiatry Neurol. 2022;35:47-
56.

Lutsey PL, Norby FL, Gottesman RF, et al. Sleep apnea, sleep duration
and brain MRI markers of cerebral vascular disease and alzheimer’s
disease: the Atherosclerosis Risk in Communities Study (ARIC). PLoS
One.2016;11:e0158758.

Ramos AR, Tarraf W, Daviglus M, et al. Sleep duration and neurocogni-
tive function in the Hispanic community health study/study of Latinos.
Sleep. 2016;39:1843-1851.

Arvanitakis Z, Fleischman DA, Arfanakis K, Leurgans SE, BaxivesLL,
Bennett DA. Association of white matter hyperintensities ah4 gray
matter volume with cognition in older individuals witheut cognitive
impairment. Brain Struct Funct. 2016;221:2135-214%

Lagopoulos J, Hermens DF, Naismith SL, Scott EM:\Hickie IB. Frontal
lobe changes occur early in the course of afféctive disorders in young
people. BMC Psychiatry. 2012;12:1-7.

Weiland BJ, Korycinski ST, Soules M, Zubieta J-K, Zucker RA. Heitzeg
MM. Substance abuse risk in emergiig adults associated with smaller
frontal gray matter volumes and highier externalizing behaviors. Drug
Alcohol Depend. 2014;137:68-7 5

Zacharias HU, Weihs A,(kabes M, et al. Association between
obstructive sleep apnéa Jand brain white matter hyperintensi-
ties in a population‘habad cohort in Germany. JAMA Netw Open.
2021;4:2128225.

Macey PM, “irasdad JP, Ogren JA, et al. Sex-specific hippocam-
pus volum<, changes in obstructive sleep apnea. Neuroimage Clin.
2018420:305-317.

Léger DBf Debellemaniere E, Rabat A, Bayon V, Benchenane K,
Chennaoui M. Slow-wave sleep: from the cell to the clinic. Sleep Med
Rev.2018;41:113-132.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Baril AA, Beiser AS, Mysliwiec V, et al. Slow-wave sleep and MRI
markers of brain aging in a community-based sample. Neurology.
2021;96:€1462-e1469.

Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and f$-
amyloid deposition in community-dwelling older adults. JAMA Neurol.
2013;70:1537-1543.

Oh H, Habeck C, Madison C, Jagust W. Covarying alterations in A3
deposition, glucose metabolism, and gray matter volume in cognitively
normal elderly. Hum Brain Mapp. 2014;35:297-308.

Kwok CS, Kontopantelis E, Kuligowski G, et al. Self-reported sleep
duration and quality and cardiovascular disease and mortality: a
dose-response meta-analysis. J Am Heart Assoc. 2018;7:e008552.
Savin KL, Patel SR, Clark TL, et al. Relationships of sleeggduration, mid-
point, and variability with physical activity in thed1ZHS/SOL Suefo
ancillary study. Behav Sleep Med. 2021;19:577-588.

Braskie M, Boyle C, Rajagopalan P, et al. Phygival‘activity, inflamma-
tion, and volume of the aging brain. Neuroscierise: 2014;273:199-209.
Rastogi A, Weissert R, Bhaskar SMM(¢Ewmerging role of white matter
lesions in cerebrovascular disease. Eury iNéurosci. 2021;54:5531-5559.
Ruigrok AN, Salimi-Khorshidi &, 'Lai“MC, et al. A meta-analysis of
sex differences in human brainy structure. Neurosci Biobehav Rev.
2014;39:34-50.

Stickel AM, Tarraf W, Gowizalez KA, et al. Stroke and cardiovas-
cular disease risk ‘exaccrbate brain aging among middle-age and
older Hispanics/Letinos: Preliminary findings from the Study of
Latinos-Investigation of Neurocognitive Aging-MRI (SOL-INCA-MRI).
Alzheimer’s Rément. 2021;17:e056409.

Stickel.AM. Tarraf W, Gonzalez KA, et al. Characterizing age-and
sex-felated differences in brain structure among middle-aged and
oldén Hispanic/Latino adults in the Study of Latinos-Investigation of
Neurocognitive Aging Magnetic Resonance Imaging (SOL-INCA MRI).
Neurobiol Aging. 2023;126:58-66.

DeCarli CS, Tarraf W, Gonzilez KA, et al., Association of His-
panic/Latino background and brain structure in Hispanics/Latinos
from the SOL-INCA MRI study. Alzheimer’s Dement. 2021;17:e053150.
Lauderdale DS, Knutson KL, Yan LL, Liu K, Rathouz PJ. Self-reported
and measured sleep duration: how similar are they? Epidemiology.
2008;19:838-845.

Jackson CL, Patel SR, Jackson WB, Lutsey PL, Redline S. Agree-
ment between self-reported and objectively measured sleep duration
among white, black, Hispanic, and Chinese adults in the United States:
multi-Ethnic study of atherosclerosis. Sleep. 2018;41:zsy057.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing

Information section at the end of this article.

How to cite this article: Gonzalez KA, Tarraf W, Stickel AM,
et al. Sleep duration and brain MRI measures: Results from the
SOL-INCA MRI study. Alzheimer’s Dement. 2023;1-11.
https://doi.org/10.1002/alz.13451


https://doi.org/10.1002/alz.13451

	Sleep duration and brain MRI measures: Results from the SOL-INCA MRI study
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Data
	2.2 | MRI data acquisition
	2.3 | Cognitive testing
	2.4 | Mild cognitive impairment
	2.5 | Analytic sample
	2.6 | Exposure
	2.7 | Outcomes
	2.8 | Covariates
	2.9 | Statistical analysis

	3 | RESULTS
	3.1 | Descriptive statistics
	3.2 | Regression models
	3.3 | Modification effects

	4 | DISCUSSION
	4.1 | Strengths and limitations

	5 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION




