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= Editorial
IMPORTANCE Aging is associated with excessive daytime sleepiness (EDS), which has been
linked to cognitive decline in the elderly. However, whether EDS is associated with the
pathologic processes of Alzheimer disease remains unclear.

Supplemental content

OBJECTIVE To investigate whether EDS at baseline is associated with a longitudinal increase
in regional 3-amyloid (AB) accumulation in a cohort of elderly individuals without dementia.

DESIGN, SETTING, AND PARTICIPANTS This prospective analysis included participants enrolled
in the Mayo Clinic Study of Aging, a longitudinal population-based study in Olmsted County,
Minnesota. Of 2900 participants, 2172 (74.9%) agreed to undergo carbon 11-labeled
Pittsburgh compound B positron emission tomography (PiB-PET). We included 283
participants 70 years or older without dementia who completed surveys assessing sleepiness
at baseline and had at least 2 consecutive PiB-PET scans from January 1, 2009, through July
31, 2016, after excluding 45 (13.7%) who had a comorbid neurologic disorder.

MAIN OUTCOMES AND MEASURES Excessive daytime sleepiness was defined as an Epworth
Sleepiness Scale score of at least 10. The difference in AB levels between the 2 consecutive
scans (APiB) in AB-susceptible regions (prefrontal, anterior cingulate, posterior
cingulate-precuneus, and parietal) was determined. Multiple linear regression models were fit
to explore associations between baseline EDS and APiB while adjusting for baseline age, sex,
presence of the apolipoprotein E €4 allele, educational level, baseline PiB uptake, global PiB
positivity (standardized uptake value ratio =1.4), physical activity, cardiovascular
comorbidities (obesity, hypertension, hyperlipidemia, and diabetes), reduced sleep duration,
respiratory symptoms during sleep, depression, and interval between scans.

RESULTS Of the initial 283 participants, mean (SD) age was 77.1 (4.8) years; 204 (72.1%) were
men and 79 (27.9%) were women. Sixty-three participants (22.3%) had EDS. Baseline EDS
was significantly associated with increased regional A accumulation in the anterior cingulate
(B coefficient = 0.031; 95% Cl, 0.001-0.061; P = .04), posterior cingulate-precuneus

(B coefficient = 0.038; 95% Cl, 0.006-0.069; P = .02), and parietal (B coefficient = 0.033;
95% Cl, 0.001-0.065; P = .04) regions. Association of EDS with longitudinal AR accumulation
was stronger in participants with baseline global PiB positivity in the anterior cingulate

(B coefficient = 0.065; 95% Cl, 0.010-0.118; P = .02) and cingulate-precuneus

(B coefficient = 0.068; 95% Cl, 0.009-0.126; P = .02) regions.
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AB accumulation in this vulnerable group.
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xcessive daytime sleepiness (EDS) has been defined as

difficulty in maintaining desired wakefulness or as a

complaint of an excessive amount of sleep.! Aging has
been associated with increased daytime sleepiness.?* The
pooled prevalence of 24 studies estimated that 20% to 30%
of older adults experience “falling asleep in the daytime and
frequent sleep attacks.”?®'¥ Excessive daytime sleepiness in
this population has detrimental consequences.>'? Several
longitudinal studies have shown an association between EDS
and an increased risk of dementia.®'° However, the neuro-
biological mechanisms underlying this association remain
unclear. In recent work, Carvalho et al'® reported an associa-
tion between EDS and increased global cortical thinning in
cognitively normal late middle-aged and older adults. The
cortical thinning was more prominent in age-susceptible
regions, suggesting accelerated brain aging, which could be
influenced by pathologic changes associated with Alzheimer
disease (AD).

A bidirectional association between sleep disturbance
and neurodegeneration has been proposed.'*'> In this asso-
ciation, B-amyloid (AB) plays an important role. Because
sleep has been proposed to participate in the clearance of
soluble AB,'®!7 disturbed sleep has been suggested to con-
tribute to AB accumulation.'®2! Conversely, AB accumula-
tion appears to further disrupt sleep or the sleep-wake cycle
in animal models,?? which is corroborated by correlational
studies in humans.?® Sleep disruption can increase synaptic
activity, which also regulates AB production.?#?> Because AB
accumulation is fundamentally involved in the pathophysi-
ologic process of AD?%28 and manifests early in preclinical
stages of AD,?° it is an important AD biomarker.?°

In this exploratory work, we hypothesized that EDS in the
elderly population may be associated with an increased vul-
nerability to AP accumulation. Because brain regions have dif-
ferent susceptibility to AB accumulation,®® we further hypoth-
esized that region-level analyses of highly susceptible areas
may be better suited for detecting associations with greater sen-
sitivity to AB accumulation early in the AD process. Identify-
ing whether EDS is associated with AP accumulation has
important implications for developing early interventions that
could reduce progression of cerebral amyloidosis and the pos-
sible eventual development of dementia. Therefore, the aim
of this study was to assess whether EDS at baseline is associ-
ated with longitudinal regional AB accumulation in elderly
persons without dementia.

Methods

Participant Selection

The participants in this study are from the population-based
sample of Olmsted County, Minnesota, community-dwelling
residents 70 years or older who were enrolled in the Mayo Clinic
Study of Aging (MCSA). Details of the MCSA design have been
published elsewhere.?! This study was approved by the insti-
tutional review boards of the Mayo Clinic and Olmsted Medi-
cal Center, and written informed consent was obtained from
all participants or their surrogates.
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Key Points

Question Is excessive daytime sleepiness associated with
longitudinal regional B-amyloid accumulation in elderly persons
without dementia?

Findings In this cohort analysis that included 283 elderly
participants without dementia, baseline excessive daytime
sleepiness was associated with increased longitudinal B-amyloid
accumulation in the cingulate gyrus and precuneus regions.

Meaning Elderly individuals with excessive daytime sleepiness
may be more vulnerable to B-amyloid accumulation.

Of all 2900 MCSA participants, 2172 (74.9%) agreed to
undergo carbon 11-labeled Pittsburgh compound B positron
emission tomography (PiB-PET) scans. For the present
study, the inclusion criteria were the availability of the sleep
assessment questionnaires at baseline and at least 2 amyloid
imaging assessments (baseline and follow-up scans). There-
fore, we initially identified 328 participants without demen-
tia who completed all core questions of a sleep assessment
measure and had at least 2 consecutive PiB-PET scans from
January 1, 2009, through July 31, 2016. We excluded 45 par-
ticipants (13.7%) who had a comorbid neurologic disorder
(eg, mostly ischemic strokes) at baseline or during follow-up
that could be associated with EDS. A total of 283 participants
were included in our study.

Cognitive Assessment

The cognitive status of the participants was based on a
collective agreement among the MCSA study coordinator,
neuropsychologist, and examining physician, as previously
described.>'"*3 The investigators evaluated the detailed his-
tory, neurologic examination findings, and a neuropsycho-
logical battery assessing 4 cognitive domains (executive,
language, memory, and visual spatial) and took into
account educational level, prior occupation, and visual or
hearing deficits.

Sleep Assessment

Sleep-related symptoms were assessed using the Mayo Sleep
Questionnaire.>* Collateral information was obtained when a
bed partner was available. The questionnaire inquired whether
participants had experienced (1) changes in their sleep dura-
tion, (2) dream enactment behavior (acting out of dreams),
(3) snoring or choking during sleep, (4) stopping of breathing
during sleep (witnessed apneas), (5) bedtime restlessness,
(6) bedtime leg cramps, and (7) sleepwalking. The Epworth
Sleepiness Scale (ESS) was used to assess daytime sleepiness.>®
Excessive daytime sleepiness was defined as an ESS score of
atleast 10 (range, 0-24). Although no universally defined cut-
off score exists for EDS, we preferred to be consistent with
previously reported literature with similar populations.'213-3¢
Continuous positive airway pressure (CPAP) was assessed solely
in participants who reported witnessed apneas. The MCSA de-
sign was originally established for epidemiologic studies.
Therefore, details on polysomnographic (PSG) data and CPAP
adherence were not obtained.
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Clinical Assessment

The history of medical comorbidities was abstracted by trained
nurses from the Rochester Epidemiology Project medical rec-
ords linkage system.3”-3® Obesity (body mass index [calcu-
lated as weight in kilograms divided by height in meters
squared] >30), history of tobacco use, and depression were ac-
quired from the structured interview and measurements.
Physical activity was measured as a mean of 6 components that
assessed how often certain physical tasks and exercises were
performed during midlife (ages 50-65 years).>° Depression was
defined as a Beck Depression Inventory-II score of at least 13
(range, 0-63).4°

Imaging Assessment

Accumulation of AP was measured by PiB-PET, which con-
sisted of four 5-minute dynamic frames obtained 40 to 60 min-
utes after injection. We analyzed PiB-PET data cross-
sectionally at each time point with our in-house, fully
automated, image-processing pipeline.*! The main compo-
nents of the image-processing pipeline include (1) coregister-
ing the PiB to structural magnetic resonance imaging (atlas is
warped to the magnetic resonance imaging space), (2) sharp-
ening (exclusion of voxels with higher probability of being
cerebrospinal fluid compared with the probability of gray and
white matter combined), and (3) 2-compartment partial vol-
ume correction. Then we computed the regional PiB-PET stan-
dardized uptake value ratio (SUVR) by estimating the median
uptake in 4 bilateral AB-susceptible3°-42 regions of interest
divided by the median uptake in the cerebellar gray matter.*?
The 4 regions of interest chosen for analysis were the prefron-
tal, anterior cingulate (anterior and midcingulate), cingulate-
precuneus (posterior cingulate and precuneus), and parietal
areas. However, for global PiB estimation, the orbitofrontal and
temporal regions were also included to calculate the mean
SUVR. Global PiB positivity is defined by an SUVR of at least
1.4. A global PiB SUVR of at least 1.4 has been proposed to be a
reliable cutoff to select participants in whom Af accumula-
tion is more like likely to occur** and corresponds to Thal
amyloid phases of at least 1 to 2.%> Conversion of PiB was de-
fined as global PiB SUVR at second scan of at least 1.4 in par-
ticipants with a global PiB SUVR of less than 1.4 at baseline.

Statistical Analysis

For comparison of demographic, clinical, and imaging data, par-
ticipants were categorized into groups without and with EDS.
Normality was assessed by visual inspection of data fre-
quency distribution and by the Kolmogorov-Smirnov test.
Group comparisons for continuous data used the unpaired
t test or the Mann-Whitney test, as appropriate. Categorical
data were compared using the x2 test or Fisher exact test.
Nonparametric correlations were performed using the
Spearman rank correlation.

To test the association between EDS and longitudinal AB
accumulation for each brain region, multiple linear regres-
sion models were fit using the difference between the second
and first PiB SUVR for each region (APiB) as our dependent
variable. Therefore, APiB is a numerical continuous variable.
Potential covariates were examined using the enter method
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(simultaneous entry as opposed to stepwise)*® and included
baseline age, sex, presence of the apolipoprotein E €4 allele,
educational level, baseline PiB uptake, global PiB positivity,
midlife physical activity, cardiovascular comorbidities (obe-
sity, hypertension, hyperlipidemia, and diabetes), reduced
sleep duration, respiratory symptoms during sleep (snoring,
choking, or witnessed apneas), depression, and the interval
between scans. Baseline global PiB positivity was included in
the model to control for the potential independent effect that
higher levels of PiB distributed in several regions (mean
SUVR21.4) may have on regional PiB accumulation.**4” We
set P = .05 for 2-tailed significance levels. Owing to the
exploratory nature of this work, adjustment for multiple
comparisons was not performed. Statistical analyses were
performed with SPSS software for Windows (version 20; IBM
Corporation).

. |
Results

Demographic

Of'the 283 participants included in our study (204 men [72.1%]
and 79 women [27.9%]; mean [SD] age, 77.1 [4.8] years), 63
(22.3%) had EDS at baseline. Participants with EDS were older
than those without EDS (mean [SD] age, 78.7 [5.0] vs 76.7 [4.6]
years; P = .003). A greater proportion of the EDS group were
men (53 of 63 [84.1%] vs 151 of 220 [68.6%]; P = .02) (Table 1).

Clinical Assessment

Atbaseline, the EDS group had more participants with mild cog-
nitive impairment than the group without EDS (15 of 63 [23.8%]
vs 18 of 220 [8.8%]; P < .001). However, we found no differ-
ence in the conversion from cognitively normal or mild cog-
nitive impairment to dementia between groups in this rela-
tively short interval (Table 1).

No significant differences were found between groups
regarding sleep-related symptoms other than witnessed
apneas. Participants in the EDS group and their bed partners
reported more witnessed apneas (20 of 63 [31.7%] vs 31 of
220 [14.1%]; P < .001), but CPAP use in participants with
witnessed apneas was not significantly different between
groups (6 of 20 [30%] vs 11 of 31 [35.5%]; P = .69). Because
CPAP use was not assessed in participants without wit-
nessed apneas, we were unable to determine any difference
between the groups with and without EDS for this subset of
participants. Both groups had similar profiles of medical
comorbidities (Table 1).

AB Accumulation on PET

We found no difference between the groups with and with-
out EDS regarding the interval between scans in years (mean
[SD], 2.2 [1.2; range, 1.0-5.4] years vs 2.2 [1.1; range, 0.9-5.4]
years; P = .78). Mean (SD) global APiB was higher in EDS par-
ticipants (0.097 [0.100] vs 0.066 [0.097]; P = .03). The ESS
scores correlated with global APiB (Spearmanr = 0.129; P = .03)
but not with PiB SUVR at baseline or follow-up. When ana-
lyzed regionally, ESS scores also correlated with APiBin the an-
terior cingulate and cingulate-precuneus regions (Spearman
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Table 1. Demographic, Clinical, and Imaging Characteristics

E4

Patient Group
Characteristic All (n = 283) No EDS (n = 220) EDS (n = 63) P Value
Age, mean (SD), y 77.1 (4.8) 76.7 (4.6) 78.7 (5) .003°
Male, No. (%) 204 (72.1) 151 (68.6) 53 (84.1) 1028
APOE4 allele, No. (%) 90 (31.8) 69 (31.4) 21(33.3) 77°
Educational level, median (IQR), y 14 (12-16) 14 (12-17) 13 (12-16) .10¢
Physical activity, mean (SD), score? 9.3 (4.7) 9.4 (4.5) 9 (5.5) 69?2
Cognitively normal, No. (%)
At baseline PiB-PET 250 (88.3) 202 (91.8) 48 (76.2) <.001°
At follow-up PiB-PET 227 (80.2) 185 (84.1) 42 (66.7) <.001°
Dementia conversion 9(3.2) 5(2.3) 4 (6.3) 22¢
PiB-PET data Abbreviations:
Interval between scans, mean (SD), y 2.2 (1.1) 2.2 (1.1) 2.2 (1.2) .78° APOE4, apolipoprotein E €4;

Baseline global PiB uptake, 1.38 (1.31-1.62)

median (IQR), SUVR

Baseline global PiB positivity, 130 (45.9) 97 (44.1)
No. (%)f
Global PiB conversion, No. (%)° 37 (24.2) 30 (24.4)

Global APiB, mean (SD), SUVR
Baseline sleep screening

0.073 (0.099)

ESS score, median (IQR)" 7 (4-9) 5(3-7)
Bed partner, No. (%) 247 (87.3) 194 (88.2)
Reduced sleep, No. (%) 50 (17.7) 41 (18.6)
Snore or choke, No. (%) 65 (23.0) 46 (20.9)
Witnessed apneas, No. (%) 51 (18.0) 31 (14.1)
Dream enactment, No. (%) 26 (9.2) 20 (9.1)
Bedtime restlessness, No. (%) 22 (7.8) 17 (7.7)
Leg cramps, No. (%) 106 (37.5) 83 (37.7)
Sleepwalking, No. (%) 1(0.4) 0
Baseline comorbidities, No. (%)
Obesity 89 (31.4) 71(32.3)
Dyslipidemia 202 (71.4) 160 (72.7)
Hypertension 179 (63.3) 138 (62.7)
Diabetes 118 (41.7) 90 (40.9)
Current smoking 5(1.8) 4 (1.8)
Depression 12 (4.2) 10 (4.5)
Use of hypnotics, No. (%)
Benzodiazepiness 5(1.8) 5(2.3)
Nonbenzodiazepines 13 (4.6) 11 (5)

1.38 (1.30-1.58)

0.066 (0.097)

APiB, difference between the second
and first Pittsburgh B compound

1.40 (1.32-1.85) .06¢

33 (52.4) 24b (PiB) uptake measures;

EDS, excessive daytime sleepiness;
7 (23.3) .90° ESS, Epworth Sleepiness Scale;
0.097 (0.100) 032 IQR, interquartile range; NA, not

applicable; PET, positron emission

tomography; SUVR, standardized

12 (11-14) NA uptake value ratio.

b
53 (84.1) 39 @ Calculated using the unpaired t test.
b
9(14.3) '43b b Calculated using the ¥ test.
1.2 ol2 € Calculated using the Mann-Whitney
20 (31.7) <.001° test.
6(9.5) 92° dMeasured as a mean of 6
5(7.9) >.99¢ components that assessed how

23 (36.5) .86° often certain physical tasks and

1(1.6) oe exercises were performed during
midlife, with scores ranging from O
to 21and higher scores indicating

18 (28.6) 58" more physical activity.

42 (66.7) 35 ¢ Calculated using the Fisher exact

41 (65.1) 730 test.

28 (44.4) 62" f Indicates SUVR of at least 1.4.
1(1.6) L2090 & Includes 153 participants, 123
2(3.2) >.99¢ without EDS and 30 with EDS, who

did not have baseline positivity.
0 59¢ P Scores range from O to 24, with
2(3.2) 74e higher scores indicating more

r = 0.138; P = .02 for both) and the parietal region (Spearman
r = 0.142; P = .02), but not the prefrontal regions.

Figure 1 shows the distribution of longitudinal AB depo-
sition dichotomized by EDS. We assessed regional APiB asso-
ciations with EDS using multiple linear regression models. First,
with all participants included, we found that EDS was associ-
ated with a longitudinal increase in A accumulation (APiB)
in the anterior cingulate (B coefficient = 0.031; 95% CI, 0.001-
0.061; P = .04), cingulate-precuneus (B coefficient = 0.038;
95% CI, 0.006-0.069; P = .02), and parietal (B coeffi-
cient = 0.033; 95% CI, 0.001-0.065; P = .04) regions (Table 2
and Figure 2A). The APiB increase estimated by EDS in the
same regions was similar to that estimated by every addi-
tional year between scans for the anterior cingulate (B coeffi-
cient = 0.023; 95% CI, 0.012-0.034), cingulate-precuneus (B
coefficient = 0.028; 95% CI, 0.016-0.040), and parietal (B co-
efficient = 0.027; 95% CI, 0.015-0.038) regions (P < .01).

Because we noted that global PiB positivity at baseline in
every region of interest was strongly associated with APiB, an
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daytime sleepiness.

analysis restricted to subsets of individuals with global PiB posi-
tivity showed a stronger association between EDS and APiB
compared with the models with all individuals. Excessive
daytime sleepiness was associated with further APiB in-
crease in the anterior cingulate (B coefficient = 0.065; 95% CI,
0.010-0.118; P = .02) and cingulate-precuneus (B coeffi-
cient = 0.068; 95% CI, 0.009-0.126; P = .02) regions (Table 2
and Figure 2B). The APiB increase estimated by EDS was
equivalent to that estimated by every additional year be-
tween scans for the anterior cingulate (B coefficient = 0.051;
95% CI, 0.029-0.074) and cingulate-precuneus (B coeffi-
cient = 0.072; 95% CI, 0.047-0.097) (P < .01).

We performed multiple sensitivity analyses to check for
potential confounding effects that could not be controlled a
priori in the regression. To rule out data overfitting in sub-
sample analyses, we first limited the number of covariates to
9 (EDS, interval between scans, baseline PiB uptake, baseline
age, sex, presence of apolipoprotein E €4 allele, hyperten-
sion, diabetes, and depression). The association between EDS
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and APiB persisted in the anterior cingulate (B coeffi-
cient = 0.056; 95% CI, 0.006-0.106) and cingulate-
precuneus (B coefficient = 0.064; 95% CI, 0.010-0.118) re-
gions of participants with PiB positivity (eTable 1 in the
Supplement). In a subsample of cognitively normal individu-
als only to exclude a potential confounding effect of mild cog-
nitive impairment status, the association of EDS with APiB was
again seen in the cingulate-precuneus region (B coeffi-
cient = 0.034; 95% CI, 0.001-0.068) but not in other regions
(eTablelin the Supplement). To reduce a potential confound-
ing effect of CPAP use, a model that excluded participants with
witnessed apneas showed significant associations between
EDS and APiB in the anterior cingulate (B coefficient = 0.034;
95% CI, 0.002-0.067), cingulate-precuneus (B coeffi-
cient = 0.044; 95% CI, 0.009-0.078), and parietal (B coeffi-
cient = 0.038; 95% CI, 0.003-0.073) regions. Self-reported re-
duced sleep or respiratory symptoms (snoring, choking, or
witnessed apneas) were not associated with APiB, even when
EDS was removed from the models (eTable 2 in the Supple-
ment). Switching the compound variable respiratory symp-
toms to witnessed apneas did not result in significant asso-
ciations with APiB in any of the models (eTable 3 in the
Supplement).

|
Discussion

We found that baseline EDS in individuals without dementia
was significantly associated with longitudinal regional A
accumulation, primarily in the cingulate and precuneus re-
gions. These results are consistent with those of a cross-
sectional study?® that found increased AP burden in middle-
aged participants without dementia with greater daytime
somnolence in multiple regions, including the precuneus and
anterior cingulate, using a different assessment of daytime
sleepiness (the Sleep Scale from the Medical Outcomes Study).

EDS and Sleep Instability
In elderly persons, obstructive sleep apnea (OSA) often contrib-
utes to daytime sleepiness, especially when it is severe.*® Wit-
nessed apnea was the only sleep-related symptom that was dif-
ferent between participants with and without EDS in our study,
suggesting greater prevalence of OSA in those with EDS. In a
small sample of adults without dementia,*° the apnea-hypopnea
index and oxygen desaturation index were associated with
greater PiB-PET AP burden measured globally and in the precu-
neus region. However, EDS was an exclusion criterion. Other
authors®®->! also found associations between OSA severity and
cerebrospinal fluid AB42 levels. In both studies, associations were
restricted to PSG variables related to hypoxemia, corroborating
previous findings in mice showing that chronic intermittent
hypoxemia facilitates the production of AB.>2

Witnessed apneas or the compound variable of self-
reported sleep-related respiratory symptoms were not asso-
ciated with AB accumulation in our study. This finding is in
agreement with those of other studies that failed to identify
an association between Af burden detected by PiB-PET or
autopsy and self-reported OSA symptoms2° or by PSG data
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Figure 1. Distribution of Longitudinal 3-amyloid (AB) Deposition
Dichotomized by Excessive Daytime Sleepiness (EDS)

0.55+ a
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>
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Deposition of AB is depicted as the unadjusted difference between the second
and first Pittsburgh B compound (APiB) standardized uptake value ratio (SUVR)
for each region according to presence of EDS. Horizontal lines indicate median;
boxes, first and third quartiles; and error bars, minimum and maximum.

2p<.05.

before death.>® Elderly persons may lack awareness of OSA
symptoms,>* and a negative PSG finding several years before
death does not exclude the later development of OSA.

However, EDS may have multiple determinants and is likely
tobe more than a surrogate for severe OSA. In the largest study
assessing OSA and sleepinessin elderly persons (n = 835),%¢ sex,
depressive symptoms, and body mass index were associated
with sleepiness after controlling for multiple clinical and PSG
variables. Although other authors®>=” also failed to identify an
association between OSA severity and sleepiness in the gen-
eral population, another study”® found an association re-
stricted to non-rapid eye movement (NREM) sleep. Sleep frag-
mentation with increased N1 sleep (NREM stage 1 sleep, with
a corresponding decrease in slow wave sleep [SWS]) appears
to be more consistently associated with sleepiness in
0SA.5>57:59:60 This finding suggests that sleepiness resulting
from OSA may depend on an individual susceptibility to sleep
instability. Total SWS time was found to be the best estimator
of reduced cerebrospinal fluid AB42 levels, suggesting that re-
duced or fragmented SWS increases soluble A initially, which
may facilitate AR deposition over time.!® Therefore, EDS may
be a marker of sleep instability, with fragmented sleep (in-
creased N1 sleep and wakefulness after sleep onset) and
reduced sleep depth (decreased SWS).

Moreover, the cingulate gyrus appears to participate in the
propagation of slow waves to areas such as the precuneus.® Im-
paired connectivity, secondary to increased A3 burden in the
cingulate gyrus in participants with EDS, could affect the propa-
gation of slow waves, generating more sleep instability and re-
duced SWS. This hypothesis is consistent with recent findings
associating A3 burden in the medial prefrontal cortex (includ-
ing the anterior cingulate) with reduced NREM slow wave ac-
tivity in humans.?® However, this association may be medi-
ated or at least contributed to by coexistent tau abnormalities.
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Table 2. Multiple Linear Regression Model Estimates for Associations Between EDS and APiB in AB-Susceptible Regions of Interest®

Model®

AllL Elderly Individuals Without Dementia Individuals With Global PiB Positivity®
Region of Interest B Coefficient (95% CI) P Value B Coefficient (95% CI) P Value
Prefrontal 0.025 (-0.005 to 0.055) .10 0.048 (-0.007 to 0.104) .08
Anterior cingulate 0.031 (0.001 to 0.061) .04 0.065 (0.010 to 0.118) .02
Cingulate-precuneus 0.038 (0.006 to 0.069) .02 0.068 (0.009 to 0.126) .02
Parietal 0.033 (0.001 to 0.065) .04 0.054 (-0.008 to 0.116) .12

Abbreviations: APiB, difference between the second and first Pittsburgh B
compound (PiB) uptake measures; EDS, excessive daytime sleepiness.
2 Models were controlled for baseline age, interval between scans, sex,

apolipoprotein E €4 allele, educational level, baseline regional PiB uptake,
baseline global PiB positivity (all individuals model only), midlife physical

activity, cardiovascular comorbidities (obesity, hypertension, hyperlipidemia,
and diabetes), reduced sleep duration, respiratory symptoms during sleep
(snoring, choking, or witnessed apneas), and depression.

®|ndicates standardized uptake value ratio of at least 1.4.

Figure 2. Regional Associations of Pittsburgh B Compound Uptake Changes (APiB) With Excessive Daytime

Sleepiness (EDS)

@ All participants

The prefrontal, anterior cingulate,
posterior cingulate-precuneus and
parietal regions are colored according
to model estimates of regional
difference between the second and
first PiB scans (APiB) by baseline EDS
after controlling for multiple
confounders in all participants (A)
and participants who had global PiB
positivity (standardized uptake value
ratio [SUVR], =1.4) at baseline (B).
The color scale indicates B-amyloid
(AB) deposition increases in SUVR
units as estimated by our models in
every region of interest where EDS
was significantly associated with
APIiB. Regions of interest are
demonstrated in a sagittal plane,
from most lateral (left) to medial
(right). An additional increase in AR
accumulation is estimated in
individuals with baseline global PiB
positivity when compared with all
individuals.

Because self-reported sleep quality has been associated
with excessive sleepiness in older adults,*® EDS can be inter-
preted as a manifestation of poor sleep quality due to sleep in-
stability. Our results would then corroborate actigraphic find-
ings of decreased cerebrospinal fluid AB42 levels in cognitively
normal older adults with frequent napping or worse sleep
efficiency.? Our results were also consistent with previous find-
ings of worse sleep quality associated with increased A bur-
den in the precuneus.'® The positive correlation between ESS
scores and AP accumulation seen in the present work corrobo-
rates a possible dose-dependent association between sleep dis-
ruption and amyloid accumulation.?!

EDS and Synaptic and/or Network Overload

Wakefulness and sleep deprivation promote soluble A342
generation, which is reduced during sleep.!®17:52 The day-
night patterns for AB42 appear to depend on AB42 clearance
during sleep through a glymphatic pathway.'® However, AB42

JAMA Neurology Published online March 12,2018

generation is also influenced by synaptic activity,?42%63 which
is maximum during wakefulness and decreased after sleep, cor-
relating with slow wave activity.®* Slow wave activity re-
duces cerebral cortex metabolism®® and also appears to pro-
mote downscaling of synaptic connections.®®:¢7 Sleep
disruption further increases AP expression, which can also
increase neuronal excitability.®®-%® Whole-brain glucose me-
tabolism declines significantly from waking to NREM sleep.”®
In particular, the default mode network, which includes the
cingulate, precuneus, and parietal regions (especially the
inferior parietal lobule), has high levels of metabolic activity
during wakefulness””? and requires decoupling during sleep.”
This decoupling is more evident in the posterior cingulate
and precuneus regions, where progressive changes in sleep
depth are associated with decreased contribution to the de-
fault mode network.” These areas were more susceptible to
AB deposition3°-427! and accumulated more AP in partici-
pants with EDS in our study. Therefore, sleep instability could
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lead to synaptic or default mode network overload, and EDS
could be a clinical manifestation of this overload. Synaptic
overload can increase oxidative stress and lead to neuronal
death.”7® Prior findings of global cortical thinning in EDS
in cognitively normal individuals may be consistent with
this process.™

EDS and Neurodegeneration

Finally, EDS in elderly persons without dementia may be second-
ary to neurodegeneration of wakefulness-promoting centers.
Special consideration should be given to the cholinergic basal
forebrain and noradrenergiclocus coeruleus systems, which are
involved very early in the pathologic processes of AD””78 and are
associated with AB accumulation in multiple ways.”:8° Orexin
dysregulation and suprachiasmatic nucleus degeneration have
also been proposed as mechanisms underlying sleep-wake cycle
disruption in AD®"®2 and may contribute to EDS.

Evidence supports that early tau abnormalities in these
brainstem and subcortical nuclei occur before the deposition
of cortical AB, driving sleep-wake cycle disruption and en-
abling A toxicity.®45> However, sleep disruption may also drive
neurodegeneration. Neuronal count reductions of 50% and
25% were seen in the locus coeruleus and oxigenergic neu-
rons, respectively, in a murine model of chronic sleep
disruption.®® In addition, preliminary data from a murine
model of chronic short sleep®” showed that tau-dependent neu-
rodenegeration of the locus coeruleus depends on intraneu-
ronal AB. Mice unable to produce A through genetic or phar-
macological manipulations were resistant to chronic short
sleep-induced tau phosphorylation.

Limitations

The main limitation of our study was the lack of objective mea-
sures of sleep disturbance (eg, actigraphy or PSG) and treat-
ment (eg, CPAP use) over time. Although the ESS has great in-
ternal consistency and has been recommended for group
comparisons, not enough evidence is available to support in-
dividual-level comparisons longitudinally.®® Epworth Sleepi-
ness Scale scores may be underestimated in elderly persons®®
and have not been validated in individuals with mild cognitive
impairment. With aging and progression of cognitive decline,
the validity of the ESS could be further compromised, and there-
fore, longitudinal analysis of scores was not performed in the
present study. Moreover, our assessment of reduced sleep did
not include quantification of sleep time, which might have
obscured its possible association with A3 accumulation.
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We were also unable to assess daytime sleepiness
objectively (using the multiple-sleep latency test and mainte-
nance of wakefulness test) in our study. However, the ESS has
been proposed to represent a better assessment of average day-
time sleepiness in real-life circumstances as opposed to a
snapshot of sleepiness in a single day in a laboratory.’° The
clinical utility of the multiple-sleep latency test and mainte-
nance of wakefulness test has also been questioned.®>? The
ESS and objective measures of daytime sleepiness likely
measure different components of daytime sleepiness and,
therefore, have different utility. However, the ESS is a simple,
inexpensive, and easily administered tool that has been widely
used, allowing ready extrapolation and comparison of our
findings to other populations.

Whether self-reported sleepiness measured by the ESS is
more sensitive to detect AB burden than self-reported sleep
symptoms or sleep quality remains uncertain.?®°* Because we
tested a different outcome variable than prior studies (APiB
instead of baseline PiB uptake) and included a different set of
covariates in our models, a direct comparison of Af burden
associated with self-reported sleep variables could not be
performed. However, daytime symptoms may be more no-
ticeable to individuals and their relatives than sleep-related
symptoms (recall bias). Moreover, daytime dysfunction as mea-
sured by EDS may represent an increased susceptibility to sleep
disruption. If individuals react differently to sleep disorders,
resultant daytime dysfunction may be more sensitive to dif-
ferentiate individuals whose sleep disturbance is causing more
deleterious effects in the brain.

. |
Conclusions

Our study showed that EDS in elderly persons without demen-
tia may be associated with longitudinal A accumulation, par-
ticularly in the cingulate gyrus and precuneus. This finding
supports previous literature suggesting that EDS is a risk fac-
tor for cognitive decline or dementia.®®1° It remains unclear
whether EDSis a result of greater sleep instability, synaptic or
network overload, or neurodegeneration of wakefulness-
promoting centers. However, participants with EDS were more
vulnerable to AD pathologic processes. Further investiga-
tions should assess determinants of EDS in elderly persons
without dementia and whether early recognition of EDS and
treatment of potential underlying sleep disorders can reduce
amyloid accumulation in this vulnerable group.
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