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Abstract

INTRODUCTION: Sleep deprivation increases CSF Ap and tau levels, however sleep’s effect on
AP and tau in plasma is unknown.

METHODS: In a cross-over design, CSF Ap and tau concentrations were measured in five
cognitively normal individuals had blood and CSF collected every two hours for thirty-six hours
during sleep-deprived and normal sleep control conditions.

RESULTS: Ap40, Ap42, unphosphorylated tau-threonine-181 (T181), unphosphorylated tau-
threonine-217 (T217), and phosphorylated T181 (pT181) concentrations increased ~35-55% in
CSF and decreased ~5-15% in plasma during sleep deprivation. CSF/plasma ratios of all AD
biomarkers increased during sleep deprivation while the CSF/plasma albumin ratio, a measure
of blood-CSF barrier permeability, decreased. CSF and plasma Ap42/40, pT181/T181, and
pT181/AP42 ratios were stable longitudinally in both groups.
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DISCUSSION: These findings show that sleep loss alters some plasma AD biomarkers by
lowering brain clearance mechanisms and needs to be taken into account when interpreting
individual plasma AD biomarkers but not ratios.

Keywords
Alzheimer’s disease; sleep; biomarkers

INTRODUCTION

A key early step in the development of Alzheimer’s disease (AD) is the extracellular
aggregation of amyloid-p (Ap) as insoluble plaques that begins ~15-20 years before the
onset of cognitive deficits [1]. Accumulation of hyper-phosphorylated tau (p-tau) tangles
and neuronal death leads to cognitive dysfunction. Since substantial neuronal loss has
occurred by the onset of cognitive symptoms, there is a critical need to identify cognitively
unimpaired or mildly impaired individuals with AP plaques for secondary prevention trials.
Multiple biofluid and imaging markers for /n7 vivo detection of amyloid deposition have
been validated: 1) cerebrospinal (CSF) Ap42 concentration [2]; 2) CSF ratios for Ap42/40,
CSF total-tau/AB42, CSF p-tau/AB42 [3, 4]; and 3) positron emission tomography (PET)
neuroimaging using radiotracers for fibrillar A [5, 6]. Increasingly, plasma markers have
been validated with high sensitivity and specificity for AR pathology [7-11].

Studies involving serial sampling of CSF in humans via indwelling lumbar catheters showed
that soluble forms of AP and tau fluctuate with sleep-wake activity, increasing during
wakefulness and decreasing during sleep [12, 13]. Overnight sleep deprivation increases

the CSF concentrations of AP and tau by ~30-50% and also has site-specific effects on

tau phosphorylation [14, 15]. Given these findings, factors such as sleep loss and time of
day need to be taken into account when designing and interpreting studies using CSF AD
biomarkers but the effects of sleep on plasma AD biomarkers are not as well-understood.
Serial blood sampling during 24 hours of sleep deprivation was reported to elevate plasma
AP40 and decrease the AB42/40 ratio during the night compared to the day, although there
was not a normal sleep control group for comparison [16]. In contrast, another study found
that acute sleep loss increased plasma tau levels in the morning compared to the evening but
did not affect plasma AP [17]. None of these previous studies collected paired blood and
CSF samples.

In this study, we measured multiple forms of Ap and tau in paired blood and CSF samples
collected every 2 hours for 36 hours under both sleep-deprived and normal sleep control
conditions in a cross-over study design to determine the effect of acute sleep loss on plasma
AD biomarkers.

METHODS

Participants and Sample Collection

Five cognitively normal amyloid-negative participants aged 30-60 underwent both sleep-
deprived and normal sleep conditions in a cross-over design study. As previously reported,
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[14] all participants reported no clinical sleep disorders or subjective daytime sleepiness
(Epworth Sleepiness Scores [1 participant did not complete): mean=3.75, standard deviation
(SD)=2.99, range=1-8) and were screened to exclude sleep-disordered breathing with a
home sleep apnea test (all with Respiratory Event Index <5). Participants were either
assigned normal control or sleep-deprived conditions, and then returned ~4—-6 months later
on average for cross-over to the other condition. Three participants completed the control
condition followed by sleep deprivation, and two participants completed sleep deprivation
followed by control. Participant characteristics are listed in Table 1. The effect of sleep
deprivation in these participants on CSF AB, tau, and p-tau were previously reported [14,
15]. The study protocol was approved by the Washington University Institutional Review
Board and an independent safety committee oversaw the entire study with regular review
of adverse events and approval to continue. All participants completed written informed
consent and were compensated for their participation in the study.

Venous and lumbar catheters were placed at ~7:00 a.m. on the first day. CSF and plasma
were obtained every 2 hours for 36 hours. All CSF samples were collected and processed

as previously described [14, 15, 18]. Blood was drawn into EDTA K2 containing Tube (BD
368589). The tubes were centrifuged at 3000 g for 10 minutes at 4 °C. Then, plasma samples
were aliquoted with 1 ml volumes and frozen by dry ice and later stored at —80 °C.

Measurement of CSF and Plasma Af and Tau

CSF Ap and tau were measured by immunoprecipitation (IP) and liquid chromatography/
mass spectrometry (LC/MS) as previously described [14, 15]. We conducted the plasma
AB IP LC/MS as reported [10] except all handling processes were performed by Hamilton
Microlab STAR Liquid Handling System (Hamilton, NV, U.S.A) in an automated processing
method. Human plasma tau separation was performed as previously described [19] with
modifications. Frozen plasma aliquots of 1 ml were thawed at room temperature and
centrifuged at 21,130 g for 30 minutes at 4°C. Plasma samples were spiked with 2.5 ng

of 15N-labeled recombinant 2N4R tau internal standard (gift from Guy Lippens, Centre
National de la Recherche Scientifique, Universite de Lille, Villeneuve-d’Ascq, France) with
a mixture of 1x protease inhibitor cocktail (Roche), 1% NP-40, and 5 mM guanidine and
then immunoprecipitated with 20 pl Taul antibody cross-linked to sepharose beads at 4°C
overnight. The pelleted sepharose beads were washed with 25 mM TEABC and then the
sample was extracted with 200 pL 0.1% TFA. The extracted samples were loaded on an
Oasis HLB 96-well pElution plate 30 um, 2 mg Sorbent per well (Waters) conditioned
with 200 ul MeOH and 200 pl 0.1% TFA. After loading, samples were desalted with

200 pl 0.1% TFA and then eluted with 100 pl 27.5% acetonitrile-0.1% TFA solution.
After drying, absolute quantitation peptides (Life Technologies) to 5 and 0.5 fmol for each
unphosphorylated and phosphorylated peptide were added to the samples for quantitation
and then digested with 400 ng trypsin in 25mM TEABC for 16 hours. Finally, samples
were purified by solid phase extraction on C18 TopTips (Glygen) and desalted and

eluted with 100 ul 60% ACN, 0.1% FA. The eluate was lyophilized and resuspended in
12.5 ul 2% ACN, 0.1% FA before nano-LC-MS/high-resolution MS analysis by using
nanoAcquity ultra performance LC system (Waters) coupled to an Orbitrap Tribrid Lumos
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mass spectrometer (Thermo Fisher Scientific) operating as reported [20]. Skyline software
(MacCoss Lab, University of Washington, Seattle, WA) was used to extract the LC-MS data.

Measurement of CSF/Plasma Albumin Ratio

CSF albumin and plasma albumin were quantified by using enzyme-linked immunosorbent
assays (ELISA) (Abcam, Waltham, MA, USA) according to the kit instructions. CSF and
plasma from all time points of each participant were run in duplicate on the same ELISA
plate.

Statistics Analysis

Statistical analyses were performed using SPSS version 28 (IBM, Armonk, NY). All serial
CSF and plasma AP and tau data were analyzed with general linear mixed models in order
to account for the dependences of the longitudinal measurements [21]. Comparisons were
made between conditions with individual within-participant data and not group averaged
data. Intervention group and time of day were treated as fixed effects. Random intercepts
and slopes for time were used to accommaodate individual variation. The Akaike Information
Criterion was used to compare covariance structures and compound symmetry was selected
as the best fit. Statistical significance was set at p<0.05. The normality assumption was
verified through residual plots.

RESULTS

AB40, AB42, non-phosphorylated tau-threonine-181 (T181, sometimes referred to as “total
tau™), phosphorylated T181 (pT181), and non-phosphorylated tau-threonine-217 (T217,
sometimes referred to as “total tau”) were measured in both CSF and plasma. As in our
previous work, Ap and tau concentrations were normalized to the average of hours 0-12
(07:00-19:00) before the intervention started when all participants were awake and the
overnight period was defined as 21:00-11:00 to account for the transit time from brain to the
lumbar catheter [14, 15]. Mean overnight concentrations of CSF Ap40, Ap42, T181, pT181,
and T217 increased ~35-55% above baseline during sleep deprivation while plasma Ap and
tau decreased 5-15% below baseline during sleep deprivation (Figure 1A-J).

Overnight CSF and plasma AP and tau concentrations showed inverse changes during sleep-
deprived compared to control conditions. To test if this inverse effect of sleep deprivation

on CSF and plasma Ap and tau was due to changes in transport across the blood-CSF
barrier, we measured CSF and plasma albumin. Albumin is abundant in blood and neither
synthesized nor metabolized intrathecally [22]. Although there were no significant group
differences in plasma albumin during sleep deprivation, the mean overnight concentration
of CSF albumin decreased ~18% from baseline in the sleep-deprived group suggesting that
transport from blood to CSF was impaired or blood-brain barrier integrity was increased
(Figure 1K-L). The overnight mean group differences for CSF and plasma Ap40, Ap42,
T181, T217, pT181, and albumin are shown in Table 2.

The CSF/plasma albumin ratio index is commonly used to evaluate blood-CSF barrier
integrity by the quantitative measurements of albumin in CSF and plasma collected
simultaneously [22, 23]. In addition to the CSF/plasma albumin ratio, we also compared
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the CSF/plasma ratio of Ap40, Ap42, T181, T217, and pT181 normalized to the average of
hours 0-12 (07:00-19:00) before the intervention started. We found that the overnight CSF/
plasma ratio of Ap40, Ap42, T181, T217, and pT181 increased during sleep deprivation but
the CSF/plasma albumin ratio decreased during sleep deprivation (Figure 2A-F, Table 3).
Since the concentration of albumin is highest in plasma and the concentrations of Ap and
tau are highest in CSF, these findings suggest that protein transport between CSF and plasma
was impaired by sleep loss.

Although sleep loss decreased overnight levels of individual plasma AD biomarkers (Ap40,
T181, etc.) from baseline compared to controls, several recently validated plasma markers
for amyloid deposition have used ratios rather than individual biomarker concentrations
(e.0., AB42/40 ratio) [8, 9]. We found no mean group differences of the unadjusted
biomarker ratios for pT181/T181 and pT181/AB42 in both plasma and CSF during the

day (09:00-19:00) or overnight (01:00-11:00) periods. For AB42/40, however, the plasma
ratio was significantly higher in the control condition during both the day and overnight
periods but not in CSF (Figure 3A-F; Supplementary Tables 1-2). These findings do not
support a sleep effect on plasma AB42/40 since the control condition is higher than during
the sleep-deprived condition throughout the entire sampling period.

Our previous work defined the overnight period as 01:00-11:00 and we report the
same analyses presented above with this overnight period in the supplementary materials
(Supplementary Figure 1-3; Supplementary Tables 3-5).

DISCUSSION

This study shows that one night of sleep deprivation decreases the clearance of AB, tau,

and p-tau from the central nervous system resulting in overnight concentrations that are
higher in CSF and lower in blood. Overnight plasma Ap, tau, and p-tau levels were ~5-15%
lower in the sleep-deprived group compared to controls while CSF concentrations of these
proteins were ~35-55% higher. Based on CSF AR stable isotope labeling kinetics (SILK)
between the sleep-deprived and control participants, we previously concluded that changes
in production rate were the necessary and critical factor for the increase in CSF A levels.
Although clearance effects alone did not account for this finding, clearance effects were not
ruled out [14]. The CSF/blood ratios of A, tau, p-tau, and albumin support that sleep loss
disrupted transport between CSF and blood. However, the effect of sleep on production and
clearance on AB, tau, and other metabolites needs further study and was not accounted for in
our most recent models[24].

Substantial evidence supports that sleep loss decreases the clearance of substances from
the central nervous system. For instance, one night of sleep deprivation after intrathecal
injection of gadolinium resulted in decreased clearance of the tracer even after a night of
recovery sleep [25]. Multiple pathways are involved in the clearance of substances from
the brain including glymphatic flow, perivascular efflux, drainage via lymphatic vessels,
and transport across the blood-brain barrier. Many of these pathways have been associated
with sleep and A clearance [26, 27]. In addition to these mechanisms, AP has been shown
to efflux from the brain across the blood-CSF barrier via p-glycoprotein and lipoprotein
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receptor-related protein-1 (LRP1) transporters [28-32]. P-glycoprotein activity has been
shown to change diurnally, but has not been associated with sleep [33]. How tau is cleared
from the brain is less clear, but prior work suggested that exosomes [34], lymphatics [35],
and glymphatic function [36] may be involved.

The concentrations of plasma-derived proteins in CSF depend on the plasma concentration,
blood-CSF barrier permeability, and CSF flow or turnover [37]. Albumin enters CSF from
blood across the blood-CSF barrier and is transported via binding glycoprotein receptors
on epithelial cells in the choroid plexus [38]. Based on the CSF and plasma albumin
concentrations as well as the CSF/plasma albumin index, we found that the influx of
albumin from blood to CSF was impaired by sleep deprivation. This finding may be due to
altered blood-CSF barrier function and/or altered CSF flow or turnover.

Plasma AD biomarkers are validated as highly sensitive and specific for /n vivo amyloid
status in humans [8, 9] and are being increasingly used in the clinic. However, potential
factors that may affect their levels are not well-understood. Chronic kidney disease, for
instance, was recently found to affect plasma phospho-tau concentrations [39]. In our study,
sleep deprivation had inverse effects on CSF and plasma AD biomarkers raising concerns
about how sleep may affect the diagnostic accuracy of plasma amyloid tests. Ratios of AD
biomarkers, such as Ap42/40 and pT181/T181, were not affected by sleep. Collecting blood
and/or CSF for observational and interventional studies within a narrow range of time will
also help minimize potential variance.

A limitation of our study is the small number of participants, however all participants
repeated both intervention groups allowing for intra-individual comparisons of 190 total
time points (19/participant/intervention). A major strength of this study is the paired CSF-
plasma samples collected simultaneously under controlled sleep interventions for 36 hours.
All participants were cognitively normal and biomarker negative for amyloid pathology [14],
a major limitation that prevents the extension of our results to individuals with amyloid
deposition, cognitive impairment, or medical comorbidities such as vascular disease or
chronic kidney disease that may impair clearance from the brain or alter plasma AD
biomarkers such as p-tau. Further, CSF to blood clearance varies between individuals in
general and across neurological diseases [40]. This study adjusts for this limitation through
intra-individual comparison, but it is unknown how CSF to blood clearance varies across
time in individuals or is affected by sleep deprivation. Future studies are needed to clarify
the impact of sleep deprivation on plasma AD biomarkers in different patient populations.

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 traditional (e.g., PubMed) sources and meeting
abstracts and presentations. Although sleep deprivation increases cerebrospinal fluid
(CSF) AB and tau levels, there have been several recent publications describing how
sleep loss affects blood Alzheimer’s disease biomarkers. These relevant citations are
appropriately cited.

I nter pretation:

Our findings showed opposite effects of sleep loss on CSF and blood AD biomarkers.
Although individual AD biomarkers were affected, ratios of AD biomarkers (e.g.,
AB42/40) were not. We suggest a hypothesis that brain-CSF barrier function is affected
by sleep loss.

Future Directions:

The manuscript proposes that sleep loss alters plasma AD biomarkers by disrupting brain
clearance mechanisms and this effect needs to be taken into account when interpreting
individual biomarkers. However, plasma AD biomarker ratios, such as Ap42/40, were not
affected by sleep loss. Future studies in larger cohorts are needed to confirm and extend
these findings.
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Figure 1:

Sleep loss decreases plasma but increases CSF AD biomarkers. Mean overnight Ap, tau

and phosphorylated tau (p-tau) concentration normalized to a baseline of the average
concentrations over hours 0-12 (07:00-19:00) in cerebrospinal fluid (CSF) and plasma.
Sleep deprivation increased overnight AB40, AB42, T181, T217, and pT181 levels by
35-55% from baseline during sleep deprivation compared with controls. In plasma, sleep
deprivation decreased overnight AB40, AB42, T181, T217, and pT181 by 5-15% in plasma
compared to participants in the control group (A-J). The overnight albumin level in CSF
decreased ~18% from baseline during sleep deprivation, but in plasma was not significantly
different in the sleep-deprived group compared with the control (K, L). The overnight period
during the intervention night was defined as hours 18 to 28 (21:00-11:00) to account for the
transit time of CSF from the brain to the lumbar catheter (shaded area). Blue: control; Red:
sleep-deprived; Error bars indicate standard error. The vertical dashed line is the intervention
start time. The horizontal dashed line is at 100% of baseline. P-values are shown.
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Figure 2:

Blood-CSF transport impaired by sleep loss. CSF/Plasma Protein Ratio normalized to

a baseline of the average ratio over hours 0-12 (07:00-19:00). The CSF/plasma ratio
increased for Ap40, AB42, T181, T217, and pT181 during the overnight period in the
sleep-deprived group compared with the control (A-E). The CSF/plasma albumin ratio, a
marker of blood-CSF permeability, was decreased overnight during sleep deprivation (F).
The overnight period during the intervention night was defined as hours 18 to 28 (21:00-
11:00). Blue: control; Red: sleep-deprived; Error bars indicate standard error. The vertical
dashed line is the intervention start time. The horizontal dashed line is at time 0. P-values are
shown.

Alzheimers Dement. Author manuscript; available in PMC 2024 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Liuetal.

Page 13

A B
CSF AB42/40 Ratio Plasma AB42/40 Ratio
035 0.20
@ Control @ Control
o 030 Sleep-deprived S o184 Sleep-deprived
3 &
Z s g o1ed 0.032 <0.001
3 0.022 N
] 0.404 ;
3 0.20 <
< © = = =z ©
O o1 x
o. T T T T T 1 o. T T T T T 1
o o o o o o o o o o o o
P S A P N
Time of Day Time of Day
C D
CSF pT181/T181 Ratio Plasma pT181/T181 Ratio
40 30
@ Control o @ Control
2 %7 = Sleep-deprived ® & Sleep-deprived
& 0.260 X 254 0.917
< 0917 o 0.601 2
© ——
- = i
E 25 »
> -
b =
5 2 «
15 &
T T T T T T 1 T T T T T 1
& 04 o 04 0 04 4 & 0 & 04 4 4 &
v i ~ N N i B " > L Nd v » ~
Time of Day Time of Day
E F
CSF pT181/AB42 Ratio Plasma pT181/AB42 Ratio
015 25
@ Control ] : glon":ll rived
k] & Sleep-deprived 0.351 § 2.0 o9p-CRRrIve: 0535
[ « 0.928
~ 0.981 g
3 <
< =
: 2
©
= 5
y £
w
8 z
o
o. T T T T T 1
& & & M N & o
& » B N ) w7 ¥
Time of Day Time of Day
Figure 3:

No effect of sleep on Alzheimer’s disease biomarker ratios. Both daytime and overnight
AB42/40 ratios were not significantly different between the sleep-deprived and control
groups in CSF, but they did differ in plasma (A, B). The CSF AB42/40 ratio for one
participant’s time course under the control condition was abnormally high compared to
the same participant’s time course under the sleep-deprived condition and was excluded.
Although plasma Ap42/40 ratios were higher in the control group than the sleep-deprived
group, there were no evidence of an effect from sleep loss. Both day and night ratios of
pT181/T181 and pT181/ Ap42 in CSF and plasma were not significantly different between
groups (C-F). The overnight period during the intervention night was defined as hours 18
to 28 (21:00-11:00) (Shaded area). The day period was defined as 09:00 — 19:00. Blue:
control; Red: sleep-deprived; Error bars indicate standard error. The vertical dashed line is

the intervention start time. P-values are shown.
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Table 1:

Characteristic Control (n=5)" | Sleep-Deprived (n=5)"
Age, years
Mean (SD) | 48.12 (10.18) 48.02 (10.3)
Sex, M/F 2/3 2/3
Race, C/AA 213 213
MMSE
Mean (SD) 28.8 (0.84) 28.8(0.17)
CSF Ap42/40 at hour 0
Mean (SD) | 0.202 (0.076) 0.165 (0.018)

Plasma AB42/40 at hour 0

Mean (SD)

0.149 (0.006)

0.137 (0.007)

SSS on Day of Catheter Placement

Mean (SD) 1.6 (0.89) 1.8 (1.30)
Overnight TST (min)

Mean (SD) 410.2 (52.7) 27.9(27.1)
Overnight SE (%)

Mean (SD) 73.6 (9.8) 5.1(4.9)

AA = African American; C = Caucasian; F = female; M = male; MMSE = Mini-Mental State Examination; CSF = cerebrospinal fluid; Ap =
amyloid-B; SSS = Stanford Sleepiness Scale; TST = total sleep time; SE = sleep efficiency; SD = standard deviation.

*
5 participants completed both the sleep-deprived and normal sleep groups with interventions 4-6 months apart; all assessments were completed

for each intervention group.
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Mixed Model Results for Change in Overnight (21:00-11:00) CSF and Plasma A, Tau, Phosphorylated Tau,
and Albumin from Baseline

CSF
Biomarker Factor Pairwise Comparison Mean Difference (95% CI) | F (df) p
AB40, % baseline Intervention Sleep-deprived vs. Control +33.675 (24.480, 42.869) 53.71(1,59.00) | <0.001
Time of day 0.612 (7,59.00) | 0.743
Intervention x time 0.658 (7,59.00) | 0.706
AB42, % baseline Intervention Sleep-deprived vs. Control +37.406 (26.822, 47.989) 50.02 (1,59.00) | <0.001
Time of day 0.525 (7,59.00) | 0.812
Intervention x time 0.983 (7,59.00) | 0.452
T181, % baseline Intervention Sleep-deprived vs. Control +40.499 (27.316, 53.683) 37.76 (1,60.00) | <0.001
Time of day 1.34(7,60.00) | 0.246
Intervention x time 0.863 (7,60.00) | 0.541
T217, % baseline Intervention Sleep-deprived vs. Control +45.995 (34.250, 57.740) 61.37 (1,60.00) | <0.001
Time of day 1.54 (7,60.00) | 0.171
Intervention x time 1.13 (7,60.00) 0.359
pT181, % baseline Intervention Sleep-deprived vs. Control +55.110 (40.003, 70.217) 53.25(1,60.00) | <0.001
Time of day 1.50 (7,60.00) | 0.186
Intervention x time 1.18 (7,60.00) 0.328
Albumin, % baseline | Intervention Sleep-deprived vs. Control | -18.140 (-25.926, -10.353) | 21.71(1,60.00) | <0.001
Time of day 1.56 (7,60.00) 0.164
Intervention x time 0.495 (7,60.00) | 0.834
Plasma
Biomarker Factor Pairwise Comparison Mean Difference (95% CI) | F (df) p
AB40, % baseline Intervention Sleep-deprived vs. Control -5.293 (-8.023, —2.563) 15.04 (1,60.00) | <0.001
Time of day 4.01(7,60.00) | 0.001
Intervention x time 1.48 (7,60.00) 0.190
AB42, % baseline Intervention Sleep-deprived vs. Control -6.315 (-9.080, —3.550) 20.87 (1,60.00) | <0.001
Time of day 2.68 (7,60.00) 0.018
Intervention x time 0.805 (7,60.00) | 0.586
T181, % baseline Intervention Sleep-deprived vs. Control | —-11.351 (-16.386, —6.316) | 20.35(1,59.03) | <0.001
Time of day 3.48(7,59.03) | 0.003
Intervention x time 0.487 (7,59.03) | 0.840
T217, % baseline Intervention Sleep-deprived vs. Control -8.302 (-12.171, -4.434) 18.43 (1,60.00) | <0.001
Time of day 2.77(7,60.00) | 0.015
Intervention x time 0.578 (7,60.00) | 0.771
pT181, % baseline Intervention Sleep-deprived vs. Control —15.456 (-26.537, —4.375) 7.79 (1,59.12) 0.007
Time of day 1.61(7,59.12) | 0.151
Intervention x time 0.269 (7,59.12) | 0.964
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Albumin, % baseline | Intervention Sleep-deprived vs. Control +8.612 (—4.740, 21.964) 1.67 (1,57.16) 0.202
Time of day 0.748 (7,57.10) | 0.633
Intervention x time 1.31(7,57.10) 0.264

CSF = cerebrospinal fluid; AB = amyloid-p; T181 = unphosphorylated tau-181; T217 = unphosphorylated tau-217; pT181 = phosphorylated
tau-181; CI = confidence intervals; df = degrees of freedom

Alzheimers Dement. Author manuscript; available in PMC 2024 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Liuetal.

Table 3:

Mixed Model Results for Change in Overnight (21:00 — 11:00) CSF/Plasma Ratios of Ap, Tau,
Phosphorylated Tau, and Albumin from Baseline

Page 17

CSF/Plasma Ratios

Biomarker Factor Pairwise Comparison Mean Difference (95% CI) | F (df) p
AB40, % baseline Intervention Sleep-deprived vs. Control +44.577 (34.058, 55.097) 71.90 (1,59.00) | <0.001
Time of day 2.48 (7,59.00) | 0.027
Intervention x time 0.689 (7,59.00) | 0.681
AB42, % baseline Intervention Sleep-deprived vs. Control +48.692 (35.615, 61.769) 55.51 (1,59.00) | <0.001
Time of day 1.27 (7,59.00) | 0.279
Intervention x time 1.00 (7,59.00) 0.439
T181, % baseline Intervention Sleep-deprived vs. Control +57.702 (39.331, 76.073) 39.50 (1,59.01) | <0.001
Time of day 1.99 (7,59.01) | 0.072
Intervention x time 1.02 (7,59.01) 0.425
T217, % baseline Intervention Sleep-deprived vs. Control +58.823 (43.968, 73.677) 62.74 (1,60.00) | <0.001
Time of day 2.10 (7,60.00) 0.057
Intervention x time 0.956 (7,60.00) | 0.472
pT181, % baseline Intervention Sleep-deprived vs. Control +81.160 (50.118, 112.203) 27.37(1,59.02) | <0.001
Time of day 1.66 (7,59.02) | 0.138
Intervention x time 0.687 (7,59.02) | 0.683
Albumin, % baseline | Intervention Sleep-deprived vs. Control | -32.397 (-50.410, -14.384) | 12.97 (1,57.19) | <0.001
Time of day 0.718 (7,57.15) 0.657
Intervention x time 1.24 (7,57.15) 0.298

CSF = cerebrospinal fluid; Ap = amyloid-B; T181 = unphosphorylated tau-181; T217 = unphosphorylated tau-217; pT181 = phosphorylated
tau-181; Cl = confidence intervals; df = degrees of freedom
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