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1 | INTRODUCTION
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Dominika Swieboda® | MoniqueS. Balthazar’? |

Abstract

Introduction: African Americans (AA)s have worse inflammation, worse sleep, and a
greater incidence of Alzheimer’s disease (AD) compared to whites; however, no studies
have examined associations between biomarkers, sleep, and cognition, and differences
by race.

Methods: Seventy-six cognitively normal, middle aged (45-65 years) adults with a
parental history of AD were included in this study. Associations between biomark-
ers (tumor necrosis factor-a [TNF-a], interleukin-10 [IL-10], intercellular adhesion
molecule-1 [ICAM-1], and C-reactive protein [CRP]) and self-reported sleep or
cognition measures, were assessed.

Results: Average sleep duration was significantly lower for AA versus whites (aver-
age[SD]) in hours: 6.02(1.18) versus 7.23(0.91), P = .000004). We found a statistically
significant association between plasma IL-10 and sleep duration (Spearman’s p = 0.26,
P =.04) and CSF ICAM-1 and sleep quality (Spearman’s p = 0.30, P =.03).

Discussion: Longer sleep duration is positively associated with plasma IL-10 levels
irrespective of race. Sleep quality was positively associated with CSF ICAM-1 only in

African Americans.

KEYWORDS
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between inflammatory biomarkers and neuropsychological associ-

ations (i.e., visual organization, executive functioning, and reading

Alzheimer’s disease (AD) is a leading public health problem impact-
ing an estimated 24 million people worldwide.! Aging is coincident
with chronic inflammation, sleep disruption, and increased AD risk.?
Inflammation is a risk factor for neurodegenerative disorders as well
as cognitive changes associated with aging,® and modest associations

performance) have previously been noted.* Furthermore, inflamma-
tion may represent an early event in AD pathogenesis,” preceding
AB plaque deposition and facilitating pathogenesis.® Although, data
on changes in inflammatory cytokines such as interleukin-é (IL-6) and
tumor necrosis-factor- a (TNF-a) as mild cognitive impairment (MCI)
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progresses to AD are inconsistent, concentrations of pro-inflammatory
cytokines in plasma and CSF increase as AD progresses.” High TNF-a
levels can increase the rate of cognitive decline® and clinical studies
suggest that systemic inflammation, even if unrelated to the central
nervous system (CNS), accelerates cognitive decline.

The mechanisms through which altered sleep duration affects
health are not fully established; however, experimental device suggests
altered sleep may impact cytokines regulating inflammation. Sleep
loss increases low-grade inflammation and microglial activation in a
pathogen-independent mechanism, with deficits in cellular immunity,
increased levels of pro-inflammatory mediators such as such as TNF-q,
IL-6, and C-reactive protein (CRP) and vascular alterations? (for an in
depth review see,°). How habitual sleep disruption influences inflam-
matory cytokines s less clear.!! As sleep disturbance has robust effects
on inflammatory biology, inflammation may be a pathway linking sleep
disturbance and increased risk of AD.

The rate of AD for African Americans (AA) is approximately 64%
higher than for non-Hispanic White (NHW) Americans,? and our
group has found that AAs with a family history of AD have worse cog-
nition than whites.13 AAs have the highest risk for, and prevalence of,
poor sleep patterns compared to any other racial/ethnic group.1*1°
Furthermore, peripheral markers of inflammation, specifically CRP,
have been found to be higher in AAs.16

Our objective was to evaluate self-reported sleep duration and
quality in a cognitively normal cohort, and determine associations with
understudied cytokine markers of inflammation and cognition. We
examine inflammatory (TNF-a, CRP, ICAM-1) and anti-inflammatory
(IL-10) biomarkers, whether these associations differ by race. We
examined this question in a previously described cohort recruited
for the Association between Cardiovascular Risk and Preclinical
Alzheimer’s Disease Pathology (ASCEND) Study.’® Using baseline data
from the ASCEND study, we tested whether, in this cohort of healthy
middle-aged individuals at risk for AD by virtue of family history: (1)
sleep duration and cognition are associated with biomarkers, and (2)
whether these associations differ by race. Understanding how sleep
and race may modify the impact of risk factors associated with cog-
nitive decline may yield new insights into race-dependent biological

mechanisms and inform targeted therapies.

2 | METHODS

2.1 | ASCEND study design

Eighty middle-aged (45 years or older) adult children of persons
with AD were enrolled in the ASCEND Study.!3 Parental AD diagno-
sis was either autopsy-confirmed or probable AD as defined by the
National Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders Association
(NINDS-ADRDA) criteria, and verified using the validated Dementia
Questionnaire (DQ)!” and medical records when available. Inclusion
and exclusion criteria and participant characteristics have been previ-

ously reported.® Preliminary cohort size after exclusion of individuals

RESEARCH IN CONTEXT

1. Systematic Review: Authors reviewed literature using
PubMed, finding no studies having examined race differ-
ences in the associations between biomarkers, sleep, and
cognition. Given that Black Americans experience signif-
icantly higher incidence of AD, poorer sleep, and more
inflammation than White Americans, further exploration
is warranted.

2. Interpretation: Our study found shorter sleep duration
among B/AA compared to NHWs. Longer sleep duration
is positively associated with plasma IL-10 levels irre-
spective of race. Mental rotation scores were inversely
associated with plasma IL-10 and TNF-q; these relation-
ships were not modified by race. However, sleep quality
was positively associated with CSF ICAM-1 only in B/AAs.

3. Future Directions: These results add to the evidence
linking sleep quality, AD neuropathology, and inflam-
mation. Given the evidence that disrupted sleep has a
bidirectional relationship with AD pathology, longitudinal
studies are warranted to establish how sleep alterations
increase the risk or progression of dementia.

with missing sleep or demographic information was 76, except where

otherwise noted. Informed consent was obtained from all participants.

2.2 | CSF collection

CSF collection procedures have been described previously.:? Briefly,
CSF samples were collected via lumbar puncture (LP) after an 8-hour
overnight fast and according to guidelines put forth in the “Biospeci-
mens Best Practice Guidelines for the ADCs.”*® Approximately, 22 ml
of CSF was collected using sterile polypropylene collection tubes. Sam-
ples underwent a light spin and aliquoted into polypropylene cryovials
and stored at —80°C.

2.3 | Blood collection

Plasma was collected in 10 ml K2 EDTA tubes (BD Vacutainer) with
overnight fasting and refrigerated immediately (4°C) before transport-
ing to a central site on ice for centrifugation (2000 g x 15 minutes at
4°C) separation into plasma and cellular components within 4 hours of
collection. Plasma aliquots (0.5 ml) were prepared, bar-coded, and then
stored in polypropylene vials at —80°C until analysis. Quality control
samples to determine coefficients of variation (CV) included duplicate
plasma samples from three control subjects analyzed at the same time
as the remaining Penn subjects, and an average intra-assay CV was

obtained for each analyte of interest.
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2.4 | Biomarker quantification

Analytes were quantified using multiplex antibody-based assays
employing Luminex technology. TNF-a and IL10 were quantified as
part of a 9-plex Human Cytokine/Chemokine Magnetic Bead Panel
(Millipore Sigma, HCYTOMAG-60K), as per manufacturer’s instruc-
tions. CRP and ICAM-1 were quantified using Human Cardiovascular
Disease (Acute Phase) Magnetic Bead Panel 3—Cardiovascular Dis-
ease Multiplex Assay (Millipore Sigma, HCVD3MAG-67K) Human
Neurodegenerative Disease Magnetic Bead Panel 3—Neuroscience
Multiplex Assay (Millipore Sigma, HNDG3MAG-36K), respectively,
according to manufacturer’s instructions. Samples were assayed by
experienced laboratory technicians. Quality control samples to deter-
mine CV included duplicate plasma samples from three control sub-
jects analyzed at the same time as the remaining participants, and
an average intra-assay CV was obtained for each analyte of interest.
Intra-assay coefficients of variation were below 10% for all analytes.
Cytokine data were log transformed in order to reduce skewness from

the original data.

2.5 | Neuropsychological testing
Neuropsychological testing lasted 1 hour and included tasks selec-
tively chosen to be used in a cognitively normal but high-risk sample.
The battery assessed cognitive domains of memory, executive function,
visuospatial ability, language, and included the Montreal Cognitive
Assessment (MoCA),'? Trail making test B,2° Forwards and Back-
wards digit span,2! Mental Rotation Test,?2 Benson complex figure
recall,2® Buschke memory test,? and the Multilingual Naming Test
(MINT).2>

Participants completed a sleep questionnaire self-reporting hour of
sleep (sleep duration), daytime sleepiness, and sleep quality. Sleep qual-
ity rates were measured on a scale of 1-5: 1, excellent, 5, poor. Sleep
Adequacy, Somnolence, Sleep Problems Index, and Somnolence Prob-
lems Index scores were calculated as a sum of contributing questions

adapted from similar work.28

2.6 | Statistical methods

Preliminary analysis used summary statistics (mean [SD], median
[range], or frequency [percent]) to describe the sample, including
the sleep patterns. Biomarkers were log transformed to normalize
values as commonly done in biomarker studies and standardized
Z-scores were computed for all cognitive tests. Abnormal levels of CSF
biomarkers were defined as AB42/40 < 0.0682% P-tau > 51 ng/ml, and
T-tau > 100 ng/ml.2’ Differences in the sleep variables across racial
groups were assessed using Independent t-Tests or Fisher’s Exact Test.
Adequate sleep was encoded as yes if average hours of sleep fell within
15% of self-reported optimal hours of sleep for a participant. Based
on sleep surveys, Sleep Adequacy, Somnolence, Sleep Problems Index,

and Somnolence Problems Index scores were calculated as a sum of
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contributing questions adapted from similar work by Ref.28 (Table S1).
Spearman rank correlation coefficients were computed to test for
pairwise associations between the sleep variables and inflammatory
markers. Among those significant in the bivariate analysis, we tested
if the associations differed by race in a multivariable model. We
were also interested in determining whether an interaction between
inflammatory biomarkers and race impacts sleep. Analysis of variance
was also used to test the interaction effect between inflammatory
biomarkers and race on sleep variables after adjusting for age, sex,
body mass index (BMI), presence of at least one Average p-tau was
normal at 34.18 + 15.59, although average t-tau was high at 276.24 +
130.03; 1 AA (5.3%) and 7 white (15.9%) participants have p-tau > 51,
and 18 (94.7%) AA and 43 white (100%) participants had t-tau > 100.
APOE4 allele, sleep apnea, diabetes, high cholesterol, hypertension,
and history of smoking. Similar analyses were performed to test for
associations between standardized cognitive test scores and inflam-
matory biomarkers, with additional correction for education. All tests
were two-sided and a P < .05 was considered statistically significant.

All statistical analyses were performed in IBM SPSS 27.

3 | RESULTS

3.1 | Participant demographics

Seventy-six participants were included in the study (Table 1). Average
age of the participants was 58.86 + 6.91 years, 63.3% were female
and 35.4% AAs; 14.5% graduated high-school/graduate equivalency
degree (GED) while 38.2% and 47.4% had a college or post-graduate
degree, respectively. The average BMI was 27.30 + 5.65 kg/m?2. Total
18.4% reported sleep apnea, 2.6% diabetes, 59.2% high cholesterol,
and 42.1% hypertension; as these elements may influence sleep, mul-
tivariable models corrected for these confounders. Total 47.4% of
participants with genetics available had at least one APOE4 allele.
Although, AD-associated biomarkers were not available for all partic-
ipants, for those participants with available biomarker data, AB42/40
ratio was on average normal (0.08 + 0.02), with 78% of participants
AB42/40 > 0.068%¢; 3 AA participants and 14 white participants had
abnormal AB42/40. For a detailed description of the sample char-
acteristics please refer to Kumar et al.1® Participants with missing
demographic or sleep data were excluded, and missing at random was

assumed for all analyses.

3.2 | African American participants have lower
sleep duration

Participants completed a sleep questionnaire self-reporting hours of
sleep (sleep duration), daytime sleepiness, and sleep quality (Table 2).
Participants reported a mean of 6.62 + 1.28 and a median of 7 hours
of sleep during the workday; on weekends, participants reported a
mean 7.19 + 1.31 and a median of 7 hours of sleep. 52.6% of partici-

pants reported more than 7 hours of sleep on average, although only
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TABLE 1 Participant demographics
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Overall
N=76

Age? 58.86 (6.91)
Sex (female)? 50 (63.3%)
Race (African American)? 28 (35.4%)
BMI? 27.30(5.65)
Education®

High school/GED 11(14.5%)

College graduate 29 (38.2%)

Post-graduate 36 (47.4%)
Income®

$19,000 or less 2 (2.6%)

$20,000-39,000 10(13.2%)

$40,000-59,000 11(14.5%)

$60,000-79,000 13(17.1%)

$80,000 or more 40 (52.6%)
Physical activity (yes)? 62 (81.6%)
History of smoking (yes)” 21(27.6%) (n=74)
Sleep apnea (yes)? 14 (18.4%)
Diabetes (yes)® 2(2.6%)
High cholesterol (yes)® 45 (59.2%)
Hypertension (yes)? 32 (42.1%)

APOE status (at least one E4 allele)?
Ab42/Ab40?

36(47.4%) (n=70)
0.08(0.02) (n=63)

t-tau® 276.24(130.03) (= 62)
p-tau® 34.18(15.59) (n = 63)
Plasma TNF-o? 7.64(5.53)

Plasma IL-10? 11.87(8.35)

Plasma ICAM-1° 561.24(266.58)

Plasma CRP? 7.86(12.22)

CSF TNF-o? 1.18(0.86)
CSFIL-10? 5.71(2.53)
CSFICAM-12 300.97 (160.76)

AA White
N=28 N=48
59.75(8.06) 58.33(6.17)
24 (85.7) = %) 26(54.2)
28 (100%) 0(0%)
9.96 (6.17) 25.75(4.73)
3(6.3%) 8(16.7%)
11(22.9%) 18(37.5%)
14 (29.2%) 22 (45.8%)
2 (4.2%) 0(0.0%)
5(10.4%) 5(10.4%)
9(18.8%) 2(4.2%)
5(14.4%) 8(16.7%)
7 (14.6%) 33(68.8%)
22(78.6%) 40 (83.3%)
8(30.8%) 13(27.1%)
5(17.9%) 9(18.8%)
2(7.1%) 0(0.0%)
17 (60.7%) 28(58.3%)
16 (57.1%) 16 (33.3%)

14 (53.8%) (n = 26)
0.08(0.02) (n=19)

205.95(90.54) (n=19)

27.87(11.94) (n=19)

22 (50%) (n = 44)
0.08 (0.02) (n = 44)
307.30(133.49) (h=43)
36.91(16.29) (n=44)

7.79 (3.95) 7.56(6.23)
11.63(10.59) 12.00 (7.04)
515.63(111.56) 585.04 (317.68)
14.04 (18.85) 4.64 (4.06)
1.28(0.99) 1.13(0.81)
5.74(3.17) 5.69(2.24)
332.19(177.61) 287.49 (153.10)

Note: Mean + SD or count (percent) of all participants. BMI, body mass index values presented as 2mean (SD) or Pn (percent). Cytokine values in pg/ml, n = 46

for white participants and 19 for AA participants.

22.4% self-reported adequate sleep. Self-reported sleep quality was
2.82 + 1.04. Based on sleep surveys, four subscores were calculated as
a sum of contributing questions adapted from similar work by Ref.28
(Table S1).

Workday hours of sleep, weekend hours of sleep, and average sleep
hours differed by race. AA participants had lower sleep duration com-
pared to white participants, sleeping 5.82 + 1.26 hours on workdays,
compared to 7.09 + 1.04 hours (P =.00001). AAs likewise slept fewer
hours on weekends, sleeping 6.52 + 1.31 hours compared to 7.59 +
0.86 hours (P = .003). Additionally, AA participants slept an average

of 6.02 + 1.18 hours in comparison to an average sleep of 7.23 + 0.91
hours for NHWs (P =.000004). Overall, only 17.86% of B/AAs reported
at least 7 hours of sleep on average, compared to 72.92% of NHWs (P
=.003). Despite reporting reduced hours of sleep compared to NHWs,
AA reported greater adequate sleep when calculated as average hours
of sleep within 15% of self-reported optimal hours of sleep (P = .003).
Additionally, AA participants reported reduced somnolence compared
to NHWs (P = .048). Calculated scores for sleep adequacy, sleep prob-
lems index, somnolence problems index, and sleep quality rate, did not
differ by race.
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TABLE 2 Sleep patterns by race

Overall
Sleep variables N=76
Workday hours of sleep® 6.62(1.28)
Weekend hours of sleep® 7.19(1.31)
Average hours of sleep® 6.79(1.17)
Average hours of sleep > = 7 hours (yes)? 40(52.6)
Sleep quality rate® 2.82(1.04)
Adequate Sleep (yes)? (n = 74) 17 (22.4)
Sleep adequacy?© 4.66(1.72)
Somnolence®¢ 3.80(1.14)
Sleep Problems Index®¢ (n = 58) 18.74 (5.45)
Somnolence Problems Index®¢ (n = 69) 11.58 (2.54)

Translational Research 50f11
Clinical Interventions
AA White
N=28 N =48 P-value
5.82(1.26) 7.09 (1.04) .00001
6.52(1.65) 7.59(0.86) .003
6.02(1.18) 7.23(0.91) .000004
5(17.86) 35(72.92) .003
3.11(1.17) 2.65(0.93) .062
12 (42.86) 5(10.87)° .003
4.64(1.95) 4.67 (1.60) 954
3.46(0.84) 4.00(1.26) .048
17.72(5.78) 19.20(5.31) .344
11.85(2.76) 11.40(2.40) 479

Note: Participants completed a detailed sleep questionnaire. Comparisons between groups using asymp. sig (two-tailed) calculated with Independent T-tests
after testing for equal variance or Fisher’s exact test. Bolded P-values indicate significance. Sleep quality rates on a scale of 1-5: 1, excellent; 5, poor. Adequate
sleep considered as average hours of sleep within 15% of self-reported optimal hours of sleep. 2Scoring adapted from Ref.,2® with greater values representing

worse sleep. °n = 46; values presented as “mean (SD) or 9n (percent).

TABLE 3 Preliminary analysis of correlations between sleep patterns and biomarkers

Plasma TNF-a Plasma IL-10
Workday hours of sleep 0.19(0.14) 0.26 (0.04)
Weekend hours of sleep —0.07 (0.57) —0.07 (0.59)
Average hours of sleep 0.12(0.34) 0.18(0.16)
Average hours of sleep > = 0.15(0.24) 0.27 (0.03)
7 hours
Sleep quality rate (scaleof  —0.19(0.13) —0.16 (0.22)
1-5: 1, excellent; 5, poor)
Adequate sleep —0.17(0.18) —0.14 (0.28)
Sleep adequacy —0.07 (0.59) —0.06 (0.64)
Somnolence 0.12 (0.34) 0.11(0.39)
Sleep Problems Index —0.13(0.38) —0.09 (0.56)
Somnolence Problems 0.06 (0.66) —0.16 (0.23)

Index

Plasma

ICAM-1 Plasma CRP CSFTNF-«  CSFIL-10 CSFICAM-1
0.07(0.57) —0.05(0.72) 0.09(0.51) 0.01(0.97) -0.17(0.21)
0.09 (0.47) —0.16 (0.22) 0(0.99) 0.02(0.86) —0.07(0.59)
0.09 (0.5) —0.09(0.5) 0.07(0.61) 0.01(0.93) -0.16(0.24)
0.15(0.24) —0.09 (0.49) 0.06 (0.65) —0.13(0.35) —0.04(0.77)

—0.07(0.61) —0.07 (0.61) —-0.09(0.5) 0.02(0.9) 0.3(0.03)

—0.17(0.18) —0.09 (0.47) 0.07(0.61)  0.05(0.69)  0.24(0.07)

—0.04(0.74) —0.01(0.95) 0.01(0.93)  0.02(0.9) 0.12(0.39)
0.07 (0.58) —0.12(0.37) —0.1(0.45) -0.06(0.65) —0.02(0.91)

—0.15(0.3) -0.32(0.03) 0.02(0.88)  0.05(0.74) 0(0.98)
0.04(0.76) —0.14(0.31) 0.14(0.32) -0.11(0.44) 0.1(0.49)

Note: Pairwise correlations (P-value) between plasma or CSF inflammatory biomarkers and participant sleep patterns were calculated for all participants,
after correction for sleep apnea, history of smoking, diabetes, high blood pressure, and high cholesterol. Sleep quality rates on a scale of 1-5: 1, excellent;
5, poor. Correlations reported are Spearman rank correlation coefficients. Bolded P-values indicate significance. For all blood analytes, n = 70; for all CSF

analytes, n = 63. For sleep characteristics, n as in Table 2.

3.3 | Plasma IL-10 and CSF ICAM-1 are associated
with sleep duration and quality

To determine associations between sleep patterns and AD

biomarkers,27-31

partial correlation analysis was performed cor-
recting for sleep apnea, history of smoking, diabetes, hypertension,
and hypercholesterolemia (Table 3). Positive associations between
workday hours of sleep with plasma IL-10 (Spearman’s p = 0.26, P =
.04), sleep quality rate with CSF ICAM-1 (Spearman’s p = 0.30, P = .03),

and presence of at least 7 hours of sleep on average with plasma IL-10

(Spearman’s p = 0.27, P = .03) were observed. Statistically significant
negative associations were observed between sleep problems index
and plasma CRP (Spearman’s p =-0.32, P = .03).

Correlations were further explored using regression analysis.
After accounting for baseline covariates including age, sex, and BMI,
we observed positive, although not statistically significant relation-
ship between workday sleep duration and plasma IL-10 (P = .059,
Figure 1A); however, race does not moderate the relationship (P
= .512). After covariate adjustment, the presence or absence of at
least 7 hours of sleep was no longer associated with plasma IL-10
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FIGURE 1 Association between predicted sleep metric and biomarkers varies by participant race. Regression analysis and analysis of variance
models correcting for participant age, sex, BMI, presence of at least one APOE4 allele, and relevant medical history exploring. (A) Plasma IL-10
versus predicted average sleep duration (in hours), (B) plasma IL-10 versus predicted presence or absence at least 7 hours of sleep, (C) plasma CRP
versus predicted sleep problems index, and (D) CSF ICAM-1 versus predicted Sleep Quality Rate with trend lines + 95% confidence interval.

(P = .267, Figure 1B); negative correlation between sleep problems
index and plasma CRP similarly was not significant in the adjusted anal-
ysis (P = .298, Figure 1C). In contrast, a positive association between
sleep quality and CSF ICAM-1 (P = .037, Figure 1D) was maintained
after correction. However, this positive association only applied to AA
participants; the interaction of race and CSF ICAM-1 was statistically
significant in our model (8 =-1.169, SE = 0.58, P =.049).

For comparison, we also study associations of sleep with CSF
AD biomarkers, specifically ratio of AB42/40, p-tau, and t-tau and
observed no correlations between sleep parameters and AD biomark-

ers (data not shown).

3.4 | Associations between cognition and
biomarkers do not vary by race

To determine if weekday sleep duration influences cognitions score,
participants were grouped by below or above median hours of week-
day sleep, and cognition compared between groups. There were no

differences in raw test scores among participants with below median

(<7 hours) duration of sleep compared to those above median (>7
hours).

To determine associations between cognitive test scores and
biomarkers implicated in AD pathogenesis,2?-3! bivariate correlation
analysis was performed with correction for education and presence
or absence of at least one APOE4 allele (Table 4). Several plasma
inflammatory biomarkers were correlated with standardized cognition
test scores: Mental Rotation Test scores were negatively associ-
ated with plasma TNF-a (Spearman’s p = -0.4, P = .001), plasma
IL-10 (Spearman’s p = -0.25, P = .047), and plasma ICAM-1 (Spear-
man’s p = -0.25, P = .047); Buschke Delay scores were positively
associated with plasma IL-10 (Spearman’s p = 0.35, P = .006),
respectively.

Regression with correction for additional covariates was used to
further explore these relationships, and to determine if they differed
by race. Mental Rotation Test scores remained significantly associated
with plasma TNF- 1+ (P=.017) and IL-10 (P=.045, Figure 2A and B),
but race did not moderate the relationship (P = .645, P = .553, respec-
tively). Similarly, the associations between Mental Rotation Test scores
and plasma ICAM-1 (P = .141) and Buschke Delay scores with plasma
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TABLE 4 Preliminary analysis of correlations between cognitive testing and biomarkers

PlasmaTNF-«
MoCA —0.07 (0.58)
Trails B 0.11(0.38)
Fwd Digit Span —0.13(0.29)
Bwd Digit Span —0.04 (0.73)
Mental Rotation -0.4(0.001)
Benson Delay —0.14(0.28)
Buschke Delay 0.22(0.07)
MINT 0.11(0.37)

PlasmalL-10

0.13(0.32)

—0.11(0.36)

0.07(0.59)
0.08(0.5)

-0.25(0.047)

0.03(0.8)
0.35(0.005)
0.21(0.09)

PlasmalCAM-1

0.02(0.88)
0.17(0.18)
—0.16(0.21)
0.06 (0.64)

-0.25(0.047)

0.07 (0.59)
—0.04(0.73)
0.02 (0.86)

Translational Research 7o0f11
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PlasmaCRP CSFTNF-a CSFIL-10 CSFICAM-1
—0.18(0.16) —0.05(0.69) 0.06(0.68) 0.03(0.81)
—0.01(0.91) 0.18 (0.18) —0.01(0.97) 0.11(0.39)
-0.2(0.11) —0.06 (0.66) 0.14(0.31) —0.14(0.28)
—0.04 (0.74) 0.03(0.82) 0.02(0.9) —0.09 (0.49)
—0.07(0.61) —0.05(0.7) —0.09 (0.49) —0.04(0.76)
0.06 (0.64) -0.22(0.11) —0.1(0.44) —0.01(0.95)
—0.12(0.34) -0.19(0.15) —0.19(0.15) —0.1(0.45)
—0.07 (0.57) —-0.17 (0.21) —0.18(0.17) 0.09(0.51)

Note: Pairwise correlations (P-value) between plasma or CSF inflammatory biomarkers and participant Z-score transformed cognition were calculated for all
participants with available cognitive data (n = 63), corrected for presence or absence of at least one APOE4 allele and education. Correlations reported are
Spearman rank correlation coefficients. Bolded P-values indicate significance. For all blood analytes, n = 70; for all CSF analytes, n = 63. For tests of cognition,

nasin Table S2.

E

Predicted Value for Mental Rotation Test Z-Score

Predicted Value for Mental Rotation Z-Score

-2.00

White

Plasma TNF-a (log)

Plasma ICAM-1 (log)

E

Predicted Value for Mental Rotation Test Z-Score

S

=] =
= 8

Predicted Value for Buschle Delay Z-Score

Plasma IL-10 (log)

FIGURE 2 Associations between cognition and biomarkers do not vary by participant race. Regression analysis and analysis of variance

models correcting for participant age, sex, BMI, presence of at least one APOE4 allele, education, and relevant medical history exploring. (A) TNF-«
versus mental rotation, (B) plasma IL-10 versus Mental Rotation, (C) plasma ICAM-1 versus Mental Rotation; and (D) plasma IL-10 versus Buschke
Delay rate with trend lines + 95% confidence interval.
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IL-10 (P = .114, Figure 2C and D)), were not statistically significant in
the covariate adjusted analyses.

4 | DISCUSSION

We show that sleep duration (hours per night on workdays) was
significantly lower for AAs versus NHW participants. We found pos-
itive associations between plasma IL-10 and sleep duration, and CSF
ICAM-1 and sleep quality. Furthermore, the relationship between
CSF ICAM-1 and sleep quality differed by race in a multivariable
model. Cognition measures—Forward Digit Span, Mental Rotation, and
Buschke Delay—were significantly associated with plasma biomarkers
CRP, TNF-a, and IL-10; none of these associations differed by race in
the covariate adjusted models.

Longer sleep duration is positively associated with plasma IL-10
levels irrespective of race. In contrast, sleep quality was positively
associated with CSF ICAM-1 only in AAs. Mental rotation scores
were inversely associated with plasma IL-10 and TNF-¢; these rela-
tionships were not modified by race. Some biomarker relationships
demonstrated race-based patterns as we have previously shown.3233
For comparison, we also study associations of sleep with less stud-
ied CSF biomarkers implicated in AD, and observed no correlations
contrary to previous studies; however, it is noteworthy that our study
examines habitual sleep in a cohort at risk for AD, while most studies
evaluate biomarkers after acute sleep disturbance or in AD cohorts.3*
Taken together with previous studies examining traditional and non-
traditional AD biomarkers, these findings support the interaction of
inflammation, sleep, and increased risk of cognitive decline.

Most studies focus on evaluating AS and tau, central hallmarks of
AD, in sleep related studies; however, less is known about alternative
AD biomarkers including plasma and CSF markers of inflammation.
In contrast to the extensive investigation of mechanisms underlying
cognitive symptoms and memory loss, few studies have addressed
molecular mechanisms underlying non-cognitive symptoms of AD,
despite potential to inform on pathogenesis and potential treatments.
Moreover, no studies have investigated associations of self-reported
sleep with cytokine mediators implicated in AD pathogenesis in
diverse cohorts at risk for AD by virtue of family history. Here, we
observe average sleep duration was significantly lower for B/AA ver-
sus NHW participants (average[SD]) in hours: 6.02[1.18] vs. 7.23[0.91],
P = .000004) which is consistent with current literature,'*1> and
may represent a biological viable mechanism (i.e., reduced sleep in
B/AA vs. White) for the increased incidence and prevalence of AD in
B/AAs.12

We found a significant association between plasma IL-10 and week-
day sleep duration (Spearman’s p = 0.26, P = .04). Interestingly, the
literature on IL-10 and sleep parameters in general is discordant;
reduced levels of serum IL-10 have been found to be associated with
poor sleep quality,®® studies evaluating venous blood for IL-10 have
also found no association with sleep duration.®¢ Furthermore, CSF IL-

10 appears increased in person’s with AD,” and therefore our finding

of increased IL-10 with increased sleep duration may be confounded
by early, preclinical alterations in cytokines.

Next, we identified that CSF ICAM-1 is positively associated with
sleep quality (Spearman’s p = 0.30, P = .03), although only among
B/AAs. Short sleep duration or experiencing poor sleep is associated
with higher plasma ICAM-1 levels®’; thus, our results appear consis-
tent with the existing literature suggesting increased ICAM-1 is asso-
ciated with poorer sleep. Indeed, plasma ICAM-1 has been proposed
as the mediator between poor sleep and higher cardiovascular risk.38
As AAs are at higher risk for hypertension,3? which is an independent
risk factor for AD,*® ICAM-1 may serve as a race-specific marker
for multimodal AD risk, which is worth exploring further in future
studies.

Cognition measures—Mental Rotation and Buschke Delay—were
significantly associated with plasma biomarkers CRP, TNF-a, and
IL-10, and none of these associations differed by race in the covariate
adjusted models. There is a lack of literature directly comparing
levels of these inflammatory plasma biomarkers and specific cognition
measures such as Mental Rotation and Buschke Delay in order to
compare our work. However, previous work has demonstrated that
inflammatory biomarkers are associated with other cognitive changes
(such as recall pattern) and decline.3* Although, data on changes in
inflammatory cytokines such as IL-6 and TNF-a as MCI progresses to
AD are inconsistent, concentrations of pro-inflammatory cytokines in
plasma and CSF increase as AD progresses.” High TNF-a can increase
the rate of cognitive decline.® Furthermore, inflammatory cytokines
may be impacted by sleep, as meta-analyses substantiate short sleep
duration influencing CRP levels.*

4.1 | Study strengths and novelties

The novelties of this study include evaluating nontraditional cytokine
biomarkers potentially associated with sleep disturbance and/or AD
pathogenesis and inclusion of gender-balanced, ethnically diverse,
cognitively normal patients at risk for AD by virtue of family history.
All the participants underwent a comprehensive protocol evaluat-
ing global cognition, memory function, and CSF AD biomarkers, as
well as a nonintrusive questionnaire evaluating sleep. Furthermore,
despite the evidence that sex, age, and other demographic factor may
influence individual response to sleep deprivation,” most studies of
inflammatory changes in response to sleep deprivation have been
conducted in men.*? Studies evaluating sex differences demonstrate
differential responses, with women more responsive to inflammatory
or AD biomarker changes following sleep deprivation.*3 Some studies
suggest that race may impact increases in inflammation due to short
sleep duration, with AAs demonstrating increased inflammation.**
Our study is the first to link sleep duration and cognitive changes in
the context of racial differences in persons with a parental history of
AD. Our strengths include a well characterized, middle age cohort at
risk for AD by virtue of parental history, inclusion of multiple blood and

CSF biomarkers, and detailed data on various confounders.
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4.2 | Study limitations
Results are based on a small sample size, and focus on cross-sectionally
measured biomarkers implicated in sleep disturbances, inflammation,
and AD. It is important to note that inflammatory markers are not
specific for AD and there are individual differences in basal levels
of inflammation associated with a range of factors, even in healthy
individuals. However, we performed fasting blood draws in the morn-
ing, controlled for relevant confounders, and excluded individuals with
inflammatory diseases or taking immune-modulating agents.

Importantly, we measured sleep with self-reported questionnaires;
simple questionnaires such as that used in this study represent an
easily integratable data point in clinical care, without the need for
additional technologies. Thus, correlating to more objective measures
of sleep (actigraphy, polysomnography) will be important in future
studies.

The analysis of a single time-point (vs. longitudinal) at middle-age
may subject our study to reverse causation bias due to the long preclin-
ical period associated with AD,*® such that our analytes have already

been affected by the disease process prior to cognitive changes.

4.3 | Future directions
Taken together with previous findings, these results add to the grow-
ing body of evidence linking sleep quality, AD neuropathology, and
inflammation. Given the long onset period for AD and the accumu-
lating evidence that disrupted sleep has a bidirectional relationship
with AD pathology, longitudinal studies are warranted to establish how
chronic sleep alterations or sleep alterations early in AD increase the
risk or progression of dementia, to identify biomarkers associated with
altered sleep patterns, and to evaluate the impact of improved sleep
or sleep-based therapies. While we were able to note differences in
race between the groups, future studies should also consider “cultural”
differences which may help to explain the difference between groups.

Application of progression-related biomarkers is especially perti-
nent during the prodromal phase of AD, whether significant thera-
peutic intervention may still be possible. Indeed, as subtle changes
to neuronal connectivity, metabolism, and inflammation may repre-
sent early disruptions of neuronal functional prior to accumulation of
AB and tau, and AD pathology develops years prior to initial clinical
symptoms,*¢ identification and validation of early diagnostic markers
beyond AB and tau are of paramount importance. No single biomarker
in blood, CSF, imaging, or cognition is capable of predicting AD onset
and course, highlighting the importance of a combination of multi-
modal biomarkers for reliable prediction.*”:*8 Particularly needed are
biomarkers that inform disease risk and progression but do not require
the costly and invasive methods of CSF analysis, PET imaging, or
genetics, the uses of which are generally limited in routine clinical
diagnosis.

As sleep, cognition and CSF AD biomarker levels appear to be
mutually related throughout the stages of AD,*? sleep is a potential

therapeutic target for disease-modifying strategies. Furthermore,

Clinical Interventions

the temporal and anatomical relationship between disturbed sleep
and AD pathogenesis indicate that improving sleep may slow disease
progression.”® Unlike other pathological consequences of AD includ-
ing brain atrophy, sleep is a modifiable factor and thus a treatable
target. Sleep restoration may minimize cognitive decline through two
non-mutually exclusive mechanisms: (1) increased clearance of A3
and/or (2) enhancing long-term memory consolidation. However, it is
important to know that it is not currently clear whether local sleep
deficits are a biomarker of AD progression, or active contributed to AD
pathophysiology; therefore, the utility of sleep interventions remains
unknown.

44 | Conclusion

Detecting pathological components of AD, such as inflammation or
sleep disruption, and translating these to CSF or blood-based biomark-
ers may correlate with progression of AD, or identify patients who
will develop AD pathology. An improved understanding of sleep dis-
turbance and biomarkers of inflammation will aid in identifying targets
for prevention. Furthermore, understanding how factors including race
and sex modify the impact of risk factors associated with cognitive
decline may yield new insights into biological mechanisms and inform

targeted therapies.
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