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Abstract

Study Objectives: To determine the effect of self-reported clinical diagnosis of obstructive sleep apnea (OSA) on longitudinal changes in brain amyloid PET and CSF

biomarkers (A 42, T-tau, and P-tau) in cognitively normal (NL), mild cognitive impairment (MCl), and Alzheimer s disease (AD) elderly.

Methods: Longitudinal study with mean follow-up time of 2.52 — 0.51 years. Data were obtained from the Alzheimer s Disease Neuroimaging Initiative (ADNI)

database. Participants included 516 NL, 798 MCI, and 325 AD elderly. Main outcomes were annual rate of change in brain amyloid burden (i.e. longitudinal increases in
orbetapir PET uptake or decreases in CSF A 42 levels); and tau protein aggregation (i.e. longitudinal increases in CSF total tau [T-tau] and phosphorylated tau [P-tau]).

Adjusted multilevel mixed effects linear regression models with randomly varying intercepts and slopes was used to test whether the rate of biomarker change

differed between participants with and without OSA.

Results: In NL and MCI groups, OSA+ subjects experienced faster annual increase in orbetapir uptake (B = .06, 95% Cl = .02, .11 and B = .08, 95% CI = .05, .12,

respectively) and decrease in CSF A 42 levels (B= 2.71,95% Cl= 3.11, 2.35andB= 2.62,95% Cl= 3.23, 2.03, respectively); as well as increases in CSF T-tau

(B =3.68,95% CI = 3.31, 4.07 and B = 2.21, 95% CI = 1.58, 2.86, respectively) and P-tau (B = 1.221, 95% CI = 1.02, 1.42 and B = 1.74, 95% CI = 1.22, 2.27, respectively);

compared with OSA participants. No signi cant variations in the biomarker changes over time were seen in the AD group.

Conclusions: In both NL and MCI, elderly, clinical interventions aimed to treat OSA are needed to test if OSA treatment may affect the progression of cognitive

impairment due to AD.

Statement of Signi cance

Recent studies show that obstructive sleep apnea (OSA) is associated with increased Alzheimer s disease (AD) risk. This study adds to the literature by providing
evidence that OSA is related to longitudinal increases in amyloid and tau burden in cognitively normal and mild cognitive impairment (MCI) OSA patients when
compared with healthy controls. These novel ndings are directly relevant to the emerging literature examining for evidence of a causal relationship between OSA
and AD, and are of interest to further understand the various possible mechanistic links that explain this relationship. More importantly, it suggests that clinical
interventions aimed to treat OSA in the elderly may slow the progression of cognitive impairment due to AD.
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Figure 2. Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (cognitive normal NL).

Figure 3. Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (mild cognitive impairment MCI).

presence of AHI4% 5/h and daytime symptoms across all ages [57].
The prevalence of OSA (with or without symptoms) in the elderly
is much higher, estimated at 30% 50% in older subjects [58], thus
additional work may be required to differentiate the risk of OSA
for AD with and without associated daytime symptoms. Notably,
all cause excessive daytime sleepiness in elderly subjects de ned
by Epworth sleepiness scores 10 was associated with longitudinal
brain beta amyloid accumulation in a recent study [59].

Conclusions

OSA appears to accelerate increases in amyloid deposition, CSF
T-tau and P-tau levels over time, both in NL and MCI individuals.
Sleep fragmentation, intermittent hypoxia, and intrathoracic
pressure swings from OSA are likely candidate mechanisms.
Thus, clinical interventions aimed at OSA, such as treatment
with CPAP or dental appliances, in cognitive normal and MCI
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Figure 4. Mean change variations and trajectory plots in AD biomarker values over time in NL, MCI, and AD subjects by OSA status (Alzheimer s disease AD).

Table 3. Between subject variation in AD biomarkers and covariance parameter estimates

Parameters Estimate 95% CI P-value
OSA+ vs. OSA (cognitive normal patients)
Florbetapir SUVR over time 0.06 .02,.11 <0.0001
Florbetapir SUVR over time (covariance) 0.06 .09, .04 <0.0001
CSF A -42 over time 2.71 3.11, 2.35 <0.0001
CSF A -42 over time (covariance) 3.93 3.56,4.31 <0.0001
CSF T-tau over time 3.68 3.31,4.07 <0.0001
CSF T-tau over time (covariance) 2.89 3.51, 2.29 <0.0001
CSF P-tau over time 1.22 1.02,1.42 <0.0001
CSF P-tau over time (covariance) 1.21 1.71, 0.74 <0.0001
OSA+ vs. OSA (mild cognitive impairment patients)
Florbetapir SUVR over time 0.08 .05, .12 <0.0001
Florbetapir SUVR over time (covariance) 0.06 0.09, 0.04 <0.0001
CSF A -42 over time 2.62 3.23, 2.03 <0.0001
CSF A -42 over time (covariance) 2.69 2.02,3.36 <0.0001
CSF tau volume over time 221 1.58, 2.86 <0.0001
CSF tau over time (covariance) 1.89 291, 0.87 <0.0001
CSF P-tau over time 1.74 1.22,2.27 <0.0001
CSF P-tau over time (covariance) 1.48 2.05, 0.94 <0.0001
OSA+ vs. OSA (Alzheimer s disease patients)
Florbetapir SUVR over time 0.07 1.19,1.33 0.33
Florbetapir SUVR over time (covariance) 0.29 2.07,1.49 0.31
CSF A -42 over time 1.11 3.31,1.09 0.53
CSF A -42 over time (covariance) 1.14 3.38,1.63 0.56
CSF T-tau over time 0.26 1.02,1,28 0.47
CSF T-tau over time (covariance) 0.15 1.94,1.64 0.47
CSF P-tau over time 0.94 0.23,1.65 0.11
CSF P-tau over time (covariance) 0.16 1.66,1.34 0.11

These analyses allowed us to examine whether there was signi cant variation between OSA+ and OSA subjects in mean AD biomarker level at baseline, as well

as whether signi cant variation in the change in AD biomarker level over time occurred. Furthermore, the covariance between the baseline AD biomarker level and
AD biomarker change over time indicated whether OSA+ or OSA subjects had experienced a faster increase or decrease in AD biomarker level over time. It also
allowed for assessment of signi cant differences in the rate-of-change in AD biomarker level between OSA groups over time. Models were adjusted for age, sex,
BMI, education, CPAP use, ApoE4 status, alcohol intake, baseline biomarker data, history of respiratory disease, hypertension, diabetes, and history of cardiovascular
disease (e.g. including ischemic heart disease, heart failure, and stroke/TIA), and history of traumatic brain injury.

A =amyloid beta; ApoE4 = apolipoprotein epsilon4; BMI = body mass index; CSF = cerebrospinal

uid; tau = tau protein; P-tau = phosphorylated tau.
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Figure 5. Proposed mechanisms linking OSA with amyloid deposition in late-life.

patients, could possibly mitigate or slow the progression of
cognitive impairment to AD. Further studies examining the
mechanisms underlying these observed effects are needed.

Supplementary material

Supplementary material is available at SLEEP online.
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