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Abstract

Background—Previous studies have suggested a link between Sleep Disordered Breathing

(SDB) and dementia risk. In the present study, we analyzed the relationship between SDB

severity, cerebrospinal fluid (CSF) Alzheimer's disease (AD) biomarkers, and the ApoE alleles.

Methods—95 cognitively normal elderly participants were analyzed for SDB severity, CSF

measures of phosphorylated-tau (P-Tau), total-tau (T-Tau), and amyloid beta 42 (Aβ42), as well

as ApoE allele status.

Findings—In ApoE3+ subjects, significant differences were found between sleep groups for P-

Tau (F[df2]=4.3, p=0.017), and T-Tau (F[df2]=3.3, p=0.043). Additionally, among ApoE3+

subjects, the apnea/hypopnea with 4% O2-desaturation index (AHI4%) was positively correlated

with P-Tau (r=0.30, p=0.023), T-Tau (r=0.31, p=0.021), and Aβ42 (r=0.31, p=0.021). In ApoE2+

subjects, AHI4% was correlated with lower levels of CSF Aβ42 (r=−0.71, p=0.004), similarly to

ApoE4+ subjects where there was also a trend towards lower CSF Aβ42 levels

Interpretation—Our observations suggest that there is an association between SDB and CSF

AD- biomarkers in cognitively normal elderly. Existing therapies for SDB such as CPAP could

delay the onset to mild cognitive impairment or dementia in normal elderly.

Keywords

Alzheimer's disease; Sleep-Disordered Breathing; Elderly; Biomarkers; CSF; Amyloid beta 42; P-
Tau; Cerebral Amyloid Angiopathy; ApoE

1. Introduction

Sleep disordered breathing (SDB) is a continuum of upper airway dysfunction that ranges

from significant snoring to frequent episodes of complete airway obstruction. Severity is

conventionally graded by the Apnea/Hypopnea Index (AHI). SDB is common, and has an

estimated overall prevalence of 10–20% of adults in the US and a particularly high

prevalence in the elderly (30–80%) (Roepke and Ancoli-Israel, 2010). Overall, SDB is

associated with decreased quality of life and cardio/cerebrovascular morbidity (Selim et al.,

2010), but the added burden of SDB in late life is unclear. Several studies have shown an

indirect association between excessive daytime sleepiness and the development of cognitive

decline, (Jaussent et al., 2012; Foley et al., 2001) but only recently did a polysomnography

study of cognitively normal community-dwelling women find direct evidence that women

with SDB were more likely to develop mild cognitive impairment (MCI) or dementia at

follow-up (Yaffe et al., 2011).

Late onset Alzheimer's disease (LOAD) is the most common form of dementia, and is

defined histologically postmortem by the presence of amyloid beta (Aβ) plaques,

neurofibrillary tangles (NFT), neuronal loss, and inflammation (Braak and Braak, 1995).

The strongest genetic risk factor to LOAD is the Apolipoprotein E4 (ApoE4) allele

(Strittmatter et al., 1993), while the ApoE2 allele is protective (Corder et al., 1994) although

it may predispose individuals to cerebral amyloid angiopathy and be a risk factor for brain

hemorrhage and/or white matter disease (McCarron and Nicoll, 2000; Lemmens R et al.,
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2007). Prior work has shown that: a) SDB and LOAD share a number of risk factors,

including vascular disease (De La Torre, 2010); b) there is an increased prevalence of SDB

in LOAD patients (Gehrman et al., 2003); and, c) SDB and the ApoE4 allele may have

additive effects (O'Hara et al., 2005; Spira et al., 2008). Therapeutically, it has been shown

that treatment of SDB improves sleep patterns in LOAD patients, and has a positive effect

on cognition (Ancoli-Israel et al., 2008). Additionally, the treatment of LOAD with

donepezil improves SDB, possibly due to the fact that donepezil improves oxygen saturation

(Moraes et al., 2008). However, research on the relationship between SDB and LOAD has

been hampered by the fact that a definitive diagnosis of LOAD is only possible after

autopsy. There is also disagreement on the type and level of respiratory abnormality that

must be used as a “cut-off” for significant SDB in the elderly.

Decreases in cerebrospinal fluid (CSF) levels of Aβ42, as well as increases in

phosphorylated-tau (P-Tau) and total-tau (T-Tau), have all proven to be useful in the

diagnosis of LOAD. Moreover, recent studies show that alterations of these biomarkers may

reflect LOAD pathology years prior to cognitive symptoms in older adults, and thus are

useful in predicting future decline (Fagan et al., 2007). This point in the disease process has

been termed preclinical AD (Sperling et al., 2011) and provides a critical stage for potential

interventions as tissue damage is presumably mild.

In the present study, we hypothesized that: 1) cognitively normal elderly subjects with SDB

would show greater CSF biomarker evidence for preclinical AD vs. non-SDB controls; and

2) these findings would be exacerbated in ApoE4 carriers with SDB.

2. Methods

2.1 Subject recruitment

Ninety five cognitively normal elderly participants were recruited at NYU Center for Brain

Health (CBH) from active NIH supported longitudinal studies of normal aging and CSF AD-

biomarkers that have been ongoing between 2009 and 2013. The subjects agreed to undergo

additional home-monitoring for SDB for the present study. Subjects had been recruited from

multiple community sources including random sampling using voter registration records.

Individuals with medical conditions or history of significant conditions that may affect brain

structure or function, such as stroke, uncontrolled diabetes, traumatic brain injury, any

neurodegenerative diseases, depression, and MRI evidence of intracranial mass or infarcts,

were excluded. All subjects signed a separate IRB approved consent form and participated

in a sleep study that included a detailed sleep interview, the Epworth Sleepiness Scale

(ESS), and home-monitoring of SDB (read below). Sleep complaints were not part of the

inclusion or exclusion criteria of any of the NIH studies that the subjects were recruited

from, nor were subjects referred to the AD studies from the NYU Sleep Disorders Clinic.

2.2 Clinical and diagnostic evaluation

Subjects received a standardized diagnostic assessment that included medical, psychiatric,

and neurological evaluations. The selected subjects had no history of medical conditions

known to affect brain structure or function and were not on active treatment for SDB.
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Enrolled subjects were 68.0±7.6 years of age (range: 53.0–87.5), had a Clinical Dementia

Rating (CDR) of 0, and a Geriatric Depression Scale score ≤5. Eligibility requirements for

the present study included having had CSF collected from lumbar puncture and a diagnostic

structural MRI scan completed within three years of the sleep examination. Groups were

categorized according to widely used cut-off values for SDB: normal (NL) (AHI4%<5),

mild SDB (AHI4%≥5 and <15), and moderate-severe SDB (AHI4% ≥15) irrespective of

reported associated consequences of SDB such as cardiovascular disease, hypertension or

complaints of sleepiness. ApoE genotype was determined using standard polymerase chain

reaction procedures.

2.3 Cognitive evaluation

All subjects were administered a standard neuropsychological test battery which has

published norm values (De Santi et al., 2008). The measures include subtests of the Guild

Memory Scale: verbal paired associates (initial: PRDI, and delayed: PRDD), and immediate

(PARI), and delayed paragraph recall subtest (PARD) to measure declarative memory.

Subtests of the Wechsler Intelligence Scale Revised (WAIS-R) were used to assess working

memory (digits forward: WAISDIG-F, and backward: WAISDIG-B), and attention (digit

symbol substitution test: DSST). The Mini Mental State Examination (MMSE) was also

included.

2.4 Cerebrospinal fluid

Lumbar punctures were performed between 11:00 a.m. and 01:00 p.m. using a 25-gauge

needle guided by fluoroscopy. All CSF samples were kept on ice until centrifuged for 10

minutes at 1500g at 4°C. Samples were aliquoted to 0.25 mL polypropylene tubes and stored

at −80°C until assayed. CSF P-Tau (pg/mL), T-Tau (pg/mL), and Aβ42 (pg/mL) were

blindly analyzed in batch mode using enzyme-linked immunosorbent assay (ELISA)

(Blennow and Zetterberg, 2013).

2.5 Home-monitoring of SDB

Home-monitoring of SDB was completed using an ARES™ Unicorder during a two night

period. The ARES™ Unicorder measures oxygen saturation (SpO2) and pulse rate from

reflectance forehead oximetry, air flow from a nasal cannula and pressure transducer, head

movement from actigraphy, and head position from accelerometers. The variables collected

included: 1) AHI4%: defined as the sum of all apneas (>90% reduction in airflow for >10

seconds) and all hypopneas (>30% reduction in airflow) associated with >4% O2

desaturation, divided by the total time where both flow and oximetry signals were valid; 2)

AHIall: defined as the sum of all apneas and all hypopneas identified divided by the total

time where there was a valid flow signal; and 3) mean SpO2 saturation during the night.

Both these AHI indices have been compared to the recommended definitions of AHI based

on full in laboratory polysomnography that included EEG measures of sleep (Ayappa et al.,

2008) and show good comparability.
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2.6 Statistical analysis

Demographic measures between SDB groups were examined using ANOVA with post hoc

Tukey tests for continuous variables and Pearson χ2 analysis for categorical variables.

Regression-based z-scores corrected for age, sex, and education, derived from our normative

sample (De Santi et al., 2008) were used for comparisons of cognitive measures. To test

whether normal elderly subjects with SDB would show positive CSF biomarker evidence for

preclinical AD, analyses of covariance (ANCOVA) controlling for BMI were used.

Additionally, linear regression and correlation analyses were used to assess for the relations

between continuous dependent (CSF AD-biomarkers) and explanatory variables (AHI4%

and AHIall), as well as to obtain correlation coefficients. Age, BMI, CSF internal batch (for

Aβ42 analyses), time interval between sleep study and lumbar puncture, and ApoE4 status

were included in the models using backward elimination principle to exclude non-significant

(p>0.05) factors. For right skewed data we applied log transformations to make the data

distributed symmetrically. To test if ApoE4 or ApoE2 carriers had exacerbated associations

between SDB and CSF biomarkers, the same statistical approaches were used for 3

subgroups of subjects: ApoE2+ (ApoE 2/2, 2/3 and 2/4 carriers), ApoE3+ (ApoE 3/3

carriers), and ApoE4+ (ApoE 2/4, 3/4 and 4/4 carriers). Four ApoE 2/4 subjects were shared

between the ApoE2+ and ApoE4+ groups.. Moreover, an interaction term between AHIs

and ApoE group (ApoE3+ vs. ApoE4+) was included to test if the associations between CSF

biomarkers and AHIs were different between ApoE defined groups. Statistical significance

was set at p<0.05. Analyses were done with SPSS 20.0 (Chicago, IL) and SAS v9.3 (SAS

Institute Inc., Cary, NC, USA).

3. Results

3.1 Participant characteristics

Demographic characteristics of the subjects are shown in Table 1. Among the 95

participants, 25 were considered free of SDB (AHI4%<5) and were included as normal

controls (NL), 51 had mild SDB (AHI4% 5–14.99), and 19 had moderate to severe SDB

(AHI4%>15). Both SDB positive groups had significantly higher mean BMI than controls

(F[df2]=4.8; p<0.011) (see Table 1), but overall, it was not an overweight group (mean BMI

of 25.8±5.4 and only 12 subjects with a BMI>30). There were no differences across NL and

SDB groups for age, gender, years of education, hypertension, diabetes, cardiovascular

disease or thyroid disease (see Table 1). Raw values with sleep characteristics of the three

groups are shown in Table 1. Of note, daytime somnolence (ESS) was remarkably low in

most subjects including the SDB groups (mean value: 5.6±4.0), with only 12 subjects with

an ESS>10.

3.2 Cognitive evaluation

Cognitive characteristics (mean±SD) of the subjects are shown in Table 2. There were no

statistically significant differences across NL and SDB groups on any of the tests

administered (see Table 2).
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3.3 Cerebrospinal fluid (CSF)

The mean time interval between the lumbar puncture and the home monitoring of SDB was

0.8±1.0 years. Summary statistics of CSF levels of Aβ42, P-Tau, and T-Tau are shown in

Table 3. There were not statistical differences among the three sleep groups, even after

controlling for BMI (data not shown). Moreover, no significant linear associations or

correlations were found between AHI4% or AHIall, and AD-biomarkers (see Figures 1–3).

Age, BMI, time interval and ApoE status did not improve the linear regression models.

Within ApoE allele groups, ApoE2+ subjects showed a significant difference between sleep

groups for Aβ42 (F[2,11]=13.3, p=0.001) and no significant differences between sleep

groups for P-Tau and T-Tau (see Table 4). Ln(AHI4%) was significantly negatively

correlated with Aβ42 (r=−0.71, p=0.004) (see Figure 1), adjusting for BMI further improved

the correlation (r=−0.74, p=0.004). Ln(AHIall) was negatively correlated with Aβ42 (r=

−0.66, p=0.010). Among the ApoE2+ subjects no statistically significant correlation was

found between ln(AHI4%) or ln(AHIall) and ln(P-Tau) or ln(T-Tau). These findings in the

ApoE2+ group were not driven by the inclusion of the four ApoE 2/4 subjects. Excluding

ApoE 2/4 subjects, a significant difference was still found in ApoE2+ between sleep groups

for Aβ42 (F[2,7]=5.0, p=0.045), Ln(AHI4%) was significantly correlated with Aβ42 (r=

−0.64, p=0.047), and adjusting for BMI further improved the correlation (r=−0.71, p=0.034).

ApoE3+ subjects showed significant differences between sleep groups for ln(P-Tau)

(F[2,53]=4.3, p=0.017), ln(T-Tau) (F[2,53]=3.6, p=0.033), and a non-significant trend in

Aβ42 (F[2,53]=2.0, p=0.14) (see Table 5). Ln(AHI4%) was positively correlated with ln(P-

Tau) (r=0.30,p=0.023), ln(T-Tau) (r=0.31, p=0.021), and Aβ42 (r=0.31, p=0.021) (see

Figures 1–3). Adjusting for BMI further improved the correlation between ln(AHI4%) and

CSF Aβ42 levels (r=0.39, p=0.003). No statistically significant correlations were found

between AHIall and the AD-biomarkers among ApoE3+ subjects.

In ApoE4+ subjects there were no differences between sleep groups for P-Tau, T-Tau, and

Aβ42 (see Table 6). No significant correlation was found between ln(AHI4%) and any CSF

analyte. Interestingly, the presence of the ApoE4 allele seemed to decrease CSF levels of

Aβ42 depending on the severity of AHI4% similarly to ApoE2 carriers, instead of

increasing Aβ42 levels as shown in ApoE3+ subjects. AHIall was not a significant predictor

of any AD-biomarkers among ApoE4+ subjects. Regression analysis of ln(AHI4%) and AD

biomarkers in both ApoE3+ and ApoE4+, including a 2-way interaction between each AD

biomarker and ApoE group showed that the associations between ln(AHI4%) and AD-

biomarkers significantly differed between ApoE3 vs. ApoE4 groups for ln(P-Tau)

(F[1,81]=4.1, p=0.045), T-Tau (F[1,81]=4.4, p=0.039), and there was a trend for Aβ42

(F[1,81]=2.8, p=0.099).

4. Discussion

Sleep disordered breathing was common and affected 74% of our cognitively normal,

elderly, community cohort. Severity was generally mild (group mean AHI4% 12.3±14.1,

range 0–60) and subjects had few complaints of sleepiness. When groups were stratified by
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ApoE allele phenotypes, we observed unexpected positive and negative interactions between

SDB severity and CSF AD-biomarkers.

In ApoE3+ subjects, AHI4% but not AHIall was associated with increases in P-Tau, T-Tau,

and Aβ42. AHIall reports on respiratory events during sleep as well, but unlike the AHI4%,

it additionally records respiratory-effort related arousals that disrupt sleep without

significant oxygen desaturations, indicating that intermittent hypoxia and not sleep

fragmentation is more likely related to these biomarker increases in the ApoE3+ group.

There is evidence of increased levels of Aβ42 in cell cultures and transgenic AD mice after

exposure to intermittent hypoxia (Shiota et al., 2013), activation of tau-phosphorylation after

chronic hypoxia in transgenic mice (Gao et al., 2013), CSF and serum T-Tau increases after

cardiac arrest in humans (Randall et al., 2013), as well as P-Tau increases in hypertensive

patients with reductions in blood pressure possibly reflecting hypoperfusion (Glodzik et al.,

2014), but to our knowledge, this would be the first report of an association between

intermittent hypoxia and increases in CSF T-Tau, P-Tau and Aβ42 in ApoE3+ cognitively

normal elderly. It is noteworthy that in the ApoE3+ subjects, we did not find evidence for an

increased amyloid burden (decreases in CSF Aβ42) associated with SDB despite finding

elevations in CSF Aβ42. Total CSF Aβ42 concentrations stay stable or increase slightly in

midlife in healthy ApoE3+ adults, whereas in ApoE4+ subjects there is a decline in CSF

Aβ42 concentration beginning in young adulthood, followed by marked acceleration of this

decline in midlife (Peskind et al., 2006). In agreement with these findings, some authors

have described a model in which brain CSF Aβ42 concentrations rise with age in

presymptomatic disease, to a “tipping point” at the onset of fibrillar Aβ deposition, followed

by CSF Aβ42 decreases (Bayer-Carter et al., 2011). In this model, recently verified in

familial AD mutation carriers (Reiman et al., 2012), any condition that increases levels of

Aβ42 in the early presymptomatic stages of the disease would increase the risk for

developing LOAD, and our findings could be interpreted as early Aβ42 increases secondary

to intermittent hypoxia before the consequential decreases in Aβ42 that follow amyloid

plaque formation.

In ApoE4+ subjects, severity of SDB trended towards lower CSF Aβ42 levels although

there were no significant SDB group differences for Aβ42, T-Tau or P-Tau, but this could

be due to different stages of preclinical disease in this group. Normal breathing (AHI4%<5)

ApoE4+ subjects had significantly higher P-Tau levels than their ApoE3+ normal breathing

counterparts (F[df1]=5.8, p=0.027). These results suggest that some cognitively normal

ApoE4+ subjects in our dataset might be more advanced in the preclinical staging of LOAD

(Sperling et al., 2011) than the ApoE3+ subjects, and that the interactions between

intermittent hypoxia and AD-biomarkers are detectable only in early stages of brain damage.

This would also be in agreement with existing literature showing that ApoE4+ subjects have

systematically been found to present with lower concentrations of Aβ42 and higher T-Tau

and P-Tau than ApoE3+ at any cognitively defined disease stage. In other words, the

presence of ApoE4 carriers disproportionately changes the test performances of CSF AD-

biomarkers and the ability to distinguish between the different cognitive conditions such as

normal or MCI (Leoni, 2011) (or, in our case, between normal and SDB groups). The

question of whether the presence of intermittent hypoxia is related to CSF Aβ42 changes or
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a faster progression of the disease in ApoE4+ subjects will need to be tested in longitudinal

studies with larger sample sizes or in younger cohorts. In ApoE2 subjects, the finding of a

strong negative correlation between SDB and CSF Aβ42 levels was unexpected, but in

agreement with neuropathological reports of similar levels of cerebral amyloid angiopathy

(CAA) in ApoE2 and ApoE4 carriers with accumulation of Aβ in parenchymal and

meningeal blood vessels in ApoE2+. (Nelson et al., 2013) and presence of decreased CSF

Aβ42 levels in subjects with CAA (Verbeek et al., 2009; Renard et al., 2012).

Alternatively, a recent study in mice reported a 60% increase in interstitial space fluid (ISF)

that occurs during slow wave sleep, modulated by adrenergic signaling. The authors

interpreted this as allowing CSF to expand into the brain tissue and clear Aβ42, P-Tau and

other waste byproducts of cellular activity during sleep through passive transport (Xie et al.,

2013). Using this model, increased sympathetic tone stemming from intermittent hypoxia

would disrupt sleep and affect the clearance of brain metabolic byproducts increasing ISF

levels of Aβ42. A decreased clearance of Aβ from the ISF could lead to damage and loss of

synapses and to progressive accumulation of extracellular Aβ42. In the presence of cortical

amyloid plaques (ApoE4+) or CAA (ApoE2+), trapping of Aβ42 would lead to selective

reduction in CSF levels of this protein, while it would translate into increases in those

subjects without amyloid deposition (ApoE3+). Other studies on Aβ42 dynamics have

described the presence of an Aβ circadian pattern in CSF (Huang et al., 2012) and plasma

(Huang et al., 2012b). However, it is unclear in the human if this rhythm is regulated by the

sleep-wake cycle and mediated by active transport, and how this could be affected by the

presence of SDB or the different ApoE allele phenotypes.

Our observations are partially consistent with our hypothesis that there is an association

between SDB and preclinical-AD in cognitively normal elderly, although the causal

relationships and directionality of these associations cannot be inferred from our data. It may

be that SDB increases the risk for preclinical-AD but it is also possible that existing

preclinical-AD brain lesions increase the risk for SDB. The first option is the most

attractive, and would imply that existing therapies for SDB such as CPAP could delay the

onset to MCI or dementia in elderly with SDB. The high prevalence of mild SDB in

cognitively normal elderly (74% in our sample) adds to the importance of this possibility.

Strengths of our study include that our community residing subjects were not recruited for

the study based on sleep complaints, and thus should have been free of selection biases

potentially affecting sleep-clinic based cohorts. We also utilized a state-of-the-art method

for home-monitoring of SDB, and standardized CSF biomarkers. One potential weakness of

the study is the number of variables that we analyzed, given only a modest number of

subjects and the small number of ApoE2 and ApoE4 carriers. For this reason, these findings

need to be confirmed in larger datasets.

5. Conclusion

In summary, this study is the first study to document that SDB in ApoE3+ and ApoE2+

normal elderly is associated with changes in specific biomarkers of LOAD. The implication

of these findings is that we have identified a highly prevalent condition (74% in our sample)
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that likely either contributes to tau pathology (and possibly hippocampal damage) and

amyloid beta deposition or is affected by AD-type damage on the path to cognitive decline.

Our data support testing whether clinical interventions aimed at SDB, such as treatment with

CPAP, could be implemented during the phase in which tissue damage precedes clinical

symptoms and neuronal dysfunction, to mitigate the progression of cognitive impairment.
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Figure 1.
Graphs of AHI4% and CSF Aβ42 for all subjects (n=95), ApoE 2+ subjects (n=14), ApoE3+

subjects (n=56), and ApoE4+ subjects (n=29).

Y Axis: Natural Log of AHI4%; X Axis: CSF levels of Aβ42.
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Figure 2.
Graphs of AHI4% and Natural Log of CSF P-Tau for all subjects (n=95), ApoE 2+ subjects

(n=14), ApoE3+ subjects (n=56), and ApoE4+ subjects (n=29).

Y Axis: Natural Log of AHI4%; X Axis: Natural Log of CSF levels of P-Tau
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Figure 3.
Graphs of AHI4% and Natural Log of CSF T-Tau for all subjects (n=95), ApoE 2+ subjects

(n=14), ApoE3+ subjects (n=56), and ApoE4+ subjects (n=29).

Y Axis: Natural Log of AHI4%; X Axis: Natural Log of CSF levels of T-Tau
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Table 1

Patient sociodemographic, clinical, and sleep characteristics.

SDB Clinical Groups Normal (n=25) SDB Mild (n=51) SDB Moderate/Severe (n=19)

Age (mean±SD) 65.3±8.2 67.8±7.0 70.1±8.8

Female (%) 68.0% 58.8% 57.9%

BMI (mean±SD) 24.2±3.9
25.5±3.6

† 28.9±9.0**

Years of education (mean±SD) 16.2±2.0 17.2±1.7 16.3±2.4

Hypertension (%) 24.0 29.4 31.6

Cardiovascular disease (%) 8.0 9.8 15.8

Diabetes (%) 8.0 7.8 5.3

Thyroid disease (%) 12.0 17.6 21.1

ApoE4+ (%) 28.0 31.4 31.6

ApoE3+ (%) 52.0 62.7 57.9

Epworth Sleepiness Scale (mean±SD) 5.5±4.2 5.4±3.6 6.4±4.7

AHI4% (mean±SD) 2.3±1.2 8.3±2.7*** 30.7±14.5***

AHIall (mean±SD) 11.0±3.8 22.6±6.5*** 43.5±17.9***

Mean nocturnal SpO2 (mean±SD) 95.8±0.7 95.1±1.1* 93.9±1.5***

SDB: Sleep Disordered Breathing; BMI: Body Mass Index; AHI4%: Apnea/Hypopnea Index with hypopneas restricted to respiratory events
associated with 4% desaturation; AHIall: Apnea/Hypopnea Index irrespective of desaturation; SpO2: mean oxygen saturation measured by a
forehead reflectance oximeter.

†
p<0.05 comparing with SDB moderate/severe group,

*
p<0.05,

**
p<0.025,

***
p<0.01 comparing with normal group.

Neurobiol Aging. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Osorio et al. Page 16

Table 2

Patient neuropsychological characteristics.

SDB Clinical Groups Normal (n=25) SDB Mild (n=51) SDB Moderate/Severe (n=19)

MMSE (raw) 28.8±1.4 29.2±1.2 29.2±1.2

PARI (z-scores) −0.06±1.0 0.06±1.0 0.03±0.8

PARD (z-scores) −0.0±1.15 −0.04±1.01 0.2±1.0

PRDI (z-scores) 0.5±1.4 0.6±1.3 0.8±1.2

PRDD (z-scores) 0.6±1.3 0.6±1.3 0.9±1.5

WAISDIG-F (z-scores) −0.07±1.1 −0.04±1.4 −0.3±0.9

WAISDIG-B (z-scores) −0.2±1.2 −0.3±1.2 −0.3±0.9

DSST (z-scores) 0.03±1.1 −0.02±1.0 0.1±1.1

MMSE: Mini Mental State Examination; PARI: initial immediate recall of orally presented paragraphs; PARD: delayed immediate recall of orally
presented paragraphs; PRDI: verbal paired associates initial; PRDD: verbal paired associates delayed; WAISDIG-F: WAIS test digits forward;
WAISDIG-B: WAIS test digits backward; DSST: digit symbol substitution test.
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Table 3

Mean raw and normalized cerebrospinal fluid (CSF) levels of Aβ42, P-Tau, and T-Tau in all subjects.

SDB Clinical Groups Normal (n=25) SDB Mild (n=51) SDB Moderate/Severe (n=19)

CSF analytes raw values Aβ42 607.1±209.4 629.6±252.8 619.4±252.3

P-Tau 39.3±14.6 44.5±17.3 46.4±18.6

T-Tau 250.6±115.7 290.0±145.3 289.1±130.0

CSF analytes normalized values † Ln(P-Tau) 3.6±0.4 3.7±0.4 3.7±0.4

Ln(T-Tau) 5.4±0.4 5.5±0.5 5.5±0.5

SDB: Sleep-Disordered Breathing.

†
Comparisons of CSF analytes were only performed for normally distributed and normalized (logarithmic transformed) values.
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Table 5

Mean raw and normalized cerebrospinal fluid (CSF) levels of Aβ42, P-Tau, and T-Tau in ApoE3+ subjects.

SDB Clinical Groups ApoE3+ Normal (n=13) SDB Mild (n=32) SDB Moderate/Severe (n=11)

CSF analytes raw values Aβ42 505.6±182.8 637.1±257.6 696.4±273.4

P-Tau 32.0±11.2 45.3±18.7 51.0±20.6

T-Tau 189.7±67.5 296.1±142.0 303.7±141.4

CSF analytes normalized values † Ln(P-Tau) 3.4±0.4 3.7±0.4* 3.8±0.5*

Ln(T-Tau) 5.2±0.4 5.6±0.5* 5.6±0.6

SDB: Sleep-Disordered Breathing.

†
Comparisons of CSF analytes were only performed for normally distributed and normalized (logarithmic transformed) values, with

*
p<0.05 for ANCOVA analysis adjusting for BMI comparing with normal reference group.
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Table 6

Mean raw and normalized cerebrospinal fluid (CSF) levels of Aβ42, P-Tau, and T-Tau in ApoE4+ subjects.

SDB Clinical Groups ApoE4+ Normal (n=7) SDB Mild (n=16) SDB Moderate/Severe (n=6)

CSF analytes raw values Aβ42 627.7±176.2 570.3±241.0 504.0±212.1

P-Tau 46.5±16.4 40.7±14.0 41.5±16.6

T-Tau 299.4±111.9 264.6±152.5 282.2±137.1

CSF analytes normalized values † Ln(P-Tau) 3.8±0.3 3.6±0.4 3.6±0.4

Ln(T-Tau) 5.6±0.3 5.4±0.5 5.5±0.5

SDB: Sleep-Disordered Breathing. Comparisons of CSF analytes were only performed for normally distributed and normalized (logarithmic
transformed) values.
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Table 4

Mean raw and normalized cerebrospinal fluid (CSF) levels of Aβ42, P-Tau, and T-Tau in ApoE2+ subjects.

SDB Clinical Groups ApoE2+ Normal (n=5) SDB Mild (n=4) SDB Moderate/Severe (n=5)

CSF analytes raw values Aβ42 842.4±113.5
811.75±158.4

† 465.2±111.8***

P-Tau 48.4±11.6 47.75±21.6 46.4±13.0

T-Tau 340.7±146.5 310.0±169.6 328.3±111.2

CSF analytes normalized values † Ln(P-Tau) 3.9±0.2 3.8±0.5 3.8±0.3

Ln(T-Tau) 5.8±0.5 5.6±0.6 5.7±0.3

SDB: Sleep-Disordered Breathing.

†
Comparisons of CSF analytes were only performed for normally distributed and normalized (logarithmic transformed) values.

†
p<0.01 comparing with SDB moderate/severe group,

***
p<0.01 comparing with normal group.
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