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Self-reported sleep and Alzheimer disease
CSF biomarkers
A wake-up call

Alzheimer disease (AD) is the most prevalent cause of
dementia, and numerous studies have described sleep
disturbances and circadian abnormalities in persons
with symptomatic AD.1 A rapidly accumulating body
of research suggests that disturbed sleep is not only
a consequence of pathologic brain changes of AD, but
may also contribute to AD pathophysiologic mecha-
nisms, even in the preclinical stages of AD.2 Sleep
disturbances are associated with amyloid deposition,
the first known stage of preclinical AD. Poorer sleep
quality, as measured by wrist actigraphy, and more
frequent napping were tied to CSF evidence of amy-
loid deposition,3 and self-report of poorer sleep qual-
ity and shorter sleep duration were associated with
greater amyloid burden, measured by amyloid PET
imaging.4,5 The hypothesized underlying mechanism
is sleep-related decreases in soluble b-amyloid (Ab)
levels: sleep disturbance acutely increases soluble Ab
in humans and mice,6 and chronically increases
deposition of Ab into plaques in mouse models.7

Insufficient sleep is therefore a plausible promoter
of amyloid deposition.

In this issue of Neurology®, Sprecher et al.8 present
evidence linking sleep disturbance to markers of neu-
ropathology beyond amyloid deposition. The authors
assessed the relationship of CSF markers of amyloid
pathology (Ab42:Ab40 ratio), tau pathology (phos-
phorylated tau), neuronal injury (total tau, neurofila-
ment light [NFL]), neural inflammation (monocyte
chemoattractant protein-1 [MCP-1], chitinase-3-like
protein 1 [YKL-40]), and synaptic dysfunction (neu-
rogranin) to self-reported sleep measures in 101
middle-aged and older adults in the Wisconsin Reg-
istry for Alzheimer’s Prevention. The 3 primary sleep
measures were based on the 12-item Medical Out-
comes Study (MOS) sleep scale, and included sleep
adequacy, a 2-item measure of quality and quantity of
nocturnal sleep; somnolence, a 3-item measure of
daytime sleepiness; and sleep problems, a broad mea-
sure of nocturnal and daytime symptoms that also
overlaps with the first 2 measures. The authors found
that lower Ab42:Ab40 levels, suggesting greater amy-
loid pathology, were associated with worse sleep

adequacy, consistent with prior studies.3–5 They addi-
tionally found that increased phosphorylated tau,
total tau, NFL, MCP-1, and YKL-40—all reflecting
greater neuropathology—were associated with either
or both somnolence and sleep problems. Notably,
with the exception of total tau, these biomarkers’
associations with sleep problems were significant only
when expressed as ratios relative to Ab42, which the
authors suggest are better measures of cumulative AD
pathology. In the current pathologic model of AD,
amyloid deposition occurs first (preclinical AD stage
1), but tau pathology, synaptic dysfunction, and
other neurodegenerative processes (preclinical AD
stage 2) are necessary for cognitive symptoms to
emerge.9 Thus, Sprecher et al. have provided further
evidence for a link between disturbed sleep and AD
that extends beyond amyloid plaques, to include
markers of active neuronal damage and inflammation
that suggest imminent cognitive decline. Their find-
ings suggest that while nocturnal sleep may be dis-
turbed early in the process of amyloid deposition,
daytime somnolence may be a sign of neurodegener-
ation and a window of opportunity for intervention.

Notably, Sprecher et al. did not find associations
between any CSF markers and daytime somnolence
as measured by the Epworth Sleepiness Scale (ESS),
a widely used and validated measure of daytime sleep-
iness. The discrepancy between findings involving the
8-item ESS and the 3-item somnolence subscale of
the MOS Sleep Scale may be explained by the differ-
ent types of sleepiness assessed: the somnolence sub-
scale assesses overall subjective daytime sleepiness and
napping frequency, while the ESS specifically assesses
for falling asleep (or, per Sprecher et al., “irresistible”
sleepiness). Therefore, the ESS may not be suffi-
ciently sensitive to detect mild hypersomnolence that
does not cause unintentional dozing, and alternative
measures of sleepiness may be required to identify
sleep–wake dysfunction associated with preclinical
AD. In addition, the sleep problems subscale was
associated with a number of CSF markers, but these
results are difficult to interpret because sleep prob-
lems queries multiple overlapping dimensions of
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sleep–wake and circadian function. Indeed, this
study’s use of lesser-known and subjective measures
of sleep, with some subscales comprising only 2 or 3
items, is arguably its greatest limitation. An additional
limitation is the lack of objective assessment of sleep-
disordered breathing (SDB), which has been associ-
ated with CSF measures of both amyloid and tau
pathology,10 and increased risk of cognitive decline.11

SDB commonly results in snoring and excessive day-
time sleepiness, and while a single item on snoring
was not associated with any CSF markers, the Som-
nolence subscale was associated with several, and
those associations may be driven by SDB. Because
SDB is one of the most common, and treatable,
causes of sleep disturbance in the older population,
the lack of information about SDB limits the study’s
robustness.

Sprecher et al. present data that extend previously
described associations between amyloid plaques in
preclinical AD and nocturnal sleep disturbance, to
include associations between markers of neurodegen-
eration and daytime somnolence. Further studies
with more robust self-reported sleep measures and
—as the authors suggest—objective sleep–wake
measures and longitudinal designs are needed to
confirm these findings and clarify the directionality
between sleep disturbances and AD neurodegenera-
tive processes. Effective interventions are available to
treat causes of poor sleep, so identifying and treating
sleep disturbances in preclinical AD may be a critical
strategy to prevent or delay impending cognitive
decline.

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
Dr. Spira is supported in part by the following grants from the National

Institute on Aging—R01AG049872, R01AG050507, and

RF1AG050745—and received funding from the William and Ella

Owens Medical Research Foundation. He has agreed to serve as a con-

sultant to Awarables, Inc., in support of an NIH grant. Dr. Ju received

funding from NIH grants K23-NS089922 and UL1RR024992

Sub-Award KL2-TR000450 and an investigator-initiated research grant

from Philips-Respironics; received honoraria and travel funding from the

American Academy of Neurology and the American Academy of Sleep

Medicine; and has immediate family members who received honoraria

from the Muscular Dystrophy Association and Mercy Hospital St. Louis.

Go to Neurology.org for full disclosures.

REFERENCES
1. Bliwise DL. Sleep disorders in Alzheimer’s disease and

other dementias. Clin Cornerstone 2004;6(suppl 1A):

S16–S28.

2. Ju YE, Lucey BP, Holtzman DM. Sleep and Alzheimer

disease pathology: a bidirectional relationship. Nat Rev

Neurol 2014;10:115–119.

3. Ju YE, McLeland JS, Toedebusch CD, et al. Sleep quality

and preclinical Alzheimer disease. JAMA Neurol 2013;70:

587–593.

4. Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and

beta-amyloid deposition in community-dwelling older

adults. JAMA Neurol 2013;70:1537–1543.

5. Sprecher KE, Bendlin BB, Racine AM, et al. Amyloid

burden is associated with self-reported sleep in nonde-

mented late middle-aged adults. Neurobiol Aging 2015;

36:2568–2576.

6. Ooms S, Overeem S, Besse K, Rikkert MO, Verbeek M,

Claassen JA. Effect of 1 night of total sleep deprivation on

cerebrospinal fluid beta-amyloid 42 in healthy middle-

aged men: a randomized clinical trial. JAMA Neurol

2014;71:971–977.

7. Kang JE, Lim MM, Bateman RJ, et al. Amyloid-beta

dynamics are regulated by orexin and the sleep-wake cycle.

Science 2009;326:1005–1007.

8. Sprecher KE, Koscik RL, Carlsson CM, et al. Poor sleep is

associated with CSF biomarkers of amyloid pathology in

cognitively normal adults. Neurology 2017;89:445–453.

9. Sperling RA, Aisen PS, Beckett LA, et al. Toward defining

the preclinical stages of Alzheimer’s disease: recommenda-

tions from the National Institute on Aging-Alzheimer’s

Association workgroups on diagnostic guidelines for

Alzheimer’s disease. Alzheimers Dement 2011;7:280–292.

10. Osorio RS, Ayappa I, Mantua J, et al. The interaction

between sleep-disordered breathing and apolipoprotein E

genotype on cerebrospinal fluid biomarkers for Alzheimer’s

disease in cognitively normal elderly individuals. Neurobiol

Aging 2014;35:1318–1324.

11. Yaffe K, Laffan AM, Harrison SL, et al. Sleep-disordered

breathing, hypoxia, and risk of mild cognitive impairment

and dementia in older women. JAMA 2011;306:613–619.

420 Neurology 89 August 1, 2017

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000004189


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /TheCowboyFont
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000410064006f00620065002000500044004600200064006f00630075006d0065006e0074007300200066006f0072000a002000200020002000200020002000200020002000200020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




