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From the very first case of Alzheimer’s disease
described by Alois Alzheimer in 1901, there has been
an appreciation for the heterogeneity of its symptoms.
Alzheimer himself recognized that there were “var-
iants” of the primary dementing illness that he
described, including the early realization that not all
persons diagnosed with the condition had plaques
and tangles (Hippius and Neundorfer, 2003).
Research in the subsequent decades has helped
crystallize the concept of Alzheimer’s disease as a
pathological entity characterized by neurocognitive
decline primarily in short-term memory, accompa-
nied by other losses in cognitive function, and with
multifactorial neurobiological underpinnings (But-
terfield and Halliwell, 2019; Paroni ez al., 2019; Wang
et al., 2022). While it is acknowledged that there is no
single risk factor or pathological process that can
explain causation of Alzheimer’s disease, a growing
body of literature makes the case for why this may not
be a single condition at all, but instead potentially a set
of distinct neuropathological entities all of which have
certain cognitive symptoms in common (Klinedinst
et al., 2020; Veitch er al., 2019).

While such a conceptualization has not been
formally proposed and is not reflected in the current
diagnostic criteria for Alzheimer’s disease, current
models require updating to reflect the range of
known risk factors and neuropathological correlates.
There have even been calls for a single unifying
theory of Alzheimer’s disease that may explain the
interactivity between these various factors (Khacha-
turian, 2000; Nehls, 2016). However, advances in
our understanding of the neuropathology, genetics,
and gene—environment interactions that may under-
lie Alzheimer’s disease have not been sufficiently
connected to real-world clinical outcomes. There is
a significant gap in the literature around how clinical
trajectories of Alzheimer’s disease may differ based
on an individual’s unique combination of risk factors
and neuropathology.

https://doi.org/10.1017/5S1041610222001065 Published online by Cambridge University Press

The paper in this issue of International Psycho-
geriatrics coauthored by Carl Cohen, Barry Reisberg,
and Robert Yaffee represents a step in filling this gap.
The authors’ work demonstrates how trajectories of
clinical outcomes vary. The authors follow 414
participants to study Alzheimer’s Disease progression
over the course of 5 years. They identified eight
distinct trajectories of clinical outcome that they
classify as five main categories with three subgroups.
These include (in order of prevalence) fast decliners
(32.6%), slow decliners (30.7%), zig-zag stable
(i.e. persons whose outcomes showed variance over
5 years but stability compared to baseline at 5 years)
(15.9%), stable (15.9%), and improvers (4.8%). The
authors further describe three subcategories among
the decliners including zig-zag decline (improve or
decline then return to baseline), late decline (no
change for many years, then decline), and curvilinear
or “double zig-zag.”

Most categories are self-explanatory, but the
authors’ finding of “zig-zag” trajectories bears closer
consideration. In the simplest terms, it means that the
course of illness is not linear, there are ups and downs
in cognitive function. For some participants, this
meant that their cognitive function improved after a
brief initial decline; for others, it meant that it
improved initially but then declined to baseline; and
for some, it meant that after initial improvement or
decline, their cognitive function was identical to
baseline at the end of the monitoring period. The
authors do note that some of these participants may
have been misdiagnosed based on current diagnostic
criteria, most notably the “improvers” and “stable”
participants. Cohen and colleagues also outline risk
and protective factors for quick and slow progression
of Alzheimer’s. Interestingly, they found that women
with low baseline mini-mental status exam (MMSE)
scores and taking cognitive-enhancing drugs were at
the highest risk for a quick decline and short duration
of illness.
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Cohen and colleagues’ approach is supported by
high positive predictive value. However, this work
still represents early-stage research into understand-
ing the various clinical trajectories of Alzheimer’s
disease and identifying their determinants. This
work opens up numerous avenues for consequential
future research. Specific predictors of various
cognitive trajectories will need to be identified.
While this work does not delve into whether the
various trajectories were accompanied by particular
behavior symptoms, the ability to characterize and
ultimately predict cognitive outcomes may also pave
the way for better understanding of relationship
between the cognitive and behavioral components of
Alzheimer’s disease. Advances in technology have
meant that it is possible to quantify both cognition
and behavior with a high degree of precision (Au-
Yeung et al., 2022; Germine et al., 2021). The
authors’ finding that some persons experienced an
improvement in cognitive status over time directly
calls into question fundamental assumptions about
Alzheimer’s disease being accompanied by progres-
sive decline and merits replication.

The work presented by Cohen and colleagues
may help bridge the translational gap between
neuropathological phenotypes, behavioral and cog-
nitive phenotypes, and real-world clinical outcomes.
Once the research advances to the point where
predictive markers of outcomes are identified,
fundamental shifts in our understanding of Alzhei-
mer’s disease are all but certain. This includes
making a determination on whether this can even be
considered a single entity or multiple entities that
happen to have some common clinical features.

References
Au-Yeung, W. M. et al. (2022). Monitoring behaviors of

patients with late-stage dementia using passive
environmental sensing approaches: a case series. The

https://doi.org/10.1017/5S1041610222001065 Published online by Cambridge University Press

American Journal of Geriatric Psychiatry: Official Journal of the
American Association for Geriatric Psychiatry, 30, 1-11.
DOI https://doi.org/10.1016/j.jagp.2021.04.008.

Butterfield, D. A. and Halliwell, B. (2019). Oxidative
stress, dysfunctional glucose metabolism and Alzheimer
disease. Nature Reviews. Neuroscience, 20, 148-160.

DOI https://doi.org/10.1038/s41583-019-0132-6.

Germine, L., Strong, R. W., Singh, S. and
Sliwinski, M. J. (2021). Toward dynamic phenotypes
and the scalable measurement of human behavior.
Neuropsychopharmacology: Official Publication of the American
College of Neuropsychopharmacology, 46, 209-216.

DOI https://doi.org/10.1038/s41386-020-0757-1.

Hippius, H. and Neundérfer, G. (2003). The discovery of
Alzheimer’s disease. Dialogues in Clinical Neuroscience, 5,
101-108. DOI https://doi.org/https://doi.org10.31887/
DCNS.2003.5.1/hhippius.

Khachaturian, Z. S. (2000). Toward a comprehensive
theory of Alzheimer’s disease — challenges, caveats, and
parameters. Annals of the New York Academy of Sciences,
924, 184-193. DOI https://doi.org/10.1111/j.1749-6632
.2000.tb05577.x.

Klinedinst, B. S. et al. (2020). Genetic factors of
Alzheimer’s disease modulate how diet is associated with
long-term cognitive trajectories: a UK Biobank study.
Fournal of Alzheimer’s Disease, 78, 1245-1257.

Nehls, M. (2016). Unified theory of Alzheimer’s disease
(UTAD): implications for prevention and curative therapy.
Fournal of Molecular Psychiatry, 4. https://doi.org/10.1186/
$40303-016-0018-8.

Paroni, G., Bisceglia, P. and Seripa, D. (2019).
Understanding the amyloid hypothesis in Alzheimer’s
disease. Journal of Alzheimer’s Disease: JAD, 68, 493-510.
DOI https://doi.org/10.3233/JAD-180802.

Veitch, D. P. et al. (2019). Understanding disease
progression and improving Alzheimer’s disease clinical
trials: recent highlights from the Alzheimer’s disease
neuroimaging initiative. Alzheimer’s & Dementia: the Fournal
of the Alzheimer’s Association, 15, 106—152. DOI https://doi
.org/10.1016/j.jalz.2018.08.005.

Wang, I. F., Ho, P. C. and Tsai, K. J. (2022). MicroRNAs
in learning and memory and their impact on Alzheimer’s
disease. Biomedicines, 10, 1856. DOI https://doi.org/10
.3390/biomedicines10081856.


https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1016/j.jagp.2021.04.008
https://doi.org/10.1038/s41583-019-0132-6
https://doi.org/10.1038/s41583-019-0132-6
https://doi.org/10.1038/s41583-019-0132-6
https://doi.org/10.1038/s41386-020-0757-1
https://doi.org/10.1038/s41386-020-0757-1
https://doi.org/10.1038/s41386-020-0757-1
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/https://doi.org10.31887/DCNS.2003.5.1/hhippius
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1111/j.1749-6632.2000.tb05577.x
https://doi.org/10.1186/s40303-016-0018-8
https://doi.org/10.1186/s40303-016-0018-8
https://doi.org/10.1186/s40303-016-0018-8
https://doi.org/10.1186/s40303-016-0018-8
https://doi.org/10.3233/JAD-180802
https://doi.org/10.3233/JAD-180802
https://doi.org/10.3233/JAD-180802
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.1016/j.jalz.2018.08.005
https://doi.org/10.3390/biomedicines10081856
https://doi.org/10.3390/biomedicines10081856
https://doi.org/10.3390/biomedicines10081856
https://doi.org/10.1017/S1041610222001065

	Is Alzheimer's disease a single illness or multiple illnesses?
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


