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Abstract

Our understanding on the pathophysiology and clinical aspects related to Alzheimer’s Disease (AD) have been largely improved
since the first case recorded in the medical literature in the beginning of the 20™ century. Regarding the age of onset of AD, an
important change seems to have happened in the last century: from several AD cases reported in middle aged and young adults in
the first half of the 20% century, the age of onset of AD seems to have increased at the end of that century and the beginning of the
21° century. Since the |-century-long time interval is very narrow to make a hypothesis on a genetic modification, it is possible
that modifiable risk factors of AD played a role in increasing the age of onset of AD. Although the exact etiology of AD remains
unknown, experts currently agree that it is multifactorial, being the result of complex interactions among genetic, environmental
and lifestyle factors, such as physical activity, nutrition, and smoking. In the present article, we briefly discuss how lifestyle trends in
the last century may have contributed to the increase in the age of onset of AD, and propose future directions for research on AD

and lifestyle factors.
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Alzheimer’s disease (AD) was first reported in the medical
literature more than 1 century ago. Since then, our understand-
ing on the pathophysiology and clinical aspects related to this
disease has been largely improved. However, several points
remain to be clarified, especially with regard to the etiology
of AD. Although the exact etiology of AD remains unknown,
experts currently agree that it is multifactorial, being the result
of complex interactions among genetic, lifestyle, environment,
and contextual (eg, accidents with head injury) factors. In this
article, we try to gather information about the history of AD,
some particularities with regard to possible temporal changes
in the presentation of this disease and secular changes in
societal lifestyle behaviors; this text is intended to open new
perspectives for future basic and clinical research on AD.
Between 1901 and 1906, Alois Alzheimer, a German physi-
cian, followed the intriguing medical case of Mrs Auguste D,
aged 51 years at the moment of her first consultation with
Dr Alzheimer. The main symptoms of Mrs Auguste D were
reduced comprehension and memory, aphasia, and disorienta-
tion; memory declines will rapidly become the clinical hallmark
of dementias during the 20th century. Histopathological exami-
nation of Mrs Auguste D’s brain evidenced amyloid plaques and
neurofibrillary tangles. In the next decades after the reporting of
Auguste D’s case, increasing scientific literature reported cases
of patients with AD (most of them with histopathological exam-
ination to confirm AD diagnostic). Intriguingly, most of the case
reports and observational studies involved middle-aged (<60
years) and young older (between 60 and 65 years) patients.

[lustratively, in a necropsy-based study developed in 1958
among 17 people with AD, Letemendia and Pampiglione indi-
cated that the average age of AD onset was 52 years (oldest age
at 60 years). Even in the study by Woodard' in the middle 60s, a
large necropsy-based study that clearly showed an association
between AD prevalence and increasing age, around 10% of peo-
ple with AD had developed the disease before the age of 60 (see
“TEXT-FIG.1” in Woodard’s original publication'), which
seems to be a very high prevalence of the disease we currently
consider as “early-onset dementia” (in 2012, only 4% of Amer-
ican people with AD were <65 years?). Although these data are
only anecdotal, they suggest that an important change in the pre-
sentation of AD occurred during the 20th century (more visible
after the 70s); the age of onset of AD seems to have increased.
Assuming that such a change really happened and considering
it as a health improvement, since the 1-century-long time
interval is very narrow to make a hypothesis on a genetic mod-
ification, we would be seduced to search the answers on modifi-
able risk factors for AD, especially changes in lifestyle behaviors
during 20th century.
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Since 2011, the Alzheimer’s Association included in their
annual report,” as risk factors for developing AD, “cardiovas-
cular disease risk factors”, such as physical activity and
exercise (PA/E), nutrition, high cholesterol, and smoking. The
association between cardiovascular disease and AD was
probably known by physicians in the first half of the 20th cen-
tury (McMenemey” indicated, about a AD case report [McMe-
nemey’s case 1] in a publication from 1940 “The interesting
factors are the atherosclerosis of the aorta, coronary arteries,
renal arterioles, and, to some extent, of the vessels of the
brain”). However, one could argue that there is a potential
problem with a theory that tries to associate the increase in the
age of onset of AD (which can be considered as an important
improvement) with secular changes in lifestyle behaviors;
secular trends in lifestyle behaviors in the 20th century would
theoretically lead to a worsening rather than an improvement in
the presentation of AD. Indeed, temporal trends in smoking,
PA/E, and nutrition showed that during the 20th century (1) the
percentage of Americans who had never smoked decreased*;
(2) the total PA/E-related energy expenditure of Americans
remained mostly unchanged for adults and seems to be
decreased among children and adolescents’; and (3) energy
intake increased.® Therefore, based on this information one
may be tempted to indicate that changes in lifestyle behaviors
did not contribute to the increase in the age of onset of AD
observed during the last century.

However, the relationship between lifestyle behaviors, other
risk factors of AD, and AD presentation is certainly more
complex than we may examine by these data trends. For example,
a more comprehensive analysis on the potential role of PA/E on
the etiology of AD shows us the following: at the epidemiological
level, studies have demonstrated that PA/E delays onset of AD; at
the tissue and cellular levels, exercise improves total brain and
hippocampus volume, blood flow and brain architecture, and
stimulates neurogenesis and cell survival (particularly in the
hippocampus).” These benefits of PA/E are at least partially
explained by PA/E effects at the molecular level; exercise
increases the production and release of insulin growth factor 1,
vascular endothelial growth factor, and brain-derived
neurotrophic factor, all of them being associated with angiogen-
esis and/or neurogenesis and cell survival.” However, the possible
impact of PA/E, as it is probably the case for other lifestyle
behaviors, on the etiology and progression of AD is not simple
to disentangle; interactions between PA/E and other aspects can
change the physiological responses induced by PA/E.” Animal
models have shown that exercise reversed the negative effects
of fat diet on the neuronal plasticity at the hippocampus, which
suggests the presence of a possible molecular mechanism by
which lifestyle factors can interact at a molecular level. Moreover,
exercise stimulated neurogenesis in rodents that exercised in
group but not in isolated rodents that exercised individually,
suggesting that exercise interacts with social experiences to
impact brain’s health. It is noteworthy that although secular trend
studies in American adults showed no differences in PA/E levels
during the 20th century, Americans have reduced occupational

PA and increased PA/E at leisure time”; it is plausible to think that
more pleasurable PA/E, which are more easily related to leisure
time activities (in general sports practice or exercise training),
would be more effective and promote more frequent and richer
social contacts than occupational PA, thus improving the effects
of PA/E on brain’s health. This kind of detailed analysis on
lifestyle secular trends may also be done for the other behaviors
(eg, although energy intake increased, the percentage of fat in
Americans’ diet reduced®; high-fat diet is associated with reduced
brain-derived neurotrophic factor and then reduced hippocampal
plasticity).

In summary, it is likely that physiological mechanisms
induced by certain lifestyle behaviors play an important role in the
etiology of AD. Due to the difficulty of translating basic animal
models to human research, longitudinal within-subject studies
in large samples would bring about important information on etio-
logical mechanisms AD, especially if the measures of AD bio-
markers as well as individuals lifestyle behaviors are available;
however, this kind of study will take long time before having con-
clusive results. At the meantime, investigating AD biomarkers
cross-sectionally in selected populations, such as very old age
regular runners/swimmers and age-matched lifelong sedentary
people or very old long time smokers and age-matched never
smokers, as well as the interactions among selected populations
(eg, old age runners and smokers, runners nonsmokers, etc),
would also shed light on this topic; following those populations
up to autopsy when possible would also be relevant.

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author received no financial support for the research, authorship,
and/or publication of this article.

References

1. Woodard JS. Alzheimer’s disease in late adult life. 4m J Pathol.
1966;49(6):1157-1169.

2. 2012 Alzheimer’s disease facts and figures. Alzheimers Dement.
2012;8(2):131-168.

3. McMenemey WH. Alzheimer’s disease: a report of six cases.
J Neurol Psychiatry. 1940;3(3):211-240.

4. Thun MJ, Carter BD, Feskanich D, et al. 50-year trends in
smoking-related mortality in the United States. N Engl J Med.
2013;368(4):351-364.

5. Knuth AG, Hallal PC. Temporal trends in physical activity: a
systematic review. J Phys Act Health. 2009;6(5):548-559.

6. Harnack LJ, Jeffery RW, Boutelle KN. Temporal trends in energy
intake in the United States: an ecologic perspective. Am J Clin
Nutr. 2000;71(6):1478-1484.

7. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your
heart: exercise effects on brain and cognition. Nat Rev Neurosci.
2008;9(1):58-65.




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /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 false
  /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 /Unknown

  /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 [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


