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Introduction: Aging of the population is an issue of great
public health significance. Forecasts indicate that the
number of Americans 65 years of age and older will
increase from 39 million in 2008 to between 99 million and
108 million by 2050 [1]. The population aged 85 years or
older is projected to rise from 5.4 million in 2008 to
between 25 million and 35 million by 2050 [1]. These
changes will bring new challenges in treating a greater
number of older adults with psychiatric conditions [2].
Especially important will be the recognition, prevention,
and treatment of neurocognitive disorders. Cognitive ability
is a significant predictor of self-rated successful aging [3].
Indeed, cognitive ability is one of the major correlates of
successful aging, along with optimism, resilience, and
physical and mental health–related quality of life [3].

Age-associated cognitive decline that is greater than
expected but without significant functional disability is
designated mild cognitive impairment (MCI). MCI is an
increasingly recognized neuropsychiatric problem in the
aging population that is an important risk factor for

dementia and subsequent institutionalization [4–6]. Despite
these data, no medications are currently available for
treating MCI in the aging population that are approved by
the US Food and Drug Administration [6].

It is reasonable to hypothesize that exercise may be an
important intervention for promoting successful cognitive
aging. Exercise has a documented role in preventing
cellular and molecular changes related to aging [7, 8].
Furthermore, exercise has been shown to improve at least
some aspects of cognition in animal models and in clinical
investigations [9, 10]. Data from the present study suggest
that aerobic exercise may be an effective nonpharmacologic
intervention for preserving healthy cognition and possibly
alleviating disability associated with MCI in late life.

Aims: This study examined the effects of aerobic exercise
on cognition in sedentary older men and women with MCI.
The authors investigated the effects of prolonged high-
intensity aerobic exercise on multiple neuropsychological
measures of cognition. The study also examined the effects
of aerobic exercise on metabolic indices and on putative
biomarkers of Alzheimer’s disease. The authors further
investigated the role of gender in predicting outcome.

Methods: The investigators performed an extensive screen-
ing of 466 adults by telephone. Of the adults screened, 426
were excluded for a variety of reasons, such as declining
participation, not having a history of memory impairment,
not being sedentary, or having a medical condition that
precluded their participation (ie, unstable cardiac disease,
cerebrovascular disease, musculoskeletal impairment, or
other conditions with significant medical sequelae). Seven
individuals were excluded because they withdrew consent,
failed treadmill tests, or experienced vasovagal syncope
with blood draw.
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At enrollment, 33 sedentary adults between the ages of
55 and 85 who were diagnosed with MCI were randomly
assigned to aerobic exercise or a control group. MCI was
diagnosed using Petersen criteria [11]. Participants were
allowed to continue taking β-blockers or statins but not
allowed to take antidiabetes medications. The exercise
intervention consisted of an exercise routine 4 day/week
for 45–60 min/session. Exercise involved a regimen of
gradually increasing intensity until participants achieved
75–85% of their heart rate reserve.

Cognitive tests, metabolic tests, and biomarker assays
were performed at baseline, 3 months, and 6 months.
Cognitive tests included Symbol Digit Modalities, Verbal
Fluency, Stroop, Trails B, Task Switching, Story Recall,
and List Learning. Metabolic parameters included total
body fat, body mass index, cholesterol, lipids, triglycerides,
insulin sensitivity, and cortisol. Biomarkers included brain-
derived neurotrophic factor (BDNF) and β-amyloid protein.
Four individuals (two men and two women) in the aerobic
exercise group discontinued the study before completing
6 months of intervention. These individuals were noted to
have higher fasting baseline plasma glucose levels than
completers but were similar in other baseline measure-
ments. The primary analysis included 10 women and 9 men
in the exercise group and 5 women and 5 men in the
stretching control group.

Results: At enrollment, the exercise and control groups
were similar in mean age, cognitive performance, physical
fitness, and metabolic parameters. At baseline, women were
noted to have higher Mini-Mental State Examination
(MMSE) scores, body fat, cholesterol, and cortisol levels,
and lower insulin-like growth factor 1 levels than men. Six
months of high-intensity exercise improved exercise tread-
mill test assessment of VO2 peak, a measure of maximum
volume of oxygen consumption that reflects physical
fitness. This exercise regimen also improved treadmill
grade and treadmill time to exhaustion relative to stretching
control. Neither gender nor β-blocker use was found to
affect these findings.

After 6 months of high-intensity exercise, a significant
improvement was observed in executive functioning skills of
multitasking, cognitive flexibility, information-processing
efficiency, and selective attention. Further analysis revealed
gender-specific effects on cognition, cortisol, and BDNF. In
women, increasing VO2 peak was associated with improved
executive functioning. Also, in women, high-intensity
exercise resulted in a statistically significant improvement
on Symbol Digit Modalities, Verbal Fluency, and Stroop
tests, and a trend toward improvement on Trails B. Analysis
of these measured at 3 months did not reach statistical
significance, indicating that a prolonged duration of exercise
may be necessary to attain these benefits.

Cognitive improvements were paralleled by statistically
significant increases in insulin sensitivity and decreases in
plasma cortisol and BDNF. In men, high-intensity exercise
resulted in a trend toward improvement on Trails B alone
and a statistically significant increase in plasma cortisol and
BDNF. Men and women demonstrated similar improve-
ments in cardiac fitness and similar decreases in body fat,
cholesterol, and low-density lipoproteins.

Discussion: The authors concluded that aerobic exercise is
an important intervention that may mitigate MCI in older
individuals. The improved performance by women across
multiple neuropsychological domains, as contrasted with a
limited response by men, suggests that aging women may
find aerobic exercise especially beneficial to cognitive
function. The cognitive improvements in women may be
related to exercise-induced alterations in the hypothalamic-
pituitary-adrenal axis, glucose metabolism, and BDNF that
are not seen in men.

Comments

This study had several notable strengths. It used
extensive screening to ensure that the participants
qualified as sedentary older adults with MCI who were
physically fit enough to meet the demands of intensive
exercise. These individuals were then randomly assigned
to an aerobic exercise group or a stretching control
group. The exercise intervention was a well-defined
regimen consisting of an exercise routine 4 day/week
for 45–60 min/session for 6 months. The intensity of the
exercise routine was monitored so that participants were
exercising at 75–80% of heart rate reserve. A reasonably
detailed assessment of neuropsychological functioning and
accompanying physiologic assessments and biomarker assays
were performed at the study’s completion.

However, these encouraging results should be considered
in the context of this study’s limitations. First, it is not clear
how the original 466 adults who were screened were selected.
Information is not provided on what guided the investigators
to contact these individuals and from what population they
were contacted. Furthermore, in their initial screening of 466
adults, 113 were excluded because of a significant medical
condition. Therefore, these findings may have limited
generalizability to real world older adult populations, although
this is understandable in view of the nature of the intervention
(ie, high-intensity aerobic exercise for 6 months). The primary
analysis was based on a small sample of 19 individuals in the
aerobic group and 10 in the control group. Future studies with
a lower intensity exercise regimen may allow for less strict
enrollment screening and allow for a greater sample number
and greater applicability.
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Although the study collected considerable data at
baseline, an even greater detail of baseline data would have
allowed for a more rigorous analysis of treatment and
control group equivalence at enrollment. For instance,
although data are provided on the number of participants
on β-blockers and statins, it is not known which other
medications the individuals were taking during the study
that might have impacted on their cognitive performance.
Although the authors screened and excluded patients with
significant medical sequelae, information on the number of
less severe conditions affecting each treatment group is not
provided. Individuals within this age range may be affected
by many medical conditions that did not warrant exclusion
but whose presentation or treatment may have an effect on
cognitive performance [12, 13].

A greater sample number that included additional
baseline data analysis would also allow for a more
thorough assessment of the gender specificity of the
results reported. For example, while women in the
aerobic exercise group displayed a selective improvement
on many neuropsychological tests, at enrollment, they
were also noted to have higher MMSE scores, body fat,
cholesterol, and cortisol levels, and lower insulin-like
growth factor 1 levels than men. It would be interesting
to examine whether men with comparable baseline
MMSE or metabolic profiles, relative to women counter-
parts, would demonstrate similar improvements in cog-
nition with high-intensity aerobic exercise. These may be
important variables that predict cognitive improvement
with aerobic exercise in aging populations that are
independent of gender.

Future studies examining the neurobiological sub-
strates for the cognitive-enhancing effects of exercise
will also be an exciting new direction. Recent findings
have implicated sestrin and target-of-rapamycin signaling
as important mechanisms in age-related neuropathologies
[14]. To date, few investigations have addressed how
exercise may affect these signaling pathways in the aging
brain. Studies addressing the impact of exercise on these
signaling pathways could provide important basic scien-
tific data to complement the clinical inquiries.

In summary, this is an important study that provides
groundwork for more extensive research. Given the
potential disability associated with cognitive impairment
in older people and limited data on effective interventions,
it provides important preliminary information on the effects
of exercise in MCI.

Disclosure

No potential conflicts of interest relevant to this article were
reported.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Olshanksy SJ, Golman DP, Zheng Y, et al.: Aging in America in the
twenty-first century: demographic forecasts from the MacArthur
Foundation Research Network on Aging Society. Milbank Q 2009,
87:622–842.

2. Jeste DV, Alexopoulos GS, Bartels SJ, et al.: Consensus statement
on the upcoming crisis in geriatric mental health: research agenda
for the next two decades. Arch Gen Psychiatry 1999, 56:848–853.

3. Jeste DV, Depp CA, Vahia IV: Successful cognitive and emotional
aging. World Psychiatry 2010, 9:78–84.

4. Luck T, Luppa M, Briel S, et al.: Mild cognitive impairment:
incidence and risk factors: results of the Leipzig longitudinal
study of the aged. J Am Geriatr Soc 2010, 58:1903–1910.

5. Boyle PA, Wilson RS, Aggarwal NT, et al.: Mild cognitive
impairment: risk of Alzheimer disease and rate of cognitive
decline. Neurology 2006, 67:441–445.

6. Roberts JS, Karlawish JH, Uhlmann WR, et al.: Mild cognitive
impairment in clinical care: a survey of American Academy of
Neurology members. Neurology 2010, 75:425–431.

7. Puterman E, Lin J, Blackburn E, et al.: The power of exercise:
buffering the effect of chronic stress on telomere length. PLoS
ONE 2010, 5:e10837.

8. Valdez G, Tapia JC, Kang H, et al.: Attenuation of age-related
changes in mouse neuromuscular synapses by caloric restriction
and exercise. Proc Natl Acad Sci U S A 2010, 107:14863–14868.

9. Gobeske KT, Das S, Bonaguidi MA, et al.: BMP signaling
mediates effects of exercise on hippocampal neurogenesis and
cognition in mice. PLoS ONE 2009, 4:e7506.

10. Yangisawa H, Dan I, Tsuzuki D, et al.: Acute moderate exercise
elicits increases dorsolateral prefrontal activation and improves
cognitive performance with Stroop test. Neuroimage 2010,
50:1702–1710.

11. Petersen RC: Mild cognitive impairment as a diagnostic entity. J
Intern Med 2004, 256:183–194.

12. Wagg A, Verdejo C, Molander U: Review of cognitive impairment
with antimuscarinic agents in elderly patients with overactive
bladder. Int J Clin Pract 2010, 64:1279–1286.

13. Jae KS, Hie LJ, Young LD, et al.: Neurocognitive dysfunction
associated with sleep quality and sleep apnea in patients with
mild cognitive impairment. Am J Geriatr Psychiatry 2010
(Epub ahead of print).

14. Lee JH, Budanov AV, Park EJ, et al.: Sestrin as a feedback
inhibitor of TOR that prevents age-related pathologies. Science
2010, 327:1223–1228.

Curr Psychiatry Rep (2011) 13:167–169 169


	Are Aerobics Trophic for Cognition in Late Life?
	Trial
	Comments
	Disclosure
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


