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In the absence of effective treatments for dementia there has been an international focus towards risk reduction
similar to other branches of medicine for example, cardiovascular disease [1]. It has been suggested that around a third
of Alzheimer’s disease (AD) cases [2] and about a quarter to a third of dementia cases [3] could be prevented through
the modification of key risk factors linked to health and lifestyle with examples including low educational attainment
and physical inactivity. Some of these factors have been incorporated into models to predict an individual’s risk of
future dementia. However, previous systematic reviews have found that although some risk tools predict dementia
with reasonable accuracy, none are currently recommended for use in clinical settings [4,5]. Since the last systematic
review in 2015 there have been further models published. Therefore, the aim of this editorial is to provide an
update on new developments in the dementia risk prediction modeling literature.

Current developments in dementia risk prediction modeling
Recent updates include: development of new genetic risk scores incorporating non-apolipoprotein (APOE) risk
genes that are associated with incident AD [6]; development of a United Kingdom (UK)-based model, incorporating
variables that are easily accessible in primary care [7] and testing of model size reduction and incorporating simple
variables to reduce the cost/expertise needed for dementia risk score calculation [8]; extension of usage of risk scores
into the clinical trial setting; and qualitative assessment of dementia risk reduction. A summary of each of these
developments is included below.

Genetic risk scores
Previous genetic risk scores have assessed the benefits of using APOE e4 and non-APOE e4 genes (PICALM and
CLU) to improve predictive models for incident AD [9]. There have been further models based on genetic risk scores
produced since then. One example is a genetic risk score developed in 2016 that used common genetic variants
associated with AD [6]. The authors observed that the aggregate measure of single nucleotide polymorphisms was
more significantly associated with incident AD even without the inclusion of APOE e4 [6]. The authors assessed
a risk model that incorporated age, sex, education and APOE in risk prediction after 7-year follow-up and found
that when the genetic risk score was added to the risk model there was a small improvement in discrimination [6].
These scores could be used in trials to include those found to be at risk but asymptomatic from the disease.

Reducing model complexity
Although no economic analysis has been previously undertaken, a key criticism of past models was that they
often contain resource intensive (in terms of data collection) and costly (in terms of equipment and expertise
needed) variables reducing feasibility of implementation. Four studies have focused on reducing model calculation
cost and complexity. They first developed a score estimating of 5-, 10- and 20-year dementia risk and focused
specifically on risk factors (including age, marital status, body mass index (BMI), stroke, diabetes, ischemic attack
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and cancer) that could be obtained from patient health record data in the UK [7]. The score’s predictive accuracy was
similar to other studies with the additional benefit of not requiring specialized testing or procedures such as brain
imaging [7]. A second study found that data from magnetic resonance imaging does not improve discriminatory
performance beyond a model using demographic, cognitive, lifestyle, physical function, health and genetic variables
to predict dementia [8]. A third study, using data derived from a primary care database (including age, sex, social
deprivation, smoking, BMI, heavy alcohol use, antihypertensive drugs, diabetes, stroke/transient ischemic attack,
atrial fibrillation, aspirin and depression) was able to predict 5-year risk of recorded dementia diagnosis in individuals
of 60–79 years of age with reasonable accuracy [10]. A fourth study developed a model, which avoided the use of the
more ‘traditional’ vascular dementia risk variables such as blood pressure and cholesterol and instead focused on
educational and occupational attainment (i.e., factors important for cognitive reserve) [11]. By utilizing education,
factors associated with occupation (e.g., work environment, nature and physicality of work) with and without age,
the risk score could predict cognitive functioning and dementia risk 20–40 years later [11]. A further benefit beyond
even the advantage of primary care data accessibility is that the model remained accurate even when based on
variables that could be self-reported. Such a model is a lot more accessible to the general public than those, that for
example require additional blood tests, blood pressure measurements and brain imaging.

Use of risk score in clinical trials
The Cardiovascular Risk Factors, Aging and Incidence of Dementia (CAIDE) risk score that includes age, hyperten-
sion, hypercholesterolaemia, physical inactivity, obesity and educational level [12] and has shown reasonable external
validity [13], was incorporated into the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER) trial. The trial found that a multimodal intervention consisting of diet, exercise, cognitive
training and vascular risk monitoring could maintain or even improve cognitive functioning in an at-risk population
based on the CAIDE score [14]. The CAIDE score has also been developed into an App, which has been found
to motivate participants into modifying their risk factors [15]. These studies demonstrate the translatability of the
CAIDE risk score and also how it (and possibly other dementia risk scores) could be used clinically in the future.

Patient & public perceptions of dementia risk reduction
Given the fear and stigma surrounding dementia [16], it is important to seek the views of patients and their families
before implementing risk assessment in clinical practice to assist with preventive treatment and future planning.
If patients and their families struggle to understand the outcome of risk assessment for less-stigmatized diseases
such as cardiovascular disease [17], then it is even more imperative that, if risk assessment is used for dementia in
either the whole or at-risk populations, strategies are developed that ensure that the process is person focused and
not disease focused and that there are pathways in place for clinicians to help deal with a positive screening result.
There has been a recent attempt to assess perceptions of dementia risk reduction in older and middle-aged adults
in a focus group study [18]. The authors found that there was a lack of knowledge about dementia risk factors [18].
The lack of knowledge on dementia risk factors was also seen to be the main barrier for behavioral and lifestyle
changes [18]. If risk models incorporating modifiable risk factors for dementia are used, then there needs to be
greater promotion and education around dementia risk factors so that at-risk individuals are motivated to reduce
their risk of future dementia. Future work could look at the patient and public’s views on dementia risk scores to
clarify what challenges clinicians may face if they wish to implement risk models into a clinical setting.

Conclusion
Dementia risk prediction is now beginning to expand beyond just model development. There are examples of
trying to ensure that any risk prediction model is clinically appropriate by streamlining the resources required to
use the model as well as utilizing them in trials. Future risk models will need to be not only resource efficient
but also cost-effective. Future studies are needed to assess how the risk variables interact together to increase an
individual’s risk of future dementia. By understanding this interplay in more detail, future trials could look to
develop multidimensional personalized interventions. From a clinical perspective, this will also allow for more
personalized medicine in order to reduce an individual’s future risk of dementia.

Financial & competing interests disclosure

E Tang is supported by a National Institute for Health (NIHR) Doctoral Research Fellowship (DRF-2015-08-006). L Robinson is

supported by an NIHR professorship (NIHR-RP-011-043) and an NIHR Senior Investigator Award. The authors have no other relevant

346 Neurodegener. Dis. Manag. (2017) 7(6) future science group



Dementia risk assessment tools: an update Editorial

affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject

matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

References
1. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Summary of the evidence on modifiable risk factors for cognitive

decline and dementia: a population-based perspective. Alzheimers Dement. 11(6), 718–726 (2015).

2. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary prevention of Alzheimer’s disease: an analysis of
population-based data. Lancet Neurol. 13(8), 788–794 (2014).

3. De Bruijn RF, Bos MJ, Portegies ML et al. The potential for prevention of dementia across two decades: the prospective,
population-based Rotterdam Study. BMC Med. 13, 132 (2015).

4. Stephan BCM, Kurth T, Matthews FE, Brayne C, Dufouil C. Dementia risk prediction in the population: are screening models
accurate? Nat. Rev. Neurol. 6(6), 318–326 (2010).

5. Tang EY, Harrison SL, Errington L et al. Current developments in dementia risk prediction modelling: an updated systematic review.
PLoS ONE 10(9), e0136181 (2015).

6. Chouraki V, Reitz C, Maury F et al. Evaluation of a genetic risk score to improve risk prediction for Alzheimer’s disease. J. Alzheimers
Dis. 53(3), 921–932 (2016).

7. Li J, Ogrodnik M, Devine S, Auerbach S, Wolf PA, Au R. Practical risk score for 5-, 10-, and 20-year prediction of dementia in elderly
persons: Framingham Heart Study. Alzheimers Dement. doi:10.1016/j.jalz.2017.04.013 (2017) (Epub ahead of print).

8. Stephan BC, Tzourio C, Auriacombe S et al. Usefulness of data from magnetic resonance imaging to improve prediction of dementia:
population based cohort study. BMJ 350, h2863 (2015).

9. Seshadri S, Fitzpatrick AL, Ikram MA, Destefano AL et al. Charge Consortium; Gerad1 Consortium; Eadi1 Consortium. Genome-wide
analysis of genetic loci associated with Alzheimer disease. JAMA 303(18), 1832–1840 (2010).

10. Walters K, Hardoon S, Petersen I et al. Predicting dementia risk in primary care: development and validation of the Dementia Risk Score
using routinely collected data. BMC Med. 14, 6 (2016).

11. Vuoksimaa E, Rinne JO, Lindgren N, Heikkila K, Koskenvuo M, Kaprio J. Middle age self-report risk score predicts cognitive
functioning and dementia in 20–40 years. Alzheimers Dement. (Amst). 4, 118–125 (2016).

12. Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H, Tuomilehto J. Risk score for the prediction of dementia risk in 20 years
among middle aged people: a longitudinal, population-based study. Lancet Neurol. 5(9), 735–741 (2006).

13. Exalto LG, Quesenberry CP, Barnes D, Kivipelto M, Biessels GJ, Whitmer RA. Midlife risk score for the prediction of dementia four
decades later. Alzheimers Dement. 10(5), 562–570 (2014).

14. Ngandu T, Lehtisalo J, Solomon A et al. A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk
monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial.
Lancet 385(9984), 2255–2263 (2015).

15. Sindi S, Calov E, Fokkens J et al. The CAIDE Dementia Risk Score App: the development of an evidence-based mobile application to
predict the risk of dementia. Alzheimers Dement. (Amst). 1(3), 328–333 (2015).

16. Devlin E, Macaskill S, Stead M. ‘We’re still the same people’: developing a mass media campaign to raise awareness and challenge the
stigma of dementia. Int. J. Nonprofit Voluntary Sector Marketing 12, 47–58 (2007).

17. Nolan T, Dack C, Pal K et al. Br. J. Gen. Pract. 65(632), e152–e160 (2015).

18. Kim S, Sargent-Cox KA, Anstey KJ. A qualitative study of older and middle-aged adults’ perception and attitudes towards dementia and
dementia risk reduction. J. Adv. Nursing 71(7), 1694–1703 (2015).

future science group www.futuremedicine.com 347





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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


