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Dementia
(NIA - Alz Assoc Criteria, 2011)

• Impairment in at least two of: memory, 
reasoning, visuospatial abilities, language; or 
changes in personality / behavior,  AND

• The impairments “interfere with the ability to 
function at work or at usual activities”; are a 
decline from previous levels of functioning; AND

• Not explained by delirium or psychiatric disorder
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Source: McKhann et al, The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alz and Dem. 2011; 7: 263–269.Aphasia- language disturbanceApraxia- impaired ability to carry out motor activities despite intact motor functionAgnosia- failure to recognize or identify objects despite intact sensory functionExecutive function- planning, organizing, sequencing, abstractingNote that there is both an “objective” component of neuropsychological testing AND a “social” component regarding daily function (which must be verified by an informant).  This can create contradictions and ambiguities in diagnosis (when patient and informant say everything is fine; likely SES-sensitive).Classification scheme matters: Erkinjuntti et al., NEJM 1997;337:1667-174.DSM-3 resulted in a 29.1% prevalence in the CSHA, while the ICD-10 resulted in a 3.1 % prevalence.



Causes of Dementia 

• Alzheimer’s Disease (~ 60 - 70% of cases)

• Vascular Dementia (~ 20 - 30% of cases)

• Other (~10% of cases)
– Parkinson’s Disease
– Frontotemporal Dementia
– Dementia with Lewy Bodies
– Reversible Causes

• Mixed Dementia
– Overlapping AD and vascular pathology is likely most 

common, especially in aged 80+

Sources: MRC CFAS, Lancet, 2001; Langa et al, JAMA, 2004; Schneider et al, Neurology, 2007.  
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To start with some brief background on the causes of dementia CLICKAlzheimer’s disease is believed to be the most common cause of dementia worldwide, accounting for about 60 to 70% of cases, while Vascular dementia is thought to cause about 20 to 30% of cases.The other rarer causes of dementia, such as Parkinson’s disease, Frontotemporal dementia, and Dementia with Lewy Bodies account for a smaller proportion of cases.However, CLICKover the last 15 years, thanks to growing evidence from a number of population-based autopsy studies, it has become clearer that AD pathology and vascular pathology commonly overlap, especially in the oldest-old, and it is likely more accurate to consider Mixed Dementia, the overlap of AD and cerebrovascular pathology, as the most common cause for dementia.  This link between AD and cerebrovascular disease will be important for our understanding of trends in dementia risk over the last 25 years.



Overlap / Interaction of
Cardiovascular disease and AD

• Anatomy / Physiology
– Brain is 2% of body mass, but gets 20% of blood flow and 

uses 20% of the body’s oxygen

• Risk Factors
– Hypertension, Diabetes, Hyperlipidemia, Obesity, Physical 

inactivity, Smoking, Alcohol, Inflammation, Apo E e4 genotype
– More vascular risk factors in mid-life is associated with more 

amyloid protein in the brain in later life

• Clinical
– For a given level of AD pathology, the more cerebrovascular 

lesions, the greater the likelihood of CI / dementia
Sources: Snowdon et al, JAMA, 1997;  Langa et al, JAMA, 2004; Schneider and Bennett, Stroke, 2010;

Zlokovic, Nature Rev Neuro, 2011; Snyder, Alz and Dem, 2015; Gottesman et al, JAMA, 2017
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To focus a bit more on the overlap and interaction of Alzheimer’s disease and cardiovascular disease, again through research over the last 15 years or so, it has become clearer that AD and cardiovascular disease share a number of important risk and protective factors, including: Hypertension, Hypercholesterolemia, Obesity, Diabetes, Physical inactivity, Smoking, a protective effect of moderate alcohol intake, Inflammation, and the Apo E e4 genotypeFrom a clinical perspective, a number of studies have shown that:For a given level of AD pathology in the brain, the greater the number of cerebrovascular lesions, the greater the likelihood of clinically significant cognitive impairment  or dementiaSo, again, it is important to note that cardiovascular and cerebrovascular risk factors and disease appear to influence and interact with AD pathology to have an impact on the risk for clinically significant cognitive decline and dementia.



Dementia Annual Cost Per Case
United States, 2010

Source: Hurd et al, New England J Medicine, 2013.

Total: $50,000 per case;
$200 billion nationwide
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The significant amount of time that families spend providing care for older adults with dementia is one piece of the growing economic impact that dementia imposes on patients, families, and the governments of countries around the world.This chart again shows recent data from the US Health and Retirement Study in a paper published last year.  We found that the marginal, or additional economic cost attributable to dementia was about 50,000 dollars per case per year, or more than 200 billion dollars nationwide in the US in 2010.



Dementia and Nursing Home Use
• Risk of nursing home entry increases with dementia 

severity: ~ 10% for mild, and ~ 50% for severe

• Risk influenced by both patient and caregiver 
characteristics:
– Living situation (alone vs. married)
– Race / ethnicity (Black and Hispanic elders at lower risk)
– Neuropsychiatric symptoms (e.g., depression, delusions)

• Yearly median NH cost is ~$90,000 / year (2016), and 
accounts for about 45% of direct costs of dementia care

• ~50% of NH residents have dementia, although recent 
trend toward substitution to assisted living, etc

Sources: Yaffe et al, JAMA, 2002 Okura et al, JAGS, 2011; Hurd et al, NEJM, 2013; CDC, Faststats, 2016.
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Living Arrangements of Adults 65+ with Dementia 
HRS 2012

Source: Langa and Weir, HRS 2012, unpublished data.
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Population	     Men	  Women	TOTALWith spouse	  751,286	 410,948	1,162,234No spouse	  439,834	 1,326,827	1,766,661NH                  196,142	 639,151	835,293	 		Total	1,387,262	2,376,926	3,764,188The most common situation for men is to be living in the community with a spouse. That is the least common situation for women and there are actually fewer women than men in that category.  In the other two categories, living in the community without a spouse, and living in a nursing home, women outnumber men by more than 3 to 1.  Fully one third of persons with dementia are women living in the community without a spouse, and fully two thirds of all dementia cases are women.  



Genetic and Biomarker Indicators of AD
• Apolipoprotein E (ApoE)

– Gene that codes for a cholesterol-transport protein
– Comes in three flavors (e2, e3, e4), and the e4 

version is associated with increased AD risk
– ApoE status now available from 23andMe ($199)

• Amyloid / Tau / Neurodegeneration
– A:   + Amyloid PET; low CSF AB-42
– T:   + Tau PET; high CSF phosphorylated tau
– N:   Brain atrophy (MRI); hypometabolism (FDG-PET)

Sources: Jack et al, Neurology, 2016; Corder, Science, 1993; Liu, Nat Rev Neuro, 2013.
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APOE ε4 increases LOAD risk, whereas APOE ε2 is associated with decreased LOAD risk. There is a threefold increased risk of AD by one copy of APOE ε4 and 12-fold by two APOE ε4 alleles. APOE is involved in the control of inflammation, cholesterol metabolism, lipid transport, synaptic function, neurogenesis, or the generation and trafficking of APP and Aβ.The human APOE gene exists as three polymorphic alleles—ε2, ε3 and ε4—which have a worldwide frequency of 8.4%, 77.9% and 13.7%,respectively. However, the frequency of the ε4 allele is dramatically increased, to ~40%, in patients with AD.Corder EH, Saunders AM, Strittmatter WJ, et al. Gene dose of apolipoprotein E type 4 allele and the risk of Alzheimer’s disease in late onset families. Science. 1993;261(5123):921–923.Saunders AM, Strittmatter WJ, Schmechel D, et al. Association of apolipoprotein E allele epsilon 4 with late-onset familial and sporadic Alzheimer’s disease. Neurology. 1993;43(8):1467–1472.



Source: Jack et al, Neurology, 2016.
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ApoE Testing, Amyloid Scans
and Information Asymmetry

• ApoE genotype now available from 23andMe
– Knowing ApoE e4 positive status increased likelihood 

of LTCi purchase (OR = 2.3; 24% changed)

• Amyloid PET imaging not yet widely available in 
clinical practice 
– Medicare reimbursement for research use only
– Current NIA-funded study examining impact on 

medical, psychological, and LTCi purchase outcomes 
Sources: Taylor et al, Health Affairs, 2010; CMS, PET in Dementia Decision Memo, 2014.



Source: Jack et al. Lancet, 2010; Jack et al. Lancet Neuro, 2013. 

*Likelihood of dementia, conditional on given level of biomarker / pathology, varies 
significantly across individuals, perhaps related to “Cognitive Reserve”.

Model of AD Biomarker Dynamics



Clinical / Behavioral Markers for AD

• Cognitive testing
– Repeat testing to identify within-individual trajectory 

most useful

• Informant assessments
• Changes in financial decision-making
• Changes in gait, speech, living space

– GPS, home video monitoring being investigated as 
ways to identify early signs of AD / dementia

Sources: Langa and Levine, JAMA, 2014; Kaye, Alz and Dem, 2008; Widera et al, JAMA, 2011.
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Conclusions and Key Issues
• Dementia is a primary driver of LTC demand and 

costs
• Will increasing dependency ratio for informal care 

lead to greater demand for institutional care?
• Future of diagnostic markers for dementia risk?

– Accuracy, availability, impact on information 
asymmetry and LTCi market?

• Future of dementia incidence and treatments?
– Trends in CRFs (obesity, diabetes, hypertension)?
– New drugs for prevention (solanezumab)?  
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