
DETAILS

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press.  
(Request Permission) Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences.

Copyright © National Academy of Sciences. All rights reserved.

THE NATIONAL ACADEMIES PRESS

Visit the National Academies Press at NAP.edu and login or register to get:

–  Access to free PDF downloads of thousands of scientific reports

–  10% off the price of print titles

–  Email or social media notifications of new titles related to your interests

–  Special offers and discounts





GET THIS BOOK

FIND RELATED TITLES

This PDF is available at SHARE

CONTRIBUTORS

   http://nap.edu/25064

Future Directions for the Demography of Aging: Proceedings
of a Workshop

408 pages | 6 x 9 | PAPERBACK
ISBN 978-0-309-47410-8 | DOI 10.17226/25064

Mark D. Hayward and Malay K. Majmundar, Editors; Committee on Population;
Division of Behavioral and Social Sciences and Education; National Academies of
Sciences, Engineering, and Medicine

http://cart.nap.edu/cart/cart.cgi?list=fs&action=buy%20it&record_id=25064&isbn=978-0-309-47410-8&quantity=1
http://www.nap.edu/related.php?record_id=25064
http://www.nap.edu/reprint_permission.html
http://nap.edu
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http://www.nap.edu/25064&pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=25064&title=Future+Directions+for+the+Demography+of+Aging%3A+Proceedings+of+a+Workshop
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http://www.nap.edu/25064&pubid=napdigops
mailto:?subject=null&body=http://nap.edu/25064


Future Directions for the Demography of Aging: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

9

Cognitive Aging, Dementia, and the 
Future of an Aging Population

Kenneth M. Langa1

INTRODUCTION

Dementia, a decline in memory and other cognitive functions leading 
to disability in daily function, is a common and feared geriatric condi-
tion. Over the past two decades, Alzheimer’s disease (AD) and Alzheimer’s 
 disease–related dementias (ADRD) have been the focus of increasing atten-
tion from researchers, clinicians, and policy makers due to the projected 
significant increase in the number of dementia cases—and the associated 
burdens to patients, families, and government support programs—that is 
expected to result from the worldwide growth in the elderly population. 
However, a growing number of population-based studies have reported 
that the age-specific incidence and prevalence of dementia in a number of 
high-income countries may have declined over the past 25 years, suggesting 
that trends in some combination of demographic, behavioral, medical, and 
environmental factors have led to a decrease in dementia risk among older 
adults in these countries.

A better understanding of the potential causes for the decline in past 
decades in dementia risk, and whether there will be continued decline, 
leveling off, or an increase in lifetime dementia risk in future decades, has 
huge implications for individual and public health and for public policy. 
Dementia is unique in the extent to which its impact often ripples out across 
family members, affecting the lives of multiple generations due to the daily 
care-giving typically required. When families are unable or unwilling to 

1 M.D., Ph.D., University of Michigan and Veterans Affairs Ann Arbor Healthcare System, 
Ann Arbor.
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provide the care needed, institutional long-term care is often required—at 
high financial costs to both families and public programs.

In addition to the optimistic and welcome trend of declining risk for 
dementia in a number of countries over the past few decades, an increasing 
number of studies point to a troubling trend in the United States: namely, 
growing disparities across socioeconomic status (SES) and race/ethnicity in 
dementia risk, general health status, and life expectancy. The nature and 
causes of these disparities, how they have grown in past decades, and how 
they might be mitigated in the future are also extremely important issues 
for demographers, policy makers, and other researchers to address in the 
coming decades.

Finally, there have been important advances in understanding the 
biology and pathophysiology of cognitive decline and dementia in recent 
decades, including the importance of cardiovascular risk factors (CRFs) 
that increase the risk for AD and dementia, as well as new technologies 
for identifying biomarkers that may aid in the early diagnosis, prevention, 
and treatment of cognitive decline. These new technologies bring with 
them important questions for the future of an aging population regarding 
their costs and cost effectiveness and regarding equitable access to their use 
among those at risk for cognitive decline and dementia. 

GROWING IMPORTANCE OF COGNITIVE DECLINE 
AND DEMENTIA IN AGING POPULATIONS

Cognitive function plays a central role in determining the well-being and 
quality of life of adults as they pass from midlife to older ages, including 
their decisions to work, retire, and spend or save their money. Dementia due 
to AD or ADRD is characterized by a decline in cognitive function severe 
enough to cause the loss of independence in daily function  (McKhann et 
al., 2011). Dementia has wide-ranging, direct and indirect effects on the 
well-being of older adults, their families, and the costs imposed on public 
programs, such as Social Security, Medicare, and Medicaid.

There were approximately 4.2 million adults living with dementia in 
the United States in 2010 and more than 135 million worldwide (Hurd 
et al., 2013; Prince et al., 2013). The economic impact of dementia has 
been estimated at $200 billion per year in the United States (Hurd et 
al., 2013) and $600 billion worldwide (Wimo et al., 2013), including a 
significant burden of unpaid family care-giving. Because the incidence of 
dementia rises sharply at ages greater than 75, the expected growth in the 
worldwide elderly population in the decades ahead has been projected 
to lead to a tripling of dementia cases by 2050, absent new interven-
tions to prevent or slow the trajectory of cognitive decline (Prince et al., 
2013; Langa, 2015).
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As noted above, tempering the projections of large increases in  dementia 
cases as the older population grows are recent studies suggesting a decline 
in dementia incidence and prevalence in high-income countries over the past 
25 years, perhaps attributable to higher levels of educational attainment and 
more intensive treatment of CRFs (e.g., hypertension, diabetes, smoking, 
and hyperlipidemia) that increase the risk for cognitive decline (Schrijvers et 
al., 2012; Matthews et al., 2013, 2016; Satizabal et al., 2016; Langa et al., 
2017; Leggett et al., 2017; Wu et al., 2017). However, it is unclear whether 
this positive trend in high-income countries will continue, as the prevalence 
of obesity and diabetes have grown (Larson et al., 2013; Langa, 2015), and 
it is also unclear whether there has been a similar or opposite trend in low- 
and middle-income countries (Chan et al., 2013; Wu et al., 2013, 2014). 

The relationship of education to lifetime risk for cognitive decline and 
dementia is especially important to consider for a number of reasons. First, 
more years of education has consistently been associated with a lower 
dementia risk in a wide range of studies across different countries over 
the past two decades (Valenzuela and Sachdev, 2005; Meng and D’arcy, 
2012). Second, low educational attainment has been identified as likely the 
largest contributor to preventable dementia risk worldwide, with an esti-
mated population-attributable risk of nearly 20 percent of dementia cases 
in 2010 (Norton et al., 2014). Third, SES and racial/ethnic disparities in 
educational attainment, as well as the quality of education received, have 
been identified as potential causes for the SES and racial/ethnic disparities 
in dementia incidence and prevalence in the United States and other coun-
tries around the world (Glymour and Manly, 2008). And finally, as noted 
above, increases in average levels of educational attainment in high-income 
countries over the past few decades have been associated with declines in 
dementia incidence and prevalence (Larson et al., 2013; Langa et al., 2017; 
Wu et al., 2017), suggesting that expanding access to education may help 
decrease population dementia risk.

How might more years of education decrease one’s risk for  dementia? 
Education-related increases in “cognitive reserve” is a widely cited  theory 
for how education may decrease dementia risk. The cognitive reserve 
hypothesis posits that the cognitive challenges and stimulation associated 
with education lead to changes in brain structure (e.g., more neurons and 
more connections among the neurons) that allow one to better compensate 
when pathologies accumulate in the aging brain (Stern, 2012; Meng and 
D’arcy, 2012). Individuals with high cognitive reserve can continue thinking 
normally with significantly greater levels of neuropathology than those with 
low cognitive reserve, so they are less likely to experience the significant 
cognitive decline leading to dementia. Although years of formal education 
is the variable most often used as an indicator of cognitive reserve (likely 
because it is routinely collected in many epidemiological studies), other 
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studies suggest that level of cognitive stimulation and cognitive challenge 
throughout life, including the characteristics of one’s occupation, how one 
spends her leisure time, whether one partakes in “cognitive training” exer-
cises, and the extent of social interactions may all play a role in building or 
maintaining cognitive reserve and decreasing lifetime dementia risk (Vemuri 
et al., 2014). The optimistic and increasing evidence that aging brains retain 
their plasticity to grow new neurons and compensate for age-related pathol-
ogies through “life long learning” and cognitive stimulation will likely be 
an important focus of both future research and potential preventive inter-
ventions in the decades ahead (Lindenberger, 2014; Gutchess, 2014).

Of course, there are likely many additional pathways besides a direct 
biological impact of education on the brain by which one’s level of educa-
tion is associated with better later-life health, cognition, and life expectancy. 
Hayward and colleagues (2015), in reviewing the literature on the relation-
ship of education to life expectancy, provide a useful conceptual model 
that highlights the multiple positive health benefits of education, including 
information regarding the benefits of certain health behaviors and health 
care services, better jobs and lifetime income, larger and more supportive 
social networks, and cognitive skills that promote a greater sense of control 
and agency. Each of these pathways is likely important in promoting brain 
health, as well as a longer life.

While there has been a general trend toward increasing levels of edu-
cation around the world in both high-income and low-income countries 
(Becker et al., 2010), there are significant international differences in the 
timing and magnitude of those increases, which will likely lead to differ-
ences in dementia trends across countries. For instance, while there has 
been a significant increase in the level of educational attainment among 
older adults in the United States over the past few decades, there will not 
be further significant increase in the next few decades, since education 
levels among those ages 65 to 69 now are similar to the education levels 
of those ages 25–29 (Lutz et al., 2014). However, educational attainment 
among China’s older population, for example, will continue to increase in 
the decades ahead because the education level of those ages 25–29 now is 
significantly higher than those ages 65–69 now (Lutz et al., 2014). Tracking 
dementia trends across countries with differing time trends in educational 
attainment may provide opportunities for a better understanding of the 
causal pathways leading from early-life education to late-life dementia risk 
(Langa et al., 2018). 

Recent large-scale studies incorporating genetic data from genome-wide 
association studies (GWASs) have raised some additional complexities for 
sorting out the life course impact of education on brain health and late-
life dementia risk. A number of studies have found genetic loci (single-
nucleotide polymorphisms, or SNPs) that are associated with the level of 
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educational attainment, possibly through pathways that affect brain biol-
ogy or structure, suggesting that there may be a component of genetically 
determined brain biology that might lead to both greater educational attain-
ment and to lower risk for later-life dementia (Rietveld et al., 2013; Okbay 
et al., 2016). Other GWASs have shown a number of SNPs related to gen-
eral cognitive function in mid- and late life (Davies et al., 2015), cognitive 
decline in later life (Deary et al., 2012), and the size of the hippocampus 
(the brain region associated with short-term memory typically affected by 
Alzheimer’s disease) (Hibar et al., 2017). Future genetic epidemiological 
research on cognitive decline may help us better understand the complex-
ity of how genetics and one’s lifelong social and environmental exposures 
interact and combine to increase or decrease the risk for late-life dementia.

THE OVERLAP AND INTERACTION OF ALZHEIMER’S DISEASE,  
VASCULAR DISEASE, AND OTHER BRAIN PATHOLOGIES

Zlokovic (2011) has proposed a “two-hit vascular hypothesis” for AD, 
which highlights the likely overlap and interaction of vascular pathways 
and the classic AD amyloid-beta pathway in the onset of neurodegeneration 
and subsequent dementia (see Figure 9-1). In this model, vascular disease 
resulting from known risk factors, such as hypertension and diabetes, leads 
to decreased blood flow to brain cells as well as disruption of the “blood-
brain barrier,” both of which may lead to increased production or decreased 
clearance of amyloid-beta, resulting in neurodegeneration, loss of synapses 
and neurons, and eventual cognitive decline and dementia (Snyder et al., 
2015). A key implication of this two-hit hypothesis is that prevention or 
adequate treatment of known CRFs may decrease the risk for AD and 
other dementias, both by decreasing vascular-related injury to the brain 
(including strokes) and by decreasing amyloid-beta-related injury to the 
brain (Zlokovic, 2011). In other words, the prevention or control of CRFs 
may also act as a “disease-modifying” treatment for AD by preventing or 
slowing the build-up of cerebral amyloid-beta. 

For instance, recent studies show that having more CRFs in midlife 
is not only associated with a greater risk of cognitive decline in later life 
(Gottesman et al., 2014) but also associated with higher levels of amyloid-
beta in the brain, consistent with the two-hit vascular hypothesis that CRFs 
may directly influence the development of AD pathology (Gottesman et 
al., 2017). Yaffe and colleagues (2014) showed that a life course perspec-
tive regarding the impact of CRFs on cognitive decline is important, as the 
cumulative exposure to elevated levels of CRFs over 25 years of follow-up 
in individuals who were 18 to 30 years old at baseline was associated with 
significantly worse cognitive function in middle age. As discussed in more 
detail below, the importance of CRFs, especially in early and midlife, as 
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FIGURE 9-1 The two-hit vascular hypothesis for Alzheimer’s disease.
SOURCE: Reprinted with permission from Springer Nature: Springer. Zlokovic, 
B.V. (2011, Box 1, p. 733). Nature Reviews Neuroscience, ©2011.

potential causes for late-life dementia may be one reason for the clear SES 
disparities in brain health and dementia risk, since CRFs are more prevalent 
in individuals from low-SES groups and the SES disparities in the preva-
lence of those risk factors has been increasing in recent decades.

An important issue regarding the relationship of CRFs to late-life 
dementia risk is whether better prevention or treatment of CRFs will not 
only reduce age-specific dementia risk later in life but will also lead to an 
extension of life expectancy that will, in turn, lead to a greater number of 
dementia cases due to people living to much older ages, when dementia 
risk increases sharply. Norton and colleagues (2014) concluded that a 
significant reduction of mid-life CRFs would lead to a significant decline 
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in future dementia incidence and prevalence, but their analysis did not 
account for a possible increase in life expectancy due to the decline in 
CRFs. A more recent paper by Zissimopolous and colleagues (2018) used 
a micro simulation model that accounted for the expected increase in life 
expectancy associated with better prevention and treatment of hypertension 
and diabetes, along with the decrease in future age-specific dementia risk. 
They concluded that dementia cases would actually increase in future years, 
due to more individuals living to older ages when dementia risk is high. 
The different conclusions from these two analyses hinge on the relative 
magnitude of the decrease in dementia incidence associated with a decline 
in CRFs compared to the decrease in future mortality risk; this relative mag-
nitude is currently uncertain. Future research to more clearly define how 
prevention and treatment of CRFs throughout the life course are related 
to both future dementia risk and mortality at older ages will be especially 
important to determine the public health implications of population-level 
trends in CRFs and their treatment and to determine whether additional 
years of life are more likely to be spent with good or poor cognitive func-
tion (Schoeni et al., 2018).

In addition to AD and vascular disease as causes for dementia, there 
are likely additional important disease processes and pathological pathways 
leading to cognitive decline and dementia that are not yet well understood. 
Boyle and colleagues (2013) showed that, surprisingly, only about 40 per-
cent of late-life cognitive decline could be explained by the known common 
neuropathologies of AD, vascular disease, and Lewy body disease, a result 
that strongly suggests that other factors and causal pathways need to be 
identified and better understood to develop successful preventive interven-
tions and treatments that address the multiple and mixed pathologies that 
are typically found in the brains of older adults (Neuropathology Group 
of the Medical Research Council Cognitive Function and Aging Study, 
2001; Langa et al., 2004; Schneider et al., 2007; Sonnen et al., 2007). 
For instance, recent evidence suggests that hyperphosphorylated transac-
tive response DNA-binding protein 43 (TDP-43), a pathological protein 
first identified in the brains of patients with frontotemporal dementia and 
amyotrophic lateral sclerosis, is also often present in those diagnosed with 
AD, and when present it significantly increases the risk for dementia (James 
et al., 2016). 

Overall, the evidence gathered during the past 20 years from 
 population-based studies, especially those that have included brain  autopsies, 
has led to a much better understanding that cognitive decline and dementia 
are typically caused by a mix of neuropathologies that result from a complex 
interaction of risk factors (both social and biological) across the life course, 
likely including pathologies that are yet to be fully understood. As discussed 
in more detail below, an additional complexity identified with new neuro-
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imaging techniques is that the neuropathologies leading to cognitive decline 
and dementia are often present decades prior to the onset of cognitive 
symptoms, further supporting the importance of a full life course perspec-
tive when identifying the causes and the potential preventive interventions 
for late-life dementia.

DISPARITIES IN LIFE EXPECTANCY, GENERAL HEALTH,  
AND BRAIN HEALTH IN THE UNITED STATES

An increasing number of studies show that health status has become 
significantly more unequal in the United States over the past few decades. 
Perhaps the clearest evidence of this growing disparity is the trends in life 
expectancy across rich and poor over the past 30 years. A recent National 
Academies report (National Academies of Sciences, Engineering, and Medi-
cine, 2015), using data from the Health and Retirement Study, found that 
life expectancy at age 50 for women in the lowest income quintile and born 
in 1930 was 32.3 years, but life expectancy at age 50 has actually declined 
to 28.3 years for low-income women born in 1960. In contrast, life expec-
tancy at age 50 for women in the highest income quintile born in 1930 was 
36.2 years, but it had increased to 41.9 years for those in the same income 
quintile born in 1960. So the gap in life expectancy between rich and poor 
women in the United States has grown by nearly 10 years, from 3.9 to 13.6, 
in recent decades. The gap in life expectancy between rich and poor men 
also increased but by a slightly smaller amount (8 years) than for women. 

A recent study by Chetty and colleagues (2016) used tax records to 
examine income and life expectancy across time and region in the United 
States between 2001 and 2014. Similar to the National Academies analysis, 
those with high income had significantly longer life expectancies, and the 
income gap in life expectancy increased significantly during the 13-year 
period. Life expectancy for those with low income also varied significantly 
across geographic regions and was correlated with smoking rates in those 
regions.

Disparities in general health status among older U.S. adults have also 
widened in recent years. For instance, the (age- and sex-adjusted) propor-
tion of older U.S. adults who reported being in excellent or very good 
health (in the nationally representative Medical Expenditure Panel Survey) 
increased significantly between 2000 and 2014 among those who were 
white, well educated, or in the highest income quartile. But this proportion 
decreased significantly during this same time period for those who were 
Black, Hispanic, had a high school degree or less, or were in the lowest 
income quartile, thereby widening already significant differences across 
these groups (Davis et al., 2017).

As noted above, the presence and severity of CRFs in middle-aged and 
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older adults are closely linked to the risk for subsequent cognitive decline 
and dementia, so trends in the presence of CRFs and their treatment may 
be especially important for understanding trends and growing disparities in 
dementia risk in recent decades. Using data from the National Health and 
Nutrition Examination Survey, Odutayo and colleagues (2017) found that 
mean systolic blood pressure and current smoking declined significantly 
between 1999 and 2014 among those with high income but did not decline 
among those at or below the poverty level. As a result, the proportion of 
individuals with high cardiovascular disease risk (i.e., > 20% 10-year risk) 
widened significantly between those at low- and high-income levels in 
recent years.

SES and racial/ethnic disparities in dementia risk have been well docu-
mented in the United States. For instance, a recent study of older adults in 
California found significant differences in age-adjusted dementia incidence 
between 2000 and 2013, with African Americans having the highest risk 
(26.6 cases per 1,000 person-years), Latinos and Whites having intermedi-
ate risk (19.6 and 19.3 cases, respectively), and Asian Americans having 
the lowest risk (15.2 cases) (Mayeda et al., 2016). These differences were 
found for both men and women and across the entire age range.  Differences 
across racial/ethnic groups in the presence of CRFs explained some of the 
difference in dementia incidence but not all of it. A similar pattern of racial/
ethnic differences in overall cognitive function was found for a nationally 
representative sample of 19,000 U.S. adults ages 51 and older in 2010 
(Díaz-Venegas et al., 2016).

Another community-based prospective cohort study of older adults in 
two U.S. locations (Pittsburgh and Memphis; the Health, Aging, and Body 
Composition Study) found a similar disparity in dementia incidence for 
African Americans compared to Whites over 12 years of follow-up, with 
African Americans having a greater risk (unadjusted hazard ratio 1.44) of 
dementia incidence (Yaffe et al., 2013). Most of the racial disparity was 
explained by socioeconomic factors (household income, education level, 
and literacy level), leading the authors to conclude that education’s impact 
on the building of cognitive reserve throughout the life course, and chronic 
stress that may result from low SES, are likely important pathways leading 
to SES and racial/ethnic disparities in late-life dementia risk. Many other 
studies support the value of using a life course perspective to better under-
stand and identify the complex and overlapping factors that have led to the 
large and growing SES and racial/ethnic disparities in dementia risk in the 
United States (for a review, see Glymour and Manly, 2008).

The potential importance of geography as a contributor to SES and 
racial/ethnic disparities in cognitive function and dementia risk has been 
an increasing focus of recent research. A study by Gilsanz and colleagues 
(2017) found that being born in a state that has a high stroke mortality 

http://www.nap.edu/25064


Future Directions for the Demography of Aging: Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

258 PART V: DISABILITY AND COGNITIVE HEALTH OF THE OLDER POPULATION

rate (e.g., the “stroke belt” states in the southeastern United States, such 
as Alabama, Arkansas, Louisiana, and Mississippi) was associated with a 
significantly increased risk of dementia, even among individuals who moved 
away from those states during their life. The authors noted that “place of 
birth may reflect a host of social and environmental conditions in early 
life that could be some of the primary drivers of racial inequalities in rates 
of dementia,” including access to and quality of education, poverty, poor 
nutrition, chronic stress, and the establishment of health behaviors that 
may increase cardiovascular risk later in life (e.g., smoking and physical 
inactivity) (Gilsanz et al., 2017, p. 1061).

Place of residence throughout life may also have an impact on dementia 
risk and on SES disparities in dementia risk, due to exposures to environ-
mental toxins that affect brain development and health. For instance, indi-
viduals living closer to major roadways in Ontario, Canada, were found to 
have a significantly increased risk for dementia over 12 years of follow-up, 
possibly related to greater exposure to traffic-related air pollution (Chen et 
al., 2017). A growing number of other studies have also found a relation-
ship between air pollution levels in one’s region of residence and increased 
risk for dementia (Cacciottolo et al., 2017) or poor cognitive function 
(Ailshire et al., 2017).

Other characteristics of one’s neighborhood, separate from potential 
toxins in the physical environment, have also been shown to be related to 
cognitive function and dementia risk. For instance, rural residence in the 
United States was associated with an increased risk for cognitive impairment 
and dementia compared to urban residence, although that gap decreased 
somewhat in recent years, possibly related to greater gains in educational 
attainment among those in rural areas (Weden et al., 2017). Other studies 
have shown that living in a neighborhood with institutional resources that 
may help promote cognitive reserve (e.g., community centers, libraries, and 
recreational facilities) was associated with better cognitive function, inde-
pendent of individual risk factors for cognitive decline (Clarke et al., 2012).

THE IMPLICATIONS OF DIAGNOSING AND TREATING 
“PRECLINICAL ALZHEIMER’S DISEASE”

Over the past 20 years, there have been important advances in under-
standing the natural history of the brain pathologies leading to AD and 
ADRD, as well as the development of new diagnostic tests and technolo-
gies to identify those pathologies. The identification of biomarkers in the 
blood and cerebrospinal fluid that accompany the development of AD-
related brain pathologies, as well as new neuroimaging technologies that 
can identify changes in brain structure (e.g., AD-related shrinkage of the 
hippocampus) and the extent of amyloid-beta protein deposition in the 
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brains of individuals who do not yet show symptoms of cognitive decline, 
will have important and wide-ranging implications for prevention, treat-
ment, and even the definition of who has AD and dementia. Karlawish and 
colleagues (2017, p. 379) called this the “Next Frontier” in understanding 
and management of AD and proposed that in the future, AD may no longer 
be “a disease leading to irrevocable cognitive and functional decline and 
death, but rather a chronic condition like cardiovascular disease, AIDS, or 
some cancers that can often be managed with early intervention.”

One especially important new insight is that the brain pathologies 
and changes leading to AD and dementia are often present for decades 
prior to the onset of any cognitive decline. Jack and colleagues (2013) have 
proposed a hypothetical model (see Figure 9-2) based on the increasing 
number of biomarker and neuroimaging studies in older adults with and 
without dementia that found that a significant proportion of individuals had 
 amyloid-beta protein in their brains but were still cognitively “normal.” New 
diag nostic criteria proposed in 2011 by the National Institute on Aging and 
the Alzheimer’s Association identify these individuals as having “Preclinical 
Alzheimer’s Disease.” In other words, they have the typical biomarker and 
neuroimaging findings of AD, but they do not yet show the typical cognitive 
decline associated with AD (Sperling et al., 2011). In addition, a descriptive 
classification system—the “A/T/N” classification scheme—has been proposed 
to synthesize, and more clearly organize, the presence or absence of key cur-
rently known biomarkers of AD, so they can be combined systematically to 
classify all individuals in both clinical and population-based research (Jack et 
al., 2016). In this proposed scheme, the “A” denotes biomarkers of  amyloid 
protein accumulation in the brain; the “T” denotes biomarkers of tau pro-
tein accumulation; and the “N” denotes biomarkers of neurodegeneration 
or neuronal injury.

The hope is that targeting future AD treatments at individuals with pre-
clinical AD will successfully prevent or delay the onset of cognitive decline, 
in much the same way that statin treatment for those with atherosclerosis 
and CRFs can prevent or delay future myocardial infarctions. There are 
currently multiple clinical trials testing potential AD-preventive treatments, 
such as the Anti-Amyloid Treatment in Asymptomatic Alzheimer (A4) 
Study (Sperling et al., 2014). The A4 Study is testing whether 4 years of 
treatment with solanezumab, a drug designed to decrease brain amyloid-
beta deposition, slows the rate of cognitive decline in older adults with 
preclinical AD.

While the potential to prevent AD and dementia through new treat-
ments such as solanezumab is understandably creating significant interest 
and optimism, a number of key issues and uncertainties regarding preventive 
treatments for those with preclinical AD should be considered (Karlawish 
and Langa, 2016). Perhaps most important is the danger of “overdiagnosis” 
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FIGURE 9-2 Dynamic biomarkers of the Alzheimer’s disease pathological cascade.
SOURCE: Reprinted with permission from Elsevier. Jack et al. (2013, Fig. 5, 
p. 211). The Lancet Neurology, ©2013.

(Welch et al., 2011)—in other words, identifying a pathological change in 
the brain based on a biomarker abnormality that will not ultimately lead 
to dementia, prior to an individual dying from other causes. Overdiagnosis 
exposes individuals to the potential negative side effects, complications, 
and costs of treatment, without providing benefits in terms of actual pre-
vention of a future disease. This important possible downside of “early 
diagnosis” for chronic diseases of aging has gained wider attention related 
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to negative outcomes of screening for conditions such as prostate cancer, 
breast cancer, and osteoporosis (Welch et al., 2011). It could be especially 
prominent in screening for AD in middle-aged and older adults because 
the onset of AD or ADRD might not be expected for up to 25 years in the 
future and there will typically be significant competing risks for mortality 
from other causes during that time, especially cardiovascular disease (Langa 
and Levine, 2014).

Other important questions raised by screening for and treating pre-
clinical AD include the costs and cost effectiveness of potential treatments, 
as well as the capacity of the health care financing and delivery systems 
to safely provide those treatments in an equitable way. For instance, 
solanezumab, the medication being tested in the A4 Study, is administered 
as an intravenous infusion requiring a monthly visit to an infusion site 
staffed by trained health care personnel. While the maker of solanezumab 
(Eli Lilly) has not announced what the target price of solanezumab would 
be for treatment of preclinical AD, similar monoclonal antibody drugs 
recently introduced for treatment of high cholesterol (evolocumab and 
alirocumab) currently cost about $14,000 per year (Kazi et al., 2016). A 
recent study estimated that at least 35 million adults in the United States 
likely have preclinical AD characterized by amyloid-beta deposition in the 
brain ( Brookmeyer et al., 2017). Assuming a cost per person of $10,000 
per year for solanezumab and assuming that only 30 percent of the esti-
mated 35 million adults with preclinical AD obtain treatment, the total 
cost would be a staggering $105 billion per year (which was approximately 
one-third of the total expenditures for prescription medications in the 
United States in 2016) (Hartman et al., 2017). And since AD preventive 
treatments might be used for decades in someone who starts treatment at 
age 60 to 65 years, preclinical AD treatment would add a large and ongo-
ing expenditure to the U.S. health care system. Given the likely high costs 
for the current preclinical AD treatments being studied, future analyses of 
the cost effectiveness of these interventions, as well as the distributional 
implications of the financing and delivery of these treatments, will be 
extremely important.

Finally, given the significant SES and racial/ethnic disparities in dementia 
risk noted above, one other key issue regarding the generalizability of current 
data is important to consider regarding potential treatments for preclinical 
AD. Since nearly all of the data on biomarker and neuroimaging testing to 
identify preclinical AD have thus far come from volunteer samples, with 
very limited representation of less-educated and minority individuals, there 
is still significant uncertainty regarding the generalizability of those studies 
to low-SES and minority populations. Future studies of biomarkers, neuro-
imaging, and treatments in more representative populations will be especially 
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important, given the higher risk for dementia in these populations (Falk et 
al., 2013; Karlawish et al., 2017).

CONCLUSIONS AND PRIORITIES FOR FUTURE RESEARCH

As the elderly population grows in the decades ahead, a better under-
standing of the life course factors that increase or decrease the risk for 
cognitive decline and dementia will be increasingly important, given the 
wide-ranging effects that cognitive decline has on older individuals, their 
families, and public expenditures. This review of recent developments in 
cognitive aging and dementia research points to a number of opportunities 
and challenges for future research and for potential interventions to prevent 
or delay the incidence of dementia.

As the brain is the most complex organ in the body, highly sensitive to 
any interruption in blood flow, it seems appropriate that the recent genetic, 
biological, and epidemiological evidence reviewed in this chapter highlight 
the complexity of identifying the causes for cognitive decline and dementia. 
One obvious theme is the growing evidence that dementia is best understood 
as a late-life condition that is influenced by a complex set of factors from 
across the entire life course: from genetics and early-life environment and 
education to mid- and late-life CRFs, to multiple factors in later life (e.g., 
cognitive stimulation and social networks) that will hopefully preserve and 
maintain cognitive reserve and the plasticity of the aging brain. Given the 
prominent role of education’s association with dementia risk, future research 
that helps unpack the “black box” of how early-life education decreases 
later-life dementia risk would be extremely important for helping to develop 
and target useful public health and public policy initiatives. What are the 
“active ingredients” of education, and how can they be delivered efficiently 
to children across the SES spectrum? Is online education a lower-cost option 
that will provide similar benefits for building cognitive reserve?

The growing evidence that Alzheimer’s disease and vascular disease are 
closely linked and may even be “two hits” of the same pathological process 
provides an important potential target for decreasing dementia risk, given 
the very high prevalence of CRFs among middle-aged and older adults and 
the known behavioral and pharmacologic interventions to prevent or treat 
them. However, the challenge of designing individual and population-level 
interventions for CRFs that address the large and growing SES and racial/
ethnic disparities in those risks should be given especially high priority. 
Multifactorial interventions for life-style and CRF improvements, such 
as the FINGER study, have shown benefits for lowering dementia risk in 
clinical trials (Ngandu et al., 2015). Can those interventions be translated 
to successful implementation in low-SES populations that have the highest 
prevalence of CRFs and the greatest risk for dementia? 
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A recent National Academies report that comprehensively reviewed 
studies regarding risk factors for dementia recommended a number of areas 
that would be most useful to target for future research (National Acad-
emies of Sciences, Engineering, and Medicine, 2017). In line with the issues 
covered in this chapter, that report recommended future research on how 
treatments and behavioral interventions can better address CRFs (including 
hypertension, diabetes, high cholesterol, physical activity, and diet). It also 
recommended additional research on cognitive training interventions for 
older adults that have shown some benefit in randomized controlled trials 
for preventing cognitive decline and disability (Willis et al., 2006). Other 
promising avenues identified for research investment included interventions 
to improve sleep quality, treat depression, and facilitate social engagement 
at older ages. Additional pharmaceutical research on potential preventive 
medications, as discussed above, was also recommended.

It seems clear that given the complexity of the brain and the multiple 
factors that affect the brain’s health across the life course, it is unlikely 
that a single “magic bullet” will be found that prevents dementia in the 
growing population of older adults (Larson, 2017). Given the centrality 
of good cognitive function to living with independence and intention, 
making good decisions and planning for the future, and contributing pro-
ductively to the labor force and one’s family and neighbors, the large and 
growing SES and racial/ethnic disparities for cognitive decline and dementia 
in the United States are especially pernicious and threatening to an aging 
society that hopes to provide some equity of access to the resources and 
environments that allow people to live long and well. Addressing these 
growing disparities in both dementia risk and life expectancy should be the 
main focus of public health and public policy in the decades ahead.
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