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Preface

Of the abilities people hope will remain intact as they get older, 
perhaps the most treasured is to “stay sharp”—to think clearly, 
remember accurately, and make decisions with careful thought. Yet 

the brain ages. Cognitive functioning in older adults can improve in some 
areas, such as those related to wisdom and experience, and can decline in 
others, such as memory, attention, and speed of processing. Individuals vary 
widely in the specific cognitive changes that occur with age, in the nature 
and extent of cognitive aging, as well as in the ways these changes affect 
daily life.

This Institute of Medicine (IOM) study focused on the public health 
dimensions of cognitive aging as separate from neurodegenerative diseases, 
such as Alzheimer’s disease and other dementias. To accomplish its task, 
the IOM committee looked at cognitive aging through a broad lens and 
explored its implications for individuals, for their families, and for society. 
Its report comes at a time ripe for change in how society responds to cogni-
tive aging. The population of older Americans is rapidly growing, and this 
frontier of science and health is achieving a marked increase in understand-
ing of the brain, cognition, and aging.

The report greatly benefited from the efforts of many individuals and 
organizations. We thank the study sponsors for their support and for their 
work in bringing the topic of cognitive aging to the forefront of discus-
sion: the McKnight Brain Research Foundation, the National Institute of 
Neurological Disorders and Stroke, the National Institute on Aging, the 
Centers for Disease Control and Prevention, The Retirement Research 
Foundation, and AARP. Further, we thank each of the workshop speakers 
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for their presentations and for the time and expertise that they and others 
shared with the committee. We are grateful to the reviewers whose insights 
strengthened this report.

The committee is especially indebted to the IOM staff who worked 
with us tirelessly and most competently. Cathy Liverman led the effort with 
her usual quiet and effective guidance. She was assisted by Sarah Domnitz, 
Claire Giammaria, Judy Estep, and Jeanette Gaida. Katie Maslow, IOM 
Scholar-in-Residence, provided a wealth of insights into this complex topic. 
As is usually the case, staff were full colleagues in the process of producing 
this report while retaining their specific duties in support of the commit-
tee. We also thank Andrew Pope, Director of the Board on Health Sciences 
Policy, who shepherded the report from its inception to completion.

The report’s findings and recommendations result from the delibera-
tions of a dedicated and hardworking committee. It was our pleasure and 
privilege to have the opportunity to work with these colleagues—each of 
whom brought energy, commitment, and intellectual curiosity and rigor 
to this endeavor. This committee was intrigued and engaged by this most 
challenging of public health issues encountered by older adults, and such 
engagement was crucial in our deliberations.

We and our colleagues on the committee hope this report focuses atten-
tion and action on cognitive aging. Much can be done by older adults and 
their families and a wide range of stakeholders—at every level of society, 
from the local community to national policy and research priorities—to 
address the opportunities and challenges of cognitive aging and to ensure 
that older adults live the full and independent lives they desire.

Dan G. Blazer, Chair
Kristine Yaffe, Vice-Chair
Committee on the Public Health Dimensions of Cognitive Aging
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Summary

People forget things—a name, where they put their keys, a phone 
number—and yet what is dismissed as a minor inconvenience at 25 
years of age can evolve into a momentary anxiety at 35, and a major 

source of personal worry at age 55 or 60. Forgetfulness at older ages is 
often equated with a decline in cognition—a public health issue that goes 
beyond memory lapses and one that can have significant impacts on inde-
pendent living and healthy aging. The term “cognition” covers many men-
tal abilities and processes, including decision making, memory, attention, 
and problem solving. Collectively, these different domains of cognition are 
critical for successfully engaging in the various activities involved in daily 
functioning such as paying household bills, following a recipe to cook a 
meal, and driving to a doctor’s appointment. As human life expectancy 
increases, maintaining one’s cognitive abilities is key to assuring the quality 
of those added years.

Cognitive aging is a public health concern from many perspectives. 
Individuals are deeply concerned about declines in memory and decision-
making abilities as they age and may also be worried about whether 
these declines are early signs of a neurodegenerative disease, particularly 
Alzheimer’s disease. They may fear that cognitive decline will lead to a 
loss of independence and a reduced quality of life and health. In a 2012 
survey of its members, AARP found that “staying mentally sharp” was a 
top concern of 87 percent of respondents. Cognitive decline affects not only 
the individual but also his or her family and community, and an array of 
health, public health, social, and other services may be required to provide 
necessary assistance and support. Lost independence may stem from im-
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paired decision making, which can reduce an individual’s ability to drive 
or increase the individual’s vulnerability to financial abuse or exploitation. 
Cognitive impairment also affects society and the public’s quality of life.

At this point in time, when the older population is rapidly growing in 
the United States and across the globe, it is important to carefully examine 
what is known about cognitive aging, to identify the positive steps that can 
be taken to maintain and improve cognitive health, and then to take action 
to implement those changes by informing and activating the public, the 
health sector, nonprofit and professional associations, the private sector, 
and government agencies. In the past several decades rapid gains have been 
made in understanding the non-disease changes in cognitive function that 
may occur with aging and in elucidating the range of cognitive changes, 
from those that are normal with aging to those that are the result of disease; 
much remains to be learned yet the science is readily advancing.

This Institute of Medicine (IOM) study examines cognitive aging, a 
natural process associated with advancing years. The IOM committee was 
charged with assessing the public health dimensions of cognitive aging with 
an emphasis on definitions and terminology, epidemiology and surveillance, 
prevention and intervention, education of health professionals, and public 
awareness and education.

WHAT IS COGNITIVE AGING?

This report focuses on one aspect of health in older adults—cognitive 
health. Cognition refers to the mental functions involved in attention, think-
ing, understanding, learning, remembering, solving problems, and making 
decisions. It is a fundamental aspect of an individual’s ability to engage in 
activities, accomplish goals, and successfully negotiate the world. Although 
cognition is sometimes equated with memory, cognition is multidimensional 
because it involves a number of interrelated abilities that depend on brain 
anatomy and physiology. Distinguishing among these component abilities 
is important since they play different roles in the processing of information 
and behavior and are differentially impacted by aging.

The committee provides a conceptual definition of cognitive aging as a 
process of gradual, ongoing, yet highly variable changes in cognitive func-
tions that occur as people get older. Cognitive aging is a lifelong process. 
It is not a disease or a quantifiable level of function. However, for the 
purposes of this report the focus is primarily on later life. In the context of 
aging, cognitive health is exemplified by an individual who maintains his 
or her optimal cognitive function with age.

Box S-1 provides the committee’s characterization of cognitive aging. 
Cognitive aging is too complex and nuanced to define succinctly, and there-
fore it is appropriately characterized through this longer description. Efforts 
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BOX S-1 
Characterizing Cognitive Aging

•	 Key Features:
	 	 �Inherent in humans and animals as they age.
	 	 �Occurs across the spectrum of individuals as they age regardless of initial 

cognitive function.
	 	 �Highly dynamic process with variability within and between individuals.
	 	 �Includes some cognitive domains that may not change, may decline, or 

may actually improve with aging, and there is the potential for older adults 
to strengthen some cognitive abilities.

	 	 �Only now beginning to be understood biologically, yet clearly involves 
structural and functional brain changes.

	 	 �Not a clinically defined neurological or psychiatric disease such as 
Alzheimer’s disease and does not inevitably lead to neuronal death and 
neurodegenerative dementia (such as Alzheimer’s disease).

•	 Risk and Protective Factors:
	 	 �Health and environmental factors over the life span influence cognitive 

aging.
	 	 �Modifiable and non-modifiable factors include genetics, culture, education, 

medical comorbidities, acute illness, physical activity, and other health 
behaviors.

	 	 �Cognitive aging can be influenced by development beginning in utero, 
infancy, and childhood.

•	 Assessment:
	 	 �Cognitive aging is not easily defined by clear thresholds on cognitive tests 

since many factors—including culture, occupation, education, environmen-
tal context, and health variables (e.g., medications, delirium)—influence 
test performance and norms.

	 	 �For an individual, cognitive performance is best assessed at several points 
in time.

•	 Impact on Daily Life:
	 	 �Day-to-day functions, such as driving, making financial and health care 

decisions, and understanding instructions given by health care profession-
als, may be affected.

	 	 �Experience, expertise, and environmental support aids (e.g., lists) can help 
compensate for declines in cognition.

	 	 �The challenges of cognitive aging may be more apparent in environments 
that require individuals to engage in highly technical and fast-paced or 
timed tasks, in situations that involve new learning, and in stressful situa-
tions (i.e., emotional, physical, or health-related), and may be less apparent 
in highly familiar situations.
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are needed to develop operational definitions of cognitive aging in order to 
allow comparisons across studies.

CHARACTERIZING AND ASSESSING COGNITIVE AGING

Age-related changes in cognition are highly variable from one indi-
vidual to the next. This variability is explained in part by differences in life 
experience, health status, lifestyles, education, attitudinal and emotional 
factors, socioeconomic status, and genetics. The trajectory of cognitive 
change also varies for different cognitive functions—memory, decision mak-
ing, learning, speed of processing, and so on. Further, older age is not asso-
ciated only with decline; some aspects of cognition, such as wisdom, remain 
stable in the older decades and aspects of intelligence, such as knowledge, 
may actually increase with age until the very later decades.

A wide variety of tools and measures are available to test for cognitive 
change; however, not all may be relevant to real-world activities. Studies 
use different methods, measures, and definitions that make comparison 
difficult, and the cognitive aging literature has some significant gaps. Stud-
ies of brain tissue in both humans and in animal models have sought to 
examine the underlying neural mechanisms that may be responsible for the 
age-related changes in cognition. These include studies of neuronal number, 
synaptic integrity, and neurotransmitter changes. Overall, they show that 
neuronal number remains relatively stable, although changes do occur in 
neuronal structure and neurotransmitter receptors. (The stability in the 
number of neurons—that is, the lack of neuron death in areas supporting 
cognition—seen with aging is in contrast to the extensive neuron loss that 
occurs in Alzheimer’s disease.)

Recommendation 1: Increase Research and Tools for Assessing Cogni-
tive Aging and Cognitive Trajectories
The National Institutes of Health, the Centers for Disease Control and 
Prevention, research foundations, academic research institutions, and 
private-sector companies should expand research on the trajectories of 
cognitive aging and improve the tools used to assess cognitive changes 
and their effects on daily function.
	 Specific needs include

•	 Studies using a range of assessments (e.g., neuronal injury 
biomarkers, neuroimaging, postmortem assessments of neu-
ronal integrity) to explore the physiological and structural 
basis of cognitive aging;

•	 Non-human animal studies that examine the mechanisms 
and clinical correlates of cognitive aging and that are de-
signed to inform human cognitive aging;
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•	 Studies to examine the mechanisms underlying interventions 
that affect the cognitive trajectory;

•	 Studies to identify and validate novel tools and measures of 
function that capture the complexities of real-world tasks 
and are sensitive to early changes in cognition and function; 
and

•	 An update of the norms for cognitive function in older 
adults (including those in the most advanced age groups) to 
include the consideration of disease, literacy, language, ra-
cial and ethnic diversity, culture, and socioeconomic factors.

UNDERSTANDING THE POPULATION IMPACT

While a great deal of research has examined the occurrence, causes, 
natural history, pathogenesis, and clinical management of dementia, includ-
ing Alzheimer’s disease, less attention has been paid to cognitive aging per 
se, particularly from a public health perspective. Population-based infor-
mation about the nature and extent of cognitive aging provides a basis for 
building public awareness and understanding and can be used to engage 
individuals and their families in maintaining cognitive health; to inform 
health care professionals, financial professionals, and others as they educate 
and advise their older patients and clients; and to guide program develop-
ment and implementation.

Recommendation 2: Collect and Disseminate Population-Based Data 
on Cognitive Aging
The Centers for Disease Control and Prevention (CDC), state health 
agencies, and other relevant government agencies, as well as nonprofit 
organizations, research foundations, and academic research institu-
tions, should strengthen efforts to collect and disseminate population-
based data on cognitive aging. These efforts should identify the nature 
and extent of cognitive aging throughout the population, including 
high-risk and underserved populations, with the goal of informing the 
general public and improving relevant policies, programs, and services.
	 Specifically, expanded cognitive aging data collection and dissemi-
nation efforts should include

•	 A focus on the cognitive health of older adults as separate 
from dementia or other clinical neurodegenerative diseases.

•	 The development of operational definitions of cognitive ag-
ing for use in research and public health surveillance and 
also the development of a process for periodic reexami-
nation. Analyses of existing longitudinal datasets of older 
persons should be used to inform these efforts.
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•	 Expanded data collection efforts and further analyses of 
representative surveys involving geographically diverse and 
high-risk populations. These efforts should include cognitive 
testing when standardized, feasible, and clinically credible 
and also self-reports of perceptions or concerns regarding 
cognitive aging, personal and social adaptations, and self-
care and other management practices.

•	 Longitudinal assessments of changes in cognitive perfor-
mance and risk behaviors in diverse populations.

•	 Inclusion of cognition-related questions in the core instru-
ment of the Behavioral Risk Factor Surveillance System, 
rather than an optional module.

•	 Exploration of other available relevant data on cognitive 
health such as health insurance claims data, sales and mar-
keting data for cognition-related products and treatments, 
data on financial and banking transactions as well as on fi-
nancial fraud and scams, and data on automobile insurance 
claims.

•	 Active dissemination of data on cognitive aging in the pop-
ulation. An annual or biennial report to the U.S. public 
should be issued by the CDC or other federal agency on the 
nature and extent of cognitive aging in the U.S. population.

REDUCING RISKS AND DEVELOPING INTERVENTIONS

The brain is subject to a lifetime of demands and exposures, both 
beneficial and deleterious. Given the importance to the public’s health of 
preventing individuals’ cognitive impairment and promoting their cogni-
tive health, it is important to develop an in-depth understanding of these 
various beneficial and deleterious factors to guide prevention and reme-
diation efforts. However, much remains to be learned about the relation-
ship between lifestyle and risk factors and the maintenance of cognitive 
health throughout the adult life span. While many studies have examined 
dementia-based outcomes, few have examined non-dementia-related cogni-
tive changes. Most of the interventions developed to date focus on preven-
tion, although researchers are exploring some remediation strategies. For 
products that claim to enhance cognitive function or to maintain current 
levels of function (including cognitive training products, nutriceuticals, 
supplements, or medications), a review of policies and regulatory guidance 
is needed. Although there is wide variability in cognitive function among 
individuals, a number of specific actions can be taken to maintain cognitive 
health and reduce the effects of cognitive aging.
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Recommendation 3: Take Actions to Reduce Risks of Cognitive De-
cline with Aging
Individuals of all ages and their families should take actions to maintain 
and sustain their cognitive health, realizing that there is wide variability 
in cognitive health among individuals.
	 Specifically, individuals should:

•	 Be physically active.
•	 Reduce and manage cardiovascular disease risk factors (in-

cluding hypertension, diabetes, smoking).
•	 Regularly discuss and review health conditions and medica-

tions that might influence cognitive health with a health care 
professional.

•	 Take additional actions that may promote cognitive health, 
including

	 Be socially and intellectually engaged, and engage in 
lifelong learning;

	 Get adequate sleep and receive treatment for sleep dis-
orders if needed;

	 Take steps to avoid the risk of cognitive changes due to 
delirium if hospitalized; and

	 Carefully evaluate products advertised to consumers to 
improve cognitive health, such as medications, nutri-
tionals, and cognitive training.

Recommendation 4: Increase Research on Risk and Protective Factors 
and Interventions to Promote Cognitive Health and Prevent or Reduce 
Cognitive Decline
The National Institutes of Health, the Centers for Disease Control and 
Prevention, other relevant government agencies, nonprofit organiza-
tions, and research foundations should expand research on risk and 
protective factors for cognitive aging and on interventions aimed at pre-
venting or reducing cognitive decline and maintaining cognitive health.
	 Research efforts should:

•	 Develop collaborative approaches between ongoing longi-
tudinal studies across the life span that focus on cognitive 
aging outcomes in order to maximize the amount and com-
parability of data available on risk and protective factors.

•	 Examine risk factors and interventions in under-studied and 
vulnerable populations, including people 85 years and older 
and those with childhood or youth trauma or developmental 
delay, mental illness, learning disabilities, or genetic intel-
lectual disabilities, and spanning ethnic/cultural and socio-
economic groups.
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•	 Conduct single- and multicomponent clinical trials of prom-
ising interventions to promote cognitive health and prevent 
cognitive decline, testing for both cognitive status and func-
tional outcomes.

•	 Assess cognitive outcomes in clinical trials that target the 
reduction of cardiovascular and other risk factors likely 
related to cognitive health.

•	 Explore older adults’ preferences and values regarding cogni-
tive health and aging and regarding specific cognitive inter
ventions and training modalities.

•	 Identify effective approaches to sustaining behavior changes 
that promote healthy cognition across the life span.

Recommendation 5: Ensure Appropriate Review, Policies, and Guide-
lines for Products That Affect Cognitive Function or Assert Claims 
Regarding Cognitive Health
The Food and Drug Administration and the Federal Trade Commis-
sion, in conjunction with other relevant federal agencies and consumer 
organizations, should determine the appropriate regulatory review, 
policies, and guidelines for

•	 over-the-counter medications (such as antihistamines, seda-
tives, and other medications that have strong anticholinergic 
activity) that may affect cognitive function, and

•	 interventions (such as cognitive training, nutriceuticals, sup-
plements, or medications) that do not target a disease but 
may assert claims about cognitive enhancement or maintain-
ing cognitive abilities such as memory or attention.

IMPROVE HEALTH CARE PROFESSIONAL 
EDUCATION AND USE OF WELLNESS VISITS

As a result of the aging of the population, older adults constitute an 
increasingly larger portion of the patients seen by health care professionals 
both in acute and ambulatory care settings. Moreover, with increased pub-
lic awareness of and concern about cognitive impairment and dementia in 
older age, individuals and families are turning to health care professionals 
for information and advice about brain health. Health care professionals 
are trusted sources of information on cognitive aging and need to be fully 
informed and ready to respond to patient queries. Further efforts are needed 
by health professional schools, continuing education organizations, and 
professional associations to establish and reinforce the core competencies 
needed to respond to patient and family concerns about cognitive aging as 
well to proactively recommend effective steps to maximize cognitive health. 
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Furthermore, attention needs to be paid to certain medications that may 
cause cognitive impairment as well as to delirium and associated cognitive 
decline that may occur in older adults during hospitalization and post-
surgery recovery.

Recommendation 6: Develop and Implement Core Competencies and 
Curricula in Cognitive Aging for Health Professionals
The Department of Health and Human Services, the Department of 
Veterans Affairs, and educational, professional, and interdisciplinary 
associations and organizations involved in the health care of older 
adults (including, but not limited to, the Association of American 
Medical Colleges, the American Association of Colleges of Nursing, 
the National Association of Social Workers, the American Psychologi-
cal Association, and the American Public Health Association) should 
develop and disseminate core competencies, curricula, and continuing 
education opportunities, including for primary care providers, that 
focus on cognitive aging as distinct from clinical cognitive syndromes 
and diseases, such as dementia.

Recommendation 7: Promote Cognitive Health in Wellness and Medi-
cal Visits
Public health agencies (including the Centers for Disease Control and 
Prevention and state health departments), health care systems (includ-
ing the Veterans Health Administration), the Centers for Medicare & 
Medicaid Services (CMS), health insurance companies, health care 
professional schools and organizations, health care professionals, and 
individuals and their families should promote cognitive health in regu-
lar medical and wellness visits among people of all ages. Attention 
should also be given to cognitive outcomes during hospital stays and 
post-surgery.
	 Specifically, health care professionals should use patient visits to:

•	 identify risk factors for cognitive decline and recommend 
measures to minimize risk; and review patient medications, 
paying attention to medications known to have an impact 
on cognition;

•	 provide patients and families with information on cogni-
tive aging (as distinct from dementia) and actions that they 
can take to maintain cognitive health and prevent cognitive 
decline; and

•	 encourage individuals and family members to discuss their 
concerns and questions regarding cognitive health.
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	 In addition, other components of the health care system have a 
cognitive health promotion role:

•	 CMS should develop and implement demonstration projects 
to identify best practices for clinicians in assessing cognitive 
change and functional impairment and in providing appro-
priate counseling and prevention messages during, for ex-
ample, the Medicare Annual Wellness Visit or other health 
care visits.

•	 Health care systems and private and public health insurance 
companies should develop evidence-based programs and 
materials on cognitive health across the life span.

•	 During and after hospital stays and post-surgery, health care 
providers, patients, and families should be alert to potential 
cognitive changes and delirium.

COMMUNITY ACTIONS: 
HEALTH, FINANCES, DRIVING, TECHNOLOGY, 

AND CONSUMER DECISIONS

Cognitive aging can affect everyday life for older adults and their fami-
lies. These effects can manifest themselves as decreased judgment in deter-
mining when to make a left turn while in a busy intersection, uncertainty 
about whether a new financial investment is a wise choice or a financial 
scam, or determining the best way to take care of one’s overall health. Fur-
thermore, cognitive aging has significant impacts on society. In addition to 
significant financial losses (that older adults lose an estimated $2.9 billion 
per year, directly and indirectly, to financial fraud), an array of health, pub-
lic health, social, and other services may be required to provide necessary 
assistance and support. Improving the quality of life for older adults is a 
societal value that for cognitive aging has widespread consequences and 
requires action in many sectors.

Communities across the country have been working to improve inde-
pendence, health, and quality of life for older adults. Efforts are under way 
in many areas, but challenges remain in knowing how best to help older 
adults identify and address the potential impacts of cognitive aging.

Recommendation 8: Develop Consumer Product Evaluation Criteria 
and an Independent Information Gateway
The Centers for Disease Control and Prevention, National Institutes 
of Health, and the Administration for Community Living, in conjunc-
tion with other health and consumer protection agencies, nonprofit 
organizations, and professional associations, should develop, test, and 
implement cognitive aging information resources and tools that can 
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help individuals and families make more informed decisions regarding 
cognitive health.
	 Specifically,

•	 A central, user-friendly, easily navigated website should be 
available to provide independent, evidence-based informa-
tion and links relevant to cognitive aging, including infor-
mation on the promotion of protective behaviors and links 
to effective programs and services. The information should 
be presented in a way that takes health literacy into account.

•	 Consumer-relevant criteria should be developed and widely 
disseminated to provide individuals and families with guid-
ance on evaluating cognition-related products (e.g., cogni-
tive training products, nutriceuticals, and medications).

Recommendation 9: Expand Services to Better Meet the Needs of 
Older Adults and Their Families with Respect to Cognitive Health
Relevant federal and state agencies (including the Administration for 
Community Living [ACL], the Centers for Disease Control and Pre-
vention [CDC], the National Highway Traffic Safety Administration 
[NHTSA], and the Consumer Financial Protection Bureau), nonprofit 
organizations (such as the Financial Industry Regulatory Authority), 
professional associations, and relevant private-sector companies and 
consumer organizations should develop, expand, implement, and evalu-
ate programs and services used by older adults relevant to cognitive 
aging with the goal of helping older adults avoid exploitation, optimize 
their independence, improve their function in daily life, and aid their 
decision making.
	 Specifically,

•	 Financial decision making:
	 The banking and financial services industries and state 

and federal banking and financial regulators should 
develop and disseminate banking and financial policies, 
services, and information materials that assist older 
adults and their families in making decisions that meet 
their financial means and objectives, that reduce the op-
portunities for unsuitable decisions, and that mitigate 
the harms of such decisions.

	 Surrogacy mechanisms, such as powers of attorney 
or multiparty accounts should have appropriate safe-
guards to protect the interests of the older adult.

	 The financial services industries and relevant state and 
federal agencies should develop, strengthen, and imple-
ment systems approaches, best practices, training, and 
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laws and regulations to help verify that financial trans-
actions are not fraudulent or the result of diminished 
capacity or undue influence.

	 Systems should be strengthened for reporting or tak-
ing other protective actions against potential financial 
fraud, exploitation, or abuse to relevant enforcement 
and investigative officials. Laws and regulations should 
be revised to mitigate civil liability and professional 
harms resulting from such protective actions.

•	 Driving and transportation:
	 NHTSA, states’ departments of motor vehicles, and rel-

evant professional and consumer organizations such as 
the American Automobile Association should expand, 
validate, and disseminate tools and informational mate-
rials to assist older adults in maintaining and assessing 
their driving skills and to assist older adults and their 
families in making decisions about safe driving.

	 The automobile industry should expand and evaluate 
technologies that enhance decision making and safety 
for older drivers.

	 State and local transportation authorities, local plan-
ning commissions, private developers, and community 
groups should expand efforts to develop and imple-
ment alternative transportation options to accommo-
date changes that occur with cognitive aging, including 
efforts to ensure safe and walkable communities.

•	 Technology:
	 Technology industries should develop and adapt hard-

ware, software, and emerging technologies to accom-
modate the needs of older adults that are related to 
cognitive aging.

	 The CDC, ACL, and other relevant agencies, organi-
zations, and private-sector companies should support 
evidence-based programs that educate older adults in 
the use of emerging technologies.

•	 Health information:
	 Health information providers, including private-sector 

companies and government agencies, should ensure 
that their websites (including patient health portals), 
packaging (including medication packaging), and other 
consumer health information relevant to cognitive ag-
ing meet health literacy standards.
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EXPAND PUBLIC EDUCATION AND ENGAGEMENT

Meeting the public health goal of maintaining cognitive health requires 
clear and effective communication featuring accurate, up-to-date, and con-
sistent messages that resonate with individuals and their communities and 
encourage behavior that promotes cognitive health. Attention needs to be 
paid to whether different segments of the population are exposed to rel-
evant information, persuaded to act accordingly, and have the environmen-
tal supports in place to change and maintain behaviors that are supportive 
of cognitive health. Since new research findings are constantly becoming 
available, stakeholders also need a reliable means of keeping up with this 
rapidly changing field.

As noted throughout this report, cognitive aging is not synonymous 
with Alzheimer’s disease. Major challenges for public information cam-
paigns about cognitive aging are to differentiate the messages from those 
about Alzheimer’s disease and other dementias and to promote actions to 
enhance or maintain cognitive health and to prevent or reduce cognitive 
decline.

Recommendation 10: Expand Public Communications Efforts and 
Promote Key Messages and Actions
The Centers for Disease Control and Prevention, the Administration 
for Community Living, the National Institutes of Health, other relevant 
federal agencies, state and local government agencies, relevant nonprofit 
and advocacy organizations and foundations, professional societies, 
and private-sector companies should develop, evaluate, and communi-
cate key evidence-based messages about cognitive aging through social 
marketing and media campaigns; work to ensure accurate news and 
storylines about cognitive aging through media relations; and promote 
effective services related to cognitive health in order to increase public 
understanding about cognitive aging and support actions that people 
can do to maintain their cognitive health.
	 Public communications efforts should:

•	 Reach the diverse U.S. population with campaigns and pro-
grams targeted to all relevant groups;

•	 Be sensitive to existing differences in knowledge, literacy, 
health literacy, perceived risk, cognitive aging–related be-
havior, communication practices, cultures and beliefs, speech 
and hearing declines, and skills and self-efficacy among tar-
get groups;

•	 Include evaluation components to assess outreach efficacy 
in the short and long term, and research the optimal com-
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munication strategies for the key messages among the target 
groups;

•	 Be updated as new evidence is gained on cognitive aging;
•	 Emphasize a lifelong approach to cognitive health;
•	 Promote succinct and actionable key messages that are un-

derstandable, memorable, and relevant to the target groups;

BOX S-2 
Opportunities for Action

	 Many of the following actions require multiple efforts involving a number of 
agencies, organizations, and sectors as well as individuals and families. These 
efforts will be greatly strengthened by joint and collaborative efforts.

Individuals and families:
	 •	 �Be physically active and intellectually and socially engaged, monitor medi-

cations, and engage in healthy lifestyles and behavior;
	 •	 �Talk with health care professionals about cognitive aging concerns;
	 •	 �Be aware of the potential for financial fraud and abuse, impaired driving 

skills, and poor consumer decision making;
	 •	 �Make health, finance, and consumer decisions based on reliable evidence 

from trusted sources.

Communities, community organizations, senior centers, residential 
facilities, housing and transportation planners, local governments:
	 •	 �Provide opportunities for physical activity, social and intellectual engage-

ment, lifelong learning, and education on cognitive aging; expand relevant 
programs and facilities;

	 •	 �Improve walkability and public transportation options in neighborhoods, 
communities, and cities.

Health care professionals and professional  
associations and health care systems:
	 •	 �Learn about cognitive aging and engage patients and families in discussions;
	 •	 �Pay attention to cognition during wellness visits, prescribing and reviews of 

medications, and during hospital stays and post-surgery;
	 •	 �Identify useful and evidence-based community and patient resources and 

make sure patients and families know about them;
	 •	 �Develop core professional competencies in cognitive aging as distinct 

from dementia and other neurodegenerative diseases in treatment and in 
counseling patients and families;

	 •	 �Address factors that lead to delirium in hospitalized patients.
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•	 Focus on sustaining changes in behaviors that promote cog-
nitive health; and

•	 Promote effective evidence-based tools for maintenance of 
cognitive health and cognitive change assessment, as well 
as the information gateway on cognitive aging (see Recom-
mendation 8).

Public health agencies at the federal, state, and local levels; aging 
organizations; media; professional associations; and consumer groups:
	 •	 �Strengthen efforts to collect and disseminate population-based data on 

cognitive aging as separate from dementia and other neurodegenerative 
diseases;

	 •	 �Develop and widely disseminate independent authoritative information re-
sources on cognitive aging and criteria for consumer evaluation of products 
and medications that claim to enhance cognition;

	 •	 �Develop, test, and disseminate key messages regarding cognitive aging 
through social marketing campaigns, media awareness efforts, and other 
approaches to increase public understanding about cognitive aging; and 
promote activities that help maintain cognitive health.

Research funders and researchers:
	 •	 �Explore cognitive aging as separate from dementia and other neurodegen-

erative diseases in basic, applied, and clinical research;
	 •	 �Expand research on the trajectories of cognitive aging and improve assess-

ments of cognitive changes and impacts on daily function;
	 •	 �Focus research on risk and protective factors for cognitive aging and on 

developing and improving the implementation of interventions aimed at 
preventing or reducing cognitive decline and maintaining cognitive health.

Policy makers, regulators, and consumer  
advocacy and support organizations:
	 •	 �Support the resources needed to understand and address cognitive aging;
	 •	 �Determine (or provide input into the appropriate regulatory review) policies 

and guidelines for products, medications, and other interventions that claim 
to enhance cognitive function or that have a negative impact on cognition;

	 •	 �Develop, validate, and disseminate policies, products, services, and infor-
mational materials focused on cognitive aging and addressing potential 
financial, health, and safety impacts, harms, and vulnerabilities.

Private-sector businesses, including the financial, 
transportation, and technology industries:
	 •	 �Develop, validate, and disseminate policies, products, services, and infor-

mational materials focused on cognitive aging and addressing potential 
financial, health, and safety impacts, harms, and vulnerabilities.
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OPPORTUNITIES FOR ACTION

Aging is inevitable, but individuals, families, communities, and society 
can take actions that may help prevent or ameliorate the impact of aging 
on cognition, create greater understanding about its impact, and help older 
adults live fuller and more independent lives. One of the major concerns of 
older adults is “Will I stay sharp?” Although changes in cognitive function 
vary widely among individuals, there are a number of actions that would 
make a difference and promote cognitive health; these are summarized in 
Box S-2 and detailed throughout the discussion and recommendations in 
this report. Cognitive aging is not just an individual or family or health 
care system challenge—it is an issue that affects the fabric of society and 
requires actions by many and varied stakeholders. How society responds 
to these challenges will reflect the value it places on older adults and how it 
views their continued involvement and contribution to their families, social 
networks, and communities.

The committee heard throughout its work on this study that cognitive 
aging is a concern to many people across all cultural groups and income 
levels. In recent years a vigorous public health, research, and community 
response has focused on Alzheimer’s disease and other neurodegenerative 
dementias. These efforts should continue to be strengthened. At the same 
time, similar efforts should be made in the field of cognitive aging. Atten-
tion needs to be paid to the cognitive vulnerabilities of the vast majority 
of older adults who may experience cognitive decline that is not caused by 
a neurodegenerative disease. They, too, want to maintain their cognitive 
health to the fullest extent possible. The committee hopes that a commit-
ment to addressing cognitive aging by many sectors of society will bring 
about further effective interventions, greater understanding of risk and 
protective factors, and a society that values and sustains cognitive health.
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Introduction

People forget things—a name, where they put their keys, a phone 
number—and yet what is dismissed as a minor inconvenience at 25 
years of age can evolve into a momentary anxiety at 35, and a major 

source of personal worry at age 55 or 60. Forgetfulness at older ages is 
often equated with a decline in cognition—a public health issue that goes 
beyond memory lapses and one that can have significant impacts on inde-
pendent living and healthy aging. The term “cognition” covers many men-
tal abilities and processes, including decision making, memory, attention, 
and problem solving. Collectively, these different domains of cognition are 
critical for successfully engaging in the various activities involved in daily 
functioning such as paying household bills, following a recipe to cook a 
meal, and driving to a doctor’s appointment. As human life expectancy 
increases, maintaining one’s cognitive abilities is key to assuring the quality 
of those added years.

Cognitive aging is a public health concern from many perspectives. 
Individuals are deeply concerned about declines in memory and decision-
making abilities as they age and may also be worried about whether 
these declines are early signs of a neurodegenerative disease, particularly 
Alzheimer’s disease. They may fear that cognitive decline will lead to a loss 
of independence and a reduced quality of life and health. Cognitive decline 
affects not only the individual but also his or her family and community, 
and an array of health, public health, social, and other services may be 
required to provide necessary assistance and support. Lost independence 
may stem from impaired decision making, which can reduce an individual’s 
ability to drive a car or increase the individual’s vulnerability to financial 
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abuse or exploitation. Cognitive impairment also affects society and the 
public’s quality of health and life.

At this point in time, when the older population is rapidly growing in 
the United States and across the globe, it is important to carefully examine 
what is known about cognitive aging, to identify the positive steps that can 
be taken to maintain and improve cognitive health, and then to take action 
to implement those changes by informing and activating the public, the 
health sector, nonprofit and professional associations, the private sector, 
and government agencies. In the past several decades rapid gains have been 
made in understanding the non-disease changes in cognitive function that 
may occur with aging and in elucidating the range of cognitive changes, 
from those that are normal with aging to those that are the result of disease; 
much remains to be learned yet the science is readily advancing.

This Institute of Medicine (IOM) study examines the public health di-
mensions of cognitive aging with an emphasis on definitions and terminol-
ogy, epidemiology and surveillance, prevention and intervention, education 
of health professionals, and public awareness and education (see Box 1-1).

To complete this task the IOM appointed the 16-member Commit-
tee on the Public Health Dimensions of Cognitive Aging whose members 
have expertise in cognitive neuroscience, geriatric medicine and nursing, 
gerontology, neurology, psychology, psychiatry, behavioral sciences, com-
munication, public health, epidemiology, social work, and ethics. The study 
was sponsored by the McKnight Brain Research Foundation, the National 
Institute of Neurological Disorders and Stroke, the National Institute on 
Aging, the Centers for Disease Control and Prevention, The Retirement 
Research Foundation, and AARP.

The committee held five meetings during the course of its work, two of 
which included public workshops during which a number of speakers pro-
vided their expertise on the study topics (see Appendix A). The committee 
also heard from various speakers at its first meeting in February 2014 and 
in public conference call meetings in August and September 2014. In addi-
tion to the input received through these workshops and meetings, the com-
mittee examined the scientific literature and other available evidence. The 
committee focused on providing a report for a broad audience, including 
the general public; health care and human services providers; local, state, 
and national policy makers; researchers; and foundations and nonprofit 
organizations.

WHAT IS COGNITION?

This report focuses on one aspect of health in older adults—cognitive 
health. Cognition refers to the mental functions involved in attention, think-
ing, understanding, learning, remembering, solving problems, and making 
decisions. It is a fundamental aspect of an individual’s ability to engage in 
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BOX 1-1 
Statement of Task

	 The Institute of Medicine will conduct a study to examine cognitive health and 
aging, as distinct from Alzheimer’s disease. The committee will make recommen-
dations focused on the public health aspects of cognitive aging with an emphasis 
on the following:

	 •	 �Definitions and terminology—The study will explore relevant definitions 
and terminology with consideration given to preventing unintended conse-
quences of terminology.

	 •	 �Epidemiology and surveillance—The focus of the study will be on identify-
ing efforts needed to better understand the public health implications of 
cognitive aging and its risk and preventive factors, as well as the develop-
ment of relevant surveillance or monitoring tools and methodologies.

	 •	 �Prevention and intervention opportunities—The study will examine op-
portunities for prevention and intervention taking into account the multiple 
aspects of enhancing cognitive capacity, prevention of impairment, ame-
lioration of cognitive decline, and promoting cognitive resilience. This will 
include relevant research on human behavior change and the evidence-
based approaches needed to ensure the retention of healthy practices to 
maintain cognitive health and remediate cognitive decline.

	 •	 �Education of health professionals—This study will explore the education of 
health professionals related to cognitive health and decline and will identify 
examples of best practices for educating health professions to ensure high 
quality care and education for older adults and their families about cognitive 
aging and its possible consequences.

	 •	 �Public awareness and education—The study will consider new approaches 
for enhancing awareness and disseminating information (with cultural, ethi-
cal, and health literacy considerations) to the public and to older adults and 
their families and caregivers.

	 The committee will hold information-gathering workshops open to the public 
during the course of its work. The report will not focus on setting an agenda for 
basic and biomedical science research as this has been the topic of recent reports 
and forums. Biomedical research will, however, inform the committee’s delibera-
tions and will serve as the foundation for the evidence base of the report.

activities, accomplish goals, and successfully negotiate the world. Although 
cognition is sometimes equated with memory, cognition is multidimensional 
because it involves a number of interrelated abilities that depend on brain 
anatomy and physiology. Distinguishing among these component abilities 
is important since they play different roles in the processing of information 
and behavior and are differentially affected by aging.

While cognitive abilities do not neatly map to single discrete regions 
of the brain, generalizations can be drawn between brain regions and key 



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

20	 COGNITIVE AGING

cognitive abilities that individuals need for their day-to-day function, well-
being, and flourishing. For example, decision making, organizing, and plan-
ning, and other related processes, are collectively referred to as “executive 
function.” The prefrontal cortex is the region of the brain that is active 
in executive functions, such as the planning and multitasking required for 
cooking a meal. In contrast, memory, such as is involved in remembering 
the list of food items needed at the supermarket, is largely controlled by the 
hippocampus. Other brain areas play key roles in other functions. Clini-
cians use different tests to measure and evaluate various cognitive dimen-
sions depending on the type of cognition or brain region (see Chapter 2).

THE INTERSECTION OF COGNITION AND AGING

What Is Cognitive Aging?

The committee provides a conceptual definition of cognitive aging as a 
process of gradual, ongoing, yet highly variable changes in cognitive func-
tions that occur as people get older. Cognitive aging is a lifelong process. 
It is not a disease or a quantifiable level of function. However, for the 
purposes of this report the focus is primarily on later life. In the context of 
aging, cognitive health is exemplified by an individual who maintains his 
or her optimal cognitive function with age.

Box 1-2 provides the committee’s characterization of cognitive aging. 
Cognitive aging is too complex and nuanced to define succinctly, and there-
fore it is appropriately characterized through this longer description. Efforts 
are needed to develop operational definitions of cognitive aging in order to 
allow comparisons across studies (see Chapter 3).

Prior Terminology and Definitions

The literature on cognitive aging includes a wide array of terms to 
describe the various aspects of cognitive aging. For instance, Rowe and 
Kahn (1987) differentiated “usual aging” from “successful aging.” “Usual 
cognitive aging” referred to such commonly found changes as reductions 
in processing speed and working memory, and also common pathological 
changes, such as those associated with cardiovascular disease. In contrast, 
the phrase “successful aging” was used to refer to the amelioration or pre-
vention of changes that have a substantial and negative impact, often by 
adopting a healthy lifestyle. Rowe and Kahn argued that scientists, physi-
cians, and the general public were all too ready to accept that significant 
and deleterious changes associated with age were inevitable. This compla-
cency, in their view, ignored both the great variation in changes with age 
as well as the variation over time within an individual, and it undermined 
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BOX 1-2 
Characterizing Cognitive Aging

•	 Key Features:
	 	 �Inherent in humans and animals as they age.
	 	 �Occurs across the spectrum of individuals as they age regardless of initial 

cognitive function.
	 	 �Highly dynamic process with variability within and between individuals.
	 	 �Includes some cognitive domains that may not change, may decline, or 

may actually improve with aging, and there is the potential for older adults 
to strengthen some cognitive abilities.

	 	 �Only now beginning to be understood biologically, yet clearly involves 
structural and functional brain changes.

	 	 �Not a clinically defined neurological or psychiatric disease such as 
Alzheimer’s disease and does not inevitably lead to neuronal death and 
neurodegenerative dementia (such as Alzheimer’s disease).

•	 Risk and Protective Factors:
	 	 �Health and environmental factors over the life span influence cognitive 

aging.
	 	 �Modifiable and non-modifiable factors include genetics, culture, education, 

medical comorbidities, acute illness, physical activity, and other health 
behaviors.

	 	 �Cognitive aging can be influenced by development beginning in utero, 
infancy, and childhood.

•	 Assessment:
	 	 �Cognitive aging is not easily defined by clear thresholds on cognitive tests 

since many factors—including culture, occupation, education, environmen-
tal context, and health variables (e.g., medications, delirium)—influence 
test performance and norms.

	 	 �For an individual, cognitive performance is best assessed at several points 
in time.

•	 Impact on Daily Life:
	 	 �Day-to-day functions, such as driving, making financial and health care 

decisions, and understanding instructions given by health care profession-
als, may be affected.

	 	 �Experience, expertise, and environmental support aids (e.g., lists) can help 
compensate for declines in cognition.

	 	 �The challenges of cognitive aging may be more apparent in environments 
that require individuals to engage in highly technical and fast-paced or 
timed tasks, in situations that involve new learning, and in stressful situa-
tions (i.e., emotional, physical, or health-related), and may be less apparent 
in highly familiar situations.
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the search for reversible causes of such changes. The committee appreciates 
the important distinctions made by Rowe and Kahn, but it decided not to 
adopt the term “successful aging” because it may suggest a value judgment 
regarding those with greater or lesser preservation of cognitive capacity.

Similarly, the committee did not adopt the term “normal aging” be-
cause it is confusing. Some authors use this term to refer to standard or 
common aspects of cognitive aging (Aine et al., 2011), while others suggest 
that “normal” aging is the optimal state and refers to those aspects of aging 
change that remain when all disease-related changes have been ruled out 
(Jagust, 2013). (A detailed discussion of the development of norms in aging 
research is provided in Chapter 2.) Despite variability in the terminology 
across investigators and clinicians, there is wide agreement that preserv-
ing cognitive function is a key component of desirable aging (Warsch and 
Wright, 2010).

The committee uses the term “cognitive aging” to emphasize that the 
human brain changes with age, both in its physical structures and in its 
ability to carry out various functions. Indeed, it would be surprising if 
the brain did not age, given that all other organs and body structures age. 
Kidneys and muscles, for example, show a range of age-related changes in 
structure and function (Cohen et al., 2014; Keller and Engelhardt, 2013). 
And it is not only humans whose brains age. A considerable body of litera-
ture demonstrates that there is remarkable consistency across mammalian 
species in age-related neural and cognitive changes (Samson and Barnes, 
2013; also see Chapter 2).

The brain is the locus for a vast array of functions, including reason-
ing, emotion, memory, judgment, sensory processing, learning, and motor 
skills. These many brain functions and the neural structures and networks 
that support them change at different rates and in different ways over time, 
with the particular changes based on a large number of interacting factors, 
including genetic makeup, education, environment, lifestyle, and trauma. A 
clear body of evidence indicates that as individuals age a decline occurs in 
specific brain functions that cannot be attributed to disease processes in the 
brain, such as neurodegeneration from Alzheimer’s disease or stroke. For 
instance, most older adults process information less quickly than they did 
when they were younger (Birren, 1970). Researchers face a daunting task 
in distinguishing between changes that are the consequences of aging and 
those that are attributable to specific neurological diseases and conditions, 
which may or may not have potentially reversible attributes.

What Are the Potential Impacts of Cognitive Aging?

Age-related changes in cognition can affect not only memory but also 
decision making, judgment, processing speed, and learning. (For more de-
tails on the many elements of cognition, see Chapter 2.) These changes can 
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in turn affect an older person’s capacity to live independently, to preserve a 
sense of identity grounded in autonomy, and to pursue treasured activities. 
The more that a society values an ethic of independence and a respect for 
autonomy, the more cognitive aging will be perceived as a social, cultural, 
and individual challenge. In fact, some people have reported that they are 
reluctant to tell their physicians or family members about their difficulties 
with cognition out of fear that they will lose their independence or their 
driving privileges (Ralston et al., 2001).

In a 2012 survey of its members, AARP found that “staying mentally 
sharp” was a top concern of 87 percent of respondents (AARP, 2013). 
Changes in cognition also have the potential to affect health directly by 
impairing a patient’s ability to take the proper medication dose on the cor-
rect schedule or to understand risks and benefits when choosing a treatment 
option or health insurance plan (IOM, 2014).

However, identity is shaped by a person’s capacity for interdependence 
as much as it is for a capacity for independence. Each person is defined by 
his or her relationships with family, colleagues, co-worshipers, and com-
munities. The ability to help others, to collaborate, and to, at times, receive 
help are crucial human qualities. Ironically, the ability to appropriately 
seek and accept help when needed can be a critical factor in maintaining 
independence. One key message for this report is that although the brain 
will change with age, numerous opportunities exist to prevent, ameliorate, 
or adapt to cognitive changes. These opportunities can allow older adults 
to continue to function both independently and interdependently.

Family members of older adults also worry about how their loved one’s 
changes in cognition could affect their daily functioning. A 2010 survey 
found that 40 percent of children with parents age 65 years or older were 
concerned that their parents would have difficulty handling their personal 
finances (Investor Protection Trust, 2015).

Although most of the focus on cognitive aging is on its negative im-
plications, noteworthy positive changes also can occur as the brain ages. 
For example, wisdom and knowledge increase with age (Grossmann et al., 
2010), and happiness follows a U-shaped curve relative to age, with people 
reporting they are happiest in youth, less happy in midlife, and happiest 
again much later in life (Stone et al., 2010). Furthermore, levels of stress, 
worry, and anger all decline with increasing age (Stone et al., 2010).

Various groups and industries have taken note of the public health 
and societal impacts of cognitive changes in later life and are attempting to 
minimize the negative effects of cognitive aging, to make more resources 
available to more people, and to raise public knowledge. Examples of this 
heightened attention can be seen in actions by government at the federal, 
state, and local levels; by nonprofit organizations focused on older adults; 
and by companies in the relevant industries, including the financial services 
industries and the physical activity, transportation, food, and insurance in-
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dustries (see Chapter 6). Given the demographics and the aging of society 
(see section below), the market for cognitive-related sales is significant, and 
older adults and their families will need to make evidence-based decisions.

CHANGING DEMOGRAPHICS

The population of the United States, like that of many other coun-
tries, is getting older. Thus, cognitive aging will affect an ever-increasing 
number and proportion of Americans. Life expectancy in the United States 
has increased dramatically over the past century. In 1900, the average life 
expectancy at birth was 46.3 years for men and 48.3 years for women; by 
2010 it had increased to 76.2 years for men and 81.0 years for women 
(NCHS, 2014). While the mortality rate among children and young adults 
has decreased, thanks to a variety of advances, age-adjusted mortality rates 
have also declined in the population over age 65 years (Hoyert, 2012). De-
creases in mortality are attributable to, among other factors, reductions in 
smoking, better control of chronic diseases (e.g., especially heart disease), 
and improved education (Cutler et al., 2007).

Increased life expectancy, changes in birth and mortality rates, and 
other factors are leading to major changes in the demographic composition 
of the U.S. and global population. In 1900, 4.1 percent of the U.S. popula-
tion was 65 years or older (just over 3 million people); by 2012 that age 
group accounted for 13.7 percent of the population (more than 40 million 
people) (AoA, 2013; West et al., 2014). By 2050 people 65 years and older 
are expected to make up 21 percent of the U.S. population (see Figure 1-1; 
U.S. Census Bureau, 2012b). The “oldest old” demographic—people age 
85 years and older—is expected to increase from 6.3 million (1.96 percent 
of the population) in 2015 to just over 18 million (4.5 percent) in 2050 
(Suzman and Riley 1985; U.S. Census Bureau, 2012a,b). In the past three 
decades the percentage of the population that is age 90 years and older has 
tripled, and in the next four decades it is expected to more than quadruple 
(He and Muenchrath, 2011).

Similar aging trends are occurring in developed countries around the 
globe. Japan’s 65-years-and-older population is almost one-fourth of its 
total population, with similar percentages seen in Germany and Italy (both 
more than 20 percent) (Jacobsen et al., 2011). Even though the public 
health implications of cognitive aging may be unique for each country due 
to their distinct social, cultural, and economic conditions, the challenges 
and opportunities that these countries face are all related. 

Diversity

In addition to increasing in total number, the U.S. population 65 years 
and older is expected to diversify racially and ethnically by 2050. In 2010, 
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the non-Hispanic white demographic made up 80 percent of this group, 
but this share is projected to decrease to 58 percent by 2050. While the 
Hispanic population accounted for 7 percent of the 65-years-and-older 
population in 2010, it is projected to grow to 20 percent in 2050 (increas-
ing from 3 million individuals in 2010 to 17.5 million in 2050); the black 
population will account for 12 percent of the 65-years-and-older popula-
tion in 2050, up from 9 percent in 2010 (from 3.4 million to 10.5 million 
people); and the Asian population will increase from 6 percent to 9 percent 
of the 65-years-and-older population (from 1.3 million in 2010 to 7.5 mil-
lion in 2050) (FIFARS, 2012). This increasing diversity of the population 
calls for a focus on improving cognitive measurement techniques and the 
development of appropriate metrics and interventions for diverse ethnic, 
cultural, and racial groups as part of the broad effort to improve cognitive 
health in the aging population.

Health Status

The health status of older Americans has improved over the past several 
decades (West et al., 2014). In 2010 roughly three-fourths of adults age 65 
years and older reported their health status to be “excellent,” “very good,” 
or “good” (Schiller et al., 2012). However, the percentage of adults report-
ing excellent or very good health decreases with age.

Despite good self-rated health, a large majority of older adults have at 
least one chronic disease (e.g., hypertension, arthritis) that requires ongo-
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FIGURE 1-1  Population age 65 years and older, 1900 to 2050.
SOURCE: West et al., 2014.
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ing care. In addition, many older adults experience one or more clinical 
conditions that do not fit into discrete disease categories (e.g., incontinence, 
frailty) (see Figure 1-2; West et al., 2014). The care needed for these syn-
dromes and diseases—both acute and chronic—presents older adults with 
decisions that will lead to ethical and economic outcomes that can substan-
tially affect their well-being and quality of life. Cognitive aging can add to 
the challenges that older adults face when making these decisions.

CROSS-CUTTING THEMES

Cognitive aging is a broad topic with sweeping implications and chal-
lenges. This report focuses on the public health dimensions of cognitive 
aging and touches only briefly on the numerous basic science questions 
and neuropsychological assessment challenges related to cognitive aging. In 
addressing the public health challenges of cognitive aging, the committee 
identified several cross-cutting themes and key messages (see Chapter 7):

•	 Cognitive health should be promoted across the life span. Actions 
can be taken by individuals to help maintain cognitive health. 
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FIGURE 1-2  Limitations of activity caused by chronic health conditions by age, 
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cover the civilian noninstitutionalized population.
SOURCE: West et al., 2014.
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Healthy cognition facilitates an individual’s capacity to function. It 
allows people to learn, to make appropriate choices, and to express 
current and future preferences. Cognitive abilities enable people to 
accomplish the tasks of daily living, to understand information and 
apply it to personal situations through appreciation and reasoning, 
and to effectively assess emotions such as trust. It enables people to 
maintain the essence of self. Actions to maintain cognitive health 
are discussed throughout the report.

•	 Cognition is memory plus much more; there are multiple dimen-
sions of cognition. Cognitive abilities range from the capacities for 
decision making and processing time to memory, attention, and 
more (see Chapter 2).

•	 Cognitive functioning levels vary among individuals and through-
out the life span. From infancy through young adulthood and old 
age, the brain continues to change. Within the predictable level of 
change at each stage of life, there is also great variability among 
individuals.

•	 Cognitive function is affected by multiple factors. Neuroplasticity 
persists throughout the life span so that there is potential for older 
adults to strengthen cognitive abilities. Due to the complexity of 
the human brain, numerous risk and protective factors may affect 
cognitive abilities (including genetics, physical activity, traumatic 
brain injury, sleep quality, comorbidities, acute illness, delirium, 
and medications) (see Chapters 4A, 4B, 4C).

•	 Cognitive changes are not necessarily signs of neurodegenerative 
disease (such as Alzheimer’s disease) or other neurological diseases. 
There are many potential causes of cognitive decline, some of 
which may be at least partly preventable or treatable (e.g., recent 
changes in medications associated with short-term delirium).

•	 Cognitive aging can affect daily activities and independent living. 
The significance of cognitive aging can be seen especially in its po-
tential effects on daily tasks and decision making. Cognitive decline 
caused by cognitive aging may occur gradually and with few overt 
symptoms or signs. As a result, individuals or their close friends or 
family may not notice deterioration in driving, financial decisions, 
food choices, and other everyday activities until it becomes severe.

•	 Age affects all organ systems. The brain, as with all organs, is af-
fected by aging. Over the span of life, connectivity is lost between 
some neuronal synapses and other changes occur.

•	 Aging can have positive effects on cognition. The experiences and 
knowledge gained over a lifetime can provide individuals with posi-
tive cognitive benefits (e.g., wisdom learned from experience).
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OVERVIEW OF THE REPORT

This report explores the multiple issues involved in considering cogni-
tive aging from a public health perspective. Chapter 2 explores the chal-
lenges of characterizing and measuring changes in cognition, highlights the 
impact of cognitive aging on daily function, and discusses the variability 
among individuals particularly as related to setting norms. Chapter 3 fo-
cuses on collecting and understanding population-based data on cognitive 
aging. Chapters 4A, 4B, and 4C provide an overview of the epidemiologic 
research on risk and protective factors for cognitive aging and discuss the 
research on a range of prevention and treatment interventions. Chapter 5 
focuses on health care’s response to cognitive aging, with discussions on 
increasing the abilities of health professionals to assess cognitive aging 
and to use wellness visits to discuss these issues with their patients. The 
community’s response to cognitive aging is discussed in Chapter 6, which 
describes the wide variety of resources that are currently available and that 
need to be developed for older adults and their families facing decisions 
on personal finances, driving, technology, and cognitive-related products. 
Chapter 7 offers key messages on cognitive aging and highlights efforts that 
are needed to raise awareness of these issues among members of the general 
public. The report concludes in Chapter 8 with a call to action for individu-
als, government agencies, private-sector corporations, and nonprofit and 
professional organizations.
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2

Characterizing and Assessing 
Cognitive Aging

Many people are concerned about the effects that changes related 
to cognitive aging may have on their capacity for living indepen-
dently and making autonomous choices. This chapter will clarify 

the concept of cognitive aging and explain how it differs from disease. The 
chapter will review the many different elements of cognition, how they 
are measured, what is known about the patterns of age-related changes in 
cognition in both humans and animals, the implications of these changes 
for everyday functioning, and important concepts such as adaptability and 
plasticity. The chapter then details the age-related changes observed in hu-
man cognition and discusses how research findings from non-human animal 
models may explain the biological basis for these changes. Next is a sum-
mary of the evidence concerning the neural mechanisms that contribute to 
age-related changes in cognition and the implications of these changes. The 
background offered in this chapter provides a framework to understand 
how cognition is assessed, with particular attention to the challenges of 
creating norms and applying them in cognitive tests, especially given that 
such tests are often used by non-experts outside of carefully monitored 
research settings.

Numerous age-related changes in cognitive abilities are highly relevant 
to everyday activities and have substantial importance to the public. For 
example, declines in cognitive abilities increase the risk that older adults 
will make errors in financial decisions, select options that have less than 
optimal financial rewards, and suffer financial fraud and abuse (Agarwal 
et al., 2009; Denburg et al., 2007; Samanez-Larkin et al., 2012). Older 
adults generally have limited opportunities for employment for a variety 
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of reasons, and they also tend to have less time to recover any financial 
losses. Age-related changes in cognition can impair driving performance, 
which has safety and public health implications (e.g., Ball et al., 1998; 
Clay et al., 2005; and see Chapter 6 for further discussion of these topics). 
Current research indicates that age-related changes in cognitive processes 
affect performance on technology-based tasks such as searching the Inter-
net for health information (e.g., Czaja et al., 2013; Sharit et al., 2008) and 
using health care providers’ patient portals (Taha et al., 2013). Given the 
ubiquitous use of computers and the Internet for many routine interactions 
with businesses, public services, and social events, this has substantial im-
plications for older adults’ ability to participate in many domains of life.

AGE-RELATED CHANGES IN HUMAN COGNITION

There is tremendous inter-individual and intra-individual variability in 
age-related changes in cognitive abilities. This vast heterogeneity among 
older adults increases the challenges associated with understanding cogni-
tive aging. The trajectory is not the same for everyone, and an individual’s 
performance on measures of ability may change across evaluation occasions 
(see Figure 2-1). Differences in the degree to which individuals’ cognitive 
function changes with age are due in part to a lifetime of differences in 
experiences, health status, lifestyles, education, attitudinal and emotional 
factors, socioeconomic status, and genetics. The trajectory also varies for 
different cognitive functions. Some aspects of cognition decline with age 
while others show improvement or remain stable until the much later de-
cades of life. In addition, performance on laboratory tasks is not always 
representative of performance in everyday functioning. While age-related 
declines on many standardized tests of cognitive abilities are well docu-
mented, older adults may still maintain high levels of competence on most 
everyday activities because they are often able to compensate for declines in 
cognitive abilities with expertise and experience or environmental cues or 
support. The age-related changes seen in several domains of cognition have 
implications for behavior and function. This section provides descriptions 
of the primary domains of cognition (also known as neurocognition) along 
with summaries of what is known about the age-related changes in each. 
Box 2-1 offers examples of how each domain of cognition can be evaluated.

Speed of Information Processing

Speed of information processing reflects the efficiency of cognitive op-
erations. One of the hallmarks of cognitive aging is a generalized slowing 
of processing speed, which is reflected in both perceptual and cognitive 
operations (e.g., Birren, 1970). Generally, it takes longer for older people 
to process information and give a response. These age-related changes have 
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an influence on the efficiency of other cognitive operations, such as working 
memory, attention, and speech processing, and have tremendous implica-
tions for behavior and interactions with others. For example, making the 
appropriate responses in driving, such as determining when to turn or when 
to stop at a red traffic light are heavily dependent on processing speed.

Declines in processing speed can also affect a person’s ability to re-
member spoken instructions, attend to important information, or perform 
tasks that have pacing demands. As will be discussed in more detail later 
in this chapter, age-related declines in processing speed can be offset to 
some extent by experience. For example, a study of skilled typists ranging 
in age from 19 to 72 years old found that although the older typists were 
slower on standard measures of reaction time and key tapping, they were 
not slower in typing speed (Salthouse, 1984). This was due to the older 
typists’ experience, which helped them anticipate the next characters that 
would have to be typed.
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FIGURE 2-1  Intra-individual changes in cognition scores over time for a random 
sample of approximately 500 adults who were enrolled in the Health and Retire-
ment Study.
NOTE: Lines connect dots that represent the scores of the same individual at dif-
ferent ages. The orange line represents the average score for all individuals, and the 
two blue lines represent 1 standard deviation above and below the average. Scores 
for some individuals increased over time even though, as indicated by the orange 
line representing the average score at each age, there was a general decline over time.
SOURCE: McArdle, 2011. Reprinted with permission.
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BOX 2-1 
Examples of Cognitive Assessments

	 Numerous cognitive tests have been developed and validated. A few commonly 
used measures for key cognitive domains are

Speed of processing: The Pattern Comparison Processing Speed Test asks a 
person to determine whether a set of two pictures placed side by side are the 
same. The participant is given 90 seconds to evaluate as many sets of pictures 
as possible. The Digit Symbol Substitution Test, another timed measure of speed 
of processing, consists of nine digit–symbol pairs. The participant is given a list of 
digits and asked to write the corresponding symbol for each.

Sustained attention: The Connors Continuous Performance Test presents indi-
viduals with a repetitive task and asks them to maintain their focus for a period of 
time in order to respond to targets. For example, they will see or hear the number 
“1” or “2” and are told to respond when presented with a visual or auditory “1” but 
not when presented with “2.”

Selective attention: In visual search tasks, an individual is asked to search a 
visual display for a target, such as a letter, that is surrounded by other, non-target 
letters. The task can be made more difficult by making the target and non-target 
letters more similar or by increasing the density of the display. In the Stroop Test, 
another measure of attention, a person is asked to name the color of ink in which 
another color word is printed (e.g., the word “red” printed in the color green).

Episodic memory: The Picture Sequence Memory Test entails recalling increas-
ingly long series of 6 to 18 illustrated objects and activities presented in a certain 
order on a computer screen. Participants are asked to recall the sequence of 
pictures presented over two learning trials.

Working memory: There are multiple common tests of working memory that 
include giving participants a list of items (letters, numbers, words) and asking 
them to repeat the items back in order. Performance on these tests is usually 
measured in terms of the longest sequence of letters, numbers, or words that 
are remembered correctly. For example, in the List Sorting Test, participants are 
shown pictures of different foods and animals along with the written text and audio 
recording that correspond to the item displayed. Then the participant is asked to 
recite the items back in order of size from smallest to largest, first within a single 
category (e.g., animals) and then in two categories (e.g., foods, then animals).

Semantic memory: In the Category Fluency Test, individuals are given a category, 
such as animals, and asked to name all of the items they can that belong to that 
category in 1 minute. In the Boston Naming Test, an individual is shown a series of 
pictures and asked to name each picture within 20 seconds (Kaplan et al., 1983).

Executive function: The Wisconsin Card Sorting Test is a measure of cognitive 
flexibility in which an individual is asked to match two sets of cards according to 
some characteristic—the color, shape, or number of items on the cards—but the 
participant is not told which characteristic is to be used. Feedback is provided after 
each match so that the participant can figure out the correct system of classifica-
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tion. After a fixed number of correct matches, the classification is changed without 
notice, and the participant must learn the new rule of classification. In the Trail 
Making Test (Reitan, 1955)—a test of attention and set-shifting—the individual has 
to connect 25 consecutive items on paper or a computer screen. In the first part 
of the test, the participant is asked to connect numbers in sequential order (1, 2, 
3, etc.), and in the second part of the test, the participant is asked to alternate 
between numbers and letters.

Reasoning: The Letter Sets Test consists of five sets of four letters. The partici-
pant has to decide which one of the five sets is dissimilar in the sense that it does 
not follow a rule used to generate the other four sets. Tests of inference are used 
to measure the ability to reason and draw conclusions from information presented 
in statements.

Language: There are a variety of tests that can be used to measure language 
skills depending on the particular aspect of language being assessed. For ex-
ample, studies have used a word-by-word reading paradigm to assess com-
prehension of sentences (e.g., Kemtes and Kemper, 1997). Other studies use 
word-by-word reading time (e.g., Stine, 1990) or recall of text (Stine-Morrow et 
al., 1996). Another frequently used measure of language comprehension is the 
Token Test. A common test of word retrieval skills is the Boston Naming Test. 
The Category Fluency Test measures the ability to retrieve words rapidly from a 
semantic lexicon. The Boston Diagnostic Aphasia Examination is an example of 
a test of repetition of phrases and written communication skills. Finally, measures 
of prosody examine inflection and rhythm.

Spatial ability: In the Paper Folding Test, participants are shown a series of folds 
in a piece of paper through which a set of holes is then punched. The participants 
are asked to choose which of a set of unfolded papers with holes matches the 
original. In the Mental Rotations Test, participants are asked to compare several 
three-dimensional objects, often rotated on some axis, and state whether they are 
the same image or mirror images. A complex three-dimensional task is the Block 
Design subtest of the Wechsler Adult Intelligence Scale (WAIS). The participant 
is presented with a two-dimensional drawing in red and white of a target design 
and a set of three-dimensional blocks (some sides of the blocks are red, some 
sides are white, and some are half red and half white). The participant is asked 
to arrange the blocks within a specified time limit so that they mimic the drawing.

Intelligence: A common measure of intelligence used with older adults is the 
WAIS, 4th version. It consists of 10 core subtests and 5 supplemental subtests. 
The core subtests provide the intelligence quotient, which is derived from four 
index scores: Verbal Comprehension Index, Perceptual Reasoning Index, Working 
Memory Index, and Processing Speed Index. Sometimes a distinction is made 
between crystallized and fluid intelligence. The vocabulary and verbal subscale 
of the WAIS is often used as a measure of crystallized intelligence, whereas the 
other subtests are often used to assess fluid intelligence.

Additional measures: These measures provide an assessment of an individual’s 
mental status and include the Montreal Cognitive Assessment Battery, the Mini-
Mental State Examination, and the Telephone Interview for Cognitive Status.
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Attention

Attention is the capacity for processing information. Humans have 
limits in the amount of information they can process at any given time. 
Performing tasks at levels near full capacity for long periods of time can be 
tiring, especially for older adults (Kramer and Madden, 2008; Zanto and 
Gazzaley, 2014). When capacity limits are exceeded, performance tends to 
decline and be prone to error (Zanto and Gazzaley, 2014). There are several 
types of attention. 

Selective attention refers to the ability to filter information and focus 
on select items despite the presence of other information. Examples include 
searching a visual display for a specific letter that is surrounded by other 
letters, identifying a road sign on a highway cluttered with billboards and 
advertisements, or finding relevant information on a highly cluttered web-
site. This becomes more difficult with increasing amounts of clutter and 
irrelevant information, especially for older adults. In general, older adults 
have more trouble discriminating between relevant and irrelevant stimuli 
and locating relevant information in the presence of distracting background 
information (McDowd and Shaw, 2000).

Divided attention is the ability to split one’s focus between competing 
activities or multiple sources of information—also known as multitasking—
and can involve the processing of multiple pieces of information or the per-
formance of multiple tasks simultaneously. Reading an instruction manual 
while listening to music is one example of divided attention. A dangerous 
example is driving while typing a text message on a cell phone. Generally, 
older adults have more difficulty with multitasking than do younger adults 
(McDowd and Shaw, 2000; Tsang and Shaner, 1998; Verhaeghen and 
Cerella, 2002).

Sustained attention refers to the ability to maintain concentration on a 
task for a long period of time. It is required when a person must continu-
ously monitor a situation in which important, but usually infrequent and 
unpredictable, events may occur. These types of tasks are typically referred 
to as vigilance tasks and are common in the work of air traffic controllers, 
inspection and quality control personnel, and others engaged in monitoring 
and surveillance. The literature suggests that sustained attention generally 
does not show age-related decrements (Berardi et al., 2001; Carriere et al., 
2010).

Memory

Declines in memory are one of the most common complaints among 
older adults and can cause psychological distress and worry. Survey data 
from 21 states indicated that approximately 13 percent of Americans age 
60 years and older reported confusion and memory loss (CDC, 2013). 
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As discussed below, there are many forms of memory. Some elements of 
memory are fairly stable in older adulthood, while others decline, and, as 
emphasized throughout this chapter, considerable variability exists among 
individuals. The aspects of memory discussed here were chosen because 
they are important to everyday functioning and have been thoroughly ex-
amined in the literature.

Working memory refers to the ability to temporarily hold information 
in one’s mind while it is processed or used. It encompasses the active ma-
nipulation of information or the maintenance of some information while 
dealing concurrently with further incoming information. For example, peo-
ple listening to instructions on how to take a particular medication rely on 
working memory to hold the instructions in memory while they process the 
information for use at a later time. Working memory plays a central role in 
many activities, such as adherence to a medication schedule (e.g., Insel et 
al., 2006), and it is a fundamental element of other cognitive abilities such 
as processing language, solving problems, and making decisions. Working 
memory is also important to new learning. The rich literature available on 
the effects of aging on working memory indicates that working memory 
generally declines with age, especially for complex tasks (e.g., Salthouse, 
1994; Zacks et al., 2000).

Long-term memory is the system for relatively permanent memory stor-
age and is the repository of a person’s knowledge. There are multiple types 
of long-term memory. 

Semantic long-term memory stores factual information acquired over a 
lifetime and is often not associated with a particular time or place. Semantic 
memory is used when a person provides answers to factual questions, such 
as naming the current president of the United States or a state capital. Older 
adults typically perform as well as young adults on tasks testing this type 
of memory (Craik and Jennings, 1992; Nilsson, 2003; Spaniol et al., 2006). 
In fact, an individual’s accumulated semantic knowledge and memory in-
crease into the sixth and seventh decades of life and only a slight decline 
may be seen subsequently (Brickman and Stern, 2009). People may have 
some difficulty with retrieving semantic information if it has not been ac-
cessed for some time, but generally the information can be retrieved with 
the appropriate cues.

Episodic memory is the memory of autobiographical events, includ-
ing times, places, associated emotions, and other contextual information. 
Episodic memory is relevant to events of both the recent and the distant 
past. This type of memory tends to decline with age, and the declines are 
greater when the task demands are more complex or when there are few 
environmental supports or cues available (e.g., writing a note to oneself 
about where the car was parked this morning) (Craik and McDowd, 1987; 
Mitchell, 1989).
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Prospective memory is another type of long-term memory. It is the 
ability to remember to do something in the future, such as take a medica-
tion or pick up the dry cleaning, and it can be time-based or event-based. 
Time-based prospective memory is remembering to do something at a 
later time, such as to go to a doctor’s appointment next Tuesday at 2 p.m. 
Event-based prospective memory is remembering to do something after an 
event, such as meeting a friend after the appointment. Age-related declines 
occur in both types of prospective memory, but the declines are usually 
greater for time-based prospective memory (Henry et al., 2004; Maylor 
et al., 2002). The declines appear more pronounced for event-based tasks 
that require higher levels of controlled processing (e.g., effortful processing, 
which requires attentional capacity) than for those supported by relatively 
more automatic processes (e.g., very well-learned tasks, which require little 
attentional capacity). In addition, the effects of age on prospective memory 
appear to be greater when tested in laboratory tasks than when tested using 
more naturalistic tasks (Henry et al., 2004).

Procedural memory, also known as skill learning, refers to learning 
and remembering how to perform an activity such as driving a car, riding a 
bicycle, cooking a favorite recipe, or using a software program. Generally, 
this type of memory is built up gradually over time as a function of practice. 
Well-learned procedures such as driving or typing become automatic and 
can be performed without high levels of conscious processing or attentional 
resources. Older adults do not usually have trouble doing procedures that 
are automatic or well learned, and they can learn to do new procedures with 
practice (Backman et al., 2001). Distinguishing between performance time, 
learning, and memory for a task is important. For example, older adults 
may perform tasks more slowly when procedural memory is required, and 
they may learn procedural sequences at a slower rate than younger adults, 
but they can still maintain the procedural aspects of the task (e.g., how to 
type) and can learn new procedures (Brickman and Stern, 2009).

Finally, there is source memory, which relates to the context or details 
surrounding an event, particular fact, or piece of information. This is differ-
ent from remembering the content of the information. For example, people 
might remember a news story but forget when they first received the infor-
mation or whether they read it in a newspaper or heard it on television. 
Similarly, they might remember that a friend is retiring but forget who told 
them the information. Research findings indicate that source memory can 
decline with age and that aging has a greater effect on source memory than 
it does on the memory of content (Glisky et al., 2001; Spencer and Raz, 
1995; Trott et al., 1997).
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Executive Function

Executive function refers to the cognitive skills used to regulate behav-
ior and modify responses based on environmental cues. This includes the 
ability to plan actions (e.g., paying bills or creating schedules), to organize 
information, to think abstractly, to allocate mental resources (cognitive flex-
ibility), to reason, to solve novel problems, to adapt to new situations, and 
to act appropriately during social interactions. Generally, executive function 
declines with age (Zelazo et al., 2004).

Tests evaluating set-shifting (i.e., the ability to move back and forth be-
tween tasks) show significant changes with age. For example, performance 
on the Visual-Verbal Test (in which participants are asked to look at a series 
of cards and indicate how three of the four objects on each card are alike 
in one way and then indicate how three of the objects are alike in another 
way) declines substantially with age. These changes appear to be related to 
the difficulty that older participants have with switching from one abstract 
answer to another (e.g., they tend to get the first item correct but the second 
item wrong) (Albert et al., 1990).

Series completion tests also show substantial declines with age. These 
tests generally require the participant to examine a series of letters or num-
bers and to determine the rule that governs the sequencing of the items in 
the series. Cross-sectional and longitudinal data both demonstrate age-
related declines on tasks of this sort (e.g., Lachman and Jelalian, 1984; 
Schaie, 1983).

Proverb interpretation tests, which require the participant to provide 
the general meaning of a proverb (e.g., “Barking dogs seldom bite.”), also 
demonstrate age-related declines (Albert et al., 1990). This is true whether 
participants are asked to provide the meaning of the proverb or are given 
alternative choices of interpretation.

Declines in executive functioning can affect a person’s ability to make 
decisions, to inhibit responses, and to simultaneously process relevant and 
irrelevant information. These declines have been linked to declines in abil-
ity to perform instrumental activities of daily living, such as medication 
management (Bell-McGinty et al., 2002).

Reasoning Abilities

Reasoning ability, which is sometimes considered an aspect of executive 
function, also declines with age. It reflects logical thinking, or the process of 
drawing conclusions from information to inform problem solving or make 
decisions, such as medical or financial decisions. (The societal implications 
of declines in reasoning ability are discussed in detail in Chapter 6.) There is 
a distinction between deductive and inductive reasoning. Deductive reason-
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ing allows a person to draw conclusions about specific events or situations 
based on premises or general theories assumed to be true, whereas inductive 
reasoning allows a person to draw general conclusions based on specific 
observations. Overall, the literature from laboratory tests of reasoning 
indicates that both of these abilities decline with age in a fairly linear way, 
beginning in middle adulthood (e.g., Salthouse, 2004).

Language

Language function consists of an array of abilities, including under-
standing and producing speech, reading, writing, and naming. It is a fun-
damental component of human behavior and a primary mechanism for 
communication. Language processing is a critical element of cognitive tasks 
(e.g., the ability to understand written and spoken instructions) and social 
interactions. For example, older adults whose hearing loss impedes their 
understanding of spoken language may withdraw from social interaction 
(Mick et al., 2014). This is noteworthy not only because social interaction is 
important to quality of life for many people but also because limited social 
interaction may contribute to cognitive decline (see Chapter 4B).

Age-related effects on language abilities vary as a function of the ability 
being investigated: Some aspects of language function decline, while others 
do not. Although vocabulary does not decline until very old age (Burke and 
Shafto, 2008; Schaie, 1994, 2005), language production skills do decline 
with age. These are word-finding failures and language disfluencies, such 
as the phenomenon of “having a word on tip of the tongue” or pausing 
for longer intervals while speaking (Burke and Shafto, 2008; Kemper and 
Herman, 2006). The syntactic complexity of spoken language also tends 
to decline with age (Kemper and Sumner, 2001), and older adults gener-
ally produce sentences with lower idea density than younger adults (for a 
review, see Burke and Shafto, 2008). Older adults may also experience more 
difficulty spelling familiar words (Abrams and Stanley, 2004). However, 
the comprehension of the meaning of words is typically well-preserved in 
older age. With respect to speech comprehension, older adults generally 
have difficulty understanding spoken language that is distorted or too rapid 
(Wingfield and Grossman, 2006; Wingfield et al., 1999). Thus, it may be 
difficult for them to comprehend loudspeaker messages such as gate an-
nouncements in airports, or synthetic speech messages such as those used 
in interactive telephone messaging systems.

Spatial Ability

Spatial ability—the maintenance and manipulation of visual images—
also generally declines with age (Techentin et al., 2014; Willis and Schaie, 
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1986). More specifically, spatial ability includes the abilities to produce 
figures, to recognize familiar faces, to form relationships among spatial 
locations, and to copy and match objects and pictures. Older adults do not 
perform as well as younger adults on spatial tasks requiring mental rotation, 
visualization abilities, or remembering the location of objects (e.g., Dobson 
et al., 1995; Hertzog and Rypma, 1991; Light and Zelinski, 1983). These 
abilities are important for tasks such as learning environmental layouts 
and routes, wayfinding, map reading, and translating directions. They also 
influence performance on computer tasks, such as editing text and using 
a spreadsheet, and searching map- and computer-based information (Pak 
et al., 2006b), and navigating telephone menu systems (Pak et al., 2006a).

Furthermore, compared to younger individuals, older people are less 
able to depict and perceive the three-dimensionality of drawings. In one 
study in which young and old adults (mean ages 21 and 67 years, respec-
tively) were asked to draw a cube, the drawings by the older adults were 
rated as less accurate than those of the younger adults (Plude et al., 1986). 
The older participants were also less accurate in determining the adequacy 
of drawings of cubes that were distorted to varying degrees. They were, 
however, equally capable of copying an image of a cube when they were 
given cues about the size of the lines.

Intelligence

In the course of day-to-day activity, individuals combine many of these 
previously described cognitive domains in order to function. Intelligence is 
a multifaceted construct that refers to the ability to solve problems, plan, 
think abstractly, and adapt to and learn from everyday experiences. Cogni-
tive abilities are the underlying processes or mechanisms of intelligence.

Intelligence is most commonly measured on one or more standardized 
tests that produce an intelligence quotient (IQ) score, which indicates how 
far an individual deviates from the average for that person’s age group. 
Different types of intelligence are discussed in the literature, including 
emotional intelligence (the ability to monitor one’s own and other people’s 
emotions, discriminate among different types of emotions, and use emo-
tional information to guide behavior) and practical intelligence, or everyday 
competence.

Differentiating between crystallized intelligence and fluid intelligence 
can be useful when discussing aging and cognition. Crystallized intelligence, 
or crystallized abilities, reflects a person’s knowledge, such as language 
skills or knowledge about a particular topic, while fluid intelligence, or 
fluid abilities, is involved in processing current or new information, such 
as learning to play chess. Fluid abilities reflect a person’s capacity to think 
logically and solve problems in novel situations, and they aid in skill ac-
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quisition and learning. Data from both cross-sectional (comparisons among 
different age groups at a single point in time) and longitudinal (examination 
of a change in a cohort over time) studies indicate that crystallized abilities 
tend to remain stable, with only modest age-related decline until the very 
latter decades, whereas declines in fluid abilities begin earlier and are more 
gradual across the life span (Schaie, 1996).

Wisdom

Like intelligence, wisdom, a construct that has a relatively short history 
of independent investigation within the realm of cognitive aging, is multidi-
mensional and has been viewed from a number of theoretical perspectives 
and defined in a variety of ways. The definition most germane to this report 
considers wisdom to be an expert knowledge system and emphasizes the 
amount and use of knowledge that someone has accumulated in life and 
how that person is able to use and apply this knowledge (Baltes and Smith, 
1990; Kunzmann and Baltes, 2003). Wisdom encompasses expertise and 
mastery of life matters that require insight, judgment, management of life 
circumstances and events, life planning, and personal conduct.

Wisdom goes beyond descriptive knowledge and entails a deeper inter-
pretive understanding of knowledge (Ardelt and Hunhui, 2010). Overall, 
wisdom includes cognitive, reflective, and affective elements (Ardelt, 2004). 
For example, wisdom-related expertise is important in providing advice on 
relationship conflicts or in planning for retirement. With respect to aging, 
wisdom needs to be examined from a life span perspective in the sense that 
it begins developing in adolescence and early adulthood. Wisdom-related 
knowledge often remains stable in older adulthood (e.g., Baltes and Smith, 
1990; Staudinger, 1999). However, studies comparing age differences in 
wisdom are relatively few and, just as there are differences in definitions of 
wisdom, the manner in which wisdom is measured also varies (for a review, 
see Jeste and Oswald, 2014).

Assessment of Cognitive Abilities

Examples of standard measures used to evaluate each domain of cog-
nition are in Box 2-1. A wide variety of such measures is available for 
research and clinical use, and there is some controversy about which mea-
sures are optimal for each domain and population of interest. For example, 
people from racial or ethnic minority backgrounds might not do as well on 
certain tests as the rest of the population even though their cognitive abil-
ity being tested may be perfectly intact. The National Institutes of Health 
(NIH) has developed the NIH Toolbox for the Assessment of Neurological 
and Behavioral Function® to harmonize the measurement of functioning 
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across diverse study designs and settings. The NIH Toolbox® includes a 
set of brief measures (validated for use in individuals who are ages 3 to 
85 years old) that can be used to assess cognitive, emotional, motor, and 
sensory function (Weintraub et al., 2013). The specific cognitive functions 
measured are executive function, episodic memory, language, processing 
speed, working memory, and attention.

At one time it was thought that specific cognitive functions were lo-
cated within certain regions of the brain. For example, poor performance 
on the Wisconsin Card Sorting Test, a measure of executive function, was 
thought to be indicative of damage to the dorsolateral frontal lobes, but 
performance on this test is now known to be affected by damage to a num-
ber of different structures and neuronal pathways that serve this aspect of 
executive function. In fact, the vast majority of cognitive processes, such 
as memory, executive function, visuospatial abilities, and processing speed, 
are known to be related to highly sophisticated networks containing tens 
of millions of neurons. This emphasizes the need for continued develop-
ment of sophisticated neurocognitive batteries as well as neuroimaging 
modalities that allow for structural analysis of brain connectivity. As will 
be discussed below, additional information can be derived from studying 
the associations between functional capabilities and performance on neu-
ropsychological tests.

VARIABILITY IN COGNITIVE CHANGES

A few important caveats need to be noted concerning the above discus-
sion. Life expectancy has increased due to changes in lifestyle and advances 
in medical care, and increasing numbers of people are living into their 80s, 
90s, and beyond (see Chapter 1). People at 60 or 70 years of age are typi-
cally very different from people in their 80s, who are different from those 
90 years or older. The prevalence of various diseases that affect cognition, 
such as cardiovascular diseases, diabetes, and dementia, increases greatly 
with advancing age, and sensory declines also may be magnified. Careful 
consideration needs to be given to what defines cognitive aging for younger 
older adults as compared to the oldest older adults. Even though there is 
limited research examining cognition in very old age, the available evidence 
shows deterioration in cognitive functioning in this population. A 6-year 
study examining changes in cognitive abilities in a sample of twin pairs 
age 80 years and older who did not have dementia found that all aspects 
of cognition that were assessed (memory, reasoning, processing speed, and 
verbal ability) declined in a linear fashion during that period (Johansson et 
al., 2004). The decline was evident even for those aspects of cognition that 
are less vulnerable to age-related effects, such as verbal abilities. Similarly, 
6-year longitudinal data from a sample of adults age 70 years and older 
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who were enrolled in the Berlin Aging Study demonstrated that perceptual 
speed, memory, and fluency declined with age, while knowledge remained 
stable up to about 90 years of age and then declined thereafter (Singer et 
al., 2003).

Another key caveat, stated previously, is that the aging population is 
extremely heterogeneous, with older adults varying in their abilities and 
in the longitudinal course of their cognitive aging because of differences 
in genetics and experiences over the life span. Studies examining aging 
and cognition or aging and learning often differentiate between two types 
of variability: Inter-individual variability refers to the differences among 
people or groups of people, and intra-individual variability refers to the 
changes that occur within one person over time.

One type of inter-individual variability is the variability observed in 
comparisons of people in different age groups. When comparing younger 
and older adults on a variety of performance measures (e.g., processing 
speed or working memory), researchers often find that older adults, as 
a group, do not perform as well as younger people (e.g., Schaie, 1996). 
However, there is such tremendous variability in performance that some 
older people might perform as well as or better than some younger adults. 
For example, a study examining Internet search abilities among older and 
younger people indicated that, on average, the younger adults performed 
better on the search problems. However, some older participants performed 
at the same level as or better than the younger participants (e.g., Sharit et 
al., 2008). Also, sometimes differences found in these types of studies may 
not be entirely due to the effects of aging but may also be a function of 
cohort or generational differences. For example, skill using a computer or 
the Internet demonstrates a cohort difference between today’s younger and 
older adults; unlike younger adults, today’s older adults did not grow up 
using computers and therefore would not be expected to be as fluent with 
computer and Internet use.

Inter-individual variability also occurs among individuals within the 
same age group. Older adults vary widely in educational background, 
health status, literacy, culture, ethnicity, skills, abilities, and life experiences. 
These differences contribute to vast inter-individual variability among peo-
ple of the same age and can make predicting performance based solely on 
age less precise as people increase in age and their differences in experience 
add up. Intra-individual variability, by contrast, is examined in studies that 
measure performance across two or more sessions. In longitudinal studies, 
these sessions are typically spread over a period of years, with the perfor-
mance of the same people measured every 5 or 10 years. Intra-individual 
variability can also be seen over shorter periods of time, even days, due to 
such factors as fatigue, acute illness, distractions, or attention lapses.

A third caveat is that the cognitive trajectory over time is not neces-
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sarily smooth or linear but rather may be a dynamic process with ups and 
downs due, for example, to environmental stressors, medications, or ill-
nesses. Many of these factors are reversible, and there is much that can be 
done to prevent declines (see Chapters 4A, 4B, and 4C).

A fourth caveat is that aging is not just a picture of decline. As will be 
discussed later in this chapter, neural plasticity is retained as people age, 
so older adults can learn new skills and their performance can improve. 
For example, results from the ACTIVE trial, which examined the benefits 
of cognitive training on various aspects of cognitive ability, showed that 
training in speed of processing and reasoning resulted in cognitive improve-
ments in a sample of older adults (e.g., Ball et al., 2002). Older adults also 
can and do successfully employ compensatory strategies to offset cognitive 
declines, and they have a wealth of knowledge, skills, and experience that 
younger adults may not have.

BOUNDARY CONDITIONS

As noted in Chapter 1, this report focuses on cognitive aging as op-
posed to the cognitive changes associated with age-related diseases of the 
brain, such as neurodegenerative dementias, including Alzheimer’s disease. 
The committee recognizes that much remains to be done to fully under-
stand the boundary between cognitive aging and the initial phase of a 
neurodegenerative disorder, but it has concluded that a sufficient body of 
knowledge concerning cognitive aging exists to support distinguishing it 
from neurodegeneration and therefore to draw meaningful conclusions 
about cognitive aging and to make substantive recommendations for future 
directions.

The challenge of identifying boundaries between conditions is not 
unique. In the field of neurocognitive disorders, for example, the syndrome 
of mild cognitive impairment (MCI)1 is considered an interim clinical di-
agnostic phase between the time when an individual’s cognitive function 
falls within the normal range and the time when that person meets criteria 
for dementia. International studies have focused on participants with MCI 
(Petersen, 2004; Winblad et al., 2004), and consensus criteria have been 
established that are in wide use (Albert et al., 2011; Dubois et al., 2014). 
Nevertheless, it remains challenging to determine the boundary between 
cognitive aging and MCI. These diagnostic challenges remain for several 
reasons: (1) The clinical diagnosis of MCI is usually based not only on 
whether a person’s performance falls within the “normal range” on cogni-
tive testing but also on how well that individual is functioning on a daily 

1 The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, refers to MCI as 
“mild neurocognitive disorder” (APA, 2013).
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basis, and information about this usually depends on inherently subjec-
tive self-reports or the reports of an informant who knows the individual 
well. (2) Medical illnesses or life stressors can have a temporary effect on 
cognition such that when the conditions are alleviated, a person previously 
thought to be on a downward trajectory may recover cognitive functions. 
(3) A range of disorders can cause progressive cognitive decline, and the 
symptoms of these disorders are quite varied, which means that the group 
of individuals that meets the criteria for MCI can be heterogeneous in terms 
of cognition and function. MCI is a syndromic label, capturing a variety 
of causes which include neurodegenerative diseases and cognitive aging. 
Differentiating between these causes can be challenging because the symp-
toms and signs are mild. It requires a clinical assessment and sometimes a 
series of assessments. Cognitive testing and imaging can help to distinguish 
among individuals with neurodegeneration or cognitive aging. For all of the 
foregoing reasons, not all individuals with MCI progress to dementia, and 
some may even improve over time. These diagnostic challenges are particu-
larly problematic in epidemiological settings, where it may be difficult to 
obtain reliable information from an informant who knows the individual 
well. For similar reasons, it is often difficult to determine whether an indi-
vidual is in the late phase of MCI or the early phase of dementia, as this 
distinction typically depends on the person’s degree of functional impair-
ment in daily life, and functional impairment is often difficult to quantify 
because it depends on the subjective report of another person who knows 
the individual well. These diagnostic challenges can result in mislabeling an 
individual as irreversibly impaired.

Substantial efforts are under way to improve the accuracy of cognition-
related diagnoses by using biological measures of underlying pathology, 
often referred to as “biomarkers.” For example, the revised diagnostic 
criteria for MCI and dementia due to Alzheimer’s disease now include the 
use of biomarkers to facilitate the determination of whether the underly-
ing neurodegenerative process of Alzheimer’s disease is the cause of the 
observed cognitive decline. The use of biomarkers as criteria for diagnosis 
is an active and evolving area of research (Albert et al., 2011; McKhann et 
al., 2011; Sperling et al., 2011).

Similar challenges exist in the study of depression with, for example, 
the difficulty of distinguishing the boundaries between sadness, grief, and 
depression. Nevertheless, despite the difficulty in determining definitive 
boundaries between mental states, objective studies using operational cri-
teria have permitted the study of depression in populations and led to 
improved treatments.

An emerging challenge to defining the boundaries between cognitive 
aging and disease is the more recent recognition of preclinical stages of 
neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases 
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(Sperling et al., 2011; Wu et al., 2011). The term describes a novel but not 
yet validated stage for which identification does not rely on a patient’s signs 
and symptoms, such as disabling impairments in cognition or movement, 
but instead measures pathobiology, such as the presence of amyloid as mea-
sured by imaging or the presence of autosomal dominant genes. If diagnosis 
at this stage of disease becomes part of clinical practice, then investigators 
of cognitive aging will need to decide whether to include otherwise healthy 
persons who have preclinical disease in future studies of cognitive aging. 
This issue is further examined later in this chapter in the section on norms.

AGE-RELATED CHANGES IN COGNITION—
INSIGHTS FROM ANIMAL MODELS

The central premise of studying animal models is that if age-related 
changes in cognition found in humans are also found in other species, 
it increases the likelihood that the cognitive changes are related to aging 
and not to early signs of neurodegenerative disorders common in humans, 
such as Alzheimer’s disease. Studies in animals, like those in humans, have 
focused on subjects that are healthy, with the added advantage that animal 
models do not develop human neurodegenerative disorders. As a result, 
research in animal models has been particularly important in demonstrating 
that the cognitive changes seen with advancing age are related to aging, as 
opposed to disease.

The two areas of cognition that have been most widely studied across 
species are memory, as mediated by the hippocampus and other areas of the 
medial temporal lobe, and executive function, which is highly dependent on 
the prefrontal cortex. Given the extensive involvement of these two brain 
regions in the cognitive functions vulnerable to aging, most studies aimed at 
revealing the biological basis of cognitive aging have targeted these regions.

The following sections of the chapter review how animal models inform 
the neuropsychological and biological basis of age-related cognitive changes 
and the mechanisms that may explain these changes. While some cognitive 
functions, such as language, do not correlate well between humans and 
animals, others do allow comparable measures. This report focuses on three 
that do: attention, memory, and executive function.

Attention

Functions related to attention, including vigilance, orienting of atten-
tion, and cognitive flexibility, have a vulnerability to aging that can be 
observed in animal models. Aged rats show impairments in choice reaction 
time tasks that are thought to reflect vigilance (Jones et al., 1995; Moore 
et al., 1992; Muir et al., 1999), and these impairments are similar to age-
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related declines in vigilance in humans (Parasuraman et al., 1989). The 
ability to focus attention on a designated spatial location in the environ-
ment appears to be largely spared in older monkeys (Baxter and Voytko, 
1996), mirroring the relative preservation of this function in older adult 
humans without dementia (Greenwood et al., 1993). Cognitive flexibility 
and the capacity to shift attention to different sensory inputs in the course 
of problem-solving is impaired in aged rodents (Barense et al., 2002) as it 
is in older humans (Robbins et al., 1998). In short, a substantial correspon-
dence in multiple domains of attention has been observed in both animal 
models and humans. (For a review, see Bizon et al., 2012.)

Memory

Episodic memory performance has been studied extensively in healthy 
monkeys and rodents across their life spans. The Delayed NonMatch-
ing to Sample task (DNMS) is used to assess recognition memory in the 
nonhuman primate. In this task, the monkey is required to indicate which 
of two objects was most recently presented. Monkeys may show either a 
deficit on learning the task, which likely involves the prefrontal cortex, or 
a deficit in memory as the delay gets longer, which is more likely to reflect 
hippocampal function. Studies using the DNMS have demonstrated that 
aged monkeys are impaired at learning the nonmatching principle but are 
only mildly impaired by increasing the delay (Arnsten and Goldman-Rakic, 
1990; Bachevalier et al., 1991; Moss et al., 1988; Presty et al., 1987; Rapp 
and Amaral, 1989). Thus, as is the case for humans, as monkeys age they 
take longer to learn something new but retain the information reasonably 
well. Age-related changes can be seen on a very difficult memory task, such 
as the Delayed Recognition Span Test (DRST). This test requires a monkey 
to identify a new stimulus from an increasingly large selection of items with 
which the monkey is familiar. The goal is to keep track of as many stimuli 
as possible without making a mistake. Middle-aged monkeys are impaired 
on the spatial version of the DRST but not on the color version (Herndon et 
al., 1997). Older monkeys are impaired on both versions of the task (Moss 
et al., 1997). Thus, the performance of monkeys on the spatial version of 
the test may be functionally equivalent to the performance of humans on 
difficult delayed recall tests. As with aging humans, performance varies 
considerably in aging monkeys. Among the oldest animals, some perform as 
well as younger animals, but the performance average of the group declines 
substantially with age.

Rodents also display age-related declines in memory tasks. For exam-
ple, older rats show less exploration than younger rats in a task similar to 
the visual paired comparison task (Cavoy and Delacour, 1993). Older rats 
are also impaired, relative to young and middle-aged rats, on the Morris 
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water maze task, in which animals are required to find a platform that is 
under water (Rapp et al., 1987). Rodents’ performance on this task has 
been shown to be highly dependent on the hippocampus (Morris et al., 
1982). These deficits are highly stable over time when a specific combina-
tion of learning trials and probe trials are used. Moreover, as with humans 
and monkeys, there is considerable variability in performance among older 
rodents: A substantial subgroup shows age-related declines in performance, 
but some older rodents perform on par with young animals (Rapp et al., 
1987).

Executive Function

Changes in executive function in non-human primates have been ex-
amined primarily by using reversal learning paradigms (Bartus et al., 1979; 
Rapp, 1990) or a form of delayed response (Bachevalier, 1993). Reversal 
learning entails responding to a change in reinforcement rules by first 
unlearning, or breaking, the initial stimulus–reinforcement bond that had 
been learned, and then shifting to a new one. In this way, reversal learn-
ing can be a measure of executive function and, by extension, a reflection 
of the integrity of the prefrontal cortex. Data show that when compared 
to young monkeys, older monkeys have trouble unlearning established 
stimulus–reward contingencies, particularly when they are based on spatial 
location, thus demonstrating impaired spatial reversal learning (Lai et al., 
1995). Moreover, in tests of both spatial and object reversal learning, older 
adult monkeys tend to continue making the same response even though it 
is not rewarded.

Comparable findings have been reported on a task called the Concep-
tual Set Shifting Task, which was developed for non-human primates as an 
equivalent to the Wisconsin Card Sorting Test in humans (Moore et al., 
2003). In the version for non-human primates, a pattern of responding is 
developed on the basis of rewards for responses to a specific visual pattern. 
The animal maintains this response pattern for a while, and then the reward 
contingency changes. One can therefore examine the number of errors 
prior to attainment of the initial abstraction rule as well as the number of 
perseverative responses after the rule changes. Older adult monkeys are 
impaired relative to young monkeys on both the concept formation and the 
set-shifting aspects of the task (Moore et al., 2003).

Executive function is dependent on working memory, which is also me-
diated by the prefrontal cortex. Working memory can be tested in monkeys 
by using a delayed response task, which requires the monkey to remember 
an initial visual stimulus over extended delays and to choose it in preference 
to a new stimulus when the two are presented simultaneously (Rapp and 
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Amaral, 1989). Monkeys show age-related declines in this task, particularly 
as the delays lengthen (Rapp and Amaral, 1989; Wang et al., 2011).

NEURAL MECHANISMS THAT CONTRIBUTE TO  
AGE-RELATED CHANGE IN COGNITIVE FUNCTION

Studies of brain tissue both in humans and in animal models have 
sought to examine the underlying neural mechanisms that may be respon-
sible for the age-related changes in cognition described above. This research 
includes studies of neuronal number, synaptic integrity, and neurotransmit-
ter changes. Overall, the studies show that while the number of neurons 
remains relatively stable, changes occur in their structure and in their neu-
rotransmitter receptors—changes that likely explain the cognitive declines 
discussed above. The stability in the number of neurons number—that is, 
the lack of neuron death in areas supporting cognition—seen with aging 
in these studies is in contrast to the extensive neuron loss that occurs in 
Alzheimer’s disease.

Neuronal Number in Aging

A wealth of human anatomical data indicates that in the cortex neuro-
nal loss with advancing age is either not significant or not as extensive as 
reports had suggested prior to 1984 (Anderson et al., 1983; Brody, 1955, 
1970; Colon, 1972; Henderson et al., 1980; Shefer, 1973). Although large 
neurons appear to shrink, few are lost (Terry et al., 1987).

Interestingly, research in monkeys has produced comparable findings. 
The absence of neuron loss with increasing age in monkeys has been shown 
in multiple cortical areas, including the prefrontal cortex (O’Donnell et al., 
1999; Peters et al., 1994; Vincent et al., 1989). These conclusions are based 
both on a comparison of the number of neurons in young and old monkeys 
and on an examination of the cortical tissue by electron microscopy (Peters 
et al., 1998). Studies in rodents have reported comparable findings (Rapp 
et al., 2002).

Post-mortem data from humans and monkeys show that age-related 
neuronal loss does not occur in the hippocampus (Amaral, 1993; Gomez-
Isla et al., 1996; Rosene, 1993; West, 1993) or in the entorhinal cortex 
(Gazzaley et al., 1997), which is tightly linked to the hippocampus both 
structurally and functionally. Equivalent data have been reported in ro-
dents: Even in the subset of animals with declines on a memory task that 
depends on the hippocampus, there was no decrease in the number of 
neurons in the various regions of the hippocampus (Rapp and Gallagher, 
1996). Thus, while there are clear age-related declines in cognitive functions 
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mediated by the hippocampus and prefrontal cortex, they are not due to a 
loss of neurons.

These findings are in striking contrast to the extensive neuronal loss 
seen in Alzheimer’s disease, and they support the conclusion that age-
related cognitive decline does not result simply from a milder form of neu-
ron loss; rather, it is more likely to involve changes in neurons that are still 
living yet functionally compromised. (For a more detailed review of these 
issues, see Morrison and Hof, 1997.)

Synaptic Integrity

Even though there does not appear to be enough neuronal loss to 
account for age-related cognitive change, other changes in neuronal func-
tion—specifically, the number and function of synapses—may contrib-
ute to age-related cognitive changes. Studies in non-human primates have 
shown that with advancing age, specific subclasses of dendritic spines are 
selectively lost in the dorsolateral prefrontal cortex, and the density of 
these spines correlates with working memory performance (Dumitriu et al., 
2010). The specific loss of the spines is important because they are known 
to be the most plastic spines, suggesting that it is not just a loss of synapses 
with aging that drives cognitive decline but, more specifically, it is the loss 
of synaptic plasticity that is key (Morrison and Baxter, 2012).

In contrast, in the hippocampus it is the largest, most stable, and most 
complex synapses that are selectively lost with age, and their number cor-
relates with memory performance (Hara et al., 2012; Morrison and Baxter, 
2012). Studies in rodents show comparable changes. For example, older 
rodents with spatial learning deficits display substantial decreases in the 
number of synapses (Smith et al., 2000) and alterations in synapse func-
tion, suggesting that a loss of synaptic plasticity with aging leads to memory 
deficits (Norris et al., 1996; Rosenzweig and Barnes, 2003).

Neurotransmitter Changes

The age-related synaptic alterations described above have been linked 
with neurotransmitter changes, particularly in the functioning of the AMPA 
receptor (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid recep-
tor). AMPA receptors have been linked to learning, memory, and synaptic 
plasticity. For example, within some synapses in the hippocampus of mon-
keys there is an age-related decrease in the number of AMPA receptors, 
and the extent of the decrease is predictive of declines in performance on a 
memory task (Hara et al., 2012). Additionally, alterations in certain regions 
that project to the cortex in humans and animals (e.g., the basal forebrain 
and the locus coeruleus) are likely responsible for decreases in the produc-
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tion of neurotransmitters, such as norepinephrine, which is important for 
cognitive function (Robbins and Arnsten, 2009).

White Matter Changes

Studies have found age-related alterations in the brain’s white mat-
ter—the myelin sheath surrounding neuronal axons (Nielsen and Peters, 
2000; Peters, 1996; Peters et al., 1994). Evidence from non-human primates 
suggests that the oligodendrocytes, which are responsible for forming white 
matter, may be less efficient with age. For example, a comparison of the oli-
godendrocytes of young and old monkeys showed that the myelin sheaths 
in the old monkeys were abnormal and appeared to be degenerating (Peters, 
1996). However, when investigators compared the number of axons in old 
and young monkeys, the axon number was largely unchanged, and rela-
tively few degenerating axons were found in the old monkeys (Nielsen and 
Peters, 2000). Because the myelin sheath enhances signal conduction down 
the axon, these age-related alterations may explain some of the age-related 
changes seen in neural processing speed.

Neuronal Proliferation in the Adult Brain

The adult brain has the capacity for neuronal replacement. Ample 
evidence indicates that new neurons are generated in the hippocampus and 
olfactory system in both monkeys (Gould et al., 1999; Kornack and Rakic, 
1999) and humans (Eriksson et al., 1998). The proliferation of new neurons 
decreases with age. In rodents, there appears to be a gradual increase in 
total numbers of neurons; in primates, such an accumulation is less certain. 
It has been suggested that the number of neurons in the primate hippo-
campus is constant, with a balance maintained between the generation of 
new neurons and the rate of neuron death and cell removal (Kornack and 
Rakic, 1999).

Summary of Findings from Animal Models

When the findings in animal models are juxtaposed with observations 
from humans, together they suggest that the variability seen in cognitive 
changes with advancing age among healthy individuals is related to varia-
tions in synaptic integrity and synaptic plasticity in specific brain circuits 
that are tightly linked to cognitive functions, such as memory and executive 
function (see Morrison and Baxter, 2014, for a more detailed discussion). 
The fact that comparable changes are found among both healthy non-
human primates and healthy rodents increases the likelihood that such 
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changes in humans are not the result of a neurodegenerative disorder such 
as Alzheimer’s disease.

These age-associated alterations have a clear effect on daily function, 
which will be discussed later in this chapter. Importantly, synapse loss is 
potentially reversible, whereas neuron death is not, which suggests a natu-
ral therapeutic target for sustaining synaptic and cognitive health. Synapse 
loss has been described in humans very early in the transition from normal 
cognitive function to cognitive decline that may represent the earliest stages 
of Alzheimer’s disease (Scheff et al., 2006). Synaptic alterations in humans 
may leave certain neurons vulnerable to the degeneration that occurs in 
Alzheimer’s disease, which suggests that early intervention at the synaptic 
level may be key to preventing the transition to Alzheimer’s disease.

While it appears that the loss of synapses without significant neuron 
loss contributes to cognitive decline, the cause of synapse loss is unknown, 
as is the extent to which such loss is linked to other age-related brain 
changes (e.g., vascular changes). In fact, pathologic alterations (e.g., tau and 
beta-amyloid accumulation) that have been linked to Alzheimer’s disease 
have also been seen in older adults with unimpaired cognition, although the 
changes in these cases are less clearly linked to neuron death than they are 
in Alzheimer’s disease dementia cases, and the degree to which this more 
moderate pathology promotes synapse loss is not known. In addition, pa-
thology can differ by brain region, with virtually all adults approximately 
70 years of age or older having some tau deposits in the entorhinal cortex 
(Bouras et al., 1994), but it is not clear how such restricted pathology af-
fects cognitive function. It is also important to acknowledge that there are 
many protective factors that influence cognitive aging, as noted elsewhere 
in this report. Taken together, these findings suggest that cognitive aging 
represents a balance of lifelong risk and protective factors that include both 
neuropathologies and other factors that preserve or impair the organization 
and maintenance of brain structures and circuits. While the pathologic con-
ditions associated with Alzheimer’s disease have been linked to neuron loss 
and dementia, the middle ground, where events lead to cognitive aging in 
the absence of neurodegeneration, remains poorly understood and requires 
further investigation both in humans and in animal models.

COGNITIVE RESERVE AND PLASTICITY

Though all brains age, they do not all age at the same rate or in the 
same way. For example, multiple studies have demonstrated that a person 
may function well and yet have the pathology characteristic of Alzheimer’s 
disease at autopsy (Crystal et al., 1988; Katzman et al., 1988; Morris et al., 
1996; Price and Morris, 1999).

Why do some people have good cognitive function despite a level of 
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brain injury that impairs function in others? The concept of cognitive re-
serve has been proposed as an explanation for why some people are able 
to tolerate the brain alterations associated with dementia (and other ill-
nesses) without exhibiting the associated symptoms (Scarmeas and Stern, 
2004). Factors that may contribute to cognitive reserve include education, 
occupational attainment, physical activity, and engagement in intellectual 
and social activities (Tucker and Stern, 2011). Though some factors that 
increase risk for cognitive decline and dementia, such as genes, are not read-
ily modified, a number of factors that contribute to cognitive reserve can 
be enhanced, even later in life. Various studies have shown a positive effect 
in older adults from maintaining an active social network (Graham et al., 
2014; Magnezi et al., 2014) and keeping physically fit, although the quality 
of evidence in some studies is not strong (Anderson et al., 2014; Carvalho 
et al., 2014; also see Chapter 4A).

The proposed mechanism by which cognitive reserve operates is through 
enhancement of neural plasticity. Animal studies indicate that certain fac-
tors inhibit or promote the brain’s capacity to generate new neurons, even 
in adulthood. Negative factors include inflammation, damage from free 
radical forms of oxygen, and vascular changes associated with age, while 
positive factors include exercise and mental stimulation (Lee et al., 2012). 
People with greater cognitive reserve also appear more readily able to ac-
cess alternate neural networks when their primary networks are damaged 
(Tucker and Stern, 2011).

In sum, cognitive function in an older person is not solely determined 
by the amount of pathology associated with brain-related diseases such as 
Alzheimer’s disease. Rather, the level of cognitive function may represent a 
balance between the extent of changes in the brain and the brain’s ability 
to compensate through cognitive reserve.

CHALLENGES AND OPPORTUNITIES IN DEFINING 
AND ASSESSING COGNITIVE AGING

Relationship Between Cognitive Aging and Functioning in Daily Life

Age-associated changes in cognitive abilities can challenge older peo-
ple’s ability to perform everyday tasks such as managing medications or fi-
nances, negotiating complex environments, or learning something new. This 
is especially salient in a technology-driven world where people regularly 
need to learn and interact with new systems and new ways of performing 
routine tasks. Technology is integral to many aspects of life and is changing 
how people work, communicate, manage finances and health care, shop, 
and perform other routine activities. The rapid pace of technological in-
novation will require that people continue to learn and adapt to new ways 
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of doing things. Being able to successfully manage these adaptations and 
to learn new systems and tasks requires cognitive skills and abilities. In es-
sence, cognitive function depends on one’s ability to meet the sensory and 
cognitive demands imposed by the system, tasks (requirements implicit in 
the use of the system), and the environment. A thorough understanding of 
these demands and how cognitive aging affects an older person’s ability to 
meet them is needed for the development of strategies to successfully ne-
gotiate the environment, perform routine tasks, learn new things, and live 
independently. This in turn requires outcome and performance measures 
that capture the relevant and critical elements of real-world tasks and envi-
ronments while maintaining sound psychometric properties.

A broad array of neuropsychological measures can be used to assess 
and characterize age-related changes in cognition, as detailed earlier in this 
chapter (see Box 2-1). These measures provide information that is essential 
to understanding cognitive aging. Furthermore, strong relationships exist 
between performance on these measures and functional performance, such 
that individuals who demonstrate higher performance on measures of com-
ponent cognitive abilities also generally demonstrate higher performance on 
functional tasks. For example, performance on measures that use working 
memory and reasoning is indicative of performance on computer-based 
tasks such as searching the Internet (e.g., Czaja et al., 2010) and the ability 
to manage medications (Insel et al., 2006; Stilley et al., 2010). Similarly, 
processing speed and attention are predictors of driving performance (Ball 
and Owsley, 2003; Ball et al., 1998; Edwards et al., 2008).

However, standard neuropsychological measures do not capture the 
complexity of real-world activities or a person’s knowledge of everyday 
tasks. Everyday activities involve a combination of component cognitive 
abilities and knowledge, and they occur within a context that shapes the 
demands of a task (Hertzog et al., 2009). For example, an older person us-
ing an automated teller machine (ATM) for a banking transaction uses such 
abilities as working memory and executive function to perform this task. 
However, using an ATM occurs within a certain context and requires some 
knowledge of how to use the machine. Performance on this task is likely to 
be less efficient if the person has limited familiarity with the use of ATMs, 
if the ATM is located in a sunny area where the display is difficult to read, 
or if there is a line of people waiting to use the machine, which can create 
social pressure and anxiety. More generally, performance in any situation 
is shaped by a number of factors, including the environmental and social 
contexts, knowledge and prior experience, health status, the demands of 
the activity, and available support.

Older adults with cognitive impairment are more likely to fall than 
those with no impairment. Specifically, attentional capacity, as measured 
by dual-task or time-sharing paradigms, is linked to gait impairment and 
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the risk of falls. Impairments in executive function may also increase risk 
of falling (for a review, see Segev-Jacubovski et al., 2011). With regard to 
spatial abilities, one study found a correlation between impaired spatial 
cognition and a history of falling, although the sample size was small 
(Newell et al., 2011). Multimodal interventions that focus on both mobil-
ity and cognition may be effective in reducing risk of falling (e.g., Segev-
Jacubovski et al., 2011).

Numerous examples in the literature demonstrate that, despite age-
related declines on measures of component cognitive abilities, performance 
on well-learned tasks often shows little decline. For example, although 
working memory—which typically declines with age—is important to chess 
performance, it is well-maintained in older adults who actively engage in 
chess playing (Roring and Charness, 2007). Additionally, studies have 
shown a relationship between measures of cognitive ability and job perfor-
mance (e.g., Schmidt and Hunter, 1998, 2004), yet several meta-analyses 
of age and work performance have found little evidence that older workers 
are any less productive than younger workers (McEvoy and Cascio, 1989; 
Waldman and Avolio, 1986). Important factors in the relationship between 
age and work performance include the demands of the task (e.g., physi-
cal demands), worker experience, and the type of performance measures 
(e.g., supervisory ratings versus some objective measure of performance). 
Standardized measures of cognition do not capture the complexity of work 
situations, and for many work tasks older workers are able to use their 
knowledge, experience, and contextual support mechanisms to compensate 
for their age-related changes in cognitive ability. In most day-to-day tasks, 
people are rarely pressed to perform at their maximum level, in contrast to 
the standards for neuropsychological tests, where the typical expectation is 
to perform at one’s maximum potential.

Another approach to understanding functional competence is to gather 
information for a given individual from multiple sources. Individuals may 
overestimate their performance abilities or have inaccurate judgments re-
garding the presence of cognitive impairment. An informant, such as a 
spouse, can be another source of information about functional competence. 
One study showed that informants could reliably assess cognitive change 
in individuals with MCI, and their ratings correlated with ratings from 
objective measures of performance (Tsang et al., 2012). Additional sources 
of information may be especially important for obtaining reliable data be-
cause informant ratings may indicate a greater loss of everyday functional 
ability and cognitive competency than patient ratings. Informant ratings 
may also have a greater association with objective measures of cognitive 
performance than patient ratings (Schinka, 2010). Importantly, informant 
and self-ratings of performance may not always provide information as to 
sources of performance difficulties, as they tend to focus on global aspects 
of performance.
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Understanding everyday cognition may require a more ecological ap-
proach and the identification of measures that have external and ecological 
validity. Ecological validity is the ability to generalize results to natural 
or real-world situations, and it depends on capturing the key elements of 
environments, tasks, and behaviors. In this case, ecological validity is the 
extent to which outcome measures capture the relevant features of real-
world tasks and environments for activities such as driving, health care, 
financial management, and so on. There is an ongoing focus on developing 
and validating these types of measures. For example, the Everyday Cogni-
tion Battery (Allaire and Marsiske, 1999) is a set of paper-and-pencil tests 
that include assessment stimuli related to four everyday activities: medica-
tion use, financial planning, food preparation, and nutrition. The Every-
day Problems Test is another paper-and-pencil measure designed to assess 
performance on instrumental activities of daily living (Willis and Marsiske, 
1993), including problems with telephone use, shopping, meal preparation, 
housekeeping, transportation, medication use, and finance. The measure 
assesses a person’s ability to solve cognitively challenging everyday tasks 
related to these domains but does not assess the person’s actual ability to 
perform these tasks in a natural setting. The Revised Observed Tasks of 
Daily Living (OTDL-R) is a performance measure of everyday problem 
solving. It includes nine tasks involving medication use, telephone use, and 
financial management (Diehl et al., 2005). Performance on the OTDL-R 
has been found to be significantly associated with age, education, self-rated 
health, paper-and-pencil measures of everyday problem solving, and mea-
sures of basic cognitive functioning. However, while competence in basic 
cognitive abilities is necessary for successfully solving everyday problems, 
it is not sufficient.

Other investigators have developed ecologically valid simulations of 
common technology-based work tasks (e.g., Czaja et al., 2001; Sharit and 
Czaja, 1999) and have also shown that while cognitive abilities are impor-
tant for performing tasks, other factors such as prior technology experience 
and the amount of task practice are also important predictors of perfor-
mance. Researchers have developed a battery of computer-based simula-
tions of common everyday activities, such as the use of an ATM, refilling 
a prescription, using a ticket kiosk, and medication management (Czaja et 
al., 2014). Preliminary data indicate that use of the battery is feasible with 
diverse populations of older adults: It is sensitive to individual differences 
in abilities, and performance on the battery correlates with performance 
on standard measures of cognition. And, because real-time performance 
measures are captured, use of the battery also permits the identification of 
sources of difficulties in task performance. Such data are critical to the de-
velopment of strategies that can be used to improve performance. However, 
these measures need to be validated and normed with larger populations.
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Norms and Norming for Cognitive Tests

The cognitive changes seen in aging humans have been documented 
through cognitive testing in research settings. In the coming years, as a 
result of public health and health care policy initiatives designed to pre-
serve cognitive health and prevent cognitive losses, cognitive testing will 
likely become more common outside of these carefully supervised settings, 
especially among people age 65 years and older. The Centers for Disease 
Control and Prevention’s Healthy Brain Initiative includes action items to 
improve surveillance, monitoring, and public awareness of cognitive health 
and impairment (Alzheimer’s Association and CDC, 2013). Healthy People 
2020, the nation’s roadmap for health, has among its goals improving the 
“health, function, and quality of life of older adults” (HHS, 2014).

Medicare beneficiaries have access to cognitive assessment through 
the Annual Wellness Exam that includes the detection of “any cognitive 
impairment” (CMS, 2013). Activities and health insurance benefits such 
as these will increase the likelihood that older adults will undergo cogni-
tive testing, and the dissemination of computer-based, self-administered 
technologies will likely facilitate testing in settings where the expertise of a 
neuropsychologist is not available. Automated technologies to test cogni-
tion are increasingly common, such as computer-based, Internet-accessed 
cognitive testing and “brain exercises.” Typically, these technologies include 
feedback to participants about whether their performance is “normal.” 
Although not all of these tests are equally reliable, they may be used by 
consumers to assess whether they have had cognitive changes that require 
medical evaluation.

As cognitive testing becomes an increasing part of adults’ lives and 
of how they conceive of their health, society has a collective interest in 
ensuring that testing is performed responsibly and accurately. The failure 
to do so may result in people receiving inappropriate labels concerning 
their cognitive abilities—labels that can lead to stigma, demoralization, 
and discrimination, or, on the other hand, false reassurance. It may also 
thwart the ability of policy makers and public health officials to monitor 
cognitive health and to estimate the prevalence and severity of cognitive 
impairment and, therefore, the size and urgency of any problems and the 
kinds of interventions needed to address them. A foundational issue in 
ensuring the responsible and accurate use of cognitive testing is to develop 
and update cognitive norms. The following section examines norms and 
norming, which are essential to ensuring that evaluation is done responsibly 
and accurately.
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Use of Norms to Interpret Cognitive Test Results

After a tester administers a cognitive test to an individual, such as a 
measure of memory, the tester has a test score result, also called a “raw 
score.” To transform this raw score into a description of the person’s cogni-
tion, the tester needs to interpret the raw score. Once interpreted, the score 
becomes a useful measure of that particular person’s cognitive ability.

The key to the interpretation is comparing the score to a standard, a 
process that is called “norming” (Brooks et al., 2011; Busch et al., 2006; 
Schretlen et al., 2008). Norming is done for the clinical interpretation of 
cognitive test results, such as the determination of whether someone has 
cognitive impairment and, if so, whether it aligns with a pattern seen in a 
neurodegenerative disease—for example, the amnesia seen in Alzheimer’s 
disease. However, norming is not always appropriate. For example, norm-
ing for age in research studies examining how aging contributes to cogni-
tion would confound the ability to detect the effects and thus would not be 
appropriate in that context.

The tester can use the score to inform answers to a test-taker’s ques-
tions, such as “Do I have normal memory?” or “Do I have a disease that 
is impairing my memory?” To norm a raw score, the tester finds where the 
individual’s score fits along the distribution of scores of a group of people 
similar to the individual, called a “normative sample.” A group is “similar 
to the individual” if it resembles the individual in one or more characteris-
tics, typically health, age, gender, race, and years of education.

The need to create groups of people described by these characteristics 
follows from research observations that these characteristics are associated 
with cognitive performance in cognitively healthy people. Grouping people 
based on age is sensible because people experience changes in cognitive abil-
ity as they develop from infancy to adulthood. Similarly, because cognitive 
test performance correlates with education, tests typically group representa-
tive normative samples into tiers based on education. Gender and especially 
ethnicity and race are more complex characteristics by which to categorize 
people because they encompass a host of implicit but unmeasured envi-
ronmental, economic, social, and cultural factors, such as the quality of 
education and childhood development, which are associated with cogni-
tive performance (Romero et al., 2009). Cognitive tests designed to assist 
in the diagnosis of cognitive impairment or to understand how cognition 
changes along the life span typically use normative samples that exclude 
people with conditions that impair cognition. If these people were included 
in a normative sample, their presumably lower scores would decrease the 
ability of a test to either detect disease or measure changes that are not the 
result of disease.

Once normed, a test result has meaning—the performance on the test 
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might be interpreted as “average” or “unimpaired,” for example—but this 
meaning is not absolute. Instead, because of the many characteristics that 
can be used to group people—some of which, such as race and ethnic-
ity, include other characteristics—a normed score is only a measure of a 
person’s “relative standing.” It is relative because its meaning comes from 
comparing the raw score to the normative group that the tester selected 
(Brooks et al., 2011). For example, a tester may want to assess the memory 
performance of a 66-year-old woman with MCI compared to other people 
with MCI. To do this, the tester compares the woman’s score to the scores 
of a group of people with MCI. The result may show that the woman has 
memory that is above average for a person with MCI, but when compared 
to a group of older adults without neurodegenerative disease, her memory is 
likely to be below average, and when compared to a group of young adults, 
it is likely to be markedly below average.

Challenges in Developing and Using Norms

The accurate interpretation of an individual’s cognitive test score re-
quires quality data from an appropriate normative sample (Brooks et al., 
2011). Achieving this presents challenges, especially in the cognitive assess-
ment of older adults (Busch et al., 2006), and these challenges appear both 
in the design and in the interpretation of the norms.

Developing norms  Creating a normative sample for a test requires a sample 
size large enough to limit errors from common statistical problems related 
to outliers and skewed distributions. This is particularly important in nor-
mative samples of older adults. Older adults, especially those more than 75 
years old, have accumulated many of the age-related factors that increase 
variability in cognitive performance. Although having large sample sizes 
helps improve normative samples, the size of the normative samples for 
older adults is often small (Busch et al., 2006).

Excluding people with conditions that impair cognition is particularly 
important in the design of tests to diagnose cognitive impairment. How-
ever, this is especially challenging to do with older adults because they have 
medical, psychiatric, and neurological diseases, and sensory losses, and they 
take medications that can affect their cognitive performance. Overzealous 
exclusion of these people cuts off the lower end of normal performance, 
creating a distribution that lacks the full range of normative sampling. As 
a result, higher-functioning people may be categorized toward the low end 
of the distribution, leading to an overestimate of the prevalence of impaired 
functioning.

The challenge of determining whether to exclude people having condi-
tions that impair cognition is compounded by changing diagnostic criteria. 
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For example, many cognitive tests developed for older adults did not ex-
clude persons with MCI because this diagnosis was recognized only rela-
tively recently. As a result, normative samples that formerly were considered 
to be free of people with impairments included people who would now be 
considered impaired (Busch et al., 2006). Changing concepts of disease 
support the need to revisit normative samples periodically to be sure that a 
given sample still represents the group it is supposed to represent.

An emerging issue in creating normative samples is whether the samples 
should include individuals who at the time of assessment were normal but 
subsequently were recategorized as impaired. This poses a particular chal-
lenge with the proposed criteria for preclinical stages of neurodegenerative 
diseases. Neurodegenerative diseases, such as Alzheimer’s disease, have a 
prodromal phase prior to onset of MCI or dementia, and perhaps diagno-
sis using genetic or biomarker tests might be helpful (Dubois et al., 2014; 
Sperling et al., 2011). Removing from the normative sample the people who 
later developed MCI or dementia—a practice that is referred to as robust 
norming—generally changes the original normative sample. These changes 
can cause people whose test scores are normed using the original sample to 
be mistakenly labeled as normal, when in fact they may have low normal 
or impaired cognition (De Santi et al., 2008; Holtzer et al., 2008; Pedraza 
et al., 2010). However, this outcome was not seen in a biracial sample of 
rural older adults with low education (Marcopulos and McLain, 2003), 
perhaps reflecting the challenges of norming cognition in healthy people 
who have multiple characteristics associated with low test scores indepen-
dent of disease.

A final challenge in creating norms is that factors associated with 
cognitive performance themselves vary or undergo changes, which in turn 
change their association with cognition. Educational attainment is strongly 
associated with cognitive performance, but the quality of education is not 
the same from one state or time period to another. Hence, a 70-year-old in 
2015 who reports the same number of years of education as a 70-year-old 
in 2005 may have a different relative standing.

Using norms  When a tester is deciding what is the appropriate representa-
tive sample against which to norm an individual’s raw cognitive test score, 
the choice of which sample to use may be obvious, requiring little, if any, 
judgment. In some cases, however, the individual in question may have 
characteristics that differ from all of the available samples. Combinations of 
these differences may become complex—for example, a 75-year-old Latino 
man who reports a childhood of segregated poverty, learning English at 12 
years old, followed by attending college and having a career as a doctor. A 
normative sample of people with these characteristics may not be available, 
requiring the tester to judge which group this man most closely resembles.
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The failure to address these differences can result in an individual’s 
cognitive performance being misclassified, an error that can have notable 
consequences for an individual and even a population. California Verbal 
Learning Tests norms that used a well-educated sample have incorrectly 
classified more than 30 percent of people as “below average” or “impaired” 
(Brooks et al., 2011). The much-reported finding that African Americans 
are at greater risk of developing Alzheimer’s disease may in fact reflect the 
lack of adequate representative samples to norm their cognition instead of 
a greater prevalence of the disease in this population (Barnes and Bennett, 
2014).

One solution to the challenges of developing norms and interpreting 
them for a particular person is repeat testing over time, such as every year. 
This allows people to serve as their own normative sample. If serial cogni-
tive assessments become more routine—such as being conducted regularly 
during Annual Wellness Visits—some adults may receive repeated cognitive 
testing using the same test battery. Documenting their longitudinal perfor-
mance might have considerable appeal to patients and their health care 
providers. However, repeat testing can present its own set of challenges. 
For example, if an individual repeats a test and the score increases, it might 
indicate cognitive improvement, or it might indicate enhanced performance 
as a result of previous exposure to the test. In this latter scenario, stable 
performance scores could mask declines resulting from aging or disease. In 
addition, feedback on test performance could affect an individual’s perfor-
mance on subsequent tests. Finally, longitudinal assessment still requires 
norms so that a tester can determine how much change is expected within 
the parameters of normal variation as opposed to significant decline.

Future Directions for the Development of Norms

The tester’s selection of the “appropriate normative comparison group 
is one of the most important aspects of neuropsychological assessment, 
particularly as it pertains to older adults” (Busch et al., 2006, p. 134). It 
is important in older adults because they are likely to experience diseases 
that impair cognition, have age-related changes in cognition, and have ac-
cumulated a lifetime of exposures and experiences that affect cognition. 
Most fundamentally, the selection of a comparison group reflects values 
that shape how society thinks about and therefore defines cognitive aging. 
Using a normative sample that is entirely free of all diseases (both clinical 
and preclinical), conditions, and risk factors that affect cognition would 
result in the classification of most age-related changes as being “abnormal,” 
thus embedding the value that most change after development is abnormal. 
Such decisions need to be addressed directly and with knowledge of their 
potential implications, such as for the prevalence of disease and the social, 
cultural, and economic effects. These decisions can be informed by examin-
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ing how other systems account for aging when using norms. For example, 
the normative values for hemoglobin, blood glucose, and bone mineral 
density are not adjusted for age. As a result, more people are diagnosed 
with diseases such as anemia, diabetes, and osteoporosis, respectively. The 
committee decided that some cognitive changes are to be expected with 
aging, and this is reflected in the committee’s definition of cognitive aging 
in Chapter 1.

Public health and health care policy initiatives to preserve cognitive 
health and prevent cognitive losses require a national investment to develop 
and update high-quality normative samples that are large and sufficiently 
representative of the demography of Americans—an investment similar to 
what the United States has made to discover and validate the biomarkers of 
neurodegenerative diseases (Weiner et al., 2010). These samples should be 
followed up in order to assess baseline factors that may affect norms, ways 
that practice effects influence test results, and the interactions between base-
line factors and practice effects. This is especially important as researchers 
define preclinical stages of neurodegenerative diseases.

Measuring literacy rather than a simple count of the years of educa-
tion may be especially useful in addressing challenges related to quality 
of education (Dotson et al., 2008; Manly et al., 2005). As measures are 
developed for widespread clinical and research application using remote 
technologies and without the supervision of a trained tester, individual users 
would benefit from knowing how well the measures are normed for people 
like them. A clearinghouse that compares how individuals perform on dif-
ferent batteries would be useful for assuring the reliable interpretation of 
results. This investment will allow testers to readily judge which group is 
the best comparison group for each person so that individuals can receive 
meaningful answers to important questions about their cognitive health and 
so that policy makers will have reliable data to inform the surveillance of 
the nation’s cognitive health and the need for interventions.

RECOMMENDATION

Recommendation 1: Increase Research and Tools for Assessing Cogni-
tive Aging and Cognitive Trajectories
The National Institutes of Health, the Centers for Disease Control and 
Prevention, research foundations, academic research institutions, and 
private-sector companies should expand research on the trajectories of 
cognitive aging and improve the tools used to assess cognitive changes 
and their effects on daily function.
	 Specific needs include

•	 Studies using a range of assessments (e.g., neuronal injury 
biomarkers, neuroimaging, postmortem assessments of neu-
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ronal integrity) to explore the physiological and structural 
basis of cognitive aging;

•	 Non-human animal studies that examine the mechanisms 
and clinical correlates of cognitive aging and that are de-
signed to inform human cognitive aging;

•	 Studies to examine the mechanisms underlying interventions 
that affect the cognitive trajectory;

•	 Studies to identify and validate novel tools and measures of 
function that capture the complexities of real-world tasks 
and are sensitive to early changes in cognition and function; 
and

•	 An update of the norms for cognitive function in older 
adults (including those in the most advanced age groups) to 
include the consideration of disease, literacy, language, ra-
cial and ethnic diversity, culture, and socioeconomic factors.
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3

Population-Based Information 
About Cognitive Aging

While a great deal of research has examined the occurrence, causes, 
natural history, pathogenesis, and clinical management of demen-
tia, including Alzheimer’s disease, less attention has been paid 

to cognitive aging per se, particularly from a public health perspective. 
Population-based information about the nature and extent of cognitive ag-
ing provides a basis for building public awareness and understanding and 
can be used to engage individuals and their families in maintaining cogni-
tive health; to inform health care professionals, financial professionals, and 
others as they educate and advise their older patients and clients; and to 
guide program development and implementation.

This chapter provides a brief overview of available population-based 
information about cognitive aging in the United States and discusses chal-
lenges and next steps in collecting, analyzing, and disseminating needed 
information that is not currently available. The chapter addresses the fol-
lowing questions:

•	 How does a life-course perspective help inform the understanding 
of cognitive aging?

•	 What does population-based research show about the cognitive sta-
tus of older Americans, the amount and types of cognitive change 
that occur in individuals as they age, and older adults’ awareness 
and perceptions about these changes?

•	 What are the challenges in collecting population-based information 
about cognitive aging?

•	 What additional research is needed in order to increase knowledge 
about cognitive aging for public health and related purposes?
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Although information about cognitive aging is available from a va-
riety of sources, this chapter focuses mainly—although not entirely—on 
information derived from surveys and studies that have been conducted 
in representative U.S. population samples, including national, regional, 
and local populations. The focus on information from U.S. sources is not 
intended to ignore the important worldwide research literature but rather 
to maximize the relevance of the information to U.S. programs and poli-
cies. Likewise, the focus on surveys and studies conducted in representative 
population samples is not intended to ignore the important scientific and 
clinical findings derived from research employing other kinds of samples, 
including samples of community volunteers and patients in clinical settings, 
such as physician’s offices and health care systems. From a public health 
perspective however, information based on findings from representative 
population-based samples is especially relevant and useful.

A major challenge in assembling population-based information about 
cognitive aging is that most analyses of population data on cognition in 
older adults have focused on moderate and severe cognitive impairment, 
dementia, and Alzheimer’s disease. This focus has certainly yielded valuable 
information, such as estimates that 11.2 to 13.9 percent of older Americans 
have dementia (Kasper et al., 2014; Plassman et al., 2007), including 9.7 to 
11.7 percent who have Alzheimer’s disease (Hebert et al., 2013; Plassman 
et al., 2007).1 But, much less attention has been paid to population data 
on the less severe cognitive changes experienced by the majority of older 
adults—changes that may affect important day-to-day activities, such as 
driving, making financial decisions, and managing medications. The result-
ing gaps in understanding of the larger picture of changes in cognition with 
aging underscore the need for population-based information on cognitive 
aging apart from moderate and severe cognitive impairment, dementia, and 
Alzheimer’s disease.

LIFE-COURSE PERSPECTIVE

In the past few decades, developments in life-course epidemiology have 
led to a greater understanding of health and disease as they evolve across 
the life span. Life-course epidemiology studies health in a social, environ-
mental, and cultural context and examines both the factors that affect 
health and the impact that health has on other outcomes for individuals 
throughout their lives. A life-course perspective is informative when ap-

1 These and other estimates of the prevalence of dementia and Alzheimer’s disease vary 
because of differences among population-based studies in the definitions of the conditions 
studied, the tests used to measure them, the age and other characteristics of sample members, 
and other factors (Brookmeyer et al., 2011; Rocca et al., 2011). 
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plied to cognitive aging because the cognitive status of older adults reflects 
not only the changes that occur in older age but also the effects of social 
and environmental factors and health-related events that occurred earlier 
in life. A life-course approach emphasizes the role of early brain and cog-
nitive development and the general social and environmental threats and 
enhancements to that development among infants and children (Hofer and 
Clouston, 2014). This approach also acknowledges the effects of health-
related events and risk factors that occur in adolescence and young and 
middle adulthood. Examples include head or bodily trauma due to auto-
mobile crashes or military combat; major mental illnesses, such as affective 
disorders, substance abuse, or various psychoses; cerebro-vascular disease 
risk factors, such as uncontrolled hypertension and lipid disorders; toxic 
maternal exposures; and physiochemical exposures of hazardous occupa-
tions. All of these factors help explain the wide differences in cognitive 
status observed among individuals as they age. While not all early events 
and risk factors that can affect cognition in older adults are fully prevent-
able, paying greater attention to the adverse events of human development 
(such as the physical and social environments associated with poverty or the 
cognitive decrements associated with severe mental illnesses) may improve 
clinical and public health interventions and policies and may lead to more 
optimal human development.

NATURE AND EXTENT OF COGNITIVE 
AGING IN THE UNITED STATES

In order to understand cognitive aging in the context of whole commu-
nities and populations, it is necessary to carry out studies of representative 
samples of those populations. Many ongoing and completed surveys and 
studies conducted with samples of national, regional, and local populations 
in the United States include items that measure cognition and cognition-
related factors. Some survey items measure survey respondents’ cognition 
directly, resulting in what is sometimes referred to as objective informa-
tion about cognition. Other survey items measure survey respondents’ 
awareness and perceptions about their cognition, resulting in what is often 
referred to as subjective information about cognition. Box 3-1 provides 
examples of these two kinds of survey items.

A recent review identified more than 40 U.S. surveys and studies that 
have used valid and reliable measures of cognition in adults age 50 and 
older (Bell et al., 2014). Approximately half of these surveys and studies 
have been conducted in representative samples of national, regional, or 
local populations. Some of the surveys and studies use only a few items, 
including validated brief mental status tests or items drawn from those 
tests, to measure cognition directly. Others use more extensive batteries of 
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neuropsychological tests. Many also measure respondents’ awareness and 
perceptions about their own cognition. Still others measure respondents’ 
awareness and perceptions about their cognition but do not measure cogni-
tion directly.

Table 3-1 provides descriptive information about five ongoing surveys 
and studies that are being conducted in nationally representative U.S. sam-
ples. These surveys and studies are used as examples throughout this chapter 
to illustrate the kinds of information about cognitive aging that are being or 
could be collected in population-based research. Other surveys and studies 
that are being or have been conducted in the United States also provide infor-
mation about cognitive aging. For example, the Established Populations for 
Epidemiologic Studies of the Elderly (EPESE), which was conducted in four 
states, provides information about the proportion of adults age 65 years and 
older who had errors on a brief cognitive test (Cornoni-Huntley et al., 1986, 
1990). Appendix B lists not only the surveys and studies shown in Table 3-1 
but also many of these other research efforts.

BOX 3-1 
Survey Items Used to Measure Cognition

Direct Measures of Cognition
	 These survey items often use standardized cognitive tests that ask the re-
spondent to answer questions intended to measure various components of cogni-
tion, such as memory, orientation, executive function, vocabulary, and reasoning. 
Memory is often measured by asking a respondent to listen to a list of words and 
then repeat all of the words remembered (immediate word recall). After a specified 
time interval, the respondent is again asked to repeat all of the words remembered 
(delayed word recall). Orientation may be measured by asking a respondent for 
the current day, month, year, and day of the week and the name of the current 
president. Other commonly used survey items ask respondents to name common 
objects, such as scissors; to name as many different animals as they can in a 
minute or two; to complete one or more partial sentences; to count backward from 
100 by 7s; and to identify a missing number in a series of numbers. (See Box 2-1 
in Chapter 2 for additional information about commonly used cognitive tests.)

Measures of Awareness and Perceptions About Cognition
	 These survey items may ask respondents to rate their memory (excellent, 
very good, good, fair, or poor) or ask whether they have difficulty remembering, 
concentrating, making decisions, or learning something new. Respondents may 
be asked whether they have noticed changes in their thinking ability or whether 
their memory is better, the same, or worse than at a specified time in the past. 
Similarly, they may be asked whether they have experienced confusion or memory 
loss and whether it is happening more often or getting worse. Related measures 
include how an individual feels about and adapts to these perceived changes in 
cognitive function.
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TABLE 3-1  Selected Surveys and Studies Conducted in Representative 
Samples of the U.S. Population That Collect Information About 
Cognition in Adults

Behavioral 
Risk Factor 
Surveillance 
System 
(BRFSS)

Health and 
Retirement 
Study (HRS)

Midlife in 
the United 
States Study 
(MIDUS)

National 
Health 
and Aging 
Trends 
Study 
(NHATS)

National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)

Primary 
sponsoring 
agency

CDC NIA and 
SSA

NIA NIA NCHS

Conducted by State health 
departments

University 
of Michigan

University of 
Wisconsin– 
Madison

Johns 
Hopkins 
University

NCHS

Sample size About 
500,000 
annually

More than 
26,000 
every 2 
years

7,100 
(MIDUS I)
4,300 
(MIDUS II)

8,200 in 
2011

About 5,000 
annually

Sample criteria Age: 18 
years and 
older

Age: 50 
years and 
older

Age: 25 to 
74 years 
(MIDUS I)
Age: 32 to 
84 years 
(MIDUS II)

Age: 65 
years and 
older 
Medicare 
enrollee

All ages

Includes nursing 
home residents

No Yes No Yes No

Measures 
cognition 
directly

No Yes Yes Yes Yes

Measures 
awareness and 
perceptions 
about cognition 

Yes Yes Yes Yes Yes

Collects 
information 
about sample 
person’s 
cognition 
from a proxy/ 
informant 

No Yes No Yes Yes

continued
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Behavioral 
Risk Factor 
Surveillance 
System 
(BRFSS)

Health and 
Retirement 
Study (HRS)

Midlife in 
the United 
States Study 
(MIDUS)

National 
Health 
and Aging 
Trends 
Study 
(NHATS)

National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)

Collects 
longitudinal 
information 
about cognition

No Yes, every 2 
years

Yes (MIDUS 
II and a 
subsample 
from MIDUS 
I)

Yes, 
annually

No

Conducted 
in person, by 
telephone, other

Telephone In-person 
and 
telephone 
interviews 
with survey 
subject and 
a proxy

Telephone 
and self-
administered 
questionnaire

In-person 
interviews 
with the 
survey 
subject or 
a proxy 
respondent

In-person 
interviews 
and health 
examinations 
in mobile 
centers

Asks about 
activities of 
daily living 
(ADLs)

Dressing 
and bathing 
only

All 5 ADLs Dressing and 
bathing only

All 5 ADLs Dressing, 
bathing, 
transferring 
from bed to 
chair, and 
eating

Asks about 
instrumental 
activities of 
daily living 
(IADLs) 

Shopping 
only

All 7 IADLs No Shopping, 
food 
preparation, 
laundry, 
managing 
finances, 
managing 
medications

Shopping, 
food 
preparation, 
laundry, 
housekeeping, 
managing 
finances, 
managing 
medications 

Asks about 
other physical 
activity 
limitations

Walking 
and 
climbing 
stairs 

Walking, 
climbing 
stairs, 
crouching, 
stooping, 
kneeling, 
lifting, 
getting up 
from a chair 

Walking, 
climbing 
stairs, 
stooping, 
kneeling, 
lifting 

Walking, 
climbing 
stairs, 
kneeling, 
lifting 

Walking, 
climbing 
stairs, 
crouching, 
stooping, 
kneeling, 
lifting, getting 
up from a 
chair

Asks about race/
ethnicity

Yes Yes Yes Yes Yes

Asks about 
veteran status

“ever served 
in the 
military”

“ever served 
in the 
military”

No Yes Yes

TABLE 3-1  Continued
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Behavioral 
Risk Factor 
Surveillance 
System 
(BRFSS)

Health and 
Retirement 
Study (HRS)

Midlife in 
the United 
States Study 
(MIDUS)

National 
Health 
and Aging 
Trends 
Study 
(NHATS)

National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)

Asks about 
physical activity 
and exercise

Yes Yes Yes Yes Yes

Asks about 
cardiovascular 
risk factors: 
hypertension, 
diabetes, 
smoking

Yes Yes Yes Yes Yes

Asks about 
social 
engagement

No Yes Yes Yes Asks about 
difficulty 
participating 
in social 
activities or 
lack of such 
participation 

NOTES:
Activities of daily living (ADLs): bathing, dressing, transferring from bed to chair, using the 
toilet, and eating. Instrumental activities of daily living (IADLs): using the telephone, shop-
ping, food preparation, laundry, housekeeping, managing finances, and managing medications. 
Other physical activities: includes walking, climbing stairs, crouching, stooping, kneeling, 
lifting, and getting up from a chair. MIDUS III: The next phase of the Midlife in the United 
States Study, MIDUS III, began data collection in 2013. Interviews about cognition will be 
conducted with 2,680 sample members (MIDUS, 2011e).

Abbreviations:
CDC = Centers for Disease Control and Prevention; MIDUS I = Midlife in the United States, 
Baseline Study; MIDUS II = Midlife in the United States, Follow-up Study; NCHS = Na-
tional Center for Health Statistics; NIA = National Institute on Aging; SSA = Social Security 
Administration.

SOURCES:
BRFSS items come from the 2014 questionnaire, BRFSS: Behavioral Risk Factor Surveillance 
System (CDC, 2013b).
The HRS items come from the 2014 questionnaire, HRS: Health and Retirement Study (HRS, 
2014a, 2015).
MIDUS items come from the MIDUS I and II phone interview questionnaires and the self-
administered questionnaires: MIDUS I (MIDUS, 2011b); MIDUS II (MIDUS, 2011c,d,e).
NHATS items come from the 2011, 2012, and 2013 questionnaires, NHATS: National Health 
and Aging Trends Study (NHATS, 2014a,d,e,f).
NHANES items come from the 2013/2014 questionnaire, NHANES: National Health and 
Nutrition Examination Survey (CDC, 2014b,c).

TABLE 3-1  Continued
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As shown in Table 3-1, the sample sizes for the five ongoing surveys 
and studies range from 5,000 participants annually for the National Health 
and Nutrition Examination Survey (NHANES) up to about 500,000 for 
the Behavioral Risk Factor Surveillance System (BRFSS). NHANES in-
cludes people of all ages, while BRFSS and the Midlife in the United States 
(MIDUS) study include adults age 18 years and older and 24 years and 
older, respectively. The Health and Retirement Study (HRS) includes adults 
age 50 years and older, while the National Health and Aging Trends Study 
(NHATS) includes adults age 65 years and older. Four of the five surveys 
and studies shown in Table 3-1 measure respondents’ cognition directly, 
and all five include survey items to assess respondents’ awareness and per-
ceptions about their cognition.

Like all nationally representative research, these surveys and studies 
have limitations in their breadth and depth of coverage. The five studies 
described in Table 3-1 cover numerous health and social topics, but none 
is dedicated solely to cognition. The breadth of topics they cover enhances 
their value for researching potential correlations between cognition and 
other factors of interest from a public health perspective. All five collect 
information about race and ethnicity, and four of the five collect informa-
tion about veteran status. All five ask about medical conditions, such as 
hypertension, heart disease, diabetes, and stroke, and other factors related 
to cognitive aging as discussed in Chapters 4A and 4B—for instance, physi-
cal activity and exercise, smoking, and social engagement. All five also ask 
about various functional activities that may be affected as part of cognitive 
aging. At the same time, the breadth of topics covered in the surveys and 
studies necessarily limits the depth of information specifically about cogni-
tive aging. Moreover, nationally representative surveys and studies often 
have too few people with similar characteristics to assess regional or local 
variations with the precision needed to inform public health decisions or 
explore less common minority, nationality, or language groups. These more 
in-depth questions usually require targeted surveys or expanded samples or 
subsamples in national surveys.

A brief overview of the information available about cognitive aging 
from these existing surveys and studies is presented below. Information is 
provided about three aspects of cognitive aging: cognitive status at a point 
in time, cognitive changes that occur in individuals as they age, and older 
adults’ self-reported awareness and perceptions regarding these changes.

Although some researchers are familiar with the available information 
about cognitive aging from these and other surveys and studies, the infor-
mation is generally not presented in formats, language, and media that are 
accessible to most older adults; to health care and financial professionals 
and others who work with older adults; to the staff of government and 
private-sector organizations that plan, implement, and evaluate public health 
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programs; and to other non-research audiences. If reformatted and stated in 
language that is meaningful to these audiences, this information could help to 
increase public awareness and understanding, answer questions and address 
concerns of older adults and their families, assist health care and financial 
professionals and others in educating and advising their older patients and 
clients, and guide program development and implementation.

Information About Cognitive Status at a Point in Time

Research that directly measures cognition can provide a snapshot of 
the cognitive status of individuals at a single point in time. Such snapshots 
reveal differences between people of different ages or who differ on other 
characteristics; such differences are often referred to as inter-individual dif-
ferences. Three of the studies shown in Table 3-1—MIDUS, the HRS, and 
NHATS—have provided information about inter-individual differences in 
cognitive status.

Midlife in the United States (MIDUS) Study

The MIDUS study examines a variety of factors that play a role in age-
related variations in health and well-being (see Table 3-1; MIDUS, 2011a). 
The first phase of the study, MIDUS I, conducted from 1995 to 1996, as-
sembled a sample of 7,108 individuals ages 24 to 75 years; cognition was 
measured directly in only a subsample of 302 individuals (Agrigoroaei and 
Lachman, 2011). The second phase of the study, MIDUS II, was conducted 
from 2004 to 2006, and cognition was measured in 4,268 of the original 
sample members, who were then ages 32 to 84 years (Lachman et al., 
2014). Figure 3-1 shows the average scores for all MIDUS II sample mem-
bers on tests of two components of cognition: episodic memory, including 
immediate and delayed recall, and executive functioning. The figure shows 
lower average scores on tests of episodic memory and executive function 
for individuals in each successive 5-year age group.

Figure 3-2, based on data from the MIDUS II study sample, shows a 
steady decline by age on each of the seven tests of various components of 
cognition (Lachman and Tun, 2008). The pattern differed somewhat from 
test to test, but the decline was steady in all. As in Figure 3-1, this figure 
reflects differences between individuals of different ages rather than changes 
in cognition in the same individuals over time.

Health and Retirement Study (HRS)

The HRS examines changes in many characteristics of adults age 50 
years and older as they transition from work to retirement and older age 
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(see Table 3-1; HRS, 2014a). As discussed earlier, analyses of data from 
many existing surveys and studies often focus on moderate and severe 
cognitive impairment, dementia, and Alzheimer’s disease rather than on the 
less severe cognitive changes that are the topic of this Institute of Medicine 
report. Figure 3-3 provides one example of findings from such an analysis, 
using data from the 2002 HRS. The figure shows the proportions of men 
and women age 65 years and older who had moderate or severe memory 
impairment according to tests that measured immediate and delayed recall 
as well as the much larger proportions of these men and women who had 
no memory impairment or only mild memory impairment. Sample mem-
bers were considered to have had moderate memory impairment if they 
remembered four or fewer words out of 20 on immediate- and delayed-
recall tests. They were counted as having severe memory impairment if they 
remembered two or fewer words on the tests.

The original graph from which Figure 3-3 was adapted appeared in 
Older Americans 2000: Key Indicators of Well-Being, a publicly available 
federal government report (FIFARS, 2004). That graph showed only the 
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FIGURE 3-1  Differences in cognitive functioning by age, Midlife in the United 
States Study II (MIDUS II), N = 4,268, United States, 2004–2006.
NOTE: The use of Z-scores, shown on the vertical axis, enables data from differ-
ent tests to be shown on the same scale. The dots represent the average scores of 
individuals by year of age. The solid lines are trend lines developed by statistical 
methods to show average trends in the data.
SOURCE: Lachman et al., 2014. Reprinted by permission of Sage Publications.
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lower parts of the bars, which represented the proportions of men and 
women who had moderate or severe memory impairment. The extension of 
the bars in Figure 3-3 is intended to call attention to the large numbers of 
men and women age 65 years and older who are left out when the analyses 
focus only on moderate or severe impairment—in this case, proportions 
ranging from 92 percent of men and 97 percent of women age 65 to 69 
years to 66 percent of men and 69 percent of women age 85 years and older.

Figure 3-3 is informative with respect to the extent of moderate and 
severe memory impairment in the older population and the way that the 
proportion of older adults with these conditions increases with increas-
ing age. Even with the extended bars, however, the figure provides no 
information about variations in memory within the large proportions of 
older adults who did not have moderate or severe memory impairment. 
Yet some—and perhaps many—of the people who are shown as having no 
memory impairment or only mild memory impairment are likely to have 
experienced changes in memory and other cognitive functions that concern 
them and affect their day-to-day activities.

The HRS findings on global cognition, including memory and other 
cognitive functions, are often reported in four categories: normal, plus 
three categories of cognitive impairment as defined for the particular study. 
Using these categories, data for the HRS study population in 2002 show 
that 3.5 percent of the subjects who were age 70 years and older had “mild 
cognitive impairment,” 5.2 percent had “moderate” or “severe cognitive 
impairment,” and 91.3 percent had “normal cognitive function” (Langa 
et al., 2008). As is true for Figure 3-3, these proportions are informative 
with respect to the extent of cognitive impairment in older adults and are 
encouraging in the sense that the great majority of older adults do not 
have cognitive impairment as measured by the tests and scoring procedures 
used for study. However, no information is provided about variations in 
cognition in the very large proportion of the sample categorized as having 
“normal cognitive function.”

National Health and Aging Trends Study (NHATS)

NHATS examines changes in the daily life and activities of adults of 
age 65 years and older (see Table 3-1; NHATS, 2014c). NHATS findings 
about cognition are often reported in three categories: probable dementia, 
possible dementia, and no dementia (Kasper et al., 2013). NHATS data for 
more than 7,600 sample members indicate that in 2011, 11.2 percent had 
probable dementia, and 10.6 percent had possible dementia, leaving 78.2 
percent with no dementia (Kasper et al., 2014). Like the HRS figures, these 
NHATS figures are informative with respect to the extent of probable and 
possible dementia and encouraging in the sense that the great majority of 
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older adults do not have these conditions. Yet, as with the HRS data, the 
NHATS figures provide no information about variations in cognitive func-
tion among the majority of older adults categorized as having no dementia.

Challenges and Opportunities for Point-in-Time  
Data Collection and Analysis

In these surveys and studies, the focus on moderate and severe cognitive 
impairment and on probable and possible dementia undoubtedly reflects the 
high level of interest in dementia and dementia-related conditions among 
researchers, policy makers, and the public as well as the relatively lower 
level of interest to date in the less severe changes in cognition that are the 
focus of this report. People with less severe cognitive changes are variously 
categorized as having “normal cognitive function,” “mild cognitive impair-
ment,” or “no dementia.” The implications of these terms and categories 
are unclear with respect to cognitive abilities, impairments, and needs for 
information and assistance among the large number of adults so categorized. 
Raw data from the HRS, NHATS, and other surveys and studies could be 
used to discriminate more finely between these individuals. As discussed 
later in this chapter, the challenge will be to create operational definitions 
of meaningful categories for analyzing the raw data and reporting survey 
findings. Establishing these definitions would allow further differentiation of 
cognitive functioning among the vast majority of elders and enable the de-
velopment of needed, population-based information about cognitive aging.

A few studies and surveys have tested methods to identify older adults 
who have a high level of cognition even at very old ages, thus enabling the 
creation of a category of cognition that has been referred to as “success-
ful cognitive aging,” a term this report does not use (see Chapter 1). One 
study tested several identification methods in a sample of 560 community-
dwelling adults age 65 years and older (Negash et al., 2011). One method 
classified “successful agers” as those individuals with scores above the 
sample average on tests of four components of cognition. A second method 
compared the sample members’ scores on tests of four components of 
cognition with the scores of adults ages 24 to 35 years and identified as 
“successful agers” the older adults who had scores at a specified level above 
the average for the younger adults. Both of these methods identified more 
sample members as “successful agers” than did a third method, which 
identified older adults with scores in the top 10 percent on a composite 
measure of the four components. Each of these methods could be used to 
create useful new categories of cognition within the current undifferenti-
ated categories “normal cognitive function” and “no dementia.” The three 
methods identified some of the same individuals, but many individuals were 
identified by only one or two of the methods, illustrating the difficulties 
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facing those who aim to create meaningful categories for analyzing and 
reporting survey findings about cognition.

Information About Changes in Cognition Over Time

Many surveys that directly measure sample members’ cognition are lon-
gitudinal; that is, they interview the same individuals more than once—and 
often numerous times—over a period of years. About three-quarters of the 
40 U.S. surveys and studies identified by Bell and colleagues (2014) and 3 of 
the 5 surveys and studies included in Table 3-1 are longitudinal. Data from 
these studies could be used to describe changes in cognition for individuals 
over time. Depending on the cognitive functions measured in each survey, 
information could be provided about changes in global cognitive function 
as well as about particular components of cognition, such as memory, ori-
entation, executive function, vocabulary, and reasoning. Information also 
could be gleaned about rates of change in cognitive performance, including 
the proportions of individuals whose cognition improves, stays the same, 
or declines over time.

As discussed in Chapters 1 and 2, the patterns and trajectories of cog-
nitive change in individuals over time are extremely varied. Figure 2-1 in 
Chapter 2 shows data from the HRS on changes in cognitive scores over 
time in a representative sample of adults who had taken the cognitive tests 
in two or more waves of the study (McArdle, 2011). The figure illustrates 
the extensive variation among older adults in their patterns and trajectories 
of cognitive aging. It also shows the substantial variation between sample 
members at each age, something that is difficult to appreciate when only 
the average scores are presented. Furthermore, it shows that even though 
the average scores declined steadily over time, the scores for some individu-
als improved or at least stayed the same from one test time to a later one.

Other longitudinal studies conducted in representative samples of re-
gional and local populations and in non-representative community samples 
have reported the proportions of older adults whose cognition stayed the 
same or declined over various time periods. All of these studies started with 
samples of individuals who were functioning at a relatively high level. A 
study of 2,733 generally healthy men and women ages 70 to 79 years found 
that after 4 years, 36 percent of the sample members had maintained the 
same level of cognitive functioning, 48 percent had experienced a minor 
decline in cognitive functioning, and 16 percent had had a major decline 
(Yaffe et al., 2010). Among the 2,509 sample members who were still par-
ticipating in the study after 8 years, cumulative results show that 30 percent 
had maintained their level of cognitive functioning, 53 percent had a minor 
decline, and 16 percent had a major decline (Yaffe et al., 2009).

As could be expected, studies that lasted longer found lower propor-
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tions of sample members whose cognition had stayed the same over the 
study period. A 15-year study of 9,704 women age 65 years and older 
found that 9 percent maintained the same level of cognition functioning 
until the end of the study, 58 percent had a minor decline, and 33 percent 
had a major decline (Barnes et al., 2007). Similarly, a 9-year study of 322 
women ages 70 to 80 years found that 49 percent had declined to predesig-
nated levels of impairment in one or more components of cognition by the 
end of the study, with 37 percent having declined in executive function, 28 
percent in immediate recall, 26 percent in delayed recall, and 21 percent in 
psychomotor speed (Carlson et al., 2009).

As part of the Mayo Clinic Study of Aging, which is conducted in 
a representative sample of a regional population, researchers measured 
changes over time in the cognitive trajectories of 1,390 adults ages 71 to 89 
years (Machulda et al., 2013). All of the sample members were classified as 
cognitively unimpaired at the beginning of the study. Figure 3-4 shows the 
changes in the cognitive trajectories for global cognition in those sample 
members who were tested at least twice (and up to five times) over the 
course of the 5-year study. Of the 1,390 sample members, 947 (68 percent) 
remained cognitively unimpaired, 397 (29 percent) developed diagnosable 
mild cognitive impairment (MCI), and 46 (3 percent) developed dementia. 
Trajectories for sample members who developed MCI or dementia started 
out lower and had a somewhat steeper rate of decline when compared 
either with all sample members or with those who remained cognitively 
unimpaired. The researchers called attention to the fact that both the entire 
sample and the cognitively unimpaired sample—but not the sample that 
developed MCI or dementia—showed improvements in scores of cognition 
between the first and the second visits. They attribute the improvements 
to practice effects and note that all three groups showed improvements 
in scores on memory between the first and second visits (Machulda et al., 
2013). (For further discussion about practice effects, see Chapter 2 and 
Thorgusen and Suchy, 2014.)

Self-Reported Awareness and Perceptions About Changes in Cognition

Surveys and studies that measure individuals’ awareness and percep-
tions about their cognition can provide insight into older adults’ thinking 
about changes in their own cognition and into how those changes affect 
their functioning. Each of the five nationally representative surveys and 
studies described in Table 3-1 includes one or more questions designed to 
measure respondents’ awareness and perceptions of change in their cogni-
tion. At least four other ongoing surveys and studies conducted in nation-
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ally representative samples also include one or more such questions2 as do 
many regional and local surveys and studies. These surveys and studies 
use terms, such as “thinking,” “remembering,” “forgetting,” “confusion,” 
“memory loss,” and “serious difficulty concentrating, remembering, or 
making decisions,” to refer to cognition in their questions.

BRFSS conducts annual surveys to collect information about personal 
health behaviors and risk factors for mortality and morbidity (see Table 3-1; 
CDC, 2013a). BRFSS surveys are conducted by individual states, with ad-
ministrative support and funding from the Centers for Disease Control 
and Prevention (CDC). The surveys include three types of questions: core 
questions, optional modules, and state-added questions. States are required 
to use the core questions in their state BRFSS surveys, but they can choose 

2 American Community Survey, Medicare Current Beneficiary Survey, Medicare Expenditure 
Panel Survey, and National Health Interview Survey.
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FIGURE 3-4  Cognitive trajectories for global cognition in older adults, Mayo 
Clinic Study of Aging, N = 1,390.
NOTE: MCI = mild cognitive impairment. The middle (black) line represents 
changes in cognitive trajectories for the sample as a whole. The lower (orange) line 
represents changes in trajectories for individuals who developed MCI or dementia 
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SOURCE: Machulda et al., 2013. Reprinted with permission of Taylor & Francis, 
Ltd.
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whether to use any of the optional modules and whether to add questions 
of their own. In 2007, the CDC’s Healthy Aging Program developed a set 
of 10 questions, referred to as the Optional Impact of Cognitive Impairment 
Module (CDC, 2007), to collect information about survey respondents’ 
awareness and perceptions about their cognition (CDC, 2014a). The CDC 
and the Alzheimer’s Association encouraged states to use this optional 
module and provided financial support for its use and for analysis of the 
resulting data.

Findings from 21 states that used the 2007 optional module in their 
2011 BRFSS surveys show that among adult respondents age 60 years and 
older, 12 percent reported increased confusion or memory loss in the pre-
ceding 12 months, and that in that group more than a third also reported 
increased functional difficulties. The proportion of respondents reporting 
increased confusion or memory loss was higher among respondents who 
were 85 years or older, who were Hispanic, who had less than a high school 
education, or who reported that they were disabled (CDC, 2013c).

In 2014, the CDC and the states developed a new six-item optional 
module, the 2015 Cognitive Decline Module, to replace the 2007 module. 
As shown in Box 3-2, the new model asks respondents whether they have 
noticed changes in their cognition in the previous year and whether any 
such changes have affected their day-to-day functioning or resulted in 
the need for help with these activities. Some states are including the new 
module in their 2015 BRFSS survey, and it is hoped that many states will 
eventually do so.

Over at least the past four decades, questions have been raised about 
the validity of self-reported information about cognition. Research con-
ducted in the United States and other countries has attempted to determine 
whether individuals’ reports of cognitive decline, usually referred to as 
“subjective memory complaints,” reflect true decline or other factors. Many 
studies have found subjective memory complaints to be associated with 
depression, other psychological distress, and personality characteristics 
such as conscientiousness, self-esteem, and neuroticism (Blazer et al., 1997; 
Kahn et al., 1975; O’Connor et al., 1990; Pearman and Storandt, 2004). 
Some researchers have concluded that these factors are the main driver of 
subjective memory complaints (see, e.g., Pearman and Storandt, 2004). 
Others have been persuaded that subjective memory complaints indicate 
real cognitive impairment and may also predict future cognitive decline (see, 
e.g., Geerlings et al., 1999; Jonker et al., 1996, 2000).

Research on the association between subjective memory complaints 
and current and future cognitive status as measured with objective tests has 
resulted in complex and sometimes contradictory findings. Among studies 
that have measured the association between subjective memory complaints 
and current cognitive status, those studies conducted in community samples 
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have often found a stronger association than those conducted in clinical 
samples (Jonker et al., 2000). Studies that include individuals with various 
levels of cognitive impairment have generally found a stronger association 
between subjective memory complaints and current cognitive status in 
individuals with no or very mild cognitive impairment than in individuals 
with more cognitive impairment (Lerner et al., 2015; Turvey et al., 2000). 
Similarly, studies that include individuals with depressive symptoms have 
generally found a stronger association between subjective memory com-
plaints and current cognitive status in individuals with fewer depressive 
symptoms than in individuals with more depressive symptoms (Hohman et 
al., 2011; Jungwirth et al., 2004). One analysis of data from a nationally 
representative community sample of 5,444 individuals age 70 years and 
older found a substantial association between individuals’ reports about 
their own cognition and their scores on objective tests of cognition (Turvey 
et al., 2000). The association was weaker, however, for sample members 

BOX 3-2 
Introduction and Questions in the 2015 

BRFSS Cognitive Decline Module

	 Interviewer Introduction: The next few questions ask about difficulties in 
thinking or remembering that can make a big difference in everyday activities. 
This does not refer to occasionally forgetting your keys or the name of someone 
you recently met, which is normal. This refers to confusion or memory loss that is 
happening more often or getting worse, such as forgetting how to do things you’ve 
always done or forgetting things that you would normally know. We want to know 
how these difficulties impact you.

	 1.	 �During the past 12 months, have you experienced confusion or memory 
loss that is happening more often or is getting worse?

	 2.	 �During the past 12 months, as a result of confusion or memory loss, how 
often have you given up day-to-day household activities or chores you used 
to do, such as cooking, cleaning, taking medications, driving, or paying bills?

	 3.	 �As a result of confusion or memory loss, how often do you need assistance 
with these day-to-day activities?

	 4.	 �When you need help with these day-to-day activities, how often are you 
able to get the help that you need?

	 5.	 �During the past 12 months, how often has confusion or memory loss in-
terfered with your ability to work, volunteer, or engage in social activities 
outside the home?

	 6.	 �Have you or anyone else discussed your confusion or memory loss with a 
health care professional?

SOURCE: CDC, 2014a.
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whose cognitive test scores were in the lowest quarter of test scores, 57 
percent of whom reported their memory was good, very good, or excellent. 
Likewise, the association was weaker for sample members with depressive 
symptoms.

Age, level of education, and other socio-demographic factors have also 
been found to affect the association between subjective memory complaints 
and current cognitive status in older adults. For example, three studies 
found substantial associations between subjective memory complaints and 
scores on objective tests of cognition in the young-old sample members 
(individuals under ages 75 or 80 in the study samples) but not in the older-
old sample members (Fritsch et al., 2014; Hohman et al., 2011; Lerner et 
al., 2015).

Associations between subjective memory complaints and scores on 
objective tests of cognition may also depend on the specific complaints, 
the number of complaints, and the components of cognition measured 
(Amariglio et al., 2011; Riedel-Heller et al., 1999). An analysis of data from 
a large—but not population-based—study of almost 17,000 women of ages 
70 to 81 years found that some subjective memory complaints, such as diffi-
culty finding one’s way around familiar streets, were more highly associated 
than other complaints with scores on objective tests of cognition (Amariglio 
et al., 2011). The complaint of forgetting things from one second to the 
next was not associated with cognitive status, but sample members who 
had many subjective memory complaints were more likely to score low on 
the cognitive test than those with fewer complaints.

Older adults’ awareness and perceptions about changes in their own 
cognition are important because awareness and perceptions can affect the 
likelihood that they will hear and respond to messages about lifestyle and 
other factors that could improve their cognitive health and reduce the 
negative effects of cognitive aging. Gaining an increased understanding 
about the variations among older adults in their awareness and perceptions 
about changes in their own cognition could help health care and financial 
professionals and others who work with older adults individualize the edu-
cation and advice that they provide to their patients and clients. Similarly, 
population-based information about older adults’ awareness and percep-
tions about changes in their cognition could help public- and private-sector 
agencies at the national, state, and local levels develop and deliver messages 
and programs that match the array of perceptions about cognitive aging in 
the populations they serve.

Furthermore, the results of recent longitudinal studies generally sup-
port earlier findings of associations between subjective memory complaints 
and future cognitive decline (Glodzik-Sobanska et al., 2007; Kryscio et al., 
2014; Reid and MacLullich, 2006; Reisberg et al., 2010; Slavin et al., 2010; 
Wang et al., 2004). These studies are generally conducted with samples 
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of people who do not show any cognitive impairment on objective tests, 
suggesting that subjective memory complaints may represent very early 
awareness of changes in cognition that are too subtle to detect with objec-
tive cognitive tests (Petersen, 2014).

Given the complexity of findings about the association of subjective 
memory complaints and current cognitive status based on objective cogni-
tive tests, and given the still early stage of research on the association of 
subjective memory complaints and future cognitive impairment, caution is 
needed in the dissemination of findings from population-based surveys and 
studies that measure self-reported changes in cognition, such as BRFSS. 
Reported findings must clearly discriminate between self-reported findings 
and those findings that are based on objective cognitive tests. Reported 
findings must also avoid language implying that findings based on self-
report represent respondents’ cognitive status as measured with objective 
tests. In this context, it is also important to acknowledge that some—and 
perhaps many—people may be aware of changes in their own cognition but 
are not willing to report their awareness on a survey for various reasons, 
including stigma. As discussed in Chapter 2, age, ethnicity, culture, level 
of education, and other factors associated with familiarity and comfort in 
testing situations can affect responses to research questions. Thus, reviews 
of findings from surveys and studies that measure self-reported cognitive 
status and cognitive changes in older adults’ awareness and perceptions 
about changes in cognition must acknowledge the many factors that could 
lead to underreporting.

CHALLENGES TO INCREASING POPULATION-BASED 
INFORMATION ABOUT COGNITIVE AGING

At least five important challenges will have to be addressed in creating 
a system that will effectively collect, analyze, and disseminate population-
based information about cognitive aging, particularly for public health pur-
poses. These challenges are the development of (1) operational definitions 
of cognitive aging; (2) standards and procedures for ensuring representa-
tive, population-based samples; (3) cognitive tests and survey questions 
relevant for cognitive aging; (4) efficient modes of testing that maximize 
respondent participation and the accuracy of findings; and (5) methods for 
the appropriate use of proxy respondents and the incorporation of proxy 
responses into the available information about cognitive aging.

Although the availability of improved population-based information 
about cognitive aging is likely to be useful for research and public policy 
purposes, the primary objectives in creating a system to collect, analyze, 
and disseminate this information are to:
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•	 increase public awareness and understanding about cognitive aging;
•	 engage individuals and their families in maintaining cognitive 

health across the life span;
•	 inform health care professionals, financial professionals, and others 

in how to educate and advise their older patients about cognitive 
aging; and

•	 guide the planning, implementation, and evaluation of programs 
and initiatives to maintain cognitive health and reduce the negative 
effects of cognitive aging for older adults, their families, and their 
communities.

Developing Operational Definitions of Cognitive Aging

While many population-based surveys and studies collect or use data 
on cognition in older persons (Bell et al., 2014), relatively little attention 
has been given to developing operational definitions that would allow for 
population-based estimates of the nature and extent of cognitive aging. As 
described in this chapter, findings about cognition from nationally represen-
tative surveys and studies, such as the HRS and NHATS, are often reported 
in categories that emphasize moderate and severe cognitive impairment and 
dementia. These categories reflect the current high level of interest in de-
mentia and dementia-related conditions among researchers, policy makers, 
and the public, but they leave out the kinds of cognitive changes that are 
experienced by the majority of older adults—changes that are troubling to 
many older adults and that may affect important day-to-day functions, such 
as driving, making financial decisions, and managing medications.

Developing operational definitions of cognitive aging is challenging 
because aging is an ongoing process with wide variation among individuals. 
As discussed in Chapter 2, the current understanding about the boundar-
ies between the various levels of cognition in older adults is incomplete. 
Uncertainty about these boundaries and the current lack of agreed-upon 
standards or norms that could be used to translate individuals’ raw scores 
on cognitive tests into meaningful categories are major barriers to the de-
velopment of a system of population-based surveillance. It remains to be 
determined whether acceptable boundaries and thresholds can be identified.

The comprehensive characterization of cognitive aging used by the 
committee in this report (see Chapter 1) has not yet been translated into 
explicit operational definitions and criteria that could be applied in surveys 
and studies conducted in population-based, volunteer, or clinical samples. 
The current lack of standardized and explicit diagnostic and categorization 
criteria impedes the conduct and interpretation of epidemiologic studies. 
Comprehensive population-based surveys and studies require operational 
definitions in order to compare findings across studies and population seg-
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ments and to determine any time trends. Once consensus definitions are 
developed, it will be important to determine the optimal interval between 
surveys in a study cohort for determining rates of cognitive aging over time.

Operational definitions of cognitive aging will require, among other 
considerations, a standardized set of cognitive scales and tests. Many popu-
lation studies use similar cognitive items and tap similar cognitive domains 
(such as memory, executive function, and orientation), but variations in 
item and scale origin and structure may make comparisons among them 
difficult.

Newer test development initiatives based on modern test theory aim 
to increase the standardization of cognitive testing across studies, improve 
the reliability and validity of cognitive tests, and increase the efficiency in 
the number of test items. Item response theory, for example, has been used 
in the development of the National Institutes of Health (NIH) Patient Re-
ported Outcomes Measurement Information System (PROMIS) self-report 
cognitive function scales (Cella et al., 2010) and the NIH Toolbox Assess-
ment of Neurological and Behavioral Function®. Item response modeling is 
designed to measure the underlying traits that are producing performance 
on a test (Wilson et al., 2006a,b) and has the practical advantages of allow-
ing the aggregation of items measuring common constructs and also allow-
ing item banking for computer adaptive testing targeted to the individual 
(Becker et al., 2014; Gershon et al., 2014). Both the PROMIS cognitive 
scales and the NIH Toolbox® cognitive battery were originally designed to 
meet research needs, but they may also be useful in developing operational 
definitions and criteria for population-based surveillance.

Ensuring the Representativeness of Population-Based Samples

Another important challenge in conducting population-based research 
on cognitive aging is that the sampling frame may not represent the popula-
tion. In general, participation rates for national and regional surveys have 
been declining (Galea and Tracy, 2007). It is quite plausible that people 
having different levels of cognitive function may differ in their likelihood 
of participating in such surveys, and some individuals, because of illness 
or a refusal to participate, may not be testable even in special clinical set-
tings. The impact of such selective non-participation can be understood if 
important characteristics of the sampling frame sources are available, such 
as from a Medicare beneficiary sample, but this information is frequently 
not easily accessible. Significant levels of survey non-response can lead to 
uncertainty and potential bias in survey findings.

Among the most important demographic characteristics in population 
surveys are race and ethnicity. Racial disparities in late-life cognitive per-
formance are well documented (see, e.g., Sisco et al., 2014). While some of 
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these disparities can be statistically explained by variation in individual or 
family socioeconomic status (SES) or disadvantages in the childhood social 
environment (Cheng et al., 2014), there may be important differences be-
tween how SES correlates with cognitive status and how it correlates with 
the changes in cognitive status over time (Yaffe et al., 2009; Zahodne et al., 
2011). Furthermore, other factors—for example, test bias and reading lev-
els—may account for part of the variation among racial groups, particularly 
between whites and African Americans (see, e.g., Fyffe et al., 2011; Mehta 
et al., 2004). These factors are often not well studied, particularly with 
respect to adjusting findings for racial and ethnic variation. More work 
is needed when planning and executing research to assess cognitive aging 
across population groups known to have systematic variation in cognitive 
performance.

Each of the five surveys and studies in Table 3-1 includes questions 
about race and ethnicity. As noted earlier, however, nationally representa-
tive surveys and studies often have an insufficient sample size to explore 
less common minority, nationality, or language groups with the precision 
needed to affect public health decisions; understanding these groups in any 
detail usually requires separately targeted surveys or expanded samples or 
subsamples.

Other important issues affecting the representativeness of population-
based surveys and studies pertain to the inclusion of individuals with seri-
ous co-morbid medical or mental health conditions and individuals living 
in nursing homes and assisted living facilities. These individuals are more 
likely to have higher-than-average levels of cognitive impairment. Even 
those who do not have diagnosable MCI or dementia are likely to have 
age-related cognitive changes that affect their day-to-day functioning.

Including Relevant Cognitive Tests and  
Survey Questions About Cognition

As noted earlier, cognitive test results vary, depending on the specific 
test used. This is important because the cognitive tests used in existing 
population-based surveys and studies vary widely, in part because of the 
amount of time they allocate for cognitive assessment. Furthermore, many 
of the cognitive tests used in national surveys are oriented to assessing or 
at least screening for major dementia-related conditions, using validated 
mental status scales and instruments. Some of these instruments lack the 
ability to detect and evaluate variations at the higher end of cognitive per-
formance, and additional, more sensitive instruments to measure cognition 
in the high functioning range may be needed. Still, within surveys and stud-
ies that address cognitive aging, the ability to identify MCI and dementia 



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

98	 COGNITIVE AGING

is important so that those individuals can be excluded from the analysis of 
cognitive aging, as characterized in Chapter 1.

Additional test-related issues include identifying the best measures of 
change in cognition and determining the time intervals that are most ap-
propriate for monitoring change. Questions about cognition must be as 
comprehensible as possible across a broad range of literacy levels, and 
responses may need to be interpreted differently for people who have dif-
ferent primary languages or racial and ethnic backgrounds. Furthermore, 
the contribution of practice effects, when individuals are given the same 
tests or test items on two or more different occasions, need clarification.

As noted in Chapters 1 and 2, any definition of cognitive aging must 
consider the functional impact of such aging on individuals and on the 
people in their social environment. However, much more research is needed 
to identify the physical, mental, and social functions that may be affected 
by cognitive aging, and these alterations may differ substantially among 
individuals for any number of reasons. Existing population-based surveys 
and studies include questions about activities of daily living (such as bath-
ing and dressing) and instrumental activities of daily living (IADLs), and 
several IADLs—notably money and medication management—have been 
described as “cognitive IADLs.” It is also important to capture, to the 
extent possible, how cognitive changes affect other complex tasks with 
practical relevance, such as tasks that take place within work, family, or 
other social environments (Czaja and Sharit, 2003). The BRFSS Cognitive 
Decline module (CDC, 2014a) includes questions about the areas in which 
a person needs the most help, such as whether the person’s confusion or 
memory loss has interfered with his or her ability to work, volunteer, or 
engage in social activities. Likewise, the HRS and NHATS include ques-
tions that link cognitive decline with problems with various activities such 
as “being able to work familiar machines,” “learning to use a new tool, 
appliance, or gadget,” and “being able to follow a story in a book or on 
TV” (HRS, 2014b; NHATS, 2014b).

Selecting Efficient Modes of Testing

It is important to select efficient modes of testing that maximize re-
spondent participation and the accuracy of findings. Existing surveys and 
studies of cognition generally rely on in-person and telephone interviews, 
and some of them use printed or online self-assessments completed by the 
respondent at home. Newer modes of online testing are also being used. 
The choice of survey modes will be dictated at least in part by cost consid-
erations. In-person interviews, which are the most costly mode of testing, 
can allow the self-report of cognitive symptoms, consequent dysfunction, 
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the use of self- or family-directed remedies, relevant co-morbidity, and the 
use and outcomes of consultation in formal medical care. Such information 
is critical and would be difficult to collect for individuals, family caregivers, 
and other family members in any other way.

Using Proxy Respondents and Responses

Many existing population-based surveys and studies that measure cog-
nition include questions that are asked of proxy respondents, who are 
usually family members and other informants, in addition to or instead of 
those questions for the older adults themselves. In some surveys, the proxy 
respondent answers questions only if the sample person is not able to, while 
in other surveys both the proxy respondent and the sample person answer 
the questions.

Population-based surveillance of cognitive aging might profitably in-
clude proxy respondents as a matter of routine whenever they are available. 
They may provide different and more detailed information than the index 
respondent. It is unclear, however, to what extent proxy respondents are 
needed in the case of respondents with cognitive changes that do not reach 
the level of MCI or dementia. It is also likely that there will be differences 
in the responses given by the older adult, by a family member, or by other 
proxy respondents. These differences have been studied for many years 
among people with dementia but have received less attention with respect 
to people with less severe cognitive change.

NEXT STEPS AND RECOMMENDATION

As noted in this chapter, a substantial amount of community and 
population research has been conducted on cognitive performance among 
older persons. The problem of cognitive aging, which is increasing in public 
health importance, underscores the need for a more robust surveillance sys-
tem. While much of the research on representative geographic samples has 
focused on the detection and assessment of moderate and severe dementia-
related conditions, investigative and public interest in cognitive aging is 
also rapidly increasing. Studies on volunteer research populations have 
provided important scientific findings, but from a public health perspective, 
a more complete view is needed of the nature and extent of cognitive aging 
in older adults. The committee concludes, therefore, that a more extensive 
surveillance approach is warranted, which will require careful planning and 
pretesting. The committee offers the following vision for the next steps for 
such a program.
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Build on Current Surveys and Related Data Sources

Because of both the costs and the complexity of surveillance for cog-
nitive aging, it may be useful to share resources and questionnaire space 
with other ongoing national surveys and studies. Many relevant items are 
already in place, and collaborations with existing surveys should prove 
worthwhile. Surveys conducted with representative samples of regional 
and local populations can also contribute to the understanding of cogni-
tive aging.

Some of the categories used to report information about cognition in 
surveys and studies conducted with representative regional and local popu-
lation samples are the same from survey to survey, and some vary. Some 
surveys (e.g., the HRS and NHATS) use categories that reflect a strong 
emphasis on dementia and predementia conditions. Other regional and lo-
cal research obtains detailed information about cognition as an outcome, 
a control variable, or a predictor of other study outcomes (McArdle et al., 
2007). This detailed information is rarely reported, however. Instead, it 
is often converted to statistics, which are essential for research but which 
cannot be used to increase understanding of cognitive aging in non-research 
audiences.

Perhaps the most important question remaining is whether existing 
population data accurately characterize, in terms of the prevalence and 
incidence of cognitive aging, the overall cognitive status of a community or 
nation. Accepting existing cognitive measures as indicators of age-related 
changes would enable the development of score thresholds and ancillary 
rules or algorithms to define population rates. However, as discussed earlier, 
providing community-wide information about cognitive aging rates requires 
more research as well as the specification of well-considered operational 
definitions of cognitive aging. Only then could even provisional rates of 
population cognitive aging rates be estimated. Additional logistical and 
practical questions, include

•	 How inclusive does a population sample have to be? How can ad-
equate representation of racial, ethnic, and non-English-speaking 
minority individuals be assured? Should those who may be cogni-
tively impaired and residing in institutional settings be included? 
How would incomplete participation rates, as well as information 
from proxy respondents, be handled?

•	 What battery of cognitive tests should be included? How should 
co-existing cognitive conditions such as MCI or Alzheimer’s disease 
be excluded, and by what means would dementia-related illnesses 
be determined?
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•	 How would the test battery be standardized? Would this be based 
on statistical distributions, such as percentiles? How would a com-
posite cognitive index be constructed? Would there be adjustment 
for educational attainment or other factors known to alter cogni-
tive performance? Would designation of cognitive aging require 
evidence of physical or social dysfunction?

•	 How would self-reported cognitive symptoms be integrated with 
cognitive test scores?

•	 What modes of testing would be acceptable, and would mixed 
modes be credible?

•	 How would individuals with serious co-morbid medical or mental 
conditions be surveyed and counted?

Expand the Types of Data Collected and Examine 
Other Approaches to Data Collection

Ongoing or periodic surveillance for cognitive aging may include data 
collection from sources other than personal interviews and test results. For 
example, analyses of de-identified data from large health systems’ elec-
tronic health records may provide useful information in many cognitive 
and related clinical domains, as is occurring in other areas of surveillance. 
Sales data for drugs or other products used for the prevention or manage-
ment of cognitive impairment may provide useful insights into population 
and professional concerns. Similarly, it may be useful to monitor second-
ary effects of cognitive aging from public records, such as police reports 
of persons getting lost and automobile crash rates among older persons. 
Financial transactions, such as mispaid bills, aberrant fund transfers, and 
unsuitable transactions, are another ecologically valid means of surveillance 
at both the individual and the population level, although confidentiality and 
privacy concerns would need to be addressed.

Disseminating Information to Survey Participants

Whatever the established protocols for routine surveillance programs, 
the emotional sensitivity of finding evidence for any level of clinical impair-
ment during a cognitive assessment may raise the issue of whether test re-
sults should be returned to the surveillance participants for possible medical 
consultation. Individuals have different views on the desirability of receiving 
this information (Dawson et al., 2006), and providing cognitive test results 
without a clinical interpretation should be done cautiously, particularly 
when the results label a person as cognitively impaired. A sensible response 
to requests for results would be to also provide participants with informa-
tion about how to discuss cognitive concerns with their health care provider.
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Widely Disseminate Information to the General Public

As discussed in this chapter, existing U.S. surveys and other studies 
collect substantial amounts of information about cognition in older adults. 
Although some researchers are familiar with the available information 
about cognition, it is generally not presented in formats and media that are 
accessible to most older adults, health care professionals and others who 
work with older adults, administrative and program staff of government 
and private-sector organizations, and other non-research audiences. To 
make the information understandable and meaningful to these audiences 
will require significant reformatting and clear explanations of complex 
concepts. Terms will have to be defined in lay language, and methodological 
practices, such as the use of Z-scores to standardize results from different 
cognitive tests, will have to be explained or replaced. One of the biggest 
challenges in communicating meaningful and useful information about 
cognitive aging to the general public will be providing easy-to-understand 
explanations about the relationship between changes in cognition that older 
adults may experience and their risk of developing MCI or dementia, a re-
lationship that is still not well understood. Increased understanding about 
cognitive aging could help increase public awareness, answer questions and 
address concerns of older adults and their families, improve the information 
advice health care and financial professionals and others provide to their 
older patients and clients, and help public health agencies and other public 
and private organizations create effective programs to reduce cognitive 
impairment and improve cognitive health in older adults.

RECOMMENDATION

Recommendation 2: Collect and Disseminate Population-Based Data 
on Cognitive Aging
The Centers for Disease Control and Prevention (CDC), state health 
agencies, and other relevant government agencies, as well as nonprofit 
organizations, research foundations, and academic research institu-
tions, should strengthen efforts to collect and disseminate population-
based data on cognitive aging. These efforts should identify the nature 
and extent of cognitive aging throughout the population, including 
high-risk and underserved populations, with the goal of informing the 
general public and improving relevant policies, programs and services.
	 Specifically, expanded cognitive aging data collection and dissemi-
nation efforts should include

•	 A focus on the cognitive health of older adults as separate 
from dementia or other clinical neurodegenerative diseases.
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•	 The development of operational definitions of cognitive ag-
ing for use in research and public health surveillance and 
also the development of a process for periodic reexami-
nation. Analyses of existing longitudinal datasets of older 
persons should be used to inform these efforts.

•	 Expanded data collection efforts and further analyses of 
representative surveys involving geographically diverse and 
high-risk populations. These efforts should include cognitive 
testing when standardized, feasible, and clinically credible 
and also self-reports of perceptions or concerns regarding 
cognitive aging, personal and social adaptations, and self-
care and other management practices.

•	 Longitudinal assessments of changes in cognitive perfor-
mance and risk behaviors in diverse populations.

•	 Inclusion of cognition-related questions in the core instru-
ment of the Behavioral Risk Factor Surveillance System, 
rather than an optional module.

•	 Exploration of other available relevant data on cognitive 
health such as health insurance claims data, sales and mar-
keting data for cognition-related products and treatments, 
data on financial and banking transactions as well as on fi-
nancial fraud and scams, and data on automobile insurance 
claims.

•	 Active dissemination of data on cognitive aging in the pop-
ulation. An annual or biennial report to the U.S. public 
should be issued by the CDC or other federal agency on the 
nature and extent of cognitive aging in the U.S. population.
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4A

Risk and Protective Factors  
and Interventions:  

Lifestyle and Physical Environment

The brain is subject to a lifetime of demands and exposures, both ben-
eficial and deleterious. Given the importance to the public’s health 
of preventing individuals’ cognitive impairment and promoting their 

cognitive health, it is important to develop an in-depth understanding of 
these various beneficial and deleterious factors to guide prevention and 
remediation efforts. Risk and protective factors include all of the personal 
lifestyle, behavioral, social, medical, and genetic characteristics of an in-
dividual or environment that are associated with, respectively, decreases 
or increases in cognitive function. There is wide variability in cognitive 
functioning levels among individuals, and risk and protective factors may 
affect a person’s long-term cognitive trajectory in varying ways. Most of the 
interventions that have been developed to date focus on prevention efforts, 
although some remediation efforts are also being explored.

This and the next two chapters explore risk and protective factors and 
interventions organized into discussions of lifestyle factors and the physical 
environment (Chapter 4A), medical and physical factors (Chapter 4B), and 
general approaches to remediation (Chapter 4C). Details of the organiza-
tion are provided in Table 4A-1. This chapter begins with an overview of 
some of the opportunities and challenges associated with examining the 
risk and protective factors for cognitive aging and determining the effective-
ness of interventions. Subsequent sections in Chapters 4A and 4B focus on 
specific risk or protective factors. Each discussion provides an overview of 
observational and intervention studies, followed by a summary comment 
on the strength of the evidence. Chapter 4C discusses interventions that 
are not specific to any one risk factor, and it also provides the committee’s 
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recommendations on actions needed to better prevent, delay, or attenuate 
cognitive aging.

ISSUES IN STUDYING RISK AND PROTECTIVE 
FACTORS AND INTERVENTIONS

This report uses a health promotion approach because such an ap-
proach is applicable to broad community-based populations and also ap-
plicable across the life span. Efforts to promote cognitive health should 
begin early to have maximal benefit. Discussions about prevention become 
complex because cognitive aging is not a disease but rather is a highly vari-
able process of cognitive change as individuals get older.

Further complicating discussions of risk and protective factors for 
cognitive aging is the intertwined and not fully understood nature of the 

TABLE 4A-1  Risk and Protective Factors and Interventions Discussed in 
the Report

Lifestyle and Physical 
Environment 
(Chapter 4A)

Health and Medical Factors 
(Chapter 4B)

General Approaches 
(Chapter 4C)

•	 Physical activity and 
exercise

•	 Education and 
intellectual engagement

•	 Social isolation, 
loneliness, and social 
engagement

•	 Diet
•	 Vitamins
•	 Alcohol
•	 Smoking
•	 Substance abuse
•	 Physical environment—

air pollution and 
occupational exposures

•	 Stress

•	 Medications
•	 Cerebrovascular and 

cardiovascular disease 
and risk factors

•	 Delirium and 
hospitalization

•	 Major surgery and 
general anesthesia

•	 Thyroid disorders
•	 Chronic kidney disease
•	 Cancer
•	 Depression
•	 Traumatic brain injury
•	 Hearing and visual loss
•	 Sleep
•	 Genetic factors

•	 Cognitive stimulation and 
training

•	 Arts
•	 Pharmacologics, 

nootropics, and 
supplements

•	 Trans-cranial direct current 
stimulation

•	 Multi-domain trials

NOTES: A number of other topics are relevant to this discussion, including early childhood 
factors: developmental conditions, childhood exposures; environmental exposures, including 
to trace metals or pesticides; elder abuse and neglect; psychological factors, including resil-
ience, anxiety, mental illness, posttraumatic stress disorder; atrial fibrillation; chronic liver 
disease; chronic lung disease; diseases affecting the brain (infections, inflammatory conditions, 
neoplasm, and neurodegenerative diseases); lifelong learning (education during adulthood); 
specific medications, such as aspirin and nonsteroidal anti-inflammatory drugs, cholinester-
ase inhibitors, memantine, and prednisone and corticosteroids; and gonadal steroids (e.g., 
estrogen, testosterone). These areas represent important gaps in our knowledge and will be 
important to explore through future investigation.
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relationship between medical conditions that may result in short-term cog-
nitive decline (e.g., stroke, delirium, and medications that compromise 
cognition) and cognitive aging over time. Although some individuals with 
acute decline may return to their baseline level of cognitive functioning, 
others may make only a limited recovery, and still others may find that their 
cognitive function does not improve at all; the long-term impacts of acute 
cognitive decline on cognitive aging are not fully understood. Furthermore, 
much of the literature on medical-related risk factors has focused on neu-
rodegenerative diseases and less research on these factors has been devoted 
to cognitive aging per se.

One of the overriding issues in assessing the role of risk factors as corre-
lates or determinants of cognitive aging is the socioeconomic status (SES) of 
the individual or the group of interest (Deary, 2012). SES is often measured 
by an individual’s social status, educational attainment, occupational level, 
and income. Importantly, it is one of the strongest correlates of cognitive 
status, performance, and outcomes, and these associations persist across 
the life span (Kuh et al., 2014). SES is also correlated with many other 
health states and outcomes, including those related to infant and childhood 
developmental outcomes, and thus it is an important consideration—both 
as a determinant and a confounder of associations—in any analysis and 
interpretation of cognitive aging studies of risk and intervention programs 
(Wong and Edwards, 2013). In many instances, SES is likely to be a sur-
rogate for various environmental and genetic exposures, which, if possible, 
should be identified.

Because of the limited number of available studies of any type on cog-
nitive aging, the committee decided to include the wide range of available 
studies but also to note the challenges and limitations of the studies where 
relevant. Although often the available studies evaluate cognitive outcomes 
with only short-term follow-up and do not examine long-term cognitive 
aging trajectories, the committee determined that since the short-term cogni-
tive effects are potentially preventable, they should be noted in this report.

In compiling the evidence for each of the relevant factors and interven-
tions, the committee did not conduct new systematic reviews of primary 
evidence. It based its assessments on existing systematic reviews, updated 
literature reviews, original articles, clinical guidelines, and input from ex-
perts. The goal was to create a synthesis of the evidence that would be 
sufficient to guide recommendations on important risk factors and on the 
interventions to address them. While this report’s focus is on cognitive 
aging, some of the included studies addressed the outcomes of cognitive 
impairment, dementia, and Alzheimer’s disease.

One major effort to evaluate recent studies that have examined modifi-
able risk factors for cognition and dementia reviewed 247 studies published 
between January 1990 and October 2012, each of which included at least 
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300 generally healthy people and used either a cross-sectional or a pro-
spective (longitudinal) study design (Beydoun et al., 2014a). The authors 
considered all cognitive outcomes, including global and domain-specific 
cognitive outcomes, cognitive decline, prevalent and incident mild cognitive 
impairment (MCI), dementia, and Alzheimer’s disease. A variety of modifi-
able risk factors was considered, including education, physical activity, and 
nutrition. The committee drew on this comprehensive review when summa-
rizing the available evidence on modifiable risk factors, but also examined 
other reviews pertinent to individual risk factors as well as primary studies. 
The committee recognized a number of methodological challenges, which 
are described in subsequent sections.

Interpreting Observational Studies

Observational studies are designed to collect data from people regard-
ing their risk factors and cognitive abilities without experimenting upon 
them by, for example, giving them either an active intervention (such as 
a pill or exercise) or a placebo. While hundreds of observational studies 
have been published on risk factors for cognitive decline and dementia or 
Alzheimer’s disease, it is often difficult to draw firm conclusions from them. 
The studies differ in many ways, having various strengths and limitations, 
and their findings are often inconsistent. The following factors affect the 
interpretation of the evidence about the risk factors for cognitive aging and 
the ability to draw conclusions from that evidence:

•	 Age range: Ideally, an evaluation of risk factors for cognitive aging 
would include representative populations of adults followed from 
young adulthood to very late life. Many studies include only cross-
sectional (one-time) examinations or short follow-up periods, and 
their conclusions are inherently limited.

•	 Measures of cognitive changes: As noted in Chapter 2, there are 
many challenges in measuring cognitive change with age, including 
the wide variety and large number of available assessment mea-
sures. Instruments are needed that eliminate or minimize cultural 
or race/ethnicity bias. Methods that account for practice effects are 
important to utilize. Because baseline information is critical and the 
focus is on change across time in varying cognitive domains (see 
Chapter 2), it is useful to have multiple measurements conducted 
at various points across the life span in order to more fully inform 
conclusions on risk and protective factors.

•	 Study outcomes: Study outcomes need to measure effects on cogni-
tive aging and outcomes other than the development of diseases. 
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Cognitive aging can occur in the adult population without the 
eventual development of disease. In many existing studies, cogni-
tive outcomes are often combined (e.g., both cognitive decline and 
dementia) or poorly specified. For this report, cognitive decline 
was the most relevant study outcome; however, when no studies 
reporting cognitive decline were available, the committee chose to 
use dementia outcomes (in some sections) with full recognition of 
the limitations of this approach.

•	 Confounding: Sometimes risk and protective factors may be as-
sociated with cognitive outcomes because of the influence of other 
factors that have not been or that cannot be accounted for in the 
study. Such “confounding” is a major impediment to determining 
whether a causal association exists between a risk factor and a 
cognitive outcome.

Because of these issues, it is difficult to firmly establish in many cases 
whether a risk factor is causing cognitive changes with age or whether 
changing the risk factor would alter the course of cognitive function. 
Despite these limitations, the overviews of observational studies provide 
the best currently available evidence on risk factors that may be modifi-
able and that have been studied sufficiently to help produce reasonable 
recommendations on risk factors now; these overviews of observational 
studies also point to important avenues for future research. The committee 
acknowledges that the list of risk and protective factors is not exhaustive; 
rather, it is heavily weighted toward factors that are reasonably common, 
are potentially preventable, and have a substantial evidence base.

Interpreting Intervention Studies

Intervention studies have the potential to provide strong evidence for 
behavior change or other interventions that could mitigate the risk factors 
associated with cognitive aging. The synergistic effects of various compo-
nents of an intervention (e.g., the social component of a physical activity 
intervention) also add to the opportunities and the challenges of under-
standing cognitive aging. As discussed in Chapter 4C, a number of inter-
vention studies are examining the effects of multicomponent interventions.

The evidence base for cognitive aging–related interventions has many 
gaps, some of which are noted here. First, for many interventions, well-
designed rigorous studies, including randomized controlled trials (RCTs), 
have not been conducted. In some situations where interventions are known 
to be beneficial, a true control (i.e., non-intervention group) is often not 
ethical.
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Second, studies have not used consistent outcome measures. Because 
each specific task or measure is subject to measurement error, cognitive 
change should be assessed using several tasks or measures in order to reduce 
error variance and converge on important constructs. Some studies have 
used multidimensional measures of cognition or dementia (e.g., the Mini-
Mental State Examination [MMSE]), whereas others have examined only 
specific tasks (e.g., the digit–symbol substitution test), and still others have 
used structural or functional brain changes (e.g., total brain or hippocampal 
volume, or activation of brain regions as cognitive tasks are performed) as 
proxies for cognitive decline. As a result, the clinical meaning of changes 
associated with particular interventions is still uncertain.

Moreover, the time frames for administration of interventions and for 
the assessment of their effects vary widely. Some interventions have looked 
at short-term outcomes, whereas others have looked for changes decades 
after the intervention. A problem shared by intervention trials and prospec-
tive observational studies is that individuals often improve at taking cog
nitive tests over time because of “learning effects,” which can mask declines 
in cognition. Furthermore, it is unclear whether cognitive interventions 
translate into real-life behavior changes that can be sustained over time.

Additionally, much remains to be learned about the biological mecha-
nisms by which a given intervention affects cognition and also the psycho-
logical factors (e.g., control beliefs, changes in self-efficacy, or the acquisition 
of cognitive strategies) by which positive change can be sustained.

Finally, there are various costs of some interventions aimed at improv-
ing cognition that must be taken into account, including costs in time, 
money, and even the safety of the individual. Although some lifestyle 
changes (e.g., physical activity) may have significant benefits beyond cogni-
tion, others (e.g., transcranial direct current stimulation) have the potential 
for harm, even when no such harm has not been identified in short-term 
studies. The monetary cost of some interventions (e.g., dietary supple-
ments) also must be considered. Indeed, the diversion of resources to pay 
for ineffective rather than effective treatments is an important public health 
consideration.

PHYSICAL ACTIVITY AND EXERCISE

Physical activity is strongly linked to healthy aging and remaining 
independent, and it has been associated with helping individuals maintain 
their physical and cognitive function throughout life and also with older 
adults developing fewer chronic conditions (Lee at el., 2012; NIH, 2014b). 
Conversely, ample evidence suggests that low levels of physical activity 
are associated with an increased risk of developing a number of diseases 



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

LIFESTYLE AND PHYSICAL ENVIRONMENT	 115

including stroke, hypertension, type 2 diabetes, osteoporosis, and a variety 
of cancers including colon and breast cancer (Lee et al., 2012).

Evidence from Observational Studies

The relationship between physical activity and cognitive heath has 
been studied over decades. In the 1970s Spirduso and colleagues compared 
the performance of younger and older individuals, both athletes and non-
athletes, on a series of reaction time and movement tasks (Spirduso, 1975; 
Spirduso and Clifford, 1978) and observed that older athletes outperformed 
older non-athletes on many of these tasks. These results, and others, led 
to a multitude of cross-sectional studies that generally found older high-fit 
individuals to perform better than low-fit adults on a number of perceptual, 
cognitive, and motor tasks (Abourezk and Toole, 1995; Clarkson-Smith 
and Hartley, 1990). Longitudinal observational studies have also gener-
ally found a relationship between physical activity and cognitive health 
outcomes. For example, Zhu and colleagues (2014) found that a graded 
exercise measure of cardiorespiratory fitness predicted performance on a 
variety of cognitive tasks 25 years after the original measurement, even after 
accounting for differences in participants’ race, sex, age, and education.

Several recently published systematic reviews (Anderson et al., 2014; 
Beydoun et al., 2014b; Blondell et al., 2014), as well as many quali-
tative reviews (Ahlskog et al., 2011; Bherer et al., 2013; Bielak, 2010; 
Lautenschlager et al., 2012), have reiterated these findings. A 2014 review 
included 21 prospective studies on physical activity and cognitive decline 
and 26 prospective studies on physical activity and dementia (Blondell et 
al., 2014). A meta-analysis was conducted on these studies, and as shown 
in Figure 4A-1, the majority showed benefit, with the overall finding that 
physically active adults had a 35 percent lower risk of cognitive decline 
(relative risk [RR] = 0.65; 95% confidence interval [CI] 0.55–0.76) than 
those who were inactive.

Studies with the highest-quality, longest follow-ups, and with a greater 
number of adjustments for differences between study designs, have yielded 
findings about the value of exercise that are more conservative but still in 
the protective direction (Blondell et al., 2014). In the Study of Osteoporotic 
Fracture, women who reported more physical activity at any time in their 
life course (adolescence and at age 30 years, 50 years, or in later life) had 
lower risk of cognitive impairment than inactive women; the association 
was especially strong for women who had been active teenagers (Middleton 
et al., 2010). In a recent systematic review, 21 of 24 prospective studies 
found an association between physical activity and cognitive outcomes, 
and all four of the cross-sectional reports included did so as well (Beydoun 
et al., 2014b).
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Evidence from Intervention Studies

A substantial number of intervention studies have reported that physi-
cal activity and exercise have a benefit on cognition. For example, in one 
early randomized trial, three groups of older adults (an aerobic exercise 
group, a strength and flexibility group, and a non-exercising control group) 
were tested on a variety of cognitive tasks before and after the 4-month 
intervention. The aerobic exercise group demonstrated performance im-
provements on a number of cognitive tasks1 (Dustman et al., 1984). In an 
effort to examine the specificity of exercise’s effects on cognition, Kramer 
and colleagues (1999) conducted a 6-month intervention trial with 124 
older adults. Subjects were randomized to two groups, a walking group 
(aerobic) and a toning and stretching (non-aerobic) control group. The 
primary questions addressed were whether performance on tasks that had 
components of executive control processes would be improved for the 
walkers but not for the stretching group and whether non–executive control 
processes would show equivalent improvements for both exercise groups. 
The walking group improved to a significantly greater extent than the ton-

1 These tasks included the critical flicker fusion test (the point at which the viewer perceives 
a flickering light source is a steady, continuous one, used as a measure of the brain’s processing 
capacity), the digit symbol substitution test (which measures memory and processing speed), 
and the Stroop test (which also tests memory, processing, and executive brain functions) (Cohn 
et al., 1984; Rikli and Edwards, 1991).

RR (95%CI)  % Weight

0.53 (0.25, 1.11) 2.58
0.53 (0.31, 0.83) 3.76
0.68 (0.39, 1.20) 4.36
0.47 (0.25, 0.90) 3.87
0.50 (0.18, 1.43) 2.50
0.74 (0.60, 0.90) 18.59
0.27 (0.09, 0.83) 1.04
0.45 (0.22, 0.95) 2.62
0.50 (0.25, 0.99) 2.74
0.61 (0.48, 0.77) 8.82
0.91 (0.25, 3.40) 1.97
0.12 (0.03, 0.41) 1.97
0.73 (0.59, 0.91) 16.55
0.78 (0.60, 1.02) 7.37
0.54 (0.35, 0.83) 2.92
0.94 (0.58, 1.54) 2.53
0.39 (0.18, 0.83) 2.54
0.09 (0.01, 0.79) 2.08
1.30 (0.83, 2.30) 4.82
1.38 (0.78, 2.44) 4.30
1.02 (0.64, 1.64) 1.96

0.65 (0.55, 0.76) 100.00
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FIGURE 4A-1  Studies on physical activity and cognitive decline.
SOURCE: Blondell et al., 2014.
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ing and stretching group in skills that involve aspects of executive brain 
function. Other interventions have often, but not always, found aerobic 
exercise interventions to have beneficial effects on cognition (Blumenthal 
et al., 1991; Madden et al., 1989).

A series of meta-analyses (Angevaren et al., 2008; Colcombe and 
Kramer, 2003; Smith et al., 2010b) has helped to clarify this literature. In 
general, these meta-analyses have found modest effect sizes for the exercise–
cognition relationship. Some of the meta-analyses have also examined the 
moderating effects of various factors. For example, Colcombe and Kramer 
(2003) found that the relationship between exercise and cognition had 
larger benefits for executive tasks than for other cognitive processes (but 
also had benefits across different dimensions of cognition). They also found 
the exercise–cognition relationship to be influenced by gender, intervention 
duration, age, and exercise type. Women showed larger benefits than men. 
Combined aerobic and strength programs showed greater benefits than 
aerobic programs alone. People older than 65 years showed more benefits 
than those from 55 to 65 years of age, and exercise sessions longer than 30 
minutes showed larger cognitive benefits than shorter ones.

More recently, behavioral assessments of physical activity and exercise 
effects have been augmented with human neuroimaging studies, particularly 
studies using functional magnetic resonance imaging (fMRI). To briefly 
summarize this expanding literature, intervention studies have found that 
increases in aerobic fitness are associated with increased volume in a num-
ber of brain regions—in particular, the frontal and hippocampal areas, 
which generally show a decrease in volume during adult aging (Colcombe 
et al., 2006; Erickson et al., 2010). However, other studies have found 
structural changes in the brain to be associated with increased physical 
activity, regardless of exercise type (both aerobic and non-aerobic activity) 
(Ruscheweyh et al., 2011; Voss et al., 2013a). Furthermore, studies using 
fMRI have found that as participants’ aerobic fitness improves, there are 
changes in certain patterns of brain activation that are known to predict 
increased performance on executive function and processing speed tasks 
(Colcombe et al., 2004; Rosano et al., 2010). The fMRI studies have 
also found increased functional connectivity among brain regions that are 
known to contribute to better executive function and memory after 4 to 
12 months of aerobic exercise interventions (Burdette et al., 2010; Voss et 
al., 2010).

Animal research conducted over the past couple of decades comple-
ments these studies by revealing the underlying molecular and cellular 
mechanisms that are associated with exercise-related improvements in cog-
nition. This literature is extensive and several thorough reviews can be 
consulted for details (Cotman and Berchtold, 2002; Vaynman and Gomez-
Pinilla, 2005; Voss et al., 2013b).
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Summary

A consensus is emerging in the scientific community that physical activ-
ity can slow or attenuate cognitive decline and improve cognitive function 
in middle-aged and older adults. Possible mechanisms include indirect ef-
fects, such as aerobic exercise optimizing vascular health throughout life 
and reducing the burden of cerebrovascular disease, as well as direct effects 
on slowing neurodegenerative processes and improving the body’s own 
neuroprotective neurotrophic factors and neuroplasticity (Ahlskog et al., 
2011). This increasing body of literature has prompted several panels to 
recommend minimum levels of physical activity on a daily and weekly basis 
(Haskell et al., 2007; HHS, 2014a,b). Although the evidence is strong that 
physical activity and exercise can positively affect cognitive aging, many 
unanswered questions need to be addressed in future research, such as:

•	 Do different modes of exercise produce different cognitive benefits?
•	 Can different exercise parameters (e.g., intensity, duration, inter-

action with other lifestyle factors) optimize cognition and brain 
health benefits?

•	 To what extent do genetic differences, particularly in genes related 
to cognition, moderate the effects of exercise on cognition?

•	 Is there an optimal period of life in which to begin exercise to reap 
the largest cognitive benefits?

•	 Are the effects of exercise synergistic with other lifestyle factors?
•	 How best can individuals be helped to start and sustain appropriate 

regular physical activity throughout their lives?

EDUCATION AND INTELLECTUAL ENGAGEMENT

Educational attainment is a well-known demographic characteristic 
that is correlated with peak cognitive ability, and inversely correlated with 
cognitive decline and dementias, including Alzheimer’s disease. Low literacy 
and low educational attainment often reflect, in part, adverse early life 
conditions that may have deleterious effects on cognitive abilities through-
out life. Educational attainment is one of the easiest and most consistently 
evaluated measures of SES. However, the challenge with studies on educa-
tion and cognitive aging is clarifying the cause and effect (EClipSE Collab-
orative Members et al., 2010). Many midlife and older adults are involved 
in a wide variety of intellectual activities that extend beyond traditional 
education, including taking college or enrichment courses, reading, learn-
ing new languages or musical instruments, and doing crossword puzzles 
or other types of efforts to learn more or challenge themselves. The extent 
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and impact of these efforts on cognitive aging is not fully known (ACE and 
MetLife, 2007).

Higher levels of education may allow older people to perform better on 
cognitive tests (Meng and D’Arcy, 2012) and may provide a buffer against 
cognitive decline. This finding is consistent with the concept of “cognitive 
reserve.” As noted in Chapter 2, cognitive reserve is a theoretical concept 
proposing that certain lifetime experiences, including education, degree of 
literacy, and occupational attainment, increase the flexibility, efficiency, 
and capacity of brain networks, thereby allowing individuals with higher 
cognitive reserve to sustain greater levels of brain pathology before show-
ing clinical impairment (for a review of cognitive reserve, see Stern, 2009). 
Supporting the concept of cognitive reserve, cross-sectional studies of non-
demented and demented individuals have reported greater levels of brain 
atrophy among individuals with higher cognitive reserve than among those 
with lower cognitive reserve and similar levels of cognitive functioning, sug-
gesting that the effects of atrophy on cognition are reduced in individuals 
with higher reserve (Arenaza-Urquijo et al., 2013; Liu et al., 2012; Querbes 
et al., 2009; Reed et al., 2010; Sole-Padulles et al., 2009). In older adults 
without dementia, studies suggest that education is strongly associated with 
cognitive performance globally, as well as in many specific domains, but 
that it is not associated with the rate of cognitive decline (Singh-Manoux et 
al., 2011; Zahodne et al., 2011). Thus, cognitive reserve appears to delay 
the onset of the clinical signs of dementia, including Alzheimer’s disease, 
while in cognitively healthy people, it is associated with higher cognitive 
performance throughout life but no difference in the rate of cognitive de-
cline with aging.

Cross-sectional studies of older adults have also shown positive rela-
tionships between literacy and cognitive performance even after adjusting 
for level of education (Albert and Teresi, 1999; Federman et al., 2009; 
Jefferson et al., 2011). Two longitudinal studies evaluated the association 
between literacy and cognitive decline in aging and found that, even after 
controlling for education, individuals with lower literacy showed greater 
declines in memory, language, and executive functioning (Manly et al., 
2003, 2005). Furthermore, literacy has been shown to help explain differ-
ence between black and white older adults in both cognitive performance 
and rates of cognitive decline, again after controlling for education (Mehta 
et al., 2004; Sachs-Ericsson and Blazer, 2005).

More highly educated people also typically have lower risk of car-
diovascular disease and engage in healthier behaviors; these differences 
can translate into more favorable cognitive trajectories during adulthood 
(Hendrie et al., 2006). However, race/ethnicity, country of origin, cultural 
diversity, and language fluency also relate to educational attainment and 
the ability to score well on cognitive tests, making it extremely difficult to 
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disentangle the influence of these various factors. In a systematic review, 
18 of 27 prospective studies and 21 out of 25 cross-sectional studies found 
that lower educational attainment was associated with worse cognitive 
outcomes (Beydoun et al., 2014a).

Some studies have addressed the impact of intellectual engagement and 
lifelong learning on cognitive outcomes. Such studies often record individu-
als’ self-report of intellectually challenging activities at one point in time 
and compare the number and frequency of these activities with measures 
of cognition or the diagnosis of neurodegenerative disorders years later. 
In a study of 294 older adults, Wilson and colleagues (2013) found that 
greater cognitive activity in early life (e.g., reading books, visiting a library, 
writing letters, etc.) was associated with a lower rate of cognitive decline 
later in life. This relationship (increased activity early in life associated with 
decreased rate of cognitive decline at a later time) remained when cognitive 
declines associated with neuropathology were removed from the equation. 
These results might be viewed as an example of cognitive reserve—that is, 
an enhancement of cognition either earlier in life or in late life that serves 
as a protective factor with aging (Stern, 2012; see Chapter 2). In examining 
data on intellectual engagement and lifelong learning efforts (midlife and 
later life) in participants of the Mayo Clinic Study of Aging (a longitudinal 
population-based study of cognitive aging in Olmsted County, Minnesota), 
researchers found that intellectually related efforts may have protective 
effects on cognitive aging (Geda et al., 2011; Vemuri et al., 2014). There 
are also ongoing studies comparing cognitive training and cognitive engage-
ment activities (Stine-Morrow et al., 2014). The challenges of studies in this 
area include the many different types of activities that individuals engage in, 
the varying extent to which these activities are engaged in by individuals, 
and the long-term nature of follow-up. Many of these studies are obser-
vational, and while they are important in establishing the relationship be-
tween cognitively stimulating activities and cognitive decline or age-related 
neurodegenerative diseases, they do not establish causality.

Summary

Education is one of the most consistent and influential personal char-
acteristics influencing cognitive function throughout life (Beydoun et al., 
2014a; Hendrie et al., 2006). Much remains to be learned about the extent 
to which there is a cognitive reserve and, if so, what are its physiological 
mechanisms. As educational levels become more uniform in advanced soci-
eties, indicators of the quality of education, especially literacy, may become 
better predictors of cognitive function. The available evidence emphasizes 
the importance of both early life education and maintaining cognitive 
function over the life span for peak cognitive capacities. Research is also 
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showing that intellectual engagement and lifelong learning are associated 
with positive cognitive outcomes, although there is still much to be learned 
regarding the specific activities, duration of efforts, and other factors that 
influence cognitive outcomes.

SOCIAL ISOLATION, LONELINESS, AND SOCIAL ENGAGEMENT

Evidence from Observational Studies

Social Isolation and Loneliness

Loneliness can be defined as the emotional state caused by unfulfilled 
social and intimacy needs (Luanaigh and Lawlor, 2008). The concept of 
loneliness is distinct from being alone, or social isolation, which is usu-
ally defined as living alone, not having a partner, and having few social 
supports (Steptoe et al., 2013). The perception of loneliness is strongly 
related to depression (Luanaigh and Lawlor, 2008). Cacioppo and Hawkley 
(2009) have described a number of possible mechanisms connecting lone-
liness with decline in cognition, including (1) stress and activation of the 
hypothalamic–pituitary–adrenal axis with possible increased inflammatory 
responses in the brain; (2) less neuroplasticity in those older individuals 
who lack interaction with others, resulting in less ability to compensate 
for age-related neurodegenerative changes; (3) lower cognitive stimulation 
because of social isolation; (4) increased cognitive demand due to chronic 
surveillance for and protection from threats; (5) increased depression and 
decreased physical activity; (6) reduced quality and quantity of social in-
teractions; and (7) diminished sleep quality resulting in impaired learning.

Several studies have shown that social isolation and loneliness are asso-
ciated with declines in global cognition, psychomotor processing speed, and 
delayed visual memory (O’Luanaigh et al., 2012); with cognitive decline 
(Shankar et al., 2013; Tilvis et al., 2004); Alzheimer’s disease (Holwerda et 
al., 2014; Wilson et al., 2007); and other physical problems, including sleep 
disruption, blood pressure, inflammation, and heart disease. Some evidence 
suggests that loneliness is more detrimental than social isolation (Holwerda 
et al., 2014) and that poorly educated people are affected more than those 
who are more educated (Shankar et al., 2013). Cognitive declines may lead 
to lower social engagement, creating a downward spiral of social isolation 
and loneliness.

Social Engagement

A growing and diverse body of evidence has evaluated whether social 
engagement, social activities, social support, and social strain are related to 
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cognitive decline with age. The measures of social activity in this research 
vary widely, with some including lifestyle activities that require both physi-
cal and cognitive effort. One example is the Life Complexity Inventory used 
originally in the Seattle Longitudinal Study (Schaie, 1996). This scale is 
constructed by combining scores for the frequency of various activities, 
including going to parties, volunteering, going to dances, playing cards, 
visiting others, attending church, and speaking with friends and family 
on the phone (Brown et al., 2012). Despite the diversity of measures used 
in the various studies, some consistent patterns are emerging. First, social 
activity, including social contacts and social support, is usually associated 
with improved cognitive abilities at baseline or at any single point in time 
(Barnes et al., 2013; Bielak, 2010; Brown et al., 2012; Seeman et al., 2011). 
However, some studies have found that higher cognitive measures predicted 
greater social engagement (Bielak, 2010; Brown et al., 2012). This leaves 
open the possibility that people with higher cognitive abilities choose to be 
more socially engaged, on average, than those with lower cognitive abili-
ties (Gow et al., 2012). Second, social engagement is generally related to 
some cognitive domains—including speed of processing and various aspects 
of memory—but not to all (Gow et al., 2012). Third, increases in social 
activity are associated with higher levels of cognition, at least in some stud-
ies (Brown et al., 2012; Carlson et al., 2009; Stine-Morrow et al., 2008). 
Fourth, there can be negative associations between social engagement and 
cognitive outcomes, particularly when those activities cause social strain 
or stress (Seeman et al., 2011; Tun et al., 2013). For example, a study of 
grandparenting by postmenopausal women found that working memory 
and processing speed were positively associated with spending time with 
grandchildren 1 day per week, while poorer cognition was associated with 
minding grandchildren several days per week, a situation that prompted 
feelings of greater demand (Burn et al., 2014). Fifth, there may be gender 
differences in associations between social engagement and cognitive ag-
ing. For women, there is evidence that social engagement relates to better 
cognitive abilities (Thomas, 2011). The phenomenon of older adults with 
cognitive declines relinquishing social engagement has also been observed in 
studies that did not report results by gender (e.g., Small et al., 2012). This 
large and evolving evidence base lends support to the value of social activity 
for maintaining cognitive health and suggests the importance of using many 
possible approaches to increasing social engagement.

Evidence from Intervention Studies

Very few intervention studies have examined the effects of socialization 
alone on cognition. The majority of these have been small pilot studies (e.g., 
Carlson et al., 2009) involving people with dementia or else they have been 
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multimodal—that is, they combined socialization with physical activity or 
cognitive stimulation (e.g., Kamegaya et al., 2014). One such study did find 
a small improvement from a social interaction intervention as compared 
with other activities or no intervention. A study conducted in Shanghai by 
Mortimer and colleagues (2012) randomized adults 60 to 79 years of age 
(40 men and 80 women) without dementia to one of four groups (tai chi, 
social interaction, walking, or no interaction). The socialization group met 
with a group leader and assistant for 1 hour three times per week at the 
local community center. Cognitive measures included a neuropsychologi-
cal battery at baseline, 20 weeks, and 40 weeks. MRI scans were obtained 
pre- and post-intervention. Increases in brain volume were seen in the tai 
chi and social intervention groups, and the social group also improved on 
measures of verbal fluency.

The Experience Corps is a multimodal social services program that 
trains older volunteers to work in schools as tutors and mentors.2 A pilot 
study of Experience Corps, which randomized participants to placements 
in elementary schools for 15 hours per week or to a waiting list (control 
group), demonstrated improvements in executive function and memory in 
the elementary school volunteers but declines in control group members 
(Carlson et al., 2009). Older adults at increased risk for cognitive impair-
ment showed intervention-specific short-term gains in executive functioning 
and in the activity of prefrontal cortical regions, as demonstrated through 
fMRI (Carlson et al., 2009).

Summary

Although evidence from some epidemiological and observational stud-
ies indicates that increases in social activity and social engagement may be 
associated with higher levels of cognition (Bielak, 2010; Brown et al., 2012; 
Carlson et al., 2009; Stine-Morrow et al., 2008), evidence from RCTs is 
needed before recommendations can be made for specific social interaction 
interventions. Social engagement is often integral to other activities, such as 
physical activity or participation in the arts, that also have shown cognitive 
benefits (see Chapter 4C), and fostering social activity in older adults likely 
has multiple benefits.

2 The Experience Corps trains and places volunteers in elementary schools for an academic 
year and covers three areas: general literacy support, library support, and conflict resolution. 
It is designed to bolster memory and executive functions of the volunteers by reading with 
children, problem solving, and working with team members and through various program 
activities (Rebok et al., 2004).



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

124	 COGNITIVE AGING

DIET

Various dietary patterns have been studied in the hope of identifying 
nutritional approaches to preserving brain function and preventing cogni-
tive decline. Among these are diets characterized by a higher intake of fruits 
and vegetables and a lower intake of meat, including the Mediterranean diet 
and the DASH (Dietary Approaches to Stop Hypertension) diet.

Mediterranean diets, based on the dietary patterns prominent in coun-
tries bordering the Mediterranean Sea, emphasize:

•	 a high consumption of fruits, vegetables, cereals, and legumes;
•	 a moderate consumption of fish and alcohol, especially red wine; 

and
•	 a low consumption of saturated fats (with olive oil as the main 

source) and dairy products (with yogurt and cheese as the main 
sources).

The DASH diet emphasizes vegetables, fruits, and fat-free or low-fat 
dairy products. It includes whole grains, fish, poultry, beans, seeds, nuts, 
and vegetable oil, and it limits sodium, sweets, sugary beverages, and red 
meats. In terms of nutrition content, DASH is low in saturated and trans-
fats and rich in potassium, calcium, magnesium, fiber, and protein (NIH, 
2014a).

Evidence from Observational Studies

A 2010 review cited two studies in which the Mediterranean diet was 
associated with a decreased risk of cognitive decline (Feart et al., 2009; 
Plassman et al., 2010; Scarmeas et al., 2009), but it concluded that the 
quality of the available evidence was low at that time. In two more recent 
studies, Cache County and Health ABC, global cognitive function scores 
were found to be significantly higher among those who most adhered to 
the Mediterranean diet than among those who followed it the least (p = 
0.001), and these differences were consistent over an extended follow-up 
(Koyama et al., 2014; Wengreen et al., 2013). Similar findings were seen 
for the DASH diet.

By contrast, a study of 6,174 women age 65 years and older who were 
participating in the Women’s Health Study found no associations between 
the Mediterranean diet and changes in global cognition and verbal memory 
scores over 5 years (Samieri et al., 2013). In that study, better average global 
cognition scores were associated with whole-grain intake, and less cognitive 
decline was seen among those with higher intake of monosaturated versus 
saturated fats. In Sweden, a 5-year study of 194 older adults without cog-
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nitive impairment found that the Mediterranean diet, particularly a low 
intake of red meat, was associated with better cognitive performance and 
larger total brain volumes (Titova et al., 2013). Finally, in a study of 2,326 
adults in their 70s who were followed for 8 years (38 percent of whom were 
African American), the Mediterranean diet was associated with slower cog-
nitive decline in African Americans but not in white Caucasians (Koyama et 
al., 2014). A recent review of 11 observational epidemiologic studies and 1 
RCT found that most (9 of 12 studies) indicated that a stricter adherence 
to the Mediterranean diet was associated with better cognitive function, 
slower cognitive decline, and a lower risk of developing Alzheimer’s disease 
(Lourida et al., 2013).

People who follow the Mediterranean diet may differ in a number of 
ways from those who do not, including in such areas as genetic factors, edu-
cation, SES, physical activity, and other behavioral and cultural character-
istics related to cognition. Long-term RCTs that attempt to change people’s 
dietary patterns are difficult and expensive, yet many scientists have called 
for these in order to more firmly determine whether the Mediterranean diet 
can actually slow cognitive aging.

The intake of n-3 fatty acids is one aspect of the Mediterranean diet 
that has received a great deal of attention. These n-3 fatty acids are found 
in fish that have a high fat content, such as salmon. Fatty acids in the n-3 
and n-6 categories are labeled “essential” because the human body does 
not produce them; food and supplements with these fatty acids are needed 
to avoid nutritional deficiencies (Beydoun et al., 2014a). Fatty-acid levels in 
brain cell membranes have been shown to reflect dietary intake (Beydoun 
et al., 2014a; Haag, 2003), and it has been postulated that n-3 fatty acid 
intake can increase neurotransmission and the density of neurotransmit-
ter receptors for acetylcholine and dopamine, which in turn can improve 
learning and memory (Beydoun et al., 2014a; Haag, 2003). A review of five 
prospective studies concluded that cognitive decline might be reduced by 
n-3 fatty acid intake but the quality of the evidence was rated low, in part 
because a single RCT found no such association (Plassman et al., 2010). 
Seven of 18 prospective studies and five cross-sectional studies found asso-
ciations between n-3 fatty acid measures and cognitive outcomes (Beydoun 
et al., 2014a). No cross-sectional or longitudinal associations between the 
plasma levels of two n-3 fatty acids (docosahexaenoic acid and eicosapen-
taenoic acid) and seven domains of cognitive function (fine motor speed, 
verbal memory, visual memory, spatial ability, verbal knowledge, verbal 
fluency, and working memory) were found in 2,157 U.S. women 65 years 
old and older who were examined annually over about 6 years of follow-up 
(Ammann et al., 2013). One study of 390 older adults obtained measures 
of lifetime fish intake, including both current intakes and reported intake 
in childhood, and also measured levels of n-3 fatty acid in red blood cell 
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membranes, and all of these measures were correlated with performance 
on several cognitive speed constructs (Danthiir et al., 2014). However, in 
86 older adults who were followed for 4 years (average age = 86 years), 
higher plasma levels of n-3 fatty acids were associated with less decline in 
executive function per year of aging, although not with verbal memory or 
global cognition (Bowman et al., 2013).

Evidence from Intervention Studies

Little intervention evidence supports the benefit of a Mediterranean 
or DASH diet for cognitive function. However, two secondary analyses of 
dietary intervention trials for cardiovascular disease outcomes did report 
positive results. In one, people following the DASH diet combined with a 
behavioral weight management program exhibited greater improvements 
in executive function memory learning and in psychomotor speed, and 
participants following the DASH diet alone exhibited better psychomotor 
speed than did those in a control group following their usual diet (Smith et 
al., 2010a). In a Spanish trial comparing two Mediterranean diets (supple-
mented with either extra-virgin olive oil or mixed nuts) versus a low-fat 
control diet, those following Mediterranean diets had higher scores on 
some tests (MMSE and Clock Drawing Test) after 6.5 years of nutritional 
intervention (Martinez-Lapiscina et al., 2013). However, several potential 
limitations of these studies must be noted: sample sizes were small, few 
outcomes were measured, and the populations may not be representative.

Summary

Based on observational studies and limited clinical trials, dietary inter-
ventions such as the DASH and Mediterranean diets appear to have prom-
ise but their efficacy and effectiveness need to be confirmed in additional 
clinical trials and community-based studies. While interesting and promis-
ing in some studies, the evidence regarding their effects on cognitive aging 
is too inconclusive to warrant recommendations for dietary change. Yet the 
evidence summarized here provides some justification for individual choices 
to eat less meat and more nuts and legumes, whole grains, and monosatu-
rated fats, such as olive oil, to preserve cognitive health. These food choices 
are consistent with current dietary guidelines for Americans (USDA, 2014).

VITAMINS

Despite widespread publicity about the benefits of vitamins and supple-
ments for brain health and the large expenditures made on these products 
for a wide variety of reasons (in 2012, $32.5 billion was spent on dietary 
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supplements, including $13.1 billion for vitamin- and mineral-containing 
supplements [NIH, 2013]), the evidence for supplements enhancing cog-
nition or preventing decline is limited. Much of the published literature 
is based on cross-sectional or longitudinal observational studies and few 
RCTs. In addition, methodological differences among the published studies 
hinder conclusions. These differences include variable doses of the nutrient, 
different timings of the intervention (e.g., midlife versus late life), different 
lengths of follow-up, variable adherence (for prospective studies), and vari-
ations in recall (for retrospective studies). The evidence base is further com-
plicated by the fact that the same nutrient may have different effects when 
it is delivered as a supplement from when it is obtained through increased 
dietary intake. Similarly, foods and beverages may have other components 
(e.g., polyphenols in coffee) that may be at least partly responsible for an 
effect attributed to a particular item (e.g., caffeine). Moreover, supplements 
are not regulated by the Food and Drug Administration and may not be 
pure and may not contain consistent doses of the active ingredients.

Antioxidants

Antioxidants inhibit the oxidation of other molecules. Oxidation 
produces free radicals that damage organ systems, including the brain 
(Christen, 2000; Nunomura et al., 2006). Vitamins C and E, flavonoids, 
and betacarotene are antioxidants that commonly occur in food and that 
are also available as supplements. Of particular interest to researchers has 
been vitamin E—a potent antioxidant that has beneficial effects on a vari-
ety of brain structures and functions (e.g., beta-amyloid deposition, loss of 
neurons, neuroinflammation) associated with cognitive decline in animal 
and laboratory studies (Nunomura et al., 2006).

Several recent systematic reviews of prospective and cross-sectional 
studies have found no strong evidence that dietary intakes of antioxidants 
preserves cognition (Beydoun et al., 2014a; Crichton et al., 2013; Rafnsson 
et al., 2013). However, in the National Institute on Aging (NIA) systematic 
review, 9 of 21 prospective studies and 2 of 6 cross-sectional studies did 
find positive associations between antioxidant intakes, especially vitamin 
E, and cognitive outcomes (Beydoun et al., 2014a).

A large RCT of vitamin E within the Women’s Health Initiative dem-
onstrated no overall benefit, except for women with a low dietary intake 
of the vitamin (Kang et al., 2006). Moreover, high doses of vitamin E may 
increase the overall risk of mortality (particularly at doses higher than 400 
international units per day, IU/d) (Miller et al., 2005). Finally, a recent 
systematic review of cross-sectional and longitudinal studies found little or 
mixed evidence supporting the intake of vitamin E, vitamin C, flavonoids, 
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or carotenoids as a way to improve cognitive function (Crichton et al., 
2013).

B Vitamins and Homocysteine

Elevated homocysteine, a sulfur amino acid in the blood, has been con-
sistently associated with increased risk of heart disease and stroke, although 
it is not known to what extent these associations are explained by poor 
kidney function which allows homocysteine to build up in the blood (He et 
al., 2014; Humphrey et al., 2008). Homocysteine levels increase with age 
(as do markers of kidney function aging) but intervention trials show that 
homocysteine levels in the blood can be lowered by supplemental intake of 
B6 and B12 vitamins and folate (Clarke et al., 2014).

Recently, Canadian researchers conducted an evidence-based review to 
determine the answers to several important questions about homocysteine 
and vitamin B12 in relation to cognitive decline and dementia (OHTAC, 
2013). What seems most clear from this effort is that homocysteine is con-
sistently, though not universally, associated with poor cognitive outcomes. 
In the NIA systematic review, 12 of 19 prospective studies and 11 of 14 
prospective studies found higher homocysteine levels to be associated with 
poor cognitive outcomes (Beydoun et al., 2014a). However, associations 
between B vitamin intake and blood levels of B vitamins and cognitive 
health are inconclusive, with the Canadian report concluding that B12 
supplementation did not appreciably change cognitive function or decline 
based on moderately strong evidence (OHTAC, 2013).

In a small clinical trial among people with mild B12 deficiency, supple-
mentation did not improve cognition (Eussen et al., 2006).

Folate

Folate supplementation has not produced improved cognitive benefit 
among people in general (Malouf and Grimley Evans, 2008; Wald et al., 
2010), although some benefit has been shown among those who have fo-
lic acid insufficiency as indicated by high homocysteine levels at baseline 
(Durga et al., 2007).

Vitamin D

Several prospective epidemiologic studies have shown associations of 
low serum vitamin D levels with lower global cognition and a more rapid 
functional decline (Annweiler and Beauchet, 2014; Bartali et al., 2014; 
Slinin et al., 2012; Wilson et al., 2014), although this association may 
not be relevant for African Americans, who in general have lower serum 
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vitamin D levels than white Caucasians (Schneider et al., 2014). In a recent 
review of 10 epidemiologic studies, the serum level for vitamin D most 
clearly demarcating insufficiency for cognitive health was found to be 
around 10 nanograms/milliliter (Annweiler and Beauchet, 2014). It is less 
clear whether and to what extent vitamin D supplements would improve 
cognition or prevent its decline in older populations. Moreover, high levels 
of serum 25-hydroxyvitamin D, especially among those taking vitamin D 
supplements, are associated with cognitive impairment on a battery of at-
tention tests, suggesting that the benefit may be confined to middle-range 
serum levels (Granic et al., 2014).

In the Women’s Health Initiative Memory Study, women randomized to 
receive 1,000 mg of calcium carbonate and 400 IU/d of vitamin D3 did not 
show differences in performance (attention and working memory, working 
memory, word knowledge, spatial ability, verbal fluency, verbal memory, 
figural memory, or fine motor speed) over 7.8 years (Rossom et al., 2012). 
An RCT of vitamin D (5,000 IU/d of cholecalciferol) in young adults dem-
onstrated no significant changes compared to placebo on measures related 
to working memory, response inhibition, or cognitive flexibility (Dean et 
al., 2011). Hopefully, future large RCTs testing vitamin D supplements will 
shed light on this question (Rossom et al., 2012).

Summary

The medical literature does not convincingly support any vitamin sup-
plement intervention to prevent cognitive decline. There is evidence to sup-
port the replacement of folate among older people who are folate-deficient, 
as evidenced by high homocysteine levels, but not for the supplementation 
of older persons who are not deficient. Whether it is worthwhile to screen 
for these deficiencies in general populations remains an unanswered ques-
tion. To date, the U.S. Preventive Services Task Force has not issued recom-
mendations regarding such screenings.

ALCOHOL

Excessive alcohol consumption has detrimental effects on judgment 
and reaction times and can cause long-term cognitive damage (Bartley and 
Rezvani, 2012). The reasons for this include altered nutrition; the conse-
quences of excessive alcohol consumption, such as cirrhosis; interactions 
with medications and other substances; and alcohol-associated injuries, 
such as those sustained in vehicular crashes. Furthermore, high levels of 
alcohol intake may be associated with psychiatric comorbidity, which also 
may have adverse cognitive consequences. Compared to either abstinence or 
excessive alcohol consumption, moderate drinking in adulthood—generally 
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less than two drinks per day and in most populations much less than this—
is associated with various health benefits such as the avoidance of heart 
disease and a lower mortality risk (Jayasekara et al., 2014; Roerecke and 
Rehm, 2012), although consideration needs to be given to baseline cogni-
tive function (Krahn et al., 2003). This J- or U-shaped relationship between 
alcohol consumption and some health outcomes has been postulated to 
extend to cognitive aging and dementia. Possible mechanisms for the lower 
rates of cognitive and other impairments associated with moderate alcohol 
intake include decreased cardiovascular risk, improved lipid levels, the 
antioxidant properties of flavonoids found in red wine, lower platelet ag-
gregation, improved insulin sensitivity, reduced inflammation, and possibly 
a direct effect of alcohol on cognitive function through acetylcholine release 
in the hippocampus that may improve learning and memory (Beydoun et 
al., 2014a; Peters et al., 2008a). Moderate, controlled intake may also be a 
behavioral indicator of personal control regarding risky behaviors. A 2008 
systematic review examined 23 studies involving adults age 65 years and 
older (20 prospective and 3 case-control studies nested in a cohort) and 
found a nonsignificant pooled relative risk for cognitive decline (RR = 0.89; 
0.67–1.17) (Peters et al., 2008a). In the NIA systematic review, 8 of 18 
prospective studies found the J- or U-shaped association between moderate 
alcohol consumption and cognitive outcomes, as did 9 of 12 cross-sectional 
studies (Beydoun et al., 2014a).

Observational evidence suggests that light to moderate alcohol con-
sumption is not a risk factor for the loss of cognitive function and may even 
be a protective factor throughout adulthood. However, the evidence base is 
insufficient to recommend an amount of alcohol intake, if any, that would 
be beneficial for cognition, particularly across the life span. Excessive alco-
hol consumption has well-established cognitive harms (Peters et al., 2008a).

SMOKING

Smoking is a strong risk factor for heart disease, stroke, cancer, lung 
disease, and many other chronic conditions (CDC, 2008). Its relationship 
to cognitive outcomes is complex. Given that smoking increases the risk of 
stroke, it would be expected also to increase the risk of vascular dementia 
and cognitive decline. However, the nicotine in cigarettes increases the re-
lease of acetylcholine, which improves attention and information processing 
(Beydoun et al., 2014a). Moreover, deficits in the cholinergic system are 
involved in Alzheimer’s disease, and thus it has been suggested that smok-
ing can delay Alzheimer’s disease (Beydoun et al., 2014a). The death rate 
of smokers is three times that of non-smokers, and their life expectancy is 
shortened by approximately 10 years (Jha et al., 2013). Thus, it may be that 
the lower incidence of Alzheimer’s disease among smokers is an artifact of 
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their earlier deaths from other causes. Furthermore, systematic reviews have 
found that current smokers have an increased age-specific risk of Alzheimer’s 
disease, vascular dementia, and other dementias (Peters et al., 2008b), while 
these risks were not significantly increased among former smokers.

In the NIA systematic review, 16 of 29 prospective studies observed 
associations between smoking and poorer cognitive outcomes, while four 
studies found associations with some outcomes or in some subgroups, and 
nine studies found no associations or associations in which smokers had 
better cognitive outcomes than non-smokers (Beydoun et al., 2014a). Only 
two of seven cross-sectional studies found associations of smoking with 
poorer cognitive outcomes. Several large studies have found associations 
with cognitive decline, dementia, and Alzheimer’s disease in heavy smokers, 
but not in lighter smokers (Beydoun et al., 2014a).

To the committee’s knowledge, no intervention trials have been con-
ducted that manipulate smoking initiation or smoking cessation and then 
examine the effects on cognitive outcomes.

The evidence linking smoking to cognitive outcomes is mixed and 
inconclusive. Given the many health problems of aging smokers and the 
relationship of smoking to coronary disease, stroke, and dementias, there 
are ample reasons for current smokers to quit, despite the uncertainty about 
the cognitive benefits.

SUBSTANCE ABUSE

Evidence from Observational Studies

Several substances commonly abused in Western societies have been 
suggested as contributing to cognitive impairment, including cannabis, 
particularly in teenagers and young adults (Becker et al., 2014; Jacobus 
and Tapert, 2014; Thames et al., 2014). Much of this impairment comes 
during the acute and post-acute phases of use (Crane et al., 2013), and 
evidence suggests that among adolescents who stop using cannabis, there 
are no residual cognitive effects (Hooper et al., 2014). Also, little evidence 
suggests that cannabis use has an adverse impact on cognitive performance 
among older adults (van Holst and Schilt, 2011).

Methamphetamine is a highly addictive and neurotoxic psychostimu-
lant that in experimental animals produces long-lasting memory deficits 
(North et al., 2013). However, in humans, the long-term effects of chronic 
methamphetamine use on cognition are less clear. In a review of this drug 
as a cause of cognitive decline in humans, the findings were judged to be 
mixed (Dean et al., 2013), and some cognitive decrements could be attrib-
uted to other factors or to variation in study designs. In one large study of 
chronic methamphetamine users, lifetime use was not related to cognitive 
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functioning per se, but it was related to psychiatric comorbidity and the 
use of other substances, such as crack cocaine (Herbeck and Brecht, 2013).

Chronic opiate use has been associated with poorer cognitive perfor-
mance in human studies (Darke et al., 2012; Terrett et al., 2014; van Holst 
and Schilt, 2011), but, as above, several problems arise in interpreting this 
research, including the presence of psychiatric comorbidity and neurotoxic 
exposures. A systematic review of the impact of methadone, an opioid 
congener used in the treatment of opiate addiction, suggested that impaired 
cognitive function was correlated with its use (Wang et al., 2013).

While all of these substances have proved neurotoxic, producing ad-
verse neurodevelopmental effects in both animal models and humans, there 
is a dearth of information on long-term cognitive performance in older 
adults who were former substance abusers. Hospitalizations for substance 
abuse among older persons have recently increased (Wu and Blazer, 2011), 
but available data—limited primarily to hospital claims data—so far do 
not suggest increased cognitive comorbidity as a result (Wu et al., 2013).

Further research is needed to better understand the long-term cognitive 
consequences of substance abuse and the changes in cognitive function that 
are associated with the treatment of drug addictions. If long-term adverse 
effects emerge, they would provide added impetus for drug abuse preven-
tion at all ages and possible special preventive and therapeutic approaches 
for those with drug abuse histories.

PHYSICAL ENVIRONMENT

Older people experience a number of general as well as occupational 
exposures that may adversely affect cognitive performance. The role of 
potentially adverse exposures that occur early in life on cognitive trajecto-
ries is often uncertain, in part because of the challenges of performing the 
critical research needed, but also because of the multiple confounding ex-
posures and experiences that occur across a lifetime. However, middle-aged 
and older individuals may also have continuing environmental exposures 
that may alter their cognitive performance. Some of the more common and 
potentially important exposures are described here.

Air Pollution

Growing evidence indicates that general, ambient air pollution is as-
sociated with decrements in cognitive performance among middle-aged 
and older adults (Ailshire and Clarke, 2014; Ailshire and Crimmins, 2014; 
Fonken et al., 2011; Gatto et al., 2014). However, because most air pollu-
tion is a complex mixture of gaseous and particulate components, it is dif-
ficult to attribute the effect to a specific factor. Most epidemiological studies 
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assess the level of particulate matter less than 2.5 microns in diameter as 
the index of exposure (Ailshire and Crimmins, 2014). Higher levels of air 
pollution are sometimes accompanied by adverse climatic conditions, such 
as extremely high temperatures, which also can have adverse health effects 
(Gold and Mittleman, 2013). Air pollutants may have other important, if 
indirect, effects on cognitive function through their contributions to the de-
velopment of cardiopulmonary conditions, including ischemic heart disease, 
stroke, lung conditions (Gold and Mittleman, 2013; Shah et al., 2013), and 
other chronic illnesses (see Chapter 4B). Taken together, such effects pro-
vide an argument for the environmental control of air pollution in general 
and for the prevention of exposures among older adults.

Occupational Exposures

For many years, occupational environmental exposures of various types 
have been suspected of having adverse cognitive consequences. This is a 
large and complex literature on this subject, and only certain exposures 
will be discussed here. As in the assessment of other risk factors, cognitive 
decrements associated with occupational exposures have been easier to 
demonstrate with concurrent exposure—and less research having been done 
on the long-term consequences, especially as they may affect older adults 
(Genuis and Kelln, 2015).

One important set of work-related chemical exposures that has been the 
subject of substantial research is exposure to organophosphate pesticides. 
Most but not all reviews of this topic suggest that job-related exposures do 
lead to cognitive decrements in late life (Blanc-Lapierre et al., 2013). Ani-
mal models also suggest that continued later-life exposure may be harmful 
(Levin et al., 2010), but no important human evidence is available.

The neurotoxic effects of lead exposure have been known for centuries, 
and the effect of lead on children has been a prominent public health issue. 
Studies of occupational lead exposure find that decrements in cognitive 
performance caused by earlier job-related exposure extend into late mid-life 
and that among older adults higher levels of lead in the bone are correlated 
with worse cognitive performance (Khalil et al., 2009). Lead exposure is 
one of those environmental and occupational exposures that will require 
ongoing attention and preventive interventions in the future.

Another category of occupational exposures that has received research 
attention is exposure to organic solvents. While these substances’ acute 
and subacute toxic effects have been demonstrated, their late-life cogni-
tive decrements due to chronic exposures have not been firmly established, 
although there is some evidence suggesting that there are long-term cogni-
tive changes (Berr et al., 2010). For example, long-lasting neuropsychiatric 
symptoms associated with heavy solvent exposure have been found among 
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tile layers (Nordling Nilson et al., 2007), although a subsequent analysis 
of the data from Berr and colleagues (2010) found that the cognitive ef-
fects appeared only among individuals with lesser educational attainment 
(Sabbath et al., 2012), suggesting that not all individuals are equally at risk 
from a given exposure.

While knowledge about the effects of occupational exposures on cogni-
tive performance is an extremely important area for prevention, research on 
these effects is always challenging: many similar chemical and other expo-
sures occur simultaneously; industrial processes and consequent exposures 
change with advances in production; exposed workers may be subject to 
other factors, occupational or non-occupational, that could lead to cogni-
tive decrements; some studies use clinical dementia or specific neurode-
generative diseases as outcomes rather than cognitive aging; and workers 
in jobs with substantial occupational chemical exposures may have lower 
levels of education, itself an important risk factor for cognitive change in 
later life. Despite the uncertainties, one clear message is that whenever 
workers may be exposed to a substance for which there is reasonable evi-
dence of neurotoxicity, effective exposure prevention programs should be 
enforced in the workplace at all times to protect both younger and older 
workers. Furthermore, it would be prudent for any comprehensive cogni-
tive health program to screen older adults for non-occupational exposures 
to these same neurotoxic chemicals, such as exposures through hobby or 
recreational activities.

Other potential workplace exposures—such as might occur in work-
places relying heavily on computers and information and communications 
technologies—can lead to stress, mental health symptoms, and, at least 
potentially, alterations in cognitive function (Salanova et al., 2013; Thomee 
et al., 2010). However, it is also possible that the technological features 
of a job can reduce job stress and demand (Day et al., 2012). Whether 
technology-related job stress leads to cognitive functional change remains 
uncertain.

Noise can also be a factor in occupational settings. Environmental 
noise from traumatic and non-traumatic sources indisputably causes hear-
ing impairment (Gourevitch et al., 2014). Hearing impairment from various 
causes, including age-related hearing loss, has been associated with reduced 
cognitive performance (see Chapter 4B). The cognitive performance of 
older adults experiencing higher levels of ambient noise may be affected 
indirectly, if it is distracting or reduces concentration (Jahncke, 2012) or 
interrupts normal sleep patterns (Muzet, 2007). The committee is not aware 
of any intervention trials that have examined cognitive outcomes after ma-
nipulating noise levels.

A more general question is whether occupations, when they are chal-
lenging, have a protective effect and lead to more cognitive engagement. 
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While a number of observational studies of this question have been con-
ducted, the results are decidedly mixed, and many of the studies do not 
show any clear effect of type of occupation on brain function (Finkel et al., 
2009; Gow et al., 2014; Jorm et al., 1998).

STRESS

With the publication of Hans Selye’s letter to the journal Nature in 
1936, the concept of “stress” became a subject of interest to researchers 
(Szabo et al., 2012). Early on, stress was defined non-specifically as the 
response of the body to a noxious stimulus, which later became known 
as “general adaptation syndrome” (Szabo et al., 2012). As the American 
Institute of Stress notes, “Stress is not a useful term for scientists because it 
is such a highly subjective phenomenon that it defies definition. And if you 
can’t define stress, how can you possibly measure it?” (AIS, 2014). Thus, 
it is not surprising that the evidence relating stress to cognitive outcomes 
has been compiled in diverse ways and has produced results that are in-
consistent and difficult to interpret. The “distress” encountered daily comes 
in many forms—from traffic congestion to the experience of having a bad 
boss to the death of a loved one—and it raises the question, “Does stress 
cause cognitive decline?” For this reason, the committee briefly addresses 
stress here, even though the current evidence base raises more questions 
than it answers.

Selye’s original experiments were done with mice, and indeed a number 
of studies have assessed the effects of experimental stressors on cognition 
in laboratory settings. For example, it is known that in both monkeys and 
rodents, stress affects the pyramidal neurons in the prefrontal cortex, the 
same neurons that are affected by aging. The interactive effects of stress 
and aging in the rodent model were recently reviewed in detail (McEwen 
and Morrison, 2013).

In epidemiological studies, stress is frequently defined in terms of stress-
ful life events (poor parenting in early life, divorce, loss of a job, or death of 
a loved one), and perceived stress is measured by various validated scales, 
or personality traits that make some people more vulnerable to stress than 
others. Finnish boys separated from their parents during World War II 
were found to have lower cognitive scores in several domains at age 60, 
with longer separations linked to greater deficits (Pesonen et al., 2007). 
The death of a child is a major life stressor associated with a faster rate 
of cognitive decline in later life (Comijs et al., 2011; Greene et al., 2014), 
especially when the loss occurred among parents who were young adults or 
had no subsequent children (Greene et al., 2014). However, the number and 
subjective ratings of stressful life events in the Cache County Study were 
associated only inconsistently with cognitive decline; stronger associations 
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between stressful life events and cognitive decline were found in younger 
participants and those with less education (Tschanz et al., 2013). In the 
Longitudinal Aging Study Amsterdam, the death of a child or grandchild 
was associated with faster cognitive decline, and having experienced fewer 
major life events was associated with better cognitive function (Comijs et 
al., 2011).

Similarly, perceived daily stress has also been associated with greater 
memory problems among adults with cognitive decline (Rickenbach et al., 
2014). Greater levels of perceived stress were also associated with lower 
initial cognitive performance and faster rates of decline among 6,207 older 
adults followed for almost 7 years in the Chicago Health and Aging Project 
(Aggarwal et al., 2014). Perceived social strain has been shown to elevate 
levels of cortisol (Friedman et al., 2012), a stress hormone and a marker of 
activation of the hypothalamic–pituitary–adrenal axis. Chronic activation 
of this axis has been associated with poor health outcomes, including car-
diovascular disease, which could also further contribute to cognitive decline 
and dementia (Kremen et al., 2012).

Few intervention trials have been carried out with the goal of preserv-
ing cognition by modifying perceived stress or attempting to reduce stress 
responses during or after major life events. In a recent review of 12 studies 
of meditation and mindfulness and cognition in older people, 6 of which 
were randomized trials, meditation and mindfulness seemed to have benefits 
for a number of cognitive domains, but the trials were small and susceptible 
to bias (Gard et al., 2014). Major life events, as well as perceived stress and 
mild worry, have been associated with decreased cognitive performance and 
faster cognitive decline in several recent studies. Interventions that reduce 
the perceptions of stress or responses to it, such as meditation and mindful-
ness, may be helpful but require further study.
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4B

Risk and Protective Factors  
and Interventions:  

Health and Medical Factors

This is the second of three chapters exploring risk and protective fac-
tors and interventions relevant to cognitive aging. Chapter 4A dis-
cusses lifestyle factors and the physical environment, and Chapter 4C 

discusses general approaches to remediation and provides concluding re-
marks and recommendations on opportunities for next steps in promoting 
healthy cognitive aging.

This chapter addresses many of the external factors and comorbidities 
that may affect cognition. The basic overall challenge is that much more 
needs to be learned about how these factors affect cognitive aging—in par-
ticular, whether they have long-term effects on cognitive function. Some of 
these factors (e.g., certain medications, delirium) may result in easily iden-
tifiable short-term risks of cognitive declines, which in some cases it may be 
possible to completely reverse; in addition, these factors may mediate more 
long-term changes in cognitive trajectory. For other factors, such as comor-
bidities and exposures that occur over a period of years, research questions 
generally focus on the extent to which treating or reducing a comorbidity 
(e.g., diabetes or uncontrolled hypertension) or reducing or eliminating an 
exposure will affect long-term cognitive function. Further research is also 
needed on the biological mechanisms underlying the impact of these factors 
on cognitive change and the extent to which each is a cause or a mediator 
of change. As with all aspects of cognitive aging, cognitive function may 
vary widely both within an individual over time and among individuals.

Each section of this chapter focuses on a specific risk or protective 
factor and summarizes evidence from available observational studies and 
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intervention studies, then concludes with a summary comment on the 
strength of the evidence.

MEDICATIONS

Increasingly, certain classes of medicines have been recognized as caus-
ing cognitive decline and impairment; these potentially preventable adverse 
events have risks that are a function of dose, duration, and individual sus-
ceptibility (such as preexisting cognitive impairment or dementia or genetic 
makeup). The impact of these medications on long-term cognitive function 
is an area of ongoing research.

The role of health care professionals who are interested in preventing 
adverse effects from medication is made more difficult by a steady influx of 
new knowledge about the effects and interactions of these medications, by 
the complex medication regimens that are required to treat many diseases, 
and by the multiple health care providers that are involved in the care of 
many older people. Not only is it challenging for health care profession-
als to stay up to date on the medications they prescribe and to manage 
medications for individual patients; it is also difficult for them to determine 
whether the medications they prescribed may have negative or positive cog-
nitive effects when administered in conjunction with other medications. In 
the United States, older adults represent about 13 percent of the population 
but are prescribed more than 40 percent of drugs that are prescribed. On 
average, individuals from ages 65 to 69 years old are prescribed 14 differ-
ent drugs per year (ASCP, 2015). The high rate of prescription drug use is 
associated with substantial rates of serious adverse drug events, which are 
considered preventable in 27 percent of ambulatory, 28 percent of hospi-
talized, and 42 percent of long-term care patients (Bates et al., 1995; Fick 
and Semla, 2012). Additionally, some medications with the potential for 
negative effects on cognition are available over the counter.

Evidence from Observational Studies

Although a number of studies have indicated that there may be an as-
sociation between these drug classes and dementia, the potential for unrec-
ognized dementia or other confounding conditions in many of these studies 
prevents the establishment of any causal relationship.

Beers Criteria Medications

Based on a comprehensive and systematic review and a guideline panel 
process which included the grading of evidence and a public comment pe-
riod, the 2012 American Geriatrics Society’s (AGS’s) Beers Criteria for Po-
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tentially Inappropriate Medication Use in Older Adults recommended that 
a number of drugs and classes of drugs be avoided in older adults because 
of their potential for causing cognitive decline or delirium (AGS, 2012; see 
Table 4B-1). While a detailed review of all of these drugs is beyond the 
scope of this report, the usage of anticholinergic and benzodiazepine drugs 
will be specifically addressed because they remain in common use and are 
especially at risk for inappropriate use by older individuals.

Anticholinergic Drugs (Including Antihistamines)

Depending on the population studied, about 20 to 50 percent of older 
persons in the United States are prescribed at least one anticholinergic drug 
at any given time (Campbell et al., 2009). While definite indications exist 
for these classes of drugs, such as for the treatment of allergies, nausea, 
depression, muscle spasm, and many other medical conditions, some of the 
usage may be inappropriate. Instead, effective less-toxic alternatives should 
be considered.

Several systematic reviews have documented the association of anti-
cholinergic drugs with both short-term and long-term adverse cognitive 
effects in older adults (Campbell et al., 2009; Kalisch Ellett et al., 2014; 
Tannenbaum et al., 2012). Kalisch Ellet and colleagues (2014) analyzed 
Australian veterans’ administrative claims data from 2010 to 2012 and 
found that using two or more anticholinergic medications increased the risk 
of hospitalization for confusion or dementia. A listing of drugs with strong 
anticholinergic properties is provided in Table 4B-2.

A clinical review of 27 studies that included anticholinergic assays and 
measurement of cognitive performance found that 25 showed associations 
between the anticholinergic activity of medications and delirium, cogni-
tive impairment, or dementia (Campbell et al., 2009). In a large three-city 
population study of more than 6,900 older persons (Carriere et al., 2009), 
continuous anticholinergic drug use was found to be associated with a 1.4- 
to 2.0-fold higher risk of cognitive decline. In addition, the risk of incident 
dementia was also increased in continuous users over the 4-year follow-up 
period (hazard ratio 1.65, 95% confidence interval [CI] 1.0–2.7). The risk 
increased with the duration of continuous use and was also higher among 
those with baseline cognitive impairment and dementia (Tannenbaum et 
al., 2012).

Many antihistamines are available in over-the-counter preparations, 
including those used for cold, influenza, allergy relief, and sleep (“PM” 
formulations). Because these antihistamines, such as diphenhydramine, are 
potent anticholinergic agents, it is important to educate the general public 
about the potential risks, including the risk of cognitive decline.
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Benzodiazepines

Commonly used to treat anxiety, sleeplessness, and agitation in older 
persons, benzodiazepines (e.g., alprazolam, lorazepam, chlorazepate, and 
clonazepam) are associated with a markedly increased risk for delirium, 
cognitive impairment, falls, fractures, and motor vehicle accidents (Billioti 
de Gage et al., 2012; de Vries et al., 2013). In a recent systematic review 
of 68 clinical trials (Tannenbaum et al., 2012), benzodiazepines were con-
sistently associated with both amnestic (involving loss of memory) and 
non-amnestic cognitive impairment by neuropsychological testing. Given 
the risks, the use of this class of drugs needs to be carefully assessed for use 

TABLE 4B-1  American Geriatrics Society Beers Criteria for Potentially 
Inappropriate Medication Use in Older Adults Due to Drug–Disease 
or Drug–Syndrome Interaction That May Exacerbate the Disease or 
Syndrome

Disease or 
Syndrome Drug Rationale

Recommendation, 
Quality of Evidence, 
and Strength of 
Recommendation

Delirium All tricyclic 
antidepressants

Anticholinergics 
(see Table 4B-2)

Benzodiazepines
Chlorpromazine
Corticosteroids
H2-receptor 

antagonists
Meperidine
Sedative hypnotics
Thioridazine

Avoid in older adults with or at 
high risk of delirium because of 
inducing or worsening delirium 
in older adults; if discontinuing 
drugs used chronically, taper to 
avoid withdrawal symptoms

Recommendation: 
Avoid
Quality of Evidence: 
Moderate
Strength of 
Recommendation: 
Strong

Dementia and 
Cognitive 
Impairment

Anticholinergics  
(see Table 4B-2)

Benzodiazepines
H2-receptor 

antagonists
Zolpidem
Antipsychotics, 

chronic and as-
needed use

Avoid because of adverse central 
nervous system effects. Avoid 
antipsychotics for behavioral 
problems of dementia unless 
nonpharmacological options 
have failed, and patient is 
a threat to themselves or 
others. Antipsychotics are 
associated with an increased 
risk of cerebrovascular accident 
(stroke) and mortality in 
persons with dementia

Recommendation: 
Avoid
Quality of Evidence: 
High
Strength of 
Recommendation: 
Strong

SOURCE: AGS, 2012. Reprinted with permission of John Wiley & Sons, Inc.
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by older persons, with their use reserved for such indications as seizures 
or other neurological conditions, alcohol withdrawal, severe generalized 
anxiety disorder, anesthesia, and end-of-life care.

Evidence from Intervention Studies

Several studies conducted in the past decade have tested interventions 
aimed at reducing the number of high-risk or harmful medications—as 
well as the total number of medications—that older adults take with the 
goal of reducing unnecessary side effects, including cognitive decline. A few 
studies have focused on reducing intake of medications listed on the Beers 
Criteria (AGS, 2012; Fick and Semla, 2012; Fick et al., 2003; Ray et al., 
1986). A 10-year longitudinal study of older women found that they had 
a high prevalence of inappropriate medication use and high anticholinergic 
load; this was especially true in women who developed dementia later in 
life (Koyama et al., 2013).

A study by Gurwitz and colleagues (2000) found that 68 percent of 
preventable adverse drug events occurred at the ordering (prescribing) stage 
of care. Such findings have helped encourage the development of computer-
ized decision support and education as a strategy to help decrease adverse 
drug events in various settings of care (Alldred et al., 2013). A number of 
studies have found a statistically significant drop in inappropriate prescrib-
ing after the implementation of a computerized decision support system1 
that used the electronic health record to alert providers to the use of inap-
propriate medications (Agostini et al., 2007; Mattison et al., 2010; Raebel 
et al., 2007; Smith et al., 2006; Tamblyn et al., 2003), but none of these 
studies measured the impact on cognitive outcomes in older adults. Another 
intervention that has proved successful in discontinuing some medications 
in older adults is the use of a consultant pharmacist2 alone or in combina-
tion with other components (Lukazewski et al., 2014).

A systematic review of the impact of anticholinergic discontinuation 
on cognitive outcomes in older adults by Salahudeen and colleagues (2014) 
found positive results from empowerment strategies, such as helping older 

1 Computerized decision support (CDS) interventions can encompass a variety of levels of 
support, but most CDS interventions for medication use will alert the provider before the 
medication is prescribed (when the provider attempts to enter or prescribe the medication) 
and will offer a suggested drug alternative, a behavioral or non-drug approach, or both a drug 
and a non-drug alternative.

2 Consultant pharmacists consult with other health care professionals, patients, and caregiv-
ers about high-risk drugs, dosage issues, side effects, cumulative drug burden and drug–drug 
interactions to ensure appropriate use of medication. Consultant pharmacists practice in a 
wide variety of settings, including subacute care and assisted living facilities, psychiatric hos-
pitals, hospice programs, and in home- and community-based care (ASCP, 2014).
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adults learn about their medications and health status and helping them 
take the initiative for shared health care decisions to discontinue benzodi-
azepines. Past efforts at direct-to-consumer advertising by the pharmaceu-
tical industry have been shown to be effective in influencing the public’s 
demand for certain medications (Rosenthal et al., 2002). In another study, 
the researchers employed a cluster randomized design that assigned com-
munity pharmacies to either a treatment group or the control group, with 
the treatment group being provided with an empowerment process focused 
on reducing inappropriate benzodiazepine use by the patients. At 6 months, 
27 percent of the treatment group had discontinued benzodiazepine use 
compared with 5 percent of the control group. The empowerment process, 
which helped older adults gain control and take the initiative to solve the 
problem, included a detailed patient interview, self-assessment, education, 
suggestions for non-drug safer substitutions, and the use of peer champions 
(Tannenbaum et al., 2014).

One over-the-counter antihistamine medication that is commonly used 
by older adults in the community setting and that worsens cognition is 
diphenhydramine. Interventions to reduce the use of this medication have 
been conducted primarily in hospitals. A study by Agostini and colleagues 
(2007) used a computer-based alert that reminded providers of the side ef-
fects of the medication and the dangers of diphenhydramine in older adults 
and suggested non-drug approaches (such as warm milk and relaxation 
techniques). This study observed an 18 percent risk reduction in the orders 
for sedative–hypnotic drugs. A second hospital-based intervention used a 
computer alert and direct communication between the physician and the 
pharmacist to achieve a 52 percent reduction in prescribing diphenhydr-
amine (Fosnight et al., 2004). Both of these studies were limited by their 
prospective, pre–post intervention designs. To date, no research on inter-
ventions to limit over-the-counter purchase of diphenhydramine or other 
related antihistamines by older adults has been published.

Summary

Research has demonstrated that the use of high-risk or potentially 
inappropriate medications that negatively affect cognition can be effec-
tively reduced or curtailed using techniques such as computerized decision 
support, consultant pharmacists, and more recently, a direct-to-consumer 
education approach. However, because of various methodological, clinical, 
and ethical issues, there has as yet been no research establishing the impact 
of these initiatives on sustaining or improving cognition. Determining the 
impact of these medications on cognitive aging will require carefully con-
ducted longitudinal studies. Medication discontinuation interventions need 
to carefully consider the effects on individuals as well as the various per-
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sonal preferences of individuals and differing responses to medications and 
aging. The range of non-drug alternatives is limited by the paucity of strong 
and individualized evidence for non-drug alternatives in older adults and 
by the lack of reimbursement for the use of alternatives. Several interven-
tion studies have had moderate methodological limitations, and they have 
varied widely in how they have measured cognitive function. In the future, 
studies should use sensitive and validated measures of cognition and should 
consider issues of dosing, cumulative drug burden effects, effective ways 
to deliver tailored alternatives, and the impact of medication withdrawal.

MEDICAL CONDITIONS

The evidence on whether treating medical conditions can prevent or 
reverse cognitive decline and on the impact of medical treatments on long-
term cognitive function is complicated. Certain conditions, such as stroke, 
may result in acute and severe cognitive decline, with the possibility in 
some cases of regaining some of that cognitive function over time. For 
stroke and these other conditions, an individual’s cognitive trajectory may 
be determined in large part by the acute event. For other types of condi-
tions, particularly those where prevention and early treatment is the focus 
(such as diabetes or uncontrolled hypertension), there are many unknowns 
concerning the extent to which prevention and treatment efforts lead to 
improvements in cognitive health and how these efforts affect cognitive 
aging over the life span. For example, reducing the occurrence of strokes 
will be beneficial to cognitive health; however, much remains to be learned 
about the effects on cognitive function of treating the individual risk fac-
tors for stroke such as hyperlipidemia. Moreover, for some conditions (e.g., 
hypothyroidism), the benefits of treatment are so compelling—independent 
of the question of the treatment’s effects on cognition—that trials to dem-
onstrate effectiveness on cognition are not needed or ethically justifiable. 
For these conditions, only observational data are presented, with the as-
sumption that patients with these conditions would be treated and accrue 
any potential cognitive benefit. For other conditions (e.g., diabetes, obesity) 
cognitive outcomes are important because they may influence the decisions 
about the mode or aggressiveness of the treatment. For example, the degree 
of glycemic or blood pressure control sought for older people with diabetes 
may need to take into account the adverse consequences of hypoglycemia 
or hypotension.

Cerebrovascular and Cardiovascular Disease

In the United States, stroke or cerebrovascular accident, which occurs 
in approximately 2.4 out of every 1,000 persons in the United States (Leys 
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et al., 2005), is a major cause of disability in older adults and the third-
leading cause of death in that group (Gorina et al., 2006). There may be 
considerable overlap between the clinical manifestations of cognitive decline 
associated with aging and those associated with diagnosed or undiagnosed 
cardiovascular and cerebrovascular disease (e.g., conditions that may show 
up as white matter hyperintensities [leukoaraiosis] with magnetic resonance 
imaging [MRI]). Treatment of cerebrovascular and cardiovascular risk fac-
tors might be expected to prevent some of these events and, consequently, 
the related cognitive declines.

Cognitive decline and dementia are well-recognized sequelae of stroke. 
For example, one study found dementia in 26 percent of older persons evalu-
ated 3 months after a stroke (Tatemichi et al., 1994). Large strokes can lead 
to stepwise declines in cognitive functioning, while multiple small strokes 
may result in only a modestly accelerated course of cognitive decline. While 
milder degrees of cerebrovascular disease (such as microvascular disease or 
transient ischemia) have been associated with cognitive decline, the consis-
tency and degree of association has not been clear. In a systematic review 
of 16 population-based studies (Savva and Stephan, 2010), the occurrence 
of stroke was found to be associated with a doubling in the risk of incident 
dementia in the older population. In a systematic review of 30 studies (in-
volving a total of 7,565 patients), the incidence of new dementia following 
a first-ever stroke was 7.4 percent (95% CI 4.8–10.0) in the first year and 
1.7 percent per year (95% CI 1.4–2.0) thereafter (Pendlebury, 2009). Two 
studies reviewed by Savva and Stephan (2010) suggested that the impact 
of stroke on the future risk of dementia may be stronger in people with a 
specific genetic risk factor for Alzheimer’s disease (those who are APOE ε4 
negative), but the association in three other studies was inconsistent.

The committee supports efforts to improve cardiovascular health in 
older adults, including through the management of blood pressure, the 
control of cholesterol, and the maintenance of a healthy body weight (see 
Chapter 6). Hypoglycemia and hypotension should be avoided because 
their well-documented harms likely outweigh any potential benefits. The 
long-term impacts on cognitive aging are largely unknown.

Hypertension

Hypertension is present in approximately 65 percent of people age 
60 years and older (Hajjar and Kotchen, 2003) and has been identified in 
systematic reviews as an important potentially preventable risk factor for 
cognitive decline and dementia with an increased hazard ratio of between 
1.24 and 1.59, depending on the study (Etgen et al., 2011). While the 
studies vary somewhat in their definition of hypertension, in general, most 
studies considered a participant to be hypertensive if the average systolic 
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blood pressure was 140 mmHg or higher, the average diastolic blood pres-
sure was 90 mmHg or higher, or the participant was currently receiving 
antihypertensive medications.

Evidence from Observational Studies

There is robust longitudinal data to support a relationship between 
blood pressure and cognitive decline (Elias et al., 2012; Etgen et al., 2011) 
with more consistent associations observed for midlife hypertension; by 
contrast, late-life hypertension might not be a critical risk factor for cogni-
tive aging (Qiu et al., 2005) More recent studies have also suggested an im-
portant role for modification by APOE status (Andrews et al., 2015; Bangen 
et al., 2013). The impact of hypertension on cognition is likely mediated 
by a number of mechanisms, including small and large vessel disease, mi-
croinfarcts, leukoaraiosis, and changes in cerebral metabolism (Gasecki et 
al., 2013). Observational studies also indicate that the cognitive function of 
older adults may possibly benefit from antihypertensive medications (Rouch 
et al., 2015). Thus, blood pressure control will likely remain an important 
prevention target in any multifactorial approach to preventing age-related 
cognitive decline (see Chapter 4C).

Evidence from Intervention Studies

Evidence from blood pressure treatment trials, such as ADVANCE, 
HYVET-COG, and SCOPE, varies, with some demonstrating a benefit and 
others reporting no effect on cognition. A recent meta-analysis found that 
antihypertensive medication had no significant impact on the incidence of 
Alzheimer’s disease, cognitive impairment, or cognitive decline (Chang-
Quan et al., 2011). This may reflect differences in the classes of drugs used 
for hypertension therapy as well as in the timing and duration of treatment 
(Rouch et al., 2015; Staessen et al., 2011). To gain a better understanding of 
the effects of blood pressure treatment, the ongoing Systolic Blood Pressure 
Intervention Trial (SPRINT) will monitor the course of cognitive decline in 
people undergoing intensive blood pressure control.

Summary

Although the evidence from clinical trials does not demonstrate a clear 
cognitive benefit from hypertension treatment and the long-term impact on 
cognitive aging is not known, the benefits for preventing heart attack and 
stroke, both of which are linked to cognitive decline, are evident. However, 
in older persons it is particularly important to maintain prudent therapy, 
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with an avoidance of overtreatment, which is associated with adverse cogni-
tive effects as well as falls.

Hyperlipidemia

Hyperlipidemia, or high levels of blood lipids (including triglycerides 
and cholesterol), is present in approximately 50.8 percent of the older U.S. 
population (Crawford et al., 2010).

Evidence from Observational Studies

Multiple large population-based observational studies have found that 
hyperlipidemia, especially hypercholesterolemia, is associated with cogni-
tive decline, with hazard ratio ranging from 1.4 to 1.9 (Etgen et al., 2011). 
Lipid regulation plays a critical role in neuronal plasticity and survival 
(Ledesma et al., 2012), and like hypertension, hyperlipidemia may be a 
stronger risk factor in midlife cognitive decline than in late life (Reynolds 
et al., 2010; van Vliet, 2012). In addition, some observational studies have 
found the use of statins (drugs that reduce cholesterol levels) to protect 
against cognitive impairment (Etgen et al., 2011).

A longitudinal study by Steenland and colleagues (2013) assembled a 
group—1,244 statin users and 2,363 non-users—and gave them a battery 
of cognitive tests several times over 3.4 years. They controlled for several 
potentially confounding conditions, including diabetes, hypertension, and 
heart disease, and looked for differences in changes in cognitive functioning 
between the users and non-users of statins. They found that people who 
had normal cognition at baseline and who used statins had better scores 
on tests of sustained attention and executive functioning than non-users. 
Similar benefits for cognition have been observed in large, observational 
cohorts of older adults without dementia (Bettermann et al., 2012; Solomon 
et al., 2009).

Evidence from Intervention Studies

In contrast to the above findings, several large randomized controlled 
trials (RCTs), including the Heart Protection Study and the PROSPER trial 
(Prospective Study of Pravastatin in the Elderly at Risk), have failed to 
demonstrate a protective effect of statin treatment on cognitive functioning 
(McGuinness et al., 2009). A 2009 Cochrane review identified two large 
RCTs that indicated no benefit of statins on cognitive measures despite 
their having achieved reductions in serum cholesterol (McGuinness et al., 
2009). Similarly, a recent meta-analysis found inconsistent evidence for the 
effect of statins on cognition among people who were cognitively intact 
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(Richardson et al., 2013). Some drug post-marketing safety reports have 
suggested that statins might actually impair cognition, which prompted 
the Food and Drug Administration (FDA) to issue an alert about potential 
memory loss associated with this class of drugs (FDA, 2012), although a 
more recent meta-analysis reported no increased risk of adverse cognitive 
effects related to statin use (Richardson et al., 2013).

Consistent with these studies, a 2010 systematic review of clinical trials 
of the treatment of cardiovascular risk factors to prevent cognitive decline 
concluded that there is no apparent cognitive benefit from treating hyperlip-
idemia and that the treatment of hypertension has only a suggestive effect 
on cognitive decline (Ligthart et al., 2010).

Summary

Although studies of the benefits of treating hyperlipidemia on cognitive 
health have had inconsistent results (Plassman et al., 2010), clinical practice 
guidelines still recommend that high lipid levels be treated because of the 
beneficial effect on cardiovascular and cerebrovascular diseases (Etgen et 
al., 2011). Further research will be necessary to identify any specific impact 
that lipid-lowering drugs have on long-term cognitive functioning.

Diabetes Mellitus and Metabolic Syndrome

Diabetes occurs in about 27 percent of the older U.S. population (CDC, 
2011). In addition, metabolic syndrome is estimated to be present in about 
42 percent of the population age 70 years and older (Ford et al., 2002). 
Metabolic syndrome is defined as participants having three or more of 
the following: abdominal obesity, hypertriglyceridemia, high blood pres-
sure, high fasting glucose, and low high-density lipoproteins. Metabolic 
syndrome is often unrecognized, and thus its prevalence is underreported 
(Giannini and Testa, 2003).

Evidence from Observational Studies

Both diabetes and metabolic syndrome have been found to be associ-
ated with long-term cognitive decline and an increased risk of dementia in 
both cross-sectional and long-term observational studies (Plassman et al., 
2010; Spauwen et al., 2013; Yaffe et al., 2004). Diabetes is associated with 
approximately a 1.2-fold increase in risk of cognitive decline, mild cogni-
tive impairment, and dementia (McCrimmon et al., 2012; Plassman et al., 
2010). Glycemic control may be a critical factor in this association (Yaffe 
et al., 2012) and could contribute to both neurodegenerative and vascular 
damage (Biessels et al., 2014). Because the metabolic syndrome includes 
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both cardiovascular and metabolic components, it may be an especially 
crucial risk factor for accelerated cognitive aging (Yaffe, 2007).

Evidence from Intervention Studies

People with type 2 diabetes have a higher risk for developing cardio-
vascular and cerebrovascular disease and may stand to gain more from 
an aggressive treatment of hypertension and hyperlipidemia. Currently, 
results from clinical trials are inconsistent as to whether tight glucose 
control improves cognitive outcomes in type 2 diabetes, and this must be 
weighed against evidence that too-aggressive efforts to reduce blood sugar 
levels may increase mortality among high-risk individuals (ACCORD et al., 
2008). Moreover, a large RCT conducted in people with type 2 diabetes 
that examined the effects of an intensive lowering of blood pressure (to 
systolic target of 120 mmHg) and the treatment of lipids with fenofibrate, 
found no benefit from either of the two interventions on a wide variety 
of measures of cognition (including the Mini-Mental State Examination 
[MMSE], the digit-symbol substitution test, and Stroop, Rey, and auditory 
verbal learning tests). In preliminary trials, long-acting intranasal insulin 
has shown promise in improving cognitive function in adults with mild 
cognitive impairment (MCI) or early Alzheimer’s disease (Claxton et al., 
2015; Craft et al., 2012). Currently, there is a lack of consistent evidence 
from clinical trials that tight glucose control improves cognitive outcomes 
in type 2 diabetes, but there is important evidence that tight control may 
increase mortality (NHLBI, 2014); furthermore, hypoglycemia may harm 
cognition (NHLBI, 2014; Yaffe et al., 2012).

Summary

The early recognition and prudent management of diabetes and meta-
bolic syndrome has potential benefit for cognitive health by reducing the 
risk for cardiovascular and cerebrovascular disease, but much remains to be 
learned about the direct impact of these factors on cognitive aging. There 
are specific issues concerning the effects that treatment of these conditions 
might have on cognitive function that warrant attention. The committee 
believes that any goals for glycemic control should be consistent with those 
goals issued by the American Diabetes Association (ADA, 2014).

Obesity

Almost one-third of Americans age 60 years and older are severely 
overweight or obese, defined as having a body mass index (BMI) of 30 
kg/m2 or greater (Wang and Beydoun, 2007).
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Evidence from Observational Studies

Although more longitudinal studies are needed (Plassman et al., 2010), 
evidence is emerging to support the existence of obesity-related brain 
changes and dysfunction in cognition (Sellbom and Gunstad, 2012). While 
the effects of obesity may be mediated through other pathways, such as 
through the well-described effects of diabetes or metabolic syndrome (i.e., 
inflammation, insulin resistance, endothelial dysfunction, and microvascular 
disease) and through the complications of obesity, such as obstructive sleep 
apnea, obesity may also increase risk of cognitive aging directly through the 
presence of excess adipose tissue and the secretion of inflammatory proteins 
such as leptin, which have been linked to cognitive impairment and decline 
(Gustafson, 2012; Holden et al., 2009; Zeki Al Hazzouri et al., 2013). A 
meta-analysis also suggests that the effects of BMI on cognition may differ 
between midlife and late life (Anstey et al., 2011).

Evidence from Intervention Studies

A randomized trial among middle-aged overweight or obese individu-
als that compared an energy-restricted low-calorie diet with a conventional 
low-fat diet with no change in calorie intake found a time-effect improve-
ment on working memory in both groups at 1 year but no differences 
between groups; these diets had no effect on speed of mental processing 
(Brinkworth et al., 2009).

A recent RCT among obese older individuals compared the effects of 
four regimens—a diet aimed at reducing caloric intake by 500–750 kcal/
day below requirements, exercise using a multicomponent progressive train-
ing program, both diet and exercise, and neither—and found that those 
assigned to diet alone performed better than the control group on the 
modified-MMSE but not as well as those assigned to exercise alone; the 
combination of diet and exercise was no more effective than exercise alone. 
The effects of diet alone on other measures, including word-list fluency and 
the Trail Making Test, Parts A and B, were not significant (Napoli et al., 
2014). A 2011 meta-analysis concluded that weight loss had inconsistent 
effects on memory and modest beneficial effects on attention/executive 
function, generally in obese subjects (Siervo et al., 2011). Among obese 
middle-aged persons, bariatric surgery resulted in improvement on a verbal 
list learning test compared to obese controls when assessed 24 months after 
surgery (Alosco et al., 2014).

Summary

While the exact mechanism by which obesity contributes to cognitive 
decline remains unclear, given its prevalence and serious associated com-
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plications, morbid obesity may act on mediating pathways (e.g., through 
diabetes and hypertension) to produce long-term cognitive impairment 
(Etgen et al., 2011; Plassman et al., 2010). The studies reviewed here are 
those focusing on weight loss itself rather than any particular diet; specific 
diets are addressed in Chapter 4A. Further research is needed on the effect 
of weight loss and bariatric surgery on cognitive outcomes.

Delirium and Hospitalization

Nearly every individual will experience at least one acute medical ill-
ness, surgery, or hospitalization, and nearly one-third of the older U.S. 
population is hospitalized each year (HHS, 2013). Delirium, an acute 
disorder of attention and confusion, is the most common complication of 
acute illness and hospitalization for older people in the United States, oc-
curring in an estimated 2.6 million individuals per year (HHS, 2011). Up 
to 50 percent of all Americans age 65 years and older will develop delirium 
during the course of a hospitalization, with the associated increased risks of 
institutionalization and death leading to health care costs that exceed $160 
billion per year (Inouye et al., 2014).

Evidence from Observational Studies

Delirium  Although common, delirium is preventable in some 30 to 50 
percent of cases (Inouye et al., 2014), and every effort should be made to 
prevent it, as it significantly increases a person’s risk for long-term cognitive 
decline and dementia. A systematic review and meta-analysis found two 
studies involving 241 patients demonstrating an increased odds ratio for 
incident dementia following delirium (Witlox et al., 2010). Another study 
of 225 cardiac surgery patients age 60 years and older demonstrated that 
delirium is independently associated with cognitive decline at 1 year post-
surgery; the time pattern of cognitive functioning showed an initially steep 
decline followed by improvement but with residual impairment (Saczynski 
et al., 2012). A study of 821 intensive care unit (ICU) patients found that a 
longer duration of delirium was independently associated with worse global 
cognitive function and executive function at 3 and 12 months follow-up 
(Pandharipande et al., 2013). The adverse impact of delirium on cognitive 
trajectory is magnified among patients with underlying dementia (Fong et 
al., 2009; Gross et al., 2012).

A recent comprehensive review found six prospective studies document 
delirium’s association with long-term cognitive decline after hospitalization, 
whether a follow-up occurred soon (2 months) or a longer time (12 months) 
afterward (Mathews et al., 2014). Some of the studies in this review lacked 
baseline (pre-hospitalization) cognitive testing, however. The disparate rea-
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sons for hospitalization (acute illness, surgery, intensive care, palliative care) 
may have different prognostic implications for cognitive decline.

Hospitalization  Regardless of admitting diagnosis, hospitalization is in-
creasingly recognized as a major stressor for older adults and an important 
independent contributor to cognitive and functional decline (Krumholz, 
2013). A study of 1,870 community-dwelling older adults demonstrated an 
independent 2.4-fold increase in the rate of cognitive decline following a 
first hospitalization, even after controlling for demographic factors, illness 
severity, and pre-hospital cognitive trajectory (Wilson et al., 2012). The 
impact of hospitalization was greatest on short-term memory and executive 
functioning. Another study of 2,929 patients admitted to a hospital or ICU 
who were followed afterward for a median of 4 years found an increased 
rate of cognitive decline following either hospitalization or ICU stay and an 
increased hazard ratio for incident dementia at follow-up of 1.4 (95% CI 
1.1–1.7) and 2.3 (95% CI 0.9–5.7) after the hospitalization and ICU stay, 
respectively (Ehlenbach et al., 2010).

Mathews and colleagues (2014) found six studies (five prospective and 
one retrospective) showing that acute hospitalization was associated with 
long-term cognitive decline, but several of these studies did not include 
formal preadmission cognitive testing. Despite those studies’ limited and 
heterogeneous nature, a consistent picture is emerging that points to the 
important contributions of delirium, acute illness, and hospitalization to 
long-term cognitive decline and possibly dementia.

Evidence from Intervention Studies

Catalyzed by the strong observational evidence summarized above, 
delirium prevention has emerged as a priority in the prevention of cogni-
tive decline following major illness, hospitalization, or surgery. Authori-
tative guidelines and systematic reviews recommend multicomponent, 
non-pharmacologic intervention strategies targeted toward patients with 
delirium risk factors and implemented by skilled interdisciplinary teams 
(Greer et al., 2011; O’Mahony et al., 2011). Two recent systematic re-
views and meta-analyses (AGS Expert Panel 2014; Hshieh et al., 2014) 
of 10 and 14 intervention studies, respectively, have documented the ef-
fectiveness of these approaches. The interventions were largely based on 
the Hospital Elder Life Program (the original model of which has been 
widely disseminated with consistent effectiveness) (Inouye, 2000; Inouye 
et al., 1999, 2006; Rubin et al., 2011; Zaubler et al., 2013) and included 
the following approaches: cognitive orientation, sleep enhancement (i.e., 
non-pharmacologic sleep protocol and sleep hygiene), early mobility and/or 
physical rehabilitation, adaptations for visual and hearing impairment, nu-
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trition and fluid replenishment, pain management, appropriate medication 
usage, adequate oxygenation, and prevention of constipation (HELP, 2014). 
Rounds by an interdisciplinary team and associated strategies to assure 
adherence to recommended interventions were important to the protocol’s 
effectiveness. At least five of the studies demonstrated a “dose–response” 
relationship between the level of adherence and the intervention’s effective-
ness (Holt et al., 2013; Inouye et al., 1999, 2000, 2003; Vidan et al., 2009).

In addition to the prevention of incident delirium, these studies dem-
onstrated consistent beneficial impact for the following outcomes: cognitive 
decline, functional decline, length of hospital stay, nursing home placement, 
falls, and health care costs. In a meta-analysis of 14 studies, 11 studies dem-
onstrated significant reductions in delirium duration and incidence (odds 
ratio: 0.47; 95% CI 0.38–0.58) (Hshieh et al., 2014).

Summary

Because one-third of older Americans will be hospitalized each year 
for acute illness or surgery, putting them at increased risk of delirium 
and subsequent cognitive decline in addition to them facing the associ-
ated higher morbidity, mortality, and health care costs, the committee 
believes that the implementation of proven cost-effective multicomponent 
non-pharmacologic delirium-prevention strategies is vital. These regimens 
should be implemented by interdisciplinary teams and targeted to patients 
with demonstrated risk factors, who should have cognitive assessments 
either before or immediately after hospital admission or surgery (HELP, 
2014). More needs to be learned about the long-term impacts of delirium 
on cognitive aging.

Major Surgery and General Anesthesia

The association of major surgery and general anesthesia with cognitive 
decline has gained recent widespread attention. Previous epidemiologic 
studies have documented a persistent cognitive decline following major 
surgery, yet it has been assumed that this decline may be due more to 
patients’ pre-operative trajectories than to the effects of the surgery or 
anesthesia (Selnes et al., 2012). Some of the older studies have lacked pre-
surgical baseline cognitive trajectories and have inadequately controlled for 
potential confounding variables. Thus, it has been difficult to determine 
whether any cognitive impairment arising after surgery is attributable to 
the surgery or anesthesia (Avidan and Evers, 2011; Rudolph et al., 2010; 
van Dijk et al., 2000) rather than to associated comorbidity, delirium, or 
stressors related to the hospitalization. Furthermore, previous studies have 
failed to demonstrate any difference in cognitive outcomes between patients 
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who received general and regional anesthesia (Newman et al., 2007). This 
is an important area of research that could assist in the exploration of the 
long-term impacts on cognitive aging.

OTHER MEDICAL CONDITIONS

A number of other medical conditions may be associated with cognitive 
changes and decline. Because the prevention and treatment of each of these 
conditions have been the subjects of extensive research, albeit not focused 
on cognitive outcomes, this report does not summarize the intervention 
literature. For each condition, little is known about how the medical condi-
tion might or might not affect cognitive aging.

Thyroid Disorders

Both hypo- and hyperthyroidism have been long identified as major 
reversible causes of cognitive decline and are screened for in many cases 
of cognitive impairment. However, the contribution to impaired cogni-
tion by subclinical thyroid disease, defined as abnormal levels of thyroid-
stimulating hormone (TSH) in the face of normal levels of thyroxine (T4) 
and triiodothyronine (T3), is less clear. The presence of subclinical thyroid 
disease increases with age, with rates from 7 to 25 percent in persons age 
60 years and older (Ceresini et al., 2009; Etgen et al., 2011).

In a recent systematic review of 11 studies, including six population-
based prospective studies and five cross-sectional studies, six of the studies 
supported the association between subclinical hypothyroidism and cogni-
tive impairment (Annerbo and Lokk, 2013). The confounding influence of 
acute illness, comorbidity, and medications—which can substantially affect 
TSH, T4, and T3 levels—were not controlled for in many studies (Roberts 
et al., 2006). Given the inconsistent association and the small number of 
studies, subclinical thyroid disease is not considered to be a major risk fac-
tor for cognitive decline at this time; however, it remains of interest for fu-
ture investigation and the possible development of preventive interventions.

Chronic Kidney Disease

Chronic kidney disease, defined as having kidney damage or a glo-
merular filtration rate (GFR) of less than 60 mL/min/1.73 m2, is a highly 
prevalent condition, present in more than 45 percent of adults age 70 years 
and older (Anand et al., 2014). Emerging evidence indicates that chronic 
kidney disease is an independent contributor to decline in cognitive func-
tion. An estimated 70 percent of hemodialysis patients 55 years of age 
and older will have moderate to severe cognitive impairment (Elias et al., 
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2013); however, even milder degrees of renal impairment are associated 
with cognitive impairment.

A recent systematic review and meta-analysis involving seven cross-sec-
tional and 10 prospective studies with more than 54,000 participants who 
were pre-dialysis but with mild to severe renal impairment demonstrated an 
increased relative risk for cognitive decline of 1.65 (95% CI 1.32–2.05) and 
1.39 (95% CI 1.15–1.68), respectively, even after adjustment for confound-
ing factors (Etgen et al., 2012). Importantly, the reviewers found a dose–
response relationship with the more severe degrees of renal failure (GFR 
>60) creating a greater risk for cognitive decline than did milder degrees 
of renal impairment (GFR of 45 to 60 or GFR <45). There are a number 
of possible mechanisms that could potentially explain the association of 
chronic kidney disease with cognitive decline, including vascular risk fac-
tors (hypertension, diabetes, hyperlipidemia, cardiovascular disease), cere-
bral ischemia/stroke, elevated homocysteine, hypercoagulability, oxidative 
stress, inflammation, anemia, metabolic derangements (hyperparathyroid-
ism, malnutrition, hypoalbuminemia), polypharmacy, depression, and sleep 
disorders (Elias et al., 2013; Etgen et al., 2012). Many of these represent 
important potential targets for secondary prevention of cognitive decline 
among people with chronic kidney disease.

Cancer

Approximately 9 million persons, or 3 percent of the U.S. population, 
are cancer survivors (Anderson-Hanley et al., 2003). Cognitive functioning 
among cancer patients may be influenced by the malignancy itself as well as 
by the effects of the associated treatments, including chemotherapy, surgery, 
radiation, hormonal therapy, and biologics, alone or in combination.

A meta-analysis of 30 studies involving a total of 838 patients ex-
amined at 1 month to several years following cancer treatment showed 
significant decreases in neuropsychological testing scores due to the above 
causes, with the largest impact on the areas of executive functioning and 
verbal memory (Anderson-Hanley et al., 2003). A twin study of 702 can-
cer survivors demonstrated that the twin who had cancer was significantly 
more likely (relative risk [RR] 2.10, 95% CI 1.36–3.24) to develop cogni-
tive decline than the co-twin (Heflin et al., 2005). In addition, the risk of 
dementia was doubled, although it did not reach statistical significance.

While these studies are suggestive, the evidence that cancer and its 
treatment leads to cognitive impairment and dementia remains equivocal, 
particularly in light of potential confounding by vascular disease, other co-
morbidities, and their treatment. Moreover, few older people are included 
in most cancer trials and follow-up studies. In a systematic review of 88 
articles (Bial et al., 2006), no conclusions about cognition could be reached 
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because of the small and heterogeneous nature of the studies, along with 
the shortage of older persons included. This important gap will need to be 
addressed.

Depression

Depression is a common mental health problem across the life span, 
with one in five U.S. adults experiencing at least one depressive episode dur-
ing a lifetime (Byers and Yaffe, 2011). The prevalence of depression ranges 
from 7 to 36 percent in older adult populations (Crocco et al., 2010).

Midlife depression has been consistently associated with about a two-
fold increased risk for subsequent cognitive decline or dementia (Byers 
and Yaffe, 2011). While a similar association has been demonstrated for 
late-life depression, caution is warranted in interpreting these studies since 
dementia has a long prodromal phase and can coexist with cognitive decline 
or dementia; establishing whether depression represents a cause, an effect, 
a manifestation of a shared mechanism, or a chance co-occurrence can be 
challenging. Nonetheless, a recent systematic review supported a strong 
relationship between late-life depression and subsequent dementia, with the 
strongest risk for vascular dementia.

A meta-analysis of 23 population-based studies examining late-life 
depression and involving more than 49,000 people demonstrated a signifi-
cantly increased risk for all-cause dementia (RR 1.85, 95% CI 1.67–2.04), 
Alzheimer’s disease (RR 1.65, 95% CI 1.42–1.92), and vascular dementia 
(RR 2.52, 95% CI 1.77–3.59) (Diniz et al., 2013). An earlier review of 13 
studies involving more than 32,000 people found relative risks of 1.5 to 6.0 
for cognitive decline or dementia (Plassman et al., 2010).

Potential mechanisms by which depression may contribute to cognitive 
decline and dementia include alterations in the glucocorticoid–stress hor-
mone pathway and hippocampal atrophy, inflammatory changes, vascular 
disease with involvement of the frontal-striatal pathway, and accelerated 
deposition of beta-amyloid (Byers and Yaffe, 2011; Crocco et al., 2010). 
While the exact relationship between depression and cognition awaits 
clarification, given depression’s prevalence and potential implications, its 
prevention and intervention should be an important goal in enhancing 
functioning and quality of life for older adults.

TRAUMATIC BRAIN INJURY

Brain trauma can occur at any age, and it varies dramatically in its 
severity, comorbid effects, and clinical outcomes. It may occur multiple 
times to the same individual, such as from repeated falls, from recurring 
concussions in sports participation, from military service, or from multiple 
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injuries associated with chronic substance abuse. Falls are the leading cause 
of brain trauma among older adults. Traumatic brain injury (TBI) is often 
divided into mild and severe categories; while criteria for these categories 
have been promulgated and are useful, they require additional research and 
validation (Arciniegas and Silver, 2001).

Severe TBI usually is associated with some period of coma, hospitaliza-
tion, and prolonged rehabilitation. There is usually gross anatomic brain 
damage (e.g., a penetrating wound, hemorrhage, or displaced or destroyed 
brain tissue). Persistent pathological problems may emerge, including hy-
drocephalus, vascular compromise, and fibrosis. These sequelae of brain 
injury may lead to long-term cognitive impairments, which cause substan-
tial functional disability (Vincent et al., 2014). The trajectories after severe 
TBI need to be better understood, including determining risk factors for 
improvement and adverse effects on later life cognitive function.

Mild TBI may be associated with concussion, but unconsciousness 
is likely to be brief, and mild TBI less often requires hospitalization or 
long-term rehabilitation. Remaining TBI symptoms, the so-called post-
concussion syndrome—irritability, headache, fatigue, and dizziness—may 
persist for days or weeks (Eisenberg et al., 2014) and can be frustrating to 
patients and clinicians and may impede conventional cognitive evaluation. 
Concerning single or multiple mild TBI episodes that appear to resolve to 
clinical “normalcy,” the central questions are whether they lead to later 
increases in the risk of cognitive decrements, and if so, what the range of 
severity is and how those at greater risk can be identified.

Many but not all studies find TBI to be associated with cognitive dec-
rements in later life compared to control groups, as determined both by 
cognitive testing and by brain anatomic and physiological characteristics 
(Ashman et al., 2008; Broglio et al., 2012; Konrad et al., 2011; Moretti et 
al., 2012). In addition, an older age at the time of the TBI and a greater 
interval between the injury and the evaluation have been independently as-
sociated with worse cognitive outcomes (Ponsford and Schonberger, 2010; 
Ponsford et al., 2008; Senathi-Raja et al., 2010). Some follow-up studies 
of 30 years or more (Isoniemi et al., 2006) have detected differences in 
some elements of cognitive performance between people with past TBI and 
control groups (Barnes et al., 2014). However, one systematic review found 
chronic cognitive impairment in mild TBI patients to have occurred only 
among those who had complications in their clinical course (Godbolt et al., 
2014). TBI in general has been associated with increased risk of dementia 
among U.S. military veterans (Barnes et al., 2014).

The evidence for the long-term role of mild TBI in chronic cognitive 
impairment is mixed and far from definitive. This is a challenging area to 
study because of differences in the types and severity of injury, the selection 
of appropriate control groups, the need for lengthy follow-up, the presence 
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of comorbidities, and the existence of many alternative potential causes of 
cognitive change. Definitions of cognitive impairment also vary. Although 
long-term studies are difficult to perform, they are critical to evaluating this 
exposure and are particularly important because they have the potential to 
strengthen public health efforts aimed at TBI prevention.

Summary for Medical Conditions

The evidence for the contributions of the medical conditions examined 
in this section on the cognitive aging process is mounting, yet the impact 
and mechanisms often remain unclear. In addition, targeted intervention 
strategies to prevent cognitive decline associated with these conditions have 
not been well examined. This is a priority for future research.

HEARING AND VISION LOSS

Alterations in sensation and perception with aging can have substantial 
effects on daily function, and ongoing research is investigating the role of 
hearing and vision loss in cognitive performance. Vision loss and low visual 
acuity, both of which are common among older adults, have been associ-
ated with decreased cognitive function (Clemons et al., 2006), but the pre-
cise effect depends on the type of eye disease (Keller et al., 1999; Tay et al., 
2006). Age-related changes in vision include: declines in visual acuity and 
in the range of visual accommodation, loss of contrast sensitivity, decreases 
in abilities to visually adapt to darkness, declines in color sensitivity, and 
heightened sensitivity to glare (Czaja and Lee, 2003).

Some causes of visual impairment, such as cataracts or retinitis, are 
related to pathology in eye structures; others may be related to brain dis-
eases, such as neurodegenerative conditions, where there are underlying 
problems in visual-spatial perception. The mechanisms by which declining 
visual acuity relates to cognitive aging are not always clear, but they may 
include decreased social activity and increased risk of falls, possibly lead-
ing to head injury (Wood et al., 2011). Some types of visual impairment, 
such as decreased near vision, may be risk factors for cognitive impairment 
(Reyes-Ortiz et al., 2005). Also, because both cognitive changes and visual 
loss emerge slowly, it can be difficult to determine which came first. None-
theless, there is reasonably strong evidence that visual impairment is a risk 
factor for cognitive change, even after controlling for mental status and co-
morbidity (Clemons et al., 2006; Lin et al., 2004; Reyes-Ortiz et al., 2005).

Age-related losses in hearing include a loss of sensitivity for pure tones, 
especially high-frequency tones; difficulty understanding speech, especially 
if the speech is distorted or embedded in noise; problems related to local-
izing sounds and binaural hearing; and increased sensitivity to loudness 
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(Schieber and Baldwin, 1996). While severe hearing loss can make it diffi-
cult to assess cognitive function, this sensory impairment has been identified 
in several studies as a risk factor for cognitive decline, incident dementia, 
and severity of cognitive dysfunction (Lin et al., 2011, 2013; Uhlmann et 
al., 1989). Studies of combined hearing and visual impairment have also 
found an association with cognitive aging (Lin et al., 2004). Preexisting 
neurodegenerative diseases may preclude accurate auditory testing.

Irrespective of the relationship between vision or auditory impairment 
and cognitive function, improving and maximizing sensory function is im-
portant to quality of life and general function and mobility for older adults, 
and it should be addressed (Genther et al., 2013; Lin et al., 2004). These 
changes can affect interactions with the health care system as well. For 
example, age-related changes in vision might make it difficult for an older 
person to read labels on a medication bottle, which may in turn affect the 
proper use of prescription drugs. Similarly, age-related changes in hearing 
might make it difficult for an older adult to engage in a conversation or to 
understand oral instructions, particularly when speech is rapid.

SLEEP

Evidence from Observational Studies

Epidemiological studies of self-reported sleep quality have generally 
shown an association among poorer cognitive function, insomnia symp-
toms, and poor sleep quality (Fortier-Brochu et al., 2012; Schmutte et al., 
2007), although the results of studies evaluating cognitive impairment and 
sleep patterns have been mixed. Some studies have shown a roughly two- 
to four-fold increase in the risk of cognitive decline or impairment among 
those who reported sleep disturbances (Elwood et al., 2011; Jelicic et al., 
2002; Potvin et al., 2012; Sterniczuk et al., 2013), while others have found 
no association (Foley et al., 2001; Jaussent et al., 2012; Merlino et al., 
2010; Tworoger et al., 2006). Differing results across studies using self-
reports about sleep patterns may be due in part to the heterogeneity of the 
study methods and design. The majority of studies using objective measures 
to determine sleep quality have supported a greater risk of cognitive decline, 
impairment, and Alzheimer’s disease being associated with disturbed sleep, 
as measured by non-invasive actigraphy, including associated longer time 
needed to fall asleep, increased sleep fragmentation, and waking after sleep 
onset (Blackwell et al., 2006, 2011; Lim et al., 2013a). Furthermore, better 
sleep consolidation has been shown to reduce the incidence of cognitive 
decline (Lim et al., 2013b). Observational studies have suggested that there 
may be a U-shaped association between sleep duration and cognition, with 
worse cognitive outcomes associated with both long and short sleep dura-
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tions compared to more intermediate sleep lengths of 7 to 8 hours (Yaffe 
et al., 2014).

Disordered breathing during sleep, typically involving apneas (the ces-
sation of breathing) and hypopneas (reduced or shallow breathing), also 
has been associated with impairments in cognitive function. In some cross-
sectional studies, indicators of sleep disordered breathing have been as-
sociated with worse cognition (Beebe et al., 2003; Spira et al., 2008), but 
not all studies have found this (Blackwell et al., 2011; Foley et al., 2003). 
Prospective studies have shown older adults with sleep disordered breathing 
have greater cognitive decline (Cohen-Zion et al., 2004) and an increased 
risk of MCI or dementia than those without disordered breathing during 
sleep (Yaffe et al., 2011). Taken together, these results suggest that improv-
ing sleep may prove beneficial for cognitive outcomes among older adults.

Evidence from Intervention Studies

A number of treatments have been shown to be effective in improving 
sleep among older adults, but few trials have evaluated the cognitive ben-
efits of these treatments. A small study among older adults with insomnia 
showed improvements in both sleep quality (falling asleep sooner and 
staying asleep) and cognitive performance after 8 weeks of a computerized 
cognitive training program (Haimov and Shatil, 2013). Exercise, primar-
ily aerobic, has also shown potential for benefiting sleep and well-being 
among older adults with and without insomnia (Benloucif et al., 2004; 
Montgomery and Dennis, 2002; Reid et al., 2010), but further study is 
needed to evaluate effects on cognitive aging.

Promising results have also been demonstrated for the use of light 
therapy to ameliorate sleep and circadian rhythm disturbances in people 
with Alzheimer’s disease and other dementias, although the cognitive ben-
efits have not yet been determined (Hanford and Figueiro, 2013; McCurry 
et al., 2011; Salami et al., 2011). Several small trials have shown that 
acetylcholinesterase inhibitors may improve sleep and cognitive outcomes 
among both healthy adults and those with Alzheimer’s disease (Ancoli-
Israel et al., 2005; Cooke et al., 2006; Hornung et al., 2009; Mizuno et al., 
2004; Moraes Wdos et al., 2006; Schliebs and Arendt, 2006); however, the 
benefits must be weighed against the potential side effects (Inglis, 2002), 
and larger prospective trials are needed to determine long-term outcomes.

Sleep disordered breathing is a promising modifiable risk factor for 
improving cognitive outcomes; however, the timing and duration of its 
treatment as well as the optimal treatment population are still unclear. A 
meta-analysis of 13 treatment studies found improvements in attention, but 
most trials were short-term and underpowered (a mean sample size of 54) 
(Kylstra et al., 2013). In one small 3-month study of sleep apnea patients, 
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continuous positive airway pressure (CPAP) treatment resulted in improved 
cognitive function in several domains that corresponded to gray matter 
volume increases in hippocampal and frontal regions (Canessa et al., 2011). 
Another small study found that compliant use of CPAP for 3 months was 
associated with broad improvements in cognitive functioning, such as in at-
tention, psychomotor speed, executive functioning, and nonverbal delayed 
recall (Aloia et al., 2003). Results from the recent Apnea Positive Pressure 
Long-term Efficacy Study (APPLES) trial showed improvements in execu-
tive function among patients with severe obstructive sleep apnea following 
CPAP therapy over 2 and 6 months, but no improvement on tests of at-
tention, psychomotor function, or memory (Kushida et al., 2012). Another 
study evaluating functional MRI changes in 17 participants undergoing 2 
months of CPAP treatment suggested that treatment improves cognitive 
function but that the potential to reverse neuronal damage may be limited 
(Prilipko et al., 2012).

Some promise has been shown for certain drugs, such as donepezil and 
fluticasone, in treating obstructive sleep apnea and improving cognitive 
outcomes; however, the evidence is currently insufficient to recommend the 
use of drug therapy in treating obstructive sleep apnea, and additional stud-
ies among larger populations with long durations of follow-up are needed 
(Mason et al., 2013).

Summary

In aggregate, observational and intervention studies suggest that insom-
nia and sleep disorders may impair cognitive function in older adults and 
that their treatment has the potential to ameliorate this effect. The long-
term effects on cognitive aging are unknown. Most intervention trials have 
been small and short-term, and additional studies among larger populations 
and longer follow-up are needed (Mason et al., 2013). The treatment of 
sleep disordered breathing has particular promise for improving cognitive 
outcomes. The mainstay of current treatment for obstructive sleep apnea 
consists of non-pharmacologic approaches, including CPAP and weight 
reduction.

GENETIC FACTORS: APOE STATUS

Advances in genetics and molecular biology have prompted substantial 
exploration of a possible genetic basis for age-related cognitive impairment. 
Most of these “risk factor” investigations have attempted to identify genetic 
predictors and correlates of Alzheimer’s disease and other neurodegenera-
tive dementias. Currently, interest in possible genetic impacts on other late-
life cognitive changes, both negative and positive, is increasing. To date, the 
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gene (and surrounding genetic regions) found to be most closely related to 
decreased cognitive function in later life secondary to Alzheimer’s disease 
is the APOE e4 allele (Davies et al., 2014). This has been established in 
many studies and summarized in a meta-analysis by Small and colleagues 
(2004). However, while this finding is important for use in clinical predic-
tion or in evaluating early or familial cognitive syndromes, the committee 
is not aware of any U.S. national expert group that has recommended 
routine APOE e4 screening in asymptomatic adults. Furthermore, evidence 
suggests that the APOE e4 allele has different cognitive effects at different 
ages (Qiu et al., 2004).

It is difficult to assess the significance of other genes and related ge-
netic markers that have been identified in diverse studies related to cogni-
tive maintenance (Payton, 2009). The studies have several methodological 
features that impede comparison, including varied study populations, the 
strength of the association is usually small, findings vary in different study 
populations, studies often fail to consider relevant comorbid conditions, 
different studies find associations with different cognitive outcomes, and bi-
ological interactions exist among implicated genes (Adamczuk et al., 2012).

A recent meta-analysis reported on more than 20 genetic loci that have 
demonstrated modest but significant effects on dementia risk (Bertram and 
Tanzi, 2008). In at least one recent genome-wide association study, yet 
another genetic location (on chromosome 11) appeared to be associated 
with cognitive maintenance in older adults (Yokoyama et al., 2014). Other 
such genetic factors may exist. Thus, new and potentially important genetic 
variants continue to be identified that may turn out to be relevant to main-
taining late-life cognitive performance (Sweet et al., 2012; Yokoyama et al., 
2014), and other genetic factors, such as epigenetic determinants, may also 
be operative (Akbarian et al., 2013).

Summary

Overall, it appears that while genetic forces must be ultimately impor-
tant in cognitive aging, the research is at an early stage, the particular genes 
and related mechanisms have not been identified, and the research quest 
continues. At present, the exact role of genetic factors in cognitive mainte-
nance and decline remains unclear, with little reason at this time to perform 
genetic testing among older persons in the general population either to 
predict cognitive risk or to guide treatment decisions. Further research in 
this area is clearly needed.
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4C

Risk and Protective Factors and 
Interventions: General Cognitive 

Aging Interventions and Next Steps

This chapter explores interventions that are aimed at improving cogni-
tion or slowing cognitive decline but that are not aimed at specific 
risk factors. Among the many approaches that fall into this category 

are cognitive stimulation through memory and other cognitive skills train-
ing, participation in the arts, technology-based cognitive stimulation, elec-
trical stimulation, medications, and chemical stimulation such as the use of 
nootropic drugs or supplements. The chapter reviews studies that examine 
the effects on cognition of combining several interventions (e.g., physical 
activity, diet, cognitive stimulation) in multimodal interventions and con-
cludes with the committee’s recommendations on next steps.

COGNITIVE STIMULATION AND TRAINING

There has been considerable scholarly and commercial interest over 
the past several years in the question of whether cognitive stimulation, 
either through such everyday activities as completing crossword puzzles, 
participating in a book club, playing card games, learning to play a musical 
instrument, and learning a new language (see Chapter 4A) or through more 
formal training, can assist in the maintenance or enhancement of cognitive 
function as people age. A second, equally important question is whether 
cognitive stimulation and training will transfer to real-world activities and 
tasks (i.e., transfer effects). For example, can a computer-based memory 
training program help people better remember their shopping list, medical 
and other appointments, and the names and faces of new acquaintances? 
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Or can computer-based, cognitive training improve driving performance 
and safety?

Fortunately, an increasing number of randomized controlled trials 
(RCTs) are assessing whether cognitive training, such as adaptive computer-
based programs, can create improvements in trained performance and 
whether the benefits of such training will transfer to untrained tasks and 
skills. In general, these studies reveal that older adults can indeed benefit 
from training, albeit often at a slower rate than younger adults do (Baltes 
et al., 1989; Willis et al., 2006; Winocur et al., 2007). Transfer effects 
(benefits for untrained-for tasks) are often quite limited, as a study by Ball 
and colleagues (2002) illustrates. In this study, the largest RCT of cognitive 
training to date, 2,800 older adults were randomized among three training 
groups (training for memory, reasoning, and speed of processing) and a no-
contact control group. Participants did improve on the trained tasks and 
other measures of these processes. However, no significant transfer occurred 
between the trained and untrained cognitive processes (e.g., those individu-
als receiving memory training did not improve on speed of processing and 
vice versa). Interestingly, the benefits of training were still observed for the 
reasoning and speed-of-processing groups, as compared with the control 
group, after 10 years. Participants in each of the three training groups also 
reported less difficulty with instrumental activities of daily living (IADLs), 
although no differences were observed for the performance-based every-
day activities (Rebok et al., 2014). The IADL results should be interpreted 
with caution, since they might be partly attributable to expectancy differ-
ences between the training groups and the no-contact controls (Boot et al., 
2013b).

Another major focus of the cognitive training literature has been on 
improving working memory (also see Chapter 2), on which many other 
cognitive processes depend (Bopp and Verhaeghen, 2005; Hale et al., 2011), 
which makes working memory an important target for training. It is now 
relatively well established that young adults show near-transfer effects with 
working memory. However, the transfer results for older adults have been 
mixed, with some studies failing to observe any transfer, even to similar 
memory tasks (Dahlin et al., 2008; Zinke et al., 2012), while other stud-
ies have reported transfer to similar memory tasks (Li et al., 2008; Zinke 
et al., 2014). A number of factors that might mediate transfer have been 
suggested, including age, health, general cognitive ability, baseline perfor-
mance, motivation, and expectancies (Boot et al., 2011; Brehmer et al., 
2011; Fairchild et al., 2013).

Another approach to strengthening cognitive skills for older adults has 
been the use of video games, which employ a somewhat different set of 
training strategies than the computer-based training. For example, Anguera 
and colleagues (2013) worked with video games incorporating cognitive 
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training tasks that have shown some promise in training and transfer in the 
scientific literature. These video games are believed to be more entertaining 
(and motivating) than most of the cognitive tasks designed by cognitive 
scientists, and they can adaptively increase their difficulty level as the user’s 
skill increases, just as “off-the-shelf” video games designed for entertain-
ment do.

A study by Smith and colleagues (2009) used a commercially avail-
able adaptive cognitive training program focused on auditory detection, 
discrimination, and comprehension. The researchers compared an experi-
mental group to an active control group that watched educational videos 
(1 hour daily for 40 sessions). Older adults in the active group improved, 
relative to the control group, on auditory measures from the Repeatable 
Battery for the Assessment of Neuropsychological Status as well as on 
other measures of attention and memory. Effect sizes were generally small 
to modest, and a subset of these effects was maintained over a 3-month 
period (Nouchi et al., 2012; Zelinski et al., 2011). Not all video game-based 
cognitive training programs have been as successful, with some failing to 
find any transfer of training effects (Ackerman et al., 2010; Owen et al., 
2010) and others observing very limited transfer of training (van Muijden 
et al., 2012). Research on the use of video games designed for enjoyment 
(rather than specifically for cognitive training) has produced a mixed pat-
tern of effects in older adults, with some showing transfer effects (Basak et 
al., 2008; Belchior et al., 2013) and others failing to observe them (Boot 
et al., 2013a).

In this report the committee does not attempt to compare one approach 
to cognitive training with another; rather, it considers the overall literature 
on this topic. The committee recognizes that future studies will better in-
form the research community and the general public about the effectiveness 
of these approaches to training, especially in whether the skills they support 
transfer to everyday tasks and challenges.

Ongoing debate by experts in the field about the utility of commer-
cial cognitive training games (Cognitive Training Data, 2015; Stanford 
Center on Longevity, 2014) points to the need for careful evaluation of 
these efforts. Given the early stage of research in this field and the need to 
demonstrate and validate transfer effects from cognitive training products 
to real-life situations, consumers need information from independent evalu-
ations of commercial cognitive training products. Questions to be examined 
by consumer organizations and evaluation researchers include

•	 Has the product demonstrated transfer of training to other labora-
tory tasks that measure the same cognitive construct as the training 
task (e.g., if some aspect of memory is being targeted in the prod-
uct, is transfer demonstrated to other memory tasks)?
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•	 Has the product demonstrated transfer of training to relevant real-
world tasks?

•	 Has the product performance been evaluated using an active con-
trol group whose members have the same expectations of cognitive 
benefits as do members of the experimental group?

•	 How long are the trained skills retained?
•	 Have the purported benefits of the training product been replicated 

by research groups other than those selling the product?

Furthermore, the committee recommends a review of regulatory poli-
cies and guidelines (see Recommendations section) and the development of 
consumer product evaluation criteria for cognition-related products (see 
Chapter 6).

In summary, the literature on cognitive stimulation and cognitive train-
ing is promising, in that studies have shown that older adults can improve 
on trained abilities, albeit often at a slower pace than that of younger 
adults (for an exception, see Kramer et al., 1999), and that improvements 
on the tasks can be maintained over time (Rebok et al., 2014; Zelinski et 
al., 2011). Studies of the transfer of training effects to other tasks have 
had mixed results, with few showing transfer effects extending to tasks 
that are dissimilar to the training tasks (including transfer to real-world 
tasks and skills). As the developers of cognitive training products strive 
to demonstrate the benefits of these products in real-life situations, claims 
regarding the effectiveness of their products will require careful evaluation 
by consumers and in regulatory review.

ARTS

Engagement in the arts has been gaining increasing interest as a po-
tential intervention to maintain or improve a variety of aspects of health, 
including cognition. In general, these approaches have focused on “partici-
patory” arts, in which the older adult is actually creating art or doing the 
activity rather than observing performances or discussing art. The state of 
the science regarding the impact of participation in writing, theater, music, 
dance, and visual arts has been reviewed (Noice et al., 2014). Much of the 
published literature reports the results of studies employing quasi-experi-
mental and intervention designs. Moreover, many of the studies have sub-
stantial limitations in design and implementation (e.g., small sample sizes 
and unrepresentative samples, short follow-up, use of composite measures 
that may not have clinical relevance, or incomplete reporting of results). 
Methodological rigor might be improved by creating teams of researchers 
who have content and research expertise.

To date, some RCT evidence supports the use of theatrical acting, 
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dance, and piano playing to improve specific aspects of cognition (e.g., ex-
ecutive function and working memory [piano playing]; selective attention/
concentration and a composite cognition measure [dance]; recall, problem 
solving, and verbal fluency [acting]) (Bugos et al., 2007; Kattenstroth et al., 
2013; Noice and Noice, 2009, 2013; Noice et al., 2014). However, many 
of the studies have inconsistent results or do not show persistent benefits. 
A 6-month, once-weekly dance intervention was found to improve many 
aspects of cognitive and physical function along with subjective well-being, 
without causing any improvement in physical fitness (Kattenstroth et al., 
2013). Furthermore, virtually no studies directly compare different arts 
interventions.

In summary, despite the limitations of existing research, the results 
are promising. Additional studies on the influence of the arts on cognitive 
health are needed that have the methodological rigor that teams of research-
ers with expertise in the arts, cognition, and methodology can bring.

PHARMACOLOGICS, NOOTROPICS, AND SUPPLEMENTS

Pharmacologics and Nootropics

Continued controversy exists on the usefulness of medications and 
pharmacologics for preventing cognitive decline and for enhancing or im-
proving cognitive function in older adults. Several medications evaluated 
over the past decade are thought to have cognitive-enhancing properties 
either directly or through disease modification. Although a few have been 
found to slow cognitive decline in older people with dementia, the few 
controlled studies in people without dementia have had mostly mixed or no 
results. The majority of these studies are observational, have some method-
ological shortcomings in design, and vary widely in how they measured cog-
nitive function. This section highlights a few specific pharmacologics and 
introduces the category of nootropic medications. (As noted in Chapter 4B, 
there also are a number of medications that can cause cognitive decline.)

Cognitive outcomes have been examined as secondary outcomes in 
some studies, but few studies have focused specifically on cognitive out-
comes. A 2012 prospective cohort study looked at the effects of low doses 
of acetylsalicylic acid on women who had high cardiovascular disease risk 
and were free of dementia; the women given the acetylsalicylic acid showed 
smaller declines in Mini-Mental State Examination (MMSE) scores than a 
comparison group, but the differences in scores were small. There were no 
differences between the groups for risk of dementia (Kern et al., 2012). A 
2010 observational study of non-steroidal anti-inflammatory drug users 
without dementia (N = 2,300) from the Baltimore Longitudinal Study of 
Aging showed less decline in cognitive performance over time among users 
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of non-steroidal anti-inflammatory drugs when assessed on the Blessed 
I-M-C test (memory and attention) and Trail Making Part B. Study partici-
pants taking acetylsalicylic acid declined on several measures (Waldstein et 
al., 2010).

Studies of the effects of hormone therapy on cognitive function have 
found very small or adverse effects. A 4-year RCT of hormone treatment in 
postmenopausal women with cardiovascular disease did not find improve-
ments in cognitive function compared to the use of a placebo (Grady et 
al., 2002). A 2008 Cochrane review of 16 double-blind RCTs showed no 
effects of hormone replacement therapy (either estrogen alone or in com-
bination with progestagen) in preventing cognitive impairment (Lethaby et 
al., 2008). Participants in the meta-analysis were followed for an average of 
4 to 5 years, and some negative effects were found after 1 year of estrogen 
replacement therapy and 3 and 4 years of the combined form.

Continued controversy exists regarding the hypothesis that hormone 
replacement therapy may confer cognitive and other benefits depending on 
the timing, formulation, dosage, and duration of treatment, and additional 
research is needed (Maki, 2013). Some have argued that cognition and 
verbal memory, in particular, may benefit from early hormone therapy, 
although this may apply only to specific combinations of hormones (Maki, 
2013; Sherwin et al., 2011). Several trials are under way to attempt to 
address some of the questions regarding hormone therapy safety and to 
ascertain its impact on cognitive outcomes. The KEEPS Cognitive and 
Affective Study is a multicenter clinical trial investigating the benefits of 
hormone replacement therapies administered to perimenopausal women. 
This study includes women 42 to 58 years of age. The study’s primary 
cognitive outcome measures will include performance on tests of verbal 
memory and attention/executive function. Final results have not yet been 
published (NIH, 2014).

Nootropics are a broad range of medications, supplements, and nutri-
ceuticals that aim to stimulate cognitive performance or facilitate learning. 
Most have not been evaluated in clinical trials of older people without 
dementia and are not focused on preventing or remediating decline. Noo-
tropics have been classified by their mechanism of action into 19 separate 
categories (Froestl et al., 2014a,b,c). Some are intended to enhance cogni-
tion directly, whereas others are reputed to enhance neuronal health. Ac-
cordingly, many studies of presumed nootropics have focused on specific 
situations (e.g., during sleep deprivation) rather than examining the ef-
fects of long-term use on cognition. Classes of nootropics for which some 
evidence exists about their efficacy in people who do not have dementia 
include
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•	 Racetams (e.g., piracetam): A meta-analysis of studies involving pa-
tients undergoing coronary bypass surgery suggested that racetams 
have short-term benefits on several dimensions of cognitive func-
tion, such as pictured object recall, delayed pictured object recall, 
delayed picture recognition, immediate word recall, and letter in-
terference (Fang et al., 2014).

•	 Cholinesterase inhibitors (e.g., donepezil): In small, short-term 
(14- to 42-day) trials, donepezil improved the retention of training 
on complex aviation tasks and verbal memory. Studies on episodic 
memory show mixed results. In one study, donepezil reduced the 
memory and attention deficits resulting from 24 hours of sleep 
deprivation (Repantis et al., 2010a).

•	 Phenylethylamines (e.g., methylphenidate): Methylphenidate had 
short-term benefit on memory, especially spatial working memory, 
but not on attention or other dimensions of cognition (Repantis et 
al., 2010b).

•	 Eugeroics (e.g., modafinil): Modafinil improved attention for well-
rested individuals, and in sleep-deprived individuals it showed ben-
eficial effects on wakefulness, memory, and executive functions 
(Repantis et al., 2010b).

•	 Other putative nootropics (e.g., selegiline, phosphadiylserine, ato-
moxetine, bupropion) have not been shown to have positive ben-
efits on cognition in humans.

The potential harms of medications and pharmacologics also need to 
be considered, including bleeding and effects on the central nervous and 
gastrointestinal systems.

Summary

The committee did not identify evidence that nootropic compounds 
lead to long-term improvement or the preservation of cognition. Studies 
that have looked for any cognition-enhancing properties of these substances 
have been limited by various methodological shortcomings and the risk of 
bias, including the lack of a consistent and standard definition for improved 
cognition, a paucity of RCTs, variability in the measurement of cognitive 
change or improvement, the short-term scale of the follow-up, and varia-
tions in drug formulations, dosages, and duration of treatment. Some of the 
studies cited above were designed to evaluate other questions or conditions 
such as cardiovascular disease or dementia.

The studies that showed minor improvements in cognitive measures 
did not demonstrate clinically important changes, and their impact on 
cognitive functioning and daily life was less clear. In conclusion, although 
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the situation may become clearer over time with further RCTs and larger 
studies, no consistent associations have yet been found. No currently avail-
able medication, either prescribed or over-the-counter, has been shown 
to effectively delay cognitive decline or enhance or promote cognition in 
healthy older adults.

Supplements

Ginko Biloba

Gingko biloba, an herbal extract used as a part of traditional Chinese 
medicine, is sold as a nutritional supplement (Birks and Grimley Evans, 
2009). Numerous mechanisms have been proposed for its possible benefits, 
including antioxidant effects, mitochondrial protection, the promotion of 
hippocampal neurogenesis, decreasing blood viscosity, and the enhancing 
of microperfusion in the brain (Amieva et al., 2013).

In a prospective study of 3,612 cognitively healthy French men and 
women who were age 65 years and older at baseline and who were fol-
lowed for 20 years, the scores of gingko users declined less than did those of 
non-supplement users on the MMSE (Amieva et al., 2013). By contrast, in 
a large RCT conducted in 3,069 Americans age 72 to 96 years, twice-daily 
supplementation with 120 mg of gingko did not affect the rate of change in 
scores on the MMSE compared with study participants receiving a placebo, 
over 6 years of follow-up (Snitz et al., 2009). A recent meta-analysis that 
examined the effects of gingko on cognition did not separately examine 
the subgroup without dementia or mild cognitive impairment (Tan et al., 
2014). Given the current results of RCTs, gingko is not considered effective 
in preventing cognitive decline.

Caffeine

Coffee and tea, purportedly because of their caffeine content, are cen-
tral nervous system stimulants, which increase alertness and arousal. The 
literature on caffeine’s effects on cognition is inconsistent but has some sup-
port in both animal and human studies. In laboratory studies of older rats, 
8 weeks of coffee-supplemented diets resulted in enhanced performance on 
psychomotor testing and on a working memory task; the most beneficial 
dose was equivalent to 10 cups of coffee per day (Shukitt-Hale et al., 2013). 
Based on further tests in which caffeine alone did not appear to explain all 
of the enhanced cognitive effects, the authors concluded that other bioactive 
compounds in coffee may play a role (Shukitt-Hale et al., 2013).

In humans, short-term studies of caffeine have demonstrated improved 
perceptual speed and vigilance (Childs and de Wit, 2006). In a recent labo-
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ratory study of 24 healthy older adults who were asked to perform a de-
manding working memory task and undergo functional magnetic resonance 
imaging (fMRI), the activity in the part of the brain where working memory 
takes places was enhanced with acute caffeine administration compared to 
a placebo (Haller et al., 2013).

Reviews of prospective studies have found considerable variation in 
their results (Arab et al., 2013; Carman et al., 2014; Vercambre et al., 
2013). In a 2014 comprehensive review, 3 of 11 prospective studies and 4 
of 7 cross-sectional studies found associations between caffeine intake and 
cognitive outcomes, with these associations being more consistent among 
women and for coffee consumption (Beydoun et al., 2014). Some studies 
found modestly reduced levels of cognitive decline associated with caffeine 
intake, especially coffee, while other studies showed non-significant or no 
associations or evidence only for coffee intake, or benefit only for women 
or specific exposures. For example, in the Cardiovascular Health Study 
(2,722 women, 2,077 men), tea and coffee intake were associated with 
less cognitive decline in women but not in men (Arab et al., 2011). Among 
2,475 women age 65 years and older who were at high vascular risk and 
participated in the Women’s Antioxidant Cardiovascular Study, consump-
tion of caffeinated coffee, but not tea, cola, or chocolate intake, was asso
ciated with a slower cognitive decline, including slower declines in global 
cognition, verbal memory, and category fluency (Vercambre et al., 2013).

Both animal and human short-term interventional studies support the 
beneficial effect of caffeine on some aspects of cognition. However, the pub-
lished studies do not permit conclusions about dose or duration or about 
whether the effects are enduring or only short term. Data on long-term 
benefits are only observational and inconsistent. The dose and source (e.g., 
coffee versus other beverages or supplements) and whether only specific 
populations (e.g., women) benefit are all issues that will require further 
research.

TRANSCRANIAL DIRECT CURRENT STIMULATION (tDCS)

Recent studies have suggested that transcranial direct current stimula-
tion (tDCS) may improve learning and cognitive performance by modulat-
ing the excitability of cortical brain networks (Coffmann et al., 2012; Utz 
et al., 2010), which are assumed to be prime brain regions that support 
different cognitive processes. However, much remains to be learned about 
the process’s safety and efficacy. tDCS uses a weak electric current (1–2 mA) 
administered through an electrode for 20 to 40 minutes (Brunoni et al., 
2012).

Surface-anodal tDCS increases excitability in the cortex near the posi-
tive electrode through weak but coherent polarization of the membrane 
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potential of radially oriented axons (Reato et al., 2010). Long-term po-
tentiation has been proposed as a possible mechanism for the longer-term 
and behavior-enhancing effects of tDCS (Nitsche and Paulus, 2000). At a 
cognitive level, tDCS may engender learning, in part, by enhancing an indi-
vidual’s attention to critical stimuli and events within new tasks (Coffman 
et al., 2012). For example, a small study with the electrode over the right 
temporal parietal cortex resulted in improvement in the ability to retain 
object–location learning at 1 week (Floel et al., 2012). Application over 
the right dorsolateral prefrontal cortex was associated with increases in the 
proportion of performance errors that were consciously detected (Harty 
et al., 2014). Moreover, using a crossover sham-controlled design, tDCS 
administered to the left inferior frontal gyrus led to improvement in overt 
semantic word generation and the inducement of a more “youth-like” con-
nectivity pattern during resting-state fMRI (Meinzer et al., 2013).

A number of theoretical and methodological issues require further 
study. For example, although animal studies have begun to reveal the bio-
physics of direct current stimulation (Bikson et al., 2004), there is still much 
to learn about the dependence of tDCS’s effects on N-methyl-D-aspartate 
glutamate receptors and on long-term potentiation and depression and also 
about the optimal placement and size of the stimulating electrodes and cur-
rent strength, as well as about alternative stimulation techniques, such as 
alternating current and random noise stimulation (Fertonani et al., 2011).

In summary, tDCS shows some promise for enhancing learning and 
selective aspects of cognition, but further testing for both safety (especially 
for long-term application) and efficacy is needed before tDCS can be recom-
mended for improving cognition and before it is known which situations 
are appropriate for such stimulation.

MULTI-DOMAIN TRIALS

Given that some of the modifiable risk factors for cognitive decline 
are interrelated and that an intervention with multiple components might 
be more beneficial for cognitive health than one involving a single factor, 
multi-domain interventions are emerging as a new strategy. Of the six com-
pleted multi-domain trials described below, four have produced cognitive 
improvements through a combination of physical and mental activities. 
Two trials found that combining physical activity and cognitive training 
among healthy older adults was more effective at improving cognitive test 
scores than either intervention alone (Fabre et al., 2002; Oswald et al., 
2006). Another trial examining physical activity and vitamin E supplemen-
tation found improvements in cognitive outcomes associated with physical 
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activity but no added benefit with vitamin E (Cetin et al., 2010). Among 
participants in the Mental Activity and Exercise (MAX) trial, which evalu-
ated mental and physical activity interventions, global cognitive function 
improved over time, but there was no difference between intervention and 
control groups (Barnes et al., 2013). Two other trials, one evaluating a 
physical and cognitive activity intervention among older adults at risk for 
cognitive decline (Legault et al., 2011) and the other a diet, social, and 
physical activity intervention among frail older adults (de Jong et al., 2001), 
found no effects on cognitive outcomes. Overall, findings from multi-
domain trials look promising, although conclusions cannot yet be drawn 
regarding any additive or synergistic effects from targeting multiple factors 
or about which domains yield the greatest effect.

At least seven multi-domain trials have been recently completed or are 
currently under way, and all have included a physical activity component. 
Two combined cognitive and physical activity (Gates et al., 2011; O’Dwyer 
et al., 2007), while another is evaluating aerobic versus resistance exercise 
alone or in combination with a diet intervention (Kouki et al., 2012). An-
other trial among frail older adults is examining the benefits of omega-3 
supplementation alone or in combination with physical activity, cognitive 
training, and social activities (University Hospital Toulouse, 2014), and two 
trials involve behavioral interventions targeting mental activity and lifestyle 
factors related to cognitive health such as nutrition, physical and social 
activities, and vascular risk factors (HealthPartners Institute for Education 
and Research, 2009; National Institute for Health and Welfare Finland, 
2014; Ngandu et al., 2014). Yet another trial is evaluating whether an 
intervention targeting medication compliance, blood pressure control, diet 
changes, and physical activity will help prevent cognitive decline among 
those who have had an ischemic stroke (Brainin et al., 2013; Danube Uni-
versity Krems, 2012).

In summary, results from multi-domain trials appear promising. Future 
studies should provide greater clarity regarding which combinations of fac-
tors (and which levels, duration, and treatments) yield positive benefits for 
general or selective aspects of cognition.

NEXT STEPS AND RECOMMENDATIONS

This and the two preceding chapters have described strengths and limi-
tations in the evidence base for preventing and mitigating cognitive decline 
and promoting cognitive health. The following recommendations offer 
actions that individuals and their families can take, policy and regulatory 
efforts that are needed, and priority areas for future research.
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Take Action to Support Cognitive Health

In examining the evidence base for actions by individuals and behavior 
changes that could be recommended, the committee found a paucity of re-
search that focuses on preventing cognitive decline or promoting cognitive 
health in individuals across the life span and in those who are not diag-
nosed with mild cognitive impairment or neurodegenerative diseases, such 
as Alzheimer’s disease and other dementias. Although it is not possible to 
define “normal” cognitive aging because individuals vary so widely in their 
baseline cognition and in the way their cognitive function changes with ag-
ing, strong evidence supports several actions as having a positive impact: 
engaging in physical activity, monitoring medications, being aware of and 
preventing delirium-related cognitive changes, and reducing cardiovascular 
disease risk. Examples of the resources available to individuals and their 
families to make these changes are provided in Chapter 6. Other actions, 
such as getting adequate sleep, may have a positive impact on cognition, 
but further research is needed on non-disease-related cognitive effects and 
on disentangling confounding factors. At present there is a great deal of 
research focused on cognitive training and on games aimed at improving 
cognitive function. Among the issues being explored in this research are 
the retention of training effects and how best to transfer the gains made 
in gaming/training into changes in cognitive function in daily life and into 
related areas of cognition.

Recommendation 3: Take Actions to Reduce Risks of Cognitive De-
cline with Aging
Individuals of all ages and their families should take actions to maintain 
and sustain their cognitive health, realizing that there is wide variability 
in cognitive health among individuals.
	 Specifically, individuals should:

•	 Be physically active.
•	 Reduce and manage cardiovascular disease risk factors (in-

cluding hypertension, diabetes, smoking).
•	 Regularly discuss and review health conditions and medica-

tions that might influence cognitive health with a health care 
professional.

•	 Take additional actions that may promote cognitive health, 
including
	 Be socially and intellectually engaged, and engage in 

lifelong learning;
	 Get adequate sleep and receive treatment for sleep dis-

orders if needed;



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

GENERAL COGNITIVE AGING INTERVENTIONS AND NEXT STEPS	 199

	 Take steps to avoid the risk of cognitive changes due to 
delirium if hospitalized; and

	 Carefully evaluate products advertised to consumers to 
improve cognitive health, such as medications, nutri-
tionals, and cognitive training.

Increase Research on Risk and Protective Factors and Interventions

As noted throughout the chapters, much remains to be learned about 
the relationship between lifestyle and risk factors and the maintenance of 
cognitive health throughout the adult life span. While many studies have 
examined dementia-based outcomes, few have examined non-dementia- 
related cognitive changes. For some risk factors, there are few high-quality 
studies examining cognitive aging, including population-based longitudinal 
studies and RCTs of risk factor modification. Many studies do not include 
sufficient numbers of older adults for valid inferences. In addition, studies 
are needed that consider the effects of multiple risk factors and multimor-
bidity, in order to better understand the cumulative contributions of differ-
ent risk factors and the impact of risk factor reduction.

The assessment of cognitive function is a particular challenge (see 
Chapter 2). Measurement procedures (and tasks used to measure cognition) 
improve over time, as does the conception of various aspects of cognition. 
Careful measurement of baseline cognitive function, preferably at the latent 
variable level, is needed, as are various measurements repeated over time. 
Minimizing cultural, ethnic, racial, and socioeconomic biases in the mea-
surement of risk factors and outcomes is an additional concern.

Recommendation 4: Increase Research on Risk and Protective Factors 
and Interventions to Promote Cognitive Health and Prevent or Reduce 
Cognitive Decline
The National Institutes of Health, the Centers for Disease Control and 
Prevention, other relevant government agencies, nonprofit organiza-
tions, and research foundations should expand research on risk and 
protective factors for cognitive aging and on interventions aimed at pre-
venting or reducing cognitive decline and maintaining cognitive health.
	 Research efforts should:

•	 Develop collaborative approaches between ongoing longi-
tudinal studies across the life span that focus on cognitive 
aging outcomes in order to maximize the amount and com-
parability of data available on risk and protective factors.

•	 Examine risk factors and interventions in under-studied and 
vulnerable populations, including people 85 years and older 
and those with childhood or youth trauma or developmental 
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delay, mental illness, learning disabilities, or genetic intel-
lectual disabilities and spanning ethnic/cultural and socio-
economic groups.

•	 Conduct single- and multicomponent clinical trials of prom-
ising interventions to promote cognitive health and prevent 
cognitive decline, testing for both cognitive status and func-
tional outcomes.

•	 Assess cognitive outcomes in clinical trials that target the 
reduction of cardiovascular and other risk factors likely 
related to cognitive health.

•	 Explore older adults’ preferences and values regarding cog-
nitive health and aging and regarding specific cognitive in-
terventions and training modalities.

•	 Identify effective approaches to sustaining behavior changes 
that promote healthy cognition across the life span.

Policies and Regulatory Review for Cognition-Related Products

Health-related products and the advertising of those products are sub-
ject to the guidelines and regulations of the Food and Drug Administration 
(FDA) and the Federal Trade Commission (FTC). FDA has the responsi-
bility to assure the safety, effectiveness, quality, and security of drugs and 
medical devices and the safety and security of dietary supplements (FDA, 
2014), and FTC acts to prevent “unfair, deceptive or fraudulent practices in 
the marketplace” (FTC, 2015). Among its responsibilities, FTC has author-
ity to examine claims of deceptive advertising. Depending on the category 
of the product, federal agencies have a range of tools for regulation and 
review. For instance, when manufacturers wish to shift a medication from 
a prescription drug to an over-the-counter (OTC) medicine, FDA follows 
a process of evaluating safety data that will result in a product gaining or 
failing to gain OTC status (FDA, 2011). FDA also has the authority to re-
view new evidence regarding the safety and side effects of medications and 
can consider a number of remedies in the face of newly documented risks. 
Depending on the severity of the risk, appropriate regulatory measures 
could include required changes to product labeling, such as a specific warn-
ing of a side effect. More drastic measures might include a shift from OTC 
status to prescription use only or an outright ban on sales of the product. 
As discussed in Chapter 4B, antihistamines, sedatives, and other medica-
tions that have strong anticholinergic activity, many of which are sold over 
the counter, have the potential to impair cognition. Although giving OTC 
status to popular medicines has many advantages for consumers, those 
advantages disappear if a medication’s risks are substantial. The risks for 
older consumers of the OTC products listed above indicate that additional 
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consumer protections may be warranted. A reexamination of product labels 
and OTC status could focus on the cognitive effects of these products for 
older adults and include a comprehensive review of currently available data 
regarding adverse events.

For products that claim to enhance cognitive function or to maintain 
current levels of function (including cognitive training products, nutriceuti-
cals, supplements, or medications), a review of policies and regulatory guid-
ance is needed. In 1994 the passage of the Dietary Supplement Health and 
Education Act1 required that dietary supplements be regulated like foods, 
not drugs, which denied FDA the authority to require safety and efficacy 
data before marketing. Consumers may believe that dietary supplements 
are safe because they are “natural” products; however, manufacturers of 
dietary supplements are not required to list risks and side effects on their 
packaging, and some supplements (for instance, the now-banned ephedra), 
have substantial risks. FDA can remove clearly dangerous products from 
the market, but this process is neither fast nor simple. For dietary supple-
ments, FTC and FDA have an agreement outlining the responsibilities of 
each agency; FDA has primary responsibility for claims on product labeling 
and point-of-sale materials and FTC has the lead in responsibility for claims 
made in media advertising (FTC, 2001).

While the regulation of dietary supplements by FDA is difficult, the 
potential for FDA to regulate cognitive training products is still more uncer-
tain. FDA would have to determine that a cognitive training product meets 
the definition of a medical device, and that it falls within the category of 
devices of sufficient risk to require oversight. Devices that may pose a major 
health risk if they malfunction are a focus of regulatory attention. For in-
stance, FDA plans to oversee mobile apps that perform electrocardiography 
(Cortez et al., 2014). Cognitive training products seem unlikely to carry the 
amount of risk that currently triggers FDA scrutiny.

Current FTC and FDA guidelines and regulations allow products that 
are not medications to make certain general statements about the function 
of the product but require a substantial evidence base in order to allow 
specific medical claims that the product is effective in treating a specific dis-
ease (FTC, 2001). For example, either a dietary supplement or a cognitive 
training product would be permitted to make general claims about promot-
ing health or cognition but would not be able to say “treats or prevents 
dementia.” The committee believes that in the area of cognition-related 
products and related product claims, current FTC and FDA guidelines and 
regulations need specific reconsideration from a regulatory and policy per-
spective to ensure that new information regarding adverse events for older 

1 Dietary Supplement Health and Education Act of 1994, Public Law 103-417, 103rd Cong., 
2nd sess. (October 25, 1994).
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adults is appropriately reviewed and that policies reflect the current level 
of estimated risk. This relates to a wide range of products, including OTC 
medications, dietary supplements, and cognitive training products.

Recommendation 5: Ensure Appropriate Review, Policies, and Guide-
lines for Products That Affect Cognitive Function or Assert Claims 
Regarding Cognitive Health
The Food and Drug Administration and the Federal Trade Commis-
sion, in conjunction with other relevant federal agencies and consumer 
organizations, should determine the appropriate regulatory review, 
policies, and guidelines for

•	 over-the-counter medications (such as antihistamines, seda-
tives, and other medications that have strong anticholinergic 
activity) that may affect cognitive function, and

•	 interventions (such as cognitive training, nutriceuticals, sup-
plements, or medications) that do not target a disease but 
may assert claims about cognitive enhancement or maintain-
ing cognitive abilities such as memory or attention.
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5

Health Care Response to 
Cognitive Aging

As a result of the aging of the population, older adults constitute an 
increasingly larger portion of the patients seen by health care profes-
sionals both in acute and ambulatory care settings. Moreover, with 

increased public awareness of and concern about cognitive impairment 
and dementia in older age, individuals and families are turning to health 
care professionals for information and advice about brain health. Approxi-
mately one in three American adults identifies Alzheimer’s disease as the 
disease they fear most (MetLife Foundation and Harris Interactive Inc., 
2011). An American Society on Aging-MetLife survey (ASA et al., 2006) 
found that a majority of American adults view having a memory checkup 
as being as important as having routine physical checkups; that 76 percent 
of women and 68 percent of men identify doctors as the best resource for 
information about brain fitness; and that more than 74 percent would ad-
vise a close friend or a family member who is concerned about memory to 
see a general practitioner. With individuals and families seeking assistance 
from practitioners to understand and manage cognitive aging, the health 
care system must be prepared to respond effectively.

This chapter focuses on the health care response to cognitive aging, 
including attitudes and practices of health care professionals and the health 
system, needs for improving the health care response through provider 
education and training, and opportunities for using medical visits to assess 
and to address cognitive aging.
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ATTITUDES AND PRACTICES OF HEALTH 
PROFESSIONALS AND THE HEALTH SYSTEM

Despite the increasing frequency of concerns regarding memory and 
cognitive aging in routine care, few studies have examined physician prac-
tices and attitudes regarding advising patients about cognitive aging and 
reducing the risks for cognitive impairment or dementia. A survey of 1,000 
primary care physicians and internists found that 40 percent of providers 
reported discussing issues related to preventing and reducing the risk of 
cognitive impairment and dementia with their adult patients (those with 
no known dementia) “often” or “very often” during the prior 6 months 
(Day et al., 2012). Approximately 20 percent reported “rarely” discuss-
ing this topic. Day and colleagues found that providers’ recommendations 
depended on their perception of the strength of the evidence regarding 
cognitive health. While a slight majority (54 percent) rated the evidence for 
reducing cognitive impairment as “moderate” to “very strong,” 39 percent 
rated it as “weak” or “very weak.” When physicians reported giving advice 
about preventing or delaying cognitive impairment and dementia, their 
most commonly reported recommendations (reported by more than 50 per-
cent of respondents) were be physically active, get intellectual stimulation, 
eat a healthy diet, be socially active, limit the use of alcohol, and attain/
maintain a healthy weight.

Health care practitioners view addressing prevention and risk reduction 
concerning cognitive impairment and dementia in clinical practice as a chal-
lenge. As is the case with addressing prevention in routine care for other 
conditions, the major barriers include a lack of reimbursement and find-
ing enough time to address both behavioral counseling and patients’ more 
immediate health issues (Day et al., 2012; Yarnall et al., 2009). The main 
barriers to cognitive health counseling specifically are the perceived limited 
availability of scientific evidence or proven treatments in the field and the 
presence of inconclusive research (Day et al., 2012; Warren-Findlow et al., 
2010).

A small number of studies have examined the sources of providers’ 
information and evidence about cognitive health and aging, and their pref-
erences for education and training. In a qualitative study that included 
focus groups and interviews with physicians, physician assistants, and nurse 
practitioners, continuing medical education (CME) was viewed as perhaps 
the easiest way to disseminate cognitive health information to providers 
(Warren-Findlow et al., 2010), CME can be offered through journals, 
online services, and in-person opportunities in order to reach providers 
in different settings. Online professional websites or services were identi-
fied by physicians, but not by non-physician participants, as a source of 
information.
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Popular media, while recognized as having an impact on the public 
awareness of preventive behavior for some diseases, was not endorsed as 
a means for educating health care professionals (Warren-Findlow et al., 
2010). In a survey, providers identified the following as important sources 
of information about new evidence and practice guidelines related to cogni-
tive impairment or dementia: professional journals (42 percent), CME (17 
percent), and professional websites or listservs (16.5 percent) (Day et al., 
2012). Other sources endorsed infrequently included brochures and book-
lets, scientific meetings or conferences, information accessible by phone, 
popular media, and drug or pharmaceutical representatives.

IMPROVING THE HEALTH CARE RESPONSE

Several key national initiatives launched over the past decade address 
cognitive aging and the various health behaviors that can reduce risk (CDC 
and Alzheimer’s Association, 2007). In addition, the research establish-
ment has worked to produce the evidence needed to support public health 
and health care efforts to promote cognitive and emotional health in older 
adults (Hendrie et al., 2006). These efforts have emphasized the need for 
resources, tools, and education to aid providers in translating evidence 
into public health and practice. For health care providers, the primary 
needs include practice recommendations to guide assessment and counsel-
ing regarding cognitive aging, access to tools for evaluating cognition and 
advising patients regarding normal aging performance patterns, knowledge 
of effective interventions and recommendations for patient and family 
counseling, and decision aids to help identify when to refer patients for 
further evaluation and diagnosis or intervention. For health care systems 
and private and public health insurance companies there are numerous op-
portunities to provide educational materials and programs for older adults 
and family members and training for health care professionals to discuss 
cognitive aging and to promote cognitive health.

Education and Training for Providers in Cognitive Aging

One way to increase health care providers’ preparedness for treating 
an aging population’s cognitive health challenges is to provide formal edu-
cation and training. To that end, new initiatives need to be designed and 
implemented aimed at increasing providers’ awareness, knowledge, and 
skills for addressing the public’s concerns regarding cognitive aging. Several 
health care disciplines specialize in aging and cognition (e.g., physicians, 
nurses, and others who specialize in geriatrics and geriatric neuropsychol-
ogy), and these practitioners receive formal coursework and practice-based 
training in cognitive aging. However, because cognitive changes with age 
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are a commonly identified concern among older adults, it is not just these 
specialists who need to have basic competencies in cognitive aging but 
rather the broad spectrum of professionals and disciplines working with 
adult and older adult populations. In addition, because cognition in later 
life is affected by life exposures and risk factors across the life span, efforts 
should be made to help practitioners serving all age groups understand 
potential cognitive impacts, even if little immediate harm is evident.

Several training programs and CME courses are designed to educate 
health care professionals in cognitive aging. For example, Eckstrom and 
colleagues (2008) designed a faculty CME workshop in which teaching 
faculty at two internal medicine training programs attended a 1-day work-
shop on geriatric knowledge and assessment of cognition and function. 
Kovacich and colleagues (2006) described a certificate program on cognitive 
vitality offered by the Meharry Consortium Geriatric Education Center. 
The program focuses on dispelling myths that dementia is a normal part 
of the aging process. Williams and colleagues (2007) reported on the Col-
laborative Centers for Research and Education in the Care of Older Adults 
Initiative, sponsored by John A. Hartford Foundation and administered by 
the Society for General Internal Medicine, which brings geriatricians and 
internists together to discuss the care of older adults.

In addition, a number of websites have been established as resources 
for improving training for health care professionals in the topics of aging 
populations and clinical practice. These websites include some content on 
cognition and aging, although it is not always the core focus. Examples 
include

•	 The Portal of Geriatrics Online Education (ADGAP, 2014), which 
was established on behalf of the Association of Directors of Ge-
riatric Academic Programs, provides training modules on a broad 
spectrum of topics, including cognitive aging. One program related 
to cognitive aging is directed toward medical students, with specific 
learning objectives that include distinguishing between normal and 
abnormal aging changes in the brain, and systematic methods for 
assessing patients presenting with memory loss (Overbeck et al., 
2014).

•	 Aging Q3, an initiative described by Moran and colleagues (2012), 
was developed to improve internal medicine residents’ knowledge, 
skills, and clinical care capabilities relating to older adults. The 
training employs multiple intervention strategies—including a di-
dactic curriculum and tools that can be accessed online, rounds, 
and health system interventions (e.g., electronic health record 
prompts)—designed to change how physicians practice. Although 
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cognitive aging is not a designated subject within the curriculum, 
cognition appears as a topic in the practice-based experience.

•	 Geri-EM (Melady et al., 2013) is a continuing education website 
begun in Ontario, Canada, that provides free information about 
improving care for older patients that is aimed at health care pro-
viders and interested members of the general public. By completing 
the website’s modules, providers can earn CME credits through 
the College of Family Physicians of Canada, the Royal College 
of Physicians and Surgeons of Canada, or the American Medical 
Association. The website offers six modules covering medication 
management, trauma and falls, atypical presentations, functional 
assessment, end-of-life care, and cognitive impairment.

Reviewing the available literature and electronic resources reveals that 
a number of important steps have been taken toward designing content to 
increase health care professionals’ awareness of and education in cognition 
and aging. However, the variability in the topics and scope of coverage 
indicates a need to identify core competencies in cognitive aging as part of 
the development and dissemination of educational strategies in this area.

Education and Training for Providers in Reversible 
Contributors to Cognitive Decline

While many medical risk factors for cognitive decline were identified in 
Chapter 4B, recommended interventions for most of these risk factors re-
main premature or uncertain at this time. However, there are two essential 
areas where the role of the health care professional is unequivocal; the pre-
vention of delirium and medication monitoring. Given the high incidence of 
delirium, its preventable nature, and its contributions to cognitive decline 
(Inouye et al., 2014; see also Chapter 4B), health care professionals play 
a critical role in identifying patients at moderate to high risk for delirium, 
particularly in such high-risk clinical settings as pre-surgery, intensive care, 
and post-acute care. Screening for the well-established delirium risk factors 
and implementing delirium-prevention strategies as soon as possible after 
admission are important responsibilities of health care professionals caring 
for vulnerable older patients (Inouye et al., 2014; NICE, 2010).

A clinical guideline for delirium issued by the National Institute for 
Health and Care Excellence (NICE) listed risk factors for delirium, includ-
ing age greater than 65 years, chronic cognitive impairment or dementia, 
current hip fracture, and severe illness (NICE, 2010). Other risk factors 
commonly cited in studies include multimorbidity, depression, cerebrovas-
cular disease, and alcohol abuse (Inouye et al., 2014). Older adults with one 
or more of these risk factors at baseline should receive non-pharmacologic 
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delirium preventive strategies, such as those outlined in the Hospital Elder 
Life Program (HELP, 2015a) or NICE guidelines, including cognitive reori-
entation, non-pharmacologic sleep enhancement, early mobilization, vision 
and hearing adaptations, nutrition and fluid replenishment, pain manage-
ment, medication monitoring for appropriate use, adequate oxygenation, 
and prevention of constipation (see also Chapter 4B). In addition, these 
guidelines direct that, during their hospitalization, high-risk patients should 
receive daily cognitive screenings that assess attention and orientation 
(HELP, 2015b; Marcantonio et al., 2014).

Monitoring medications in older adults—and, avoiding the use of in-
appropriate medications—is a critical role for health care professionals, 
particularly primary care providers. Such medication reviews should be per-
formed at each appointment, and especially at times of transition of care, 
such as post-surgery or post-hospital discharge. As noted in Chapter 4B, 
older individuals take an average of 14 prescription drugs per year (ASCP, 
2015), which leads to a heightened risk of adverse drug reactions as well as 
drug–drug and drug–disease interactions. Health care professionals should 
regularly review their patients’ comprehensive medication listings, includ-
ing over-the-counter medications and herbal remedies. Assessing for any 
potentially inappropriate medication use is an essential task for the health 
care professional (AGS, 2012), particularly in the case of high-risk psycho-
active medications, such as anticholinergic drugs, tricyclic antidepressants, 
benzodiazepines, antipsychotics, oral corticosteroids, H2 blockers, meperi-
dine, and sedative hypnotic drugs. The involvement of a clinical pharmacist 
to review potential interactions is an important strategy for assuring the 
optimal management of more complex drug regimens.

Practice Guidelines and Core Competencies

A review of the resources necessary for minimum geriatric competen-
cies in various health disciplines, including medicine, nursing, and social 
work, finds few competencies that are specific to normal cognitive aging. 
Some physician and nursing organizations include practice recommenda-
tions about working with older adults and about issues of cognition; how-
ever, the knowledge and skills necessary for addressing cognitive aging are 
often not delineated (POGOe, 2014).

The current practice guidelines and competencies that have been devel-
oped on cognition and aging can be used to inform core competencies for 
the broad spectrum of health care providers. Guidelines from organizations 
such as the American Psychological Association (APA) and the American 
Occupational Therapy Association (AOTA) provide standards and recom-
mendations for conducting cognitive assessment of older adults, counseling 
older adults about cognitive changes, and working with older adults on 
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functional changes associated with cognitive aging. Box 5-1 lists examples 
of resources for cognitive aging–related practice guidelines and competen-
cies. Although many of the guidelines focus on dementia, they may have 
relevance to cognitive aging.

Core competencies should incorporate key information reflecting the 
current state of evidence about cognitive aging, as is reported in Chapters 
4A, 4B, and 4C. In general, cognitive aging competency should include 
what is known about such topics as patterns of changes in cognition with 

BOX 5-1 
Examples of Practice Guidelines for Health Care 

Professionals Relevant to Cognitive Aging

American Association of Colleges of Nursing
	 •	 �Older Adult Care Competencies. This briefly mentions that nursing per-

sonnel should be prepared to assess and treat cognition (among other 
functional domains), but it does not detail the specific knowledge or skills 
needed for this practice (AACN et al., 2010; Thornlow et al., 2006).

American Geriatrics Society
	 •	 �Clinical Practice Guideline for Postoperative Delirium in Older Adults (AGS, 

2014).
	 •	 �Best Practices Statement for Prevention and Treatment of Postoperative 

Delirium (AGS Expert Panel, 2014).

American Occupational Therapy Association
	 •	 �Cognition, Cognitive Rehabilitation, and Occupational Performance. This 

describes the scopes of practice of occupational therapy practitioners for 
assessing and intervening on cognition and cognitive dysfunction for the 
purpose of improving the performance of everyday activities. Older adults 
are included as one target population for such interventions (Giles et al., 
2012).

	 •	 �Occupational Therapy Practice Guidelines for Productive Aging Community-
Dwelling Older Adults (Leland et al., 2012).

American Psychological Association
	 •	 �Guidelines for the Evaluation of Dementia and Age-Related Cognitive 

Changes. These practice guidelines focus on assessing age-related cog-
nitive change and dementia and include information on the rationale and 
applications, the domains of competence for conducting evaluations, ethi-
cal considerations, and processes and procedural issues for the conduct 
of evaluations (APA, 2012).

Royal Australian College of General Practitioners
	 •	 �Preventive Activities in Older Age published in Guidelines for Preventive 

Activities in General Practice, 8th Edition (Royal Australian College of 
General Practitioners, 2012).
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aging, risk and protective factors, implications for functioning, and as-
sessment tools. Such competency would help move the health care system 
toward more effective response to cognitive aging.

Core competencies should encompass:

•	 The importance of cognitive health in basic medical care across all 
settings of care;

•	 The features and typical trajectories of cognitive aging, includ-
ing an understanding of the differences between expected changes 
and those that may signal deficits related to disease and also an 
acknowledgment of the wide variability in changes in cognitive 
function over time among older adults;

•	 Assessment methods;
•	 Monitoring the effects of medications and combinations of medica-

tions on delirium and cognitive decline;
•	 Reversible conditions that contribute to cognitive deficits and de-

clines, including depression, thyroid disease, and delirium;
•	 Interventions to minimize cognitive decline associated with medi-

cal conditions such as stroke, diabetes, head trauma, renal insuf-
ficiency, vision and hearing losses, and cardiac disease;

•	 Screening for delirium risk factors and implementing delirium pre-
vention strategies for older persons in high-risk settings, such as 
preadmission or pre-surgery;

•	 Vulnerabilities associated with daily living, including driving, health 
care management and decision making, and financial responsibility, 
as well as strategies to mitigate those vulnerabilities;

•	 Health-promoting behaviors that may reduce the risks of cognitive 
decline, including exercise and social and intellectual engagement;

•	 Unhealthy behaviors that increase the risk of cognitive decline, 
such as cigarette smoking, excessive alcohol consumption, and a 
sedentary lifestyle;

•	 Evidence-based information regarding products that may be harm-
ful or without benefit, including nutraceuticals and other interven-
tions; and

•	 Perceptions, fears, and common misunderstandings about aging 
and cognitive decline.

The coordination of care takes on increasing importance in older in-
dividuals, particularly in the presence of cognitive aging and multimorbid-
ity. As the older individual’s needs and number of providers increase, care 
becomes quite complex, with multiple medications and a greater risk for 
fragmentation and errors. Care coordination has been identified as a prior-
ity for health care quality improvement (AHRQ, 2014; IOM, 2003).
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USING MEDICAL VISITS TO ADDRESS COGNITIVE AGING

Currently, there is no consensus regarding the benefits of screening for 
cognitive aging in the general population of older adults. In a 2014 report, 
the U.S. Preventive Services Task Force (USPSTF) examined the benefits 
and harms of screening for cognitive impairment and concluded that, for 
the population of community-dwelling people over 65 years of age who are 
not experiencing symptoms of cognitive impairment, there is insufficient 
evidence to assess whether screening is helpful, and thus the task force did 
not issue a recommendation (Moyer, 2014). The USPSTF acknowledged 
that clinical decisions are needed on the individual level. Within the health 
care setting, which is designed to meet the needs of a diverse population of 
patients, there are opportunities to respond to the varying concerns of indi-
viduals and their families and to address cognitive aging through screening, 
diagnostic assessment, and patient education and counseling.

The Medicare Annual Wellness Visit

The Medicare Annual Wellness Visit (CMS, 2014b) was instituted in 
2011 as an opportunity for preventive care that includes a provider as-
sessment of cognitive aging. As part of a national priority on prevention 
included in the Affordable Care Act, all Medicare beneficiaries are eligible 
for this visit, which is available at no out-of-pocket cost (Koh and Sebelius, 
2010). During the visit, preventive screenings are to be conducted and they 
are meant to result in the development of a personalized prevention plan 
to prevent or reduce disease and disability that is based on the individual’s 
assessed health risk factors, including his or her medical and exposure his-
tory. A formal cognitive assessment is required for the detection of cognitive 
impairment. In developing a personalized prevention plan, providers are to 
offer feedback and educate the patient about risks, including risks for cog-
nitive aging, when indicated. Providers can access a quick reference guide 
to the components of the visit and procedures (CMS, 2015).

There are limitations to the impact the Annual Wellness Visit can have 
in promoting cognitive aging and the early detection of cognitive impair-
ment. In 2013, of the more than 35 million enrollees in Medicare Part B 
nationally, only 11 percent used the Annual Wellness Visit (CMS, 2014a). 
Although the detection of cognitive impairment is a required assessment 
component of the annual visit, no cognitive assessment procedures were 
specifically indicated or recommended to guide providers. Given the com-
plexity of the issues pertaining to cognitive assessment in primary care, 
Cordell and colleagues (2012) conducted a review of the available tools 
and recommended a cognitive assessment toolkit, with provider training 
modules, for the Annual Wellness Visit and for other health visits. Other 
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tools and resources are available as well (see Box 5-2). However, there have 
been no reports concerning the providers’ awareness of, use of, or satisfac-
tion with these cognition assessment recommendations and procedures. 
Moreover, data from Annual Wellness Visits have not been aggregated and 
reported in order to determine the cognitive status of Medicare beneficiaries 
seeking these preventive services or to gauge the effectiveness of the visits 
in addressing the cognitive aging needs of these individuals.

Resources for Cognitive Aging Assessment in Health Care

Older adults and their families frequently share with health care pro-
viders their complaints and concerns about changes in cognition and ques-
tions about whether the changes they perceive are normal or are a sign of 
dementia. Answering these questions requires an evaluation of the reported 
symptoms and the patient’s cognitive performance and function to deter-
mine whether the individual’s cognitive and functional patterns meet the 
established criteria for mild cognitive impairment or dementia. Health 
care professionals encounter questions of when and how to assess, which 
instruments to use, and when to refer the patient for a further comprehen-
sive evaluation and workup. Box 5-2 provides some examples of resources 
intended to answer such questions and help equip practitioners with tools 
and instruments.

Cognitive Self-Assessment Tools for Use by Patients

Because the public has an interest in ascertaining cognitive functional 
status and dementia risk, tools and technologies are being investigated that 
will allow individuals to conduct cognition self-assessments to identify 
risk factors related to cognitive aging and to test discreet cognitive skills 
such as memory, and that will help guide discussions with their health care 
providers (e.g., Brandt et al., 2013, 2014). While self-assessment may have 
certain advantages, such as enabling large numbers of interested people 
to have easy access to cognitive evaluation, significant cautions should be 
kept in mind. For instance, the reliability and validity of these tests and the 
interpretations of their results are greatly improved when appropriately 
trained health care professionals administer them (AERA et al., 2014). 
While such cautions pertain to any cognitive testing, self-assessment may 
be particularly vulnerable to mishandling. Given the known potential dis-
advantages, cognition self-assessment products will require a great deal of 
research, monitoring, and long-term evaluation. Among the issues concern-
ing self-assessment that require thorough exploration are the degree of 
accuracy of the self-assessment tools within and across diverse populations 
and groups (such as varying levels of educational achievement); the rates 
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BOX 5-2 
Examples of Resources Addressing Cognitive Assessment 

Procedures and Tools for Use by Health Care Providers

Alzheimer’s Association
	 •	 �Recommendations for Operationalizing the Detection of Cognitive Impair-

ment During the Medicare Annual Wellness Visit in a Primary Care Setting 
(Cordell et al., 2012). This provides a critical review of the most commonly 
used screening tools and assessment instruments available for determining 
cognitive performance and dementia risk in people age 65 years and older. 
It recommends an evaluation battery suitable for use during primary care 
visits (not limited to the Medicare Annual Wellness Visit).

	 •	 �Health Care Professionals’ Cognitive Assessment Toolkit. This provides 
tools and provider education for conducting a cognitive assessment during 
a time-limited office visit and includes patient, informant, and instructional 
videos for conducting the assessment (Alzheimer’s Association, 2015).

American Occupational Therapy Association
	 •	 �Occupational Therapy’s Role in Adult Cognitive Disorders. It provides infor-

mation on how occupational therapists can assist in the case of cognitive 
decline for older adults and their caregivers (AOTA, 2011).

American Psychiatric Association
	 •	 �Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (APA, 

2013). This resource lists and defines various cognitive domains and pro-
vides the tools for assessment of mild cognitive deficiencies.

American Psychological Association
	 •	 �Part III. Procedural Guidelines: Conducting Evaluations of Dementia and 

Age-Related Cognitive Change (APA, 2012). These guidelines review test-
ing principles and standards specific to conducting assessment, inter-
pretation, and feedback related to age-related changes in cognition and 
dementia.

Hospital Elder Life Program
	 •	 �This website provides tools to assist clinicians in screening for delirium in 

high-risk settings and includes instruments and step-by-step instructions 
(HELP, 2015a).

National Institute on Aging
	 •	 �Assessing Cognitive Impairment in Older Adults: A Quick Guide for Primary 

Care Physicians. The topics include why cognitive assessment is important 
in older adults and when it is indicated, barriers such as the time to perform 
cognitive evaluations, and recommendations for assessment in primary 
care (NIA, 2014a).
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of false positives (i.e., people whose cognitive performance does not rep-
resent abnormal change, but who are informed it is abnormal); the rates 
of false negatives (i.e., people whose cognitive performance does represent 
abnormal change, but who are informed it is normal); and the effects of 
the inaccurate interpretation of cognitive status on clinical, functional, and 
quality-of-life outcomes. Ultimately, this research will need to yield reliable, 
well-validated tools that aid concerned individuals and families as well as 
their health care providers.

Resources for Educating and Counseling Patients on Cognitive Aging

Although each medical encounter potentially is an opportunity to dis-
cuss cognitive aging and to address prevention and risk and protective 
factors, a survey of health care providers discussed earlier in the chapter in-
dicates that these discussions often do not occur (Day et al., 2012). Box 5-3 
gives examples of some of the resources available for patient education 
specifically on brain health and implications of cognitive aging on function-
ing and safety in older adults. To date the literature has not addressed the 

BOX 5-3 
Examples of Resources for Patient Counseling and 

Education About Cognitive Aging and Related Concerns

Alzheimer’s Association
	 •	 �10 Early Signs and Symptoms of Alzheimer’s. This resource compares and 

contrasts normal age-related changes in cognition with signs of dementia; 
it identifies 10 warning signs of Alzheimer’s disease (Alzheimer’s Associa-
tion, 2009).

	 •	 �Brain Health. Patient education resources about cognitive aging and protec-
tive factors for maintaining brain health (Alzheimer’s Association, 2014).

American Psychological Association
	 •	 �Older Adults’ Health and Age-Related Changes: Reality Versus Myth. This 

guide discusses myths and facts about age-related changes in cognition, 
physical health, and psychological health (APA, 2014).

National Institute on Aging
	 •	 �Talking with Your Older Patient: A Clinician’s Handbook. This handbook 

provides information and techniques to aid providers in counseling older 
adult patients and caregivers on topics including cognition concerns and 
problems (“Talking with Patients About Cognitive Problems”) and risk re-
duction for unhealthy cognitive aging (“Encouraging Wellness”) (NIA, 2008).
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impact of provider counseling about cognitive aging on patient and family 
decision making, functioning, or quality of life.

One of the important roles of health care professionals is to counsel 
patients about safe medication use and the need to avoid long-term use of 
psychoactive medications, if possible, and to enable patients to monitor and 
report any potential cognitive side effects of the medications they use. In 
particular, patients need to know that episodes of acute confusion, memory 
loss, falls, motor vehicle accidents, and agitation may represent side effects 
of medications. Patients also need to know to avoid over-the-counter medi-
cations, such as antihistamines (diphenhydramine) found in allergy, sinus, 
and sleep (PM) formulations as much as possible because they may have 
important cognitive side effects that are readily overlooked. Resources for 
safe medication use in older adults are outlined in Chapter 6 (see Box 6-1).

In addition to the resources available to increase and improve coun-
seling about the effects of aging on cognition, there are patient education 
resources aimed at teaching patients how to achieve healthy lifestyles, 
which can protect against poor cognitive aging. One example is the Ameri-
can Heart Association’s Life’s Simple 7® (AHA and ASA, 2014). The Na-
tional Institute on Aging’s Toolkit on provider and patient communication 
provides booklets to aid providers (“Talking with Your Older Patient: A 
Clinician’s Handbook”) and to aid patients (“Talking with Your Doctor: A 
Guide for Older Adults”) with discussions in the health care setting. The 
toolkit also contains a presentation for small group learning, materials 
focused on memory and thinking changes with age, and recommendations 
for collaborative decision making (NIA, 2014b).

RECOMMENDATIONS

Recommendation 6: Develop and Implement Core Competencies and 
Curricula in Cognitive Aging for Health Professionals
The Department of Health and Human Services, the Department of 
Veterans Affairs, and educational, professional, and interdisciplinary 
associations and organizations involved in the health care of older 
adults (including, but not limited to, the Association of American 
Medical Colleges, the American Association of Colleges of Nursing, 
the National Association of Social Workers, the American Psychologi-
cal Association, and the American Public Health Association) should 
develop and disseminate core competencies, curricula, and continuing 
education opportunities, including for primary care providers, that 
focus on cognitive aging as distinct from clinical cognitive syndromes 
and diseases, such as dementia.
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Recommendation 7: Promote Cognitive Health in Wellness and Medi-
cal Visits
Public health agencies (including the Centers for Disease Control and 
Prevention and state health departments), health care systems (includ-
ing the Veterans Health Administration), the Centers for Medicare & 
Medicaid Services (CMS), health insurance companies, health care 
professional schools and organizations, health care professionals, and 
individuals and their families should promote cognitive health in regu-
lar medical and wellness visits among people of all ages. Attention 
should also be given to cognitive outcomes during hospital stays and 
post-surgery.
	 Specifically, health care professionals should use patient visits to:

•	 identify risk factors for cognitive decline and recommend 
measures to minimize risk; and review patient medications, 
paying attention to medications known to have an impact 
on cognition;

•	 provide patients and families with information on cogni-
tive aging (as distinct from dementia) and actions that they 
can take to maintain cognitive health and prevent cognitive 
decline; and

•	 encourage individuals and family members to discuss their 
concerns and questions regarding cognitive health.

	 In addition, other components of the health care system have a 
cognitive health promotion role:

•	 CMS should develop and implement demonstration projects 
to identify best practices for clinicians in assessing cognitive 
change and functional impairment and in providing appro-
priate counseling and prevention messages during, for ex-
ample, the Medicare Annual Wellness Visit or other health 
care visits.

•	 Health care systems and private and public health insurance 
companies should develop evidence-based programs and 
materials on cognitive health across the life span.

•	 During and after hospital stays and post-surgery, health care 
providers, patients, and families should be alert to potential 
cognitive changes and delirium.
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6

Community Action: 
Health, Financial Management, Driving, 

Technology, and Consumer Decisions

Cognitive aging can affect judgment in a wide variety of situations, 
from choosing when to make a left turn while driving a car through 
a busy intersection to deciding whether a new investment is a wise 

choice or a financial scam to determining the best way to take care of one’s 
health. People make these kinds of decisions every day. Thus, there is a 
need for local and national communities to provide sound, unbiased infor-
mation to those who need it; there is a need for programs to help people 
compensate for their cognitive changes; and there is a need for policies to 
protect those having trouble making decisions on their own. Many public 
and private organizations already make valuable contributions in these 
areas. This chapter provides a brief overview of these topics, includes a 
sample of available resources, and identifies areas in which resources need 
to be developed or expanded. Extra attention is given to issues surround-
ing financial decision making since this area is frequently not addressed in 
discussions about cognitive aging.

SUPPORTING AND MAINTAINING THE 
PUBLIC’S COGNITIVE HEALTH

As discussed in Chapter 4C and detailed in Recommendation 3, there 
is evidence that individuals and their families can make changes to reduce 
cognitive decline and promote healthy cognitive aging. Individuals vary 
widely in their cognitive capacity and in the extent to which these actions 
will affect their cognitive function. Nevertheless, the committee recom-
mends that individuals make an effort to promote their own cognitive 
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health and that communities—small and large, local and national—play a 
significant role in developing partnerships and programs to promote and 
sustain these changes. Community organizations, senior centers, state and 
local public health departments, and public–private partnerships can play a 
significant role in identifying and disseminating evidence-based information 
and best practices and developing, implementing, and evaluating programs 
and resources. In fact, many programs are already in place. For example, 
the Healthy Brain Initiative has brought together a number of partners to 
develop local, state, and national initiatives (Alzheimer’s Association and 
CDC, 2013).

The three health- and behavior-related actions identified by the com-
mittee with the strongest evidence for effectiveness in positively affecting 
cognitive aging are

•	 engaging in physical activity,
•	 reducing cardiovascular disease risk factors, and
•	 managing medications effectively.

The following sections describe a number of local and national programs 
that support older adults making these changes in their lives. The World 
Health Organization has a website with information on international cit-
ies that are working to be more age-friendly (WHO, 2015). As discussed 
in Chapters 4A, 4B, and 4C, other actions have shown positive cognitive 
benefits in some studies amid other positive health outcomes.

Learning more about what interventions are successful, what other 
risk factors are linked to cognitive aging, and what programs are most 
effective will require that older adults participate in research efforts and 
in the evaluation of community programs. A new federal collaboration—
Recruiting Older Adults into Research (ROAR) from the Administration 
for Community Living (ACL), the National Institute on Aging (NIA), and 
the Centers for Disease Control and Prevention (CDC)—is aimed at encour-
aging older adults to participate in research with an initial focus on studies 
in Alzheimer’s disease and dementia (NIA, 2014c). 

Engage in Physical Activity

Community support for increasing physical activity can take many 
forms, from offering varied and affordable physical activity classes to 
promoting more walkable communities with well-maintained sidewalks, 
safe parks, and accessible public transportation. Opportunities to provide 
information on or previews of physical activity programs can also be em-
bedded in community group meetings. For example, civic or retiree groups, 
such as the Rotary, Kiwanis, or Lions clubs, or the National Active and 
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Retired Federal Employees Association, are often looking for interactive 
educational programs, and members may be interested in learning about 
community resources for physical activity and other healthy practices for 
cognitive aging.

In 2014, the CDC published guidelines for physical activity in older 
adults with a section on resources to support physical activity (CDC, 
2014b). In 2007 the CDC Prevention Research Centers’ Healthy Aging 
Research Network published Moving Ahead, a brief guide to develop and 
sustain effective community-based physical activity programs (Belza and 
the PRC-HAN Physical Activity Conference Planning Workgroup, 2007). 
Information resources available to promote physical activity in older adults 
include Go4Life®, an exercise and physical activity campaign from NIA 
(NIA, 2014a). Go4Life® helps adults age 50 years and older to keep fit and 
to add exercise into their daily routine. The program offers exercise instruc-
tion and success stories on its website, and it provides exercise guidebooks 
(available in both English and Spanish) and an exercise video that can be 
viewed online or delivered by mail free of charge.

SilverSneakers® is an example of a growing public–private partner-
ship focused on encouraging and incentivizing older adults to become 
more physically active (Healthways, 2014). This program is offered by a 
private-sector company through health insurers that are part of the Medi-
care Supplement and Medicare Advantage programs. The health insurer, 
in cooperation with Medicare, agrees to pay for a gym membership for its 
Medicare beneficiaries to encourage and support regular physical activity 
and reduce the cost barriers to physical activity. Linking physical activity to 
health insurance highlights the importance of physical activity for improv-
ing older adult health outcomes.

Some organizations are promoting the development of senior-friendly 
communities by making communities more walkable and by supporting 
transportation alternatives to driving. For example, the National Center 
on Senior Transportation provides model community transportation pro-
grams (NCST, 2014). The Alzheimer’s Society in the United Kingdom has 
a program that aims to create dementia-friendly communities, which has 
applicability to other community efforts aimed at responding to cognitive 
aging (Green and Lakey, 2013).

Reduce Cardiovascular Disease Risk Factors

The management of cardiovascular disease risk factors encompasses 
physical activity, healthy eating, healthy weight management, and smoking 
cessation. For example, the American Heart Association’s (AHA’s) Life’s 
Simple 7® goals for health (AHA, 2014) are
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1.	 Get active
2.	 Control cholesterol
3.	 Eat better
4.	 Manage blood pressure
5.	 Lose weight
6.	 Reduce blood sugar
7.	 Stop smoking

The AHA program encourages individuals to set tangible goals for improv-
ing cardiovascular health. Based on the data presented in Chapter 4B of 
this report, working toward these goals may help improve cognitive health.

Many community resources, programs, and opportunities are aimed 
at reducing cardiovascular disease risk factors. For example, the evidence-
based Chronic Disease Self-Management Program for adults with chronic 
conditions, originally developed at Stanford University’s School of Medi-
cine, is now offered at sites around the United States (Stanford School of 
Medicine, 2014). The program helps people with chronic conditions learn 
to manage and improve their own health and has the additional benefit 
of reducing health care costs. Coordinated in most states through state 
divisions or departments of aging or public health, the program relies on 
a network of trained volunteer and professional leaders working through 
community recreation centers, senior centers, libraries, hospitals, and other 
locations. The RE-AIM framework (Reach, Efficacy, Adoption, Implemen-
tation, Maintenance) has also been proposed for evaluating the dissemi-
nation and diffusion of evidence-based chronic disease management and 
wellness and prevention programs for older adults (Glasgow et al., 1999). 
This framework may serve as a useful model for assessing cognitive aging 
programs as well. Results from a survey of 40 state aging and public health 
professionals showed that these stakeholders supported using the frame-
work, although those with direct experience with RE-AIM mentioned some 
challenges, including the need for assistance with applying the framework 
(Ory et al., 2015). Examples of the many other relevant programs include 
the Million Hearts® program, a partnership between public and private 
organizations to focus on reducing the risk for heart attacks and stroke 
(HHS, 2014b).

Manage Medications

As described in Chapter 4B, a number of medications can have a 
negative effect on cognition when used alone or in combination with other 
medications. These effects can be temporary or long term. Organizations, 
such as senior centers, faith communities, and civic groups, can connect 
individuals and family members with evidence-based resources that include 
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lists of medications that may affect cognition and can encourage the discus-
sion of their use with health care providers and pharmacists (see Box 6-1).

Efforts to increase awareness and action on this issue should include 
changing the prescribing behaviors of health care professionals as well as 
helping consumers feel comfortable talking with their prescribers about 
the potential cognitive side effects of the medications they use. In response 
to the American Board of Internal Medicine’s Choosing Wisely® campaign 
(ABIM Foundation, 2015), the American Geriatrics Society recommends 
against the use of benzodiazepines and other sedative hypnotics as the first 
choice for treating insomnia, delirium, or agitation in people 65 years or 
older due to the increased risk of motor vehicle accidents, falls, and hip 
fractures (AGS, 2012). The EMPOWER (Eliminating Medications through 
Patient Ownership of End Results) study found that it is possible to reduce 
the use of benzodiazepines in adults 65 years and older (Tannenbaum et 
al., 2014). Study participants were given information about the risks of us-
ing benzodiazepines, therapeutic alternatives, and a tapering protocol. The 
strategy encourages the older adult to gain control and take the initiative to 
wean off the medication or find safer substitutes. Additionally, community 
consultant pharmacists have a role to play in reducing the use of high-risk 
or potentially inappropriate medications (ASCP, 2014).

Public awareness and education about medication management is 
critical since older adults and their family members may notice cognitive 
changes that could be reversible with changes in medications. Potential 
adverse effects of medications are frequent topics of discussion at senior 

BOX 6-1 
Online Resources for Safe Medication Use in Older Adults

•	 �American Geriatrics Society Beers Criteria (including public education re-
sources) (AGS, 2012)

•	 �American Geriatrics Society Foundation—What to Do and What to Ask Your 
Healthcare Provider If a Medication You Take Is Listed in the Beers Criteria for 
Potentially Inappropriate Medications to Use in Older Adults (AGS Foundation, 
2014)

•	 CDC—Adults and Older Adult Adverse Drug Events (CDC, 2014c)
•	 FDA—Medicines and You: A Guide for Older Adults (FDA, 2014)
•	 Health in Aging—Medications and Older Adults (Health in Aging, 2012)
•	 Institute for Safe Medication Practices (ISMP, 2014)
•	 �Institute of Medicine report Preventing Medication Errors: Quality Chasm Se-

ries (IOM, 2007)
•	 National Institute on Aging—Safe Use of Medicines (NIA, 2010)
•	 NIH Senior Health—Taking Medications Safely (NIH Senior Health, 2014b)
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centers, senior housing communities, and older adult learning initiatives 
such as Osher Lifelong Learning Institutes, which is associated with uni-
versities and colleges across the United States (Bernard Osher Foundation, 
2014). Needs in this area include the evaluation of medication awareness 
and education programs and materials.

Sustaining Behavior Changes in Habits That Promote Cognitive Health

Sustaining behavior change can be challenging. Although effective 
means to promote behavior maintenance receive less attention in the litera-
ture than effective means to promote behavior change (Rothman, 2000), 
studies with long-term follow-up have identified some factors that may be 
important for behavior maintenance. These factors include frequent con-
tact, satisfaction with behavioral outcomes, realistic expectations, enjoy-
ment of the activity, feeling responsible for positive outcomes, having social 
support, monitoring and coping with relapse, feeling self-efficacy, and per-
ceiving opportunities for safe activity (Bellg, 2003; Look AHEAD Research 
Group and Wing, 2010; Rothman, 2000; Van Dyck et al., 2011; van Stralen 
et al., 2009; Wadden et al., 2011). Public health researchers and others are 
working to understand which incentives, programs, and supports will help 
individuals with transitioning a newly developed behavior to a permanent 
behavior. This section provides a brief discussion of ways to sustain changes 
in physical activity. Reducing cardiovascular risk factors and many other 
relevant lifestyle and health behaviors has been and continues to be the 
focus of efforts to sustain behavior change (see Chapters 4A and 4B).

Sustaining Behavior Changes in Physical Exercise

A 5-year follow-up study of a trial to promote exercise found that 
older adults who had more positive feelings toward exercise and higher 
self-efficacy at Year 2 of the study were more likely to still be active 3 years 
later (McAuley et al., 2007). People who make physical activities a habit 
may have greater sustained levels of activity over time (van Stralen et al., 
2009). However, those with strong existing habits may be resistant to ef-
forts to increase their level of activity (van Bree et al., 2013).

Making permanent changes to the built environment may facilitate the 
maintenance of physical activity over time. The Community Preventative 
Services Task Force (2004) recommended improving access to places for 
physical activity through urban design and land-use policies. The strategy 
of environmental and policy interventions is to increase opportunities for 
leisure- and transportation-related physical activities as a way of increas-
ing the overall physical activity levels of the population. Improvements to 
the built environment can include creating walkways, bike paths, parks, 
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and recreation centers or improving their usability, utility, aesthetics, ac-
cessibility, and safety (e.g., by adding lighting or crosswalks). Researchers 
have found positive relationships between these types of improvements 
to built environments and the amount of walking or cycling done by the 
general population (McCormack and Shiell, 2011). Studies in adults have 
shown that the amount of walking is correlated with safety improvements 
and mixed land use, and with having sidewalks, a nearby mall, or good 
recreation facilities, although there are fewer studies demonstrating this in 
older adults (Kerr et al., 2012). These authors also noted that older adults 
mentioned traffic control measures (e.g., traffic signals that allow enough 
time to cross the street at a slower gait, more frequent crosswalks, and ad-
ditional stop signs) as critical issues to address (Kerr et al., 2012). Because 
existing infrastructures vary widely, it is important for communities to in-
volve older adults in determining which elements of the built environment 
need improvement. A systematic review of programs that promote physical 
activity for all age groups found that creating community rail-trails was 
very cost-effective (Laine et al., 2014), although costs for changes to the 
built environment may vary from community to community, based on the 
existing infrastructure.

FINANCIAL DECISION MAKING

Financial decision making, including managing current financial affairs 
and planning for one’s financial future, is an aspect of financial capacity 
that can be quite complex and that requires high levels of cognitive func-
tion. It reflects a balance between fluid and crystallized intelligences. In 
financial terms, fluid intelligence refers to the abilities to manipulate and 
transform financial data, while crystallized intelligence involves knowledge 
and experience with financial products. Older adults with declines in their 
fluid intelligence are more likely to experience declines in financial capacity, 
but these declines may be offset by greater degrees of crystallized intelli-
gence, particularly financial knowledge and experience (Li et al., 2015). An 
additional but relatively understudied determinant of financial capacity is 
the ability to judge trustworthiness and risk, which may be processed dif-
ferently as people age (Castle et al., 2012; Samanez-Larkin and Knutson, 
2014).

Older adults may be vulnerable to financial fraud or abuse just at the 
time in their lives when substantial financial decisions and financial plan-
ning need to be made (e.g., due to the start of retirement, Social Security, or 
other life changes). Results from the Health and Retirement Study indicate 
that at least one-third of surveyed participants who were age 50 years or 
older lacked sufficient numeracy to understand debt risk, compound inter-
est, inflation, or investment risk (Lusardi and Mitchell, 2011). The same 



Copyright © National Academy of Sciences. All rights reserved.

Cognitive Aging:  Progress in Understanding and Opportunities for Action

234	 COGNITIVE AGING

authors described the concept of “financial frailty” in older adults, explain-
ing that as people age, they understand less about key differences in defined 
benefit versus defined contribution or Individual Retirement Accounts for 
retirement income (Lusardi and Mitchell, 2013). Furthermore, in a study 
of 645 community-based adults without dementia, the older of these adults 
exhibited lower financial literacy for decision making than did the midlife 
adults (Boyle et al., 2013). Of note, the study authors measured financial lit-
eracy in practical terms of understanding Medicare financial options. They 
suggested that having diverse resources (e.g., education, memory, executive 
function, etc.) contributes to financial literacy, but they also suggested that 
as much as half of the effect of age on financial literacy is due to decrements 
in executive function and episodic memory (Boyle et al., 2013).

Older adults may rely more on strategies that use biases or heuristics 
to help them make decisions than do younger adults (Carpenter and Yoon, 
2011). This poses obvious risks for financial decisions in which analysis 
of large amounts of complicated information may be needed. It has been 
suggested that providing more simple information about expected value 
can improve financial decision-making performance (Carpenter and Yoon, 
2011). However, others have concluded that there is little evidence that ad-
ditional disclosure and consumer education are by themselves sufficient to 
improve financial choices in the context of cognitive aging (Agarwal et al., 
2009). As a result, older adults are more likely than middle-aged adults to 
make less-than-advantageous decisions across a range of scenarios involv-
ing financial transactions such as credit cards and mortgages—decisions 
that can result in increased costs to them (Agarwal et al., 2009).

In 2010 alone, victims of financial elder abuse lost an estimated $2.9 
billion, which included direct loss of money and goods to legitimate busi-
nesses, scams, and family and friends, and indirect losses through medical 
insurance fraud (MetLife Mature Market Institute et al., 2011). Age-related 
changes in cognitive abilities may put older adults at risk for financial fraud 
or exploitation (NAPSA, 2014). The Financial Fraud Enforcement Task 
Force, established in 2009, defines elder fraud as “an act targeting older 
adults in which attempts are made to deceive with promises of goods, ser-
vices, or financial benefits that do not exist, were never intended to be pro-
vided, or were misrepresented” (Financial Fraud Enforcement Task Force, 
2014). It also defined financial exploitation as “the illegal or improper 
use of an older adult’s funds or property.” A self-reported survey of older 
adults showed that 20 percent of Americans age 65 years and older have 
been taken advantage of financially by means of unsuitable investments, 
inappropriately high fees for financial services, or blatant fraud (Investor 
Protection Trust, 2015). Another study found that among a sample of older 
adults, a subgroup showed poor performance on a measure of risk–reward 
processing, which was associated with poor recognition of deceptively 
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advertised products and a greater willingness to purchase these products 
(Denburg et al., 2007).

Advance planning for financial decisions as a protective strategy merits 
the same attention as advance planning for health care decision making 
(Sabatino, 2011). Triebel and Marson (2012) and Widera and colleagues 
(2011) provided additional rationales for earlier attention to declines in 
financial capacity; described practical warning signs for risks of financial 
neglect, abuse, or exploitation; and emphasized the need to encourage plan-
ning for financial protections. According to the National Council on Aging, 
the top 10 financial scams targeting older adults include telemarketing, 
Internet scams, and sales of anti-aging products (NCOA, 2014). Strategies 
that address individual planning and monitoring should be accompanied 
by system-level strategies that allow financial institutions to identify and 
intervene in suspicious or concerning transactions. These include giving in-
stitutions the authority to place a short-term hold on a suspicious or unsuit-
able transaction to allow time for investigation and intervention, clarifying 
privacy laws to allow this reporting, creating a national database of those 
who commit financial abuse and exploitation of elders, and revising data-
bases that record consumer complaints so that the reporting of suspected 
fraud or exploitation does not appear among complaints about a financial 
advisor or institution. In 2010, Washington State enacted a law allowing 
a 10-day hold on any suspicious transaction involving a vulnerable adult 
to allow time for investigation and possible intervention.1 The law also in-
cludes requirements for the training of financial institution employees about 
the financial exploitation of vulnerable adults.2 Furthermore, standards are 
needed for how to present financial information requiring a decision so that 
it can be understood by someone who has cognitive changes seen with aging 
and to verify that the consumer has made a decision that meets his or her 
financial means and objectives. For example, California enacted the Reverse 
Mortgage Elder Protection Act of 20093 to promote older adults making 
informed decisions about reverse mortgages and to ensure that those in-
volved in the sale of reverse mortgages act in the consumer’s best interest.

1 Financial Exploitation of Vulnerable Adults, Washington State Legislature Revised Code of 
Washington (RCW) 74.34.215 c 133 § 3 (2010).

2 Financial Exploitation of Vulnerable Adults–Training–Reporting, Washington State Legis-
lature RCW 74.34.220 c 133 § 5 (2010).

3 Reverse Mortgage Elder Protection Act of 2009, California State Assembly AB 329 c236 
(October 11, 2009).
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Programs to Increase Awareness and Education About 
Elder Financial Fraud and Exploitation

Many federal, local, nonprofit, and private organizations are respond-
ing to the changes in older adults’ capacity to make financial decisions and 
to their vulnerability to financial abuse by creating programs to increase 
the public’s awareness and access to information resources. The target 
audiences for these programs are not only older adults but also their fami-
lies, bankers, and financial advisors. These programs alert families to red 
flags or signs of change in financial capacity that might indicate a need for 
assistance or supervision. The signs can include changes in the filing of 
important papers or taxes, stacks of paid and unpaid bills, uncharacteristic 
errors with checkbooks or tipping, or changes in investment interests (e.g., 
a conservative investor with a new unexplained interest in get-rich-quick 
schemes). These programs also can help people learn how to identify a 
potential scam. Furthermore, some large investment advising organizations 
are now routinely asking new clients for the names of proxy or surrogate 
decision makers. The U.S. Department of Justice and the Federal Bureau of 
Investigation both work to investigate and address financial crimes against 
older adults (DOJ, 2014; FBI, 2013), and financial fraud directed at older 
adults has been the subject of many congressional hearings (e.g., U.S. House 
of Representatives, 2013; U.S. Senate, 2003). Examples of these programs 
and others are listed in Box 6-2.

Many state attorneys general offices provide online resources, such as 
pamphlets and links, regarding fraud and financial safety. At least one state 
has a program that will give presentations to senior groups about crime 
prevention, safety, identity theft, and frauds and scams (Virginia Office of 
the Attorney General, 2014).

Senior Medicare Patrols are grant-funded projects that help Medicare 
beneficiaries and their families across the United States prevent, identify, 
and report errors, fraud, and abuse in their Medicare benefits (ACL, 2015). 
These projects provide counseling and education by working with individu-
als or giving presentations to groups. The projects are funded by ACL, and 
together they served more than 1 million people in 2013.

Next Steps: Financial Decision Making

Credible consumer financial education programs are offered through 
community and civic groups; retirement housing communities; faith commu-
nities; and state, regional, and county aging networks. Few of these programs 
have been rigorously tested or in place long enough to measure outcomes. 
Educational programs or materials targeting older adults may be more effec-
tive with proactive language such as “savvy saving” rather than negative or 
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BOX 6-2 
Examples of Federal and Community Programs to Increase 

Awareness and Education About Elder Financial Abuse

	 Federal, local, nonprofit, and commercial organizations are responding to older 
adults’ risk of financial abuse from international and national sources, community 
services, and even family members. Examples include

AARP: AARP partners with local police and sheriff’s departments in many states 
to hold “Scam Jams,” which are information sessions for older adults about finan-
cial risks and protections. The organization has a free “Fraud Watch Network” that 
sends alerts and news about scams, fraud, and identity theft to those who sign up 
for the service (AARP, 2014c).

Consumer Financial Protection Bureau (CFPB): The Dodd-Frank Wall Street 
Reform and Consumer Protection Act of 2010a established the CFPB which has 
the mission of “watching out for American consumers in the market for consumer 
financial products and services” (CFPB, 2015a). Within the Bureau, there is an 
Office of Financial Protection for Older Americans. This office provides a cur-
riculum on preventing financial exploitation of older adults, as well as guides for 
various agents responsible for financial caregiving of older adults (e.g., powers of 
attorney, court-appointed guardians, trustees, and government fiduciaries). The 
downloadable guides explain in lay language the responsibilities of a fiduciary 
(CFPB, 2015b).

Federal Trade Commission (FTC): FTC’s financial fraud campaign, “Pass It On,” 
is a consumer education program aimed at older adults which discusses identity 
theft, imposter scams, charity fraud, health care scams, paying too much, and 
“You’ve won!” scams (FTC, 2014). Grounded in an empowerment message, this 
program encourages older adults to share what they have learned about financial 
fraud with their friends and family, regardless of whether they themselves have 
been the target of a financial scam.

Wells Fargo Investment: Elder Client Initiatives is a program that provides in-
formation for its network of advisors to help them recognize suspicious financial 
decision making or possible fraud in their clients’ accounts (Braswell, 2014).

Additional online resources:
•	 �Consumer Federation of America: Nation’s Top Ten Consumer Complaints 

(CFA, 2014)
•	 �Federal Bureau of Investigation (FBI): Fraud Target: Senior Citizens (FBI, 2014)
•	 �Financial Fraud Enforcement Task Force: Protect Yourself: Elder Fraud and 

Financial Exploitation (Financial Fraud Enforcement Task Force, 2014)
•	 �National Council on Aging: Top 10 Scams Targeting Seniors (NCOA, 2014)

aDodd-Frank Wall Street Reform and Consumer Protection Act of 2010, U.S. Congress, 
Dodd-Frank § 1021 (enacted July 21, 2011).
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stigmatizing language such as “victim,” which can imply a loss of control or 
independence. The challenge for most programs aimed at financial advisors 
or directed to consumers is that new scams and threats to financial security 
of older adults outpace the capacity to keep the public and financial and 
law enforcement professionals adequately informed. Ongoing public–private 
partnerships and collaborations will be essential to reach specific targeted 
groups and diverse communities at a sufficiently fast pace.

Education and empowerment are essential tools for addressing the 
challenges of cognitive aging on older adults’ financial security. However, 
systems-level revisions are needed as well. These could include developing 
and disseminating approaches that compensate for the cognitive changes 
seen with aging by verifying that the consumer has made a decision that 
meets his or her financial means and objectives. These approaches should 
include using layperson, everyday language that considers financial literacy. 
Techniques, such as using interview questions to assess a person’s ability 
to make a financial decision or solve a financial problem (e.g., Lai and 
Karlawish, 2007; Marson et al., 2000), could also help increase the likeli-
hood that a consumer understands and appreciates the financial choice he 
or she has made.

Furthermore, financial institutions should also be able to identify and 
intervene in suspicious or concerning transactions. Strategies to consider 
include giving financial institutions the authority to place a short-term hold 
on a suspicious or unsuitable transaction to allow time for investigation and 
intervention, enacting clear privacy laws to allow this type of reporting, 
creating a national database of those who commit elder abuse and financial 
exploitation, and revising databases that record consumer complaints so 
that a financial advisor’s or institution’s reporting of suspected fraud or ex-
ploitation does not appear as a complaint about the advisor or institution.

DRIVING

Driving an automobile safely relies on several elements of cognition, 
such as processing speed, decision making, and multitasking. Memory, 
visuospatial skills, and executive functioning are also crucial (NHTSA, 
2014b). Furthermore, various sensory (e.g., hearing and vision) and physi-
cal abilities (e.g., neck flexibility in turning to look to the side and behind) 
are needed. All of these faculties can decline in older age. On the other 
hand, older drivers often bring decades of driving experience and lessons 
learned to bear on their driving. For individuals and their families who must 
make decisions about when and whether to limit driving or to stop driving 
altogether, the weighing of the risks and benefits of age-related cognitive 
and physical changes on driving skills can be a difficult process.

Restricting an older person’s driving affects independent living, self-
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esteem, and safety for older adults and the public, which only adds to the 
importance of communities and society as a whole addressing this issue 
(Connell et al., 2013; Curl et al., 2014). Drivers who were age 70 or older 
were more likely to be involved in two-vehicle crashes than drivers between 
the ages of 30 and 69 years (NHTSA, 2011). Drivers who were age 80 or 
older posed more risk of death to themselves and their passengers than did 
drivers between the ages of 40 and 70 years (Tefft, 2008). These statistics 
raise the question of how best to simultaneously promote both autonomy 
and safety for older adults. Fortunately, there is a range of community re-
sources focused on older adult driving that offers tools, information, and 
support for training programs, raising awareness, and assistance in consid-
ering when to limit driving.

Defensive driving courses are available for older adults, often with 
hands-on practice in behind-the-wheel strategies. For example, the Ameri-
can Automobile Association offers a course called RoadWise Drive (AAA, 
2011), while AARP offers a Smart Driver Course (AARP, 2014b). Laws in 
34 states and the District of Columbia require that auto insurance compa-
nies offer discounts to those who participate in these types of classroom 
safety courses. Twenty-three of those states and the District of Columbia 
require that online classes be covered in these discounts as well. The dis-
counts can vary by age, location, driving record, etc. (AARP, 2014a). The 
Insurance Institute for Highway Safety has reported that evaluating the im-
pact of these courses is difficult because “drivers who choose to take these 
courses are not representative of all drivers in their age group. Typically, 
they have lower crash rates before taking the course than those who do not 
choose to take them” (IIHS, 2014). The ACTIVE study showed that those 
trained to enhance visual processing speed were significantly less likely to be 
involved in at-fault crashes (Ball et al., 2010). Researchers have also found 
that older adults who receive driver training using a simulator improve their 
scanning behavior at intersections (Romoser, 2013).

A range of driving assessment tools is available to provide older drivers 
and their families with feedback on driving issues and concerns. For ex-
ample, the California Department of Motor Vehicles provides a 15-question 
online self-assessment (California DMV, 2014). The University of Florida 
has developed the online tool, Fitness to Drive Screening Measure (Univer-
sity of Florida, 2013), which helps proxy raters (caregivers, friends, or fam-
ily members) or occupational therapists determine whether an older adult is 
potentially able to drive safely; based on the results of the screening, recom-
mendations may be provided for further instruction or resources. Resources 
are also available to assist health care providers in determining driving risk. 
A retrospective cohort study found that a screening tool called the 4Cs 
could be helpful in assessing driving competence (O’Connor et al., 2010). 
It is an interview-based tool for health providers to identify someone who 
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is at risk for unsafe driving by examining the individual in regard to four 
domains: crash history, family concerns, clinical condition, and cognitive 
function. Regardless of the format of the assessment tool, driving assess-
ments should be carefully validated before they are widely disseminated to 
ensure that they are providing the intended benefit to driver safety (Bedard 
et al., 2013; Gifford, 2013; Woolnough et al., 2013).

State departments of motor vehicles, insurance companies, and com-
munity organizations often take an active role in providing information to 
older adults and their families and in developing safety plans focused on 
older adult drivers (examples in Box 6-3). Efforts at the community, state, 
and national levels are under way to make communities more accessible 
and walkable, with transportation options for older adults that do not 
involve driving. One research agenda for aging and transportation identi-
fied several key areas for further work: screening and assessment, reme-
diation and rehabilitation, vehicle design and modification, technological 
advancements, roadway design, transitioning to not driving, and alternative 
transportation options (Dickerson et al., 2007). For example, Michigan has 
developed a Senior Mobility and Safety Action Plan with the goal of reduc-

BOX 6-3 
Online Resources for Older Adult Driving

•	 AAA Foundation: How to Help an Older Driver (AAA Foundation, 2014)
•	 NHTSA:
	 	 �Traffic Safety Plan for Older Drivers (NHTSA, 2014a)
	 	 �How to Understand and Influence Older Drivers (NHTSA, 2013)
•	 NIA: Older Drivers (NIA, 2014b)
•	 �NIH’s Senior Health: Older Drivers: How Aging Affects Driving (NIH Senior 

Health, 2014a)
•	 Examples of state resources:
	 	 �Maryland Motor Vehicle Administration: Additional Resources (Maryland 

MVA, 2014)
	 	 �Massachusetts Registry of Motor Vehicles: Mature Drivers (Massachusetts 

RMV, 2014)
	 	 �New York State Office for the Aging: Understanding and Helping an Older 

Driver (NYSOFA, 2014)
	 	 �Pennsylvania Department of Transportation: Talking with Older Drivers: A 

Guide for Family and Friends (Pennsylvania DOT, 2014)
	 	 �Vermont Department of Motor Vehicles: Mature Drivers (Vermont DMV, 

2014)
	 	 �Virginia Grand Driver: Driver Safety Tips (Virginia Grand Driver, 2014)
	 	 �Washington Department of Licensing: Safe Driving for Seniors (Washington 

State Department of Licensing, 2014)
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ing the rate and severity of road accidents for older adults (Senior Mobility 
Work Group, 2013). The plan includes short- and long-term objectives for 
research and for making driving on roadways in Michigan safer for older 
drivers, such as by adding back plates to traffic lights facing east-west so 
that lights are easier to see.

CONSUMER DECISIONS

Many consumer products are being developed and marketed in re-
sponse to consumers’ interest in methods to prevent, slow, or reverse cog-
nitive aging as well as its effects on people’s daily lives. The challenge for 
consumers—including both middle-aged adults hoping to prevent cognitive 
aging and older adults and their families—is to sort through product claims 
and identify which products or actions are evidence-based and effective and 
which are not.

The large number of adults from middle to older age who are con-
cerned about losing their cognitive abilities has created a vast potential 
marketplace for cognition-related products. Since older adults are an in-
creasing proportion of the U.S. and world population (see Chapter 1), this 
marketplace will only grow over time. The potential for a lucrative market, 
coupled with the steadily growing number of research findings in this area 
and accentuated by the cognitive vulnerabilities that may affect some older 
adults, makes this a particularly important area in which to have indepen-
dent, authoritative sources of information and regulatory oversight. Con-
sumers need to be able to make informed choices among products that have 
evidence of effectiveness. Furthermore, because many of these products are 
not free, the need to make informed choices becomes even more important 
as many older adults have fixed incomes and may not be able to afford 
spending their limited financial resources on products with potentially false 
claims of improving cognitive function.

Many groups need independent and evidence-based information: indi-
viduals and their families; professionals in the health care, public health, 
and long-term care areas; and senior centers, exercise facilities, and numer-
ous other locations. Chapter 7 provides details on communication strate-
gies that may be effective for disseminating this type of information to the 
appropriate audiences.

Product Evaluation Criteria

To assist consumers in evaluating product advertisements and claims, 
the committee recommends developing an authoritative source of informa-
tion and providing criteria for product evaluation. Consumer evaluations of 
the wide array of cognition-related products—ranging from pharmacologics 
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and DNA testing to games and computer applications for self-testing cog-
nition—could be informed by clear product evaluation criteria. Knowing 
which questions to ask, which issues to consider, and the potential pitfalls 
and trade-offs of one product versus another is a good starting point for 
consumers trying to make well-informed decisions. Recommendation 8 
(later in this chapter) calls for the development of product evaluation 
criteria for cognition-related products. Questions and issues that may be 
considered include:

•	 Real-world effectiveness: Has the product demonstrated its effec-
tiveness for real-world tasks that are of concern to the consumer 
(e.g., driving safety, living independently, etc.)?

•	 Research quality: Has the product been evaluated by comparing 
an experimental group with a control group, both of which have 
individuals with the same expectations of cognitive benefit?

•	 Length of effectiveness: Does the product demonstrate long-term 
benefits?

•	 Other factors that affect the product’s effectiveness: Are there fac-
tors (e.g., age, health, motivation, general cognition ability) that 
moderate the benefit of the product?

•	 Independent verification: Have the benefits of the product been 
replicated by independent groups that do not benefit in any way 
(financially or otherwise) from the research findings?

•	 Comparative effectiveness: Have the benefits of the product been 
compared to the benefits of other products or lifestyle choices, such 
as physical activity, intellectual engagement, social interaction, or 
diet, that may impact cognitive health?

Information Gateway or Portal

An independent trusted online source of cognitive aging information 
is needed. Although information about cognitive aging is indeed available 
(as discussed throughout this report), the information is spread across nu-
merous websites of government agencies, nonprofit organizations, research 
facilities, and private-sector corporations. An authoritative online gateway 
or portal could include evidence-based lay summaries of recent research 
findings in cognitive aging as well as links to resources from validated 
sources, advice on where to obtain additional information, and fact sheets 
on evaluating consumer products, understanding and using new technolo-
gies, and many additional topics. Such an information gateway would need 
to provide information in a clear and concise manner that meets health 
literacy standards. Keeping the website up to date would be of paramount 
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importance. Furthermore, older adults without online access should in some 
way be able to have access to these same information resources.

Information gateways have been set up as resource tools for a variety 
of public health concerns. For example, the Child Welfare Information 
Gateway is a joint effort of the Department of Health and Human Ser-
vices’ Children’s Bureau and the Administration for Children and Families 
that offers an extensive website of resources, information, and a toll-free 
information phone line to help protect children (HHS, 2014a). The Envi-
ronmental Protection Agency provides the Pollution Prevention Information 
Clearinghouse as a free information service which is focused on “reducing 
and eliminating industrial pollutants through technology transfer, source 
reduction, education and public awareness” (EPA, 2014).

Several federal agencies have websites that could serve as information 
gateways for cognitive aging. Examples include the CDC’s Healthy Brain 
Initiative website (CDC, 2014a), ACL’s Brain Health website (ACL, 2014), 
and the website of the National Institutes of Health’s National Center for 
Complementary and Integrative Health, which is updated regularly with 
evidence-based reports on products and practices (NIH, 2015). The gate-
way should be reviewed periodically to ensure that useful information is 
presented in a meaningful way. An example of an appropriate review is the 
evaluation of the Agency for Healthcare Research and Quality’s National 
Guidelines Clearinghouse™ (AFYA, Inc., and The Lewin Group, 2011).

TECHNOLOGY

At the same time that the number of older adults is growing rapidly, 
technology is becoming ubiquitous and integrated into many aspects of 
everyday life. Technology innovations offer both promise and potential 
pitfalls for cognitive aging. On the one hand, new technologies can provide 
older adults with ways to adapt to and compensate for cognitive changes 
and help them maintain their independence and active lifestyles. For ex-
ample, the availability of numerous online courses on a myriad of topics 
increases opportunities for older adults to engage in new learning, while 
technologies such as e-mail and social network tools can foster social con-
nectivity and help alleviate social isolation and loneliness. Social network-
ing site use among older adults has increased substantially over the past few 
years (Zickuhr and Madden, 2012).

On the other hand, new technologies are often not intuitive to older 
adults, and they are complicated to use, so older adults may avoid using 
them or, if they do use them, they may become frustrated by the tech-
nologies. In fact, an age-related digital divide remains despite an increased 
uptake of technology among older adults. This divide is especially evident 
when looking at technology use among adults who are age 75 or older 
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and among older adults of lower socioeconomic status (Smith, 2014). To 
help bridge this divide, system designers need to perceive older adults as an 
important user group and to consider their needs, preferences, and abilities 
in the design process. Strategies to ensure that older adults have “meaning-
ful access” to technology are also needed (Sharit et al., 2009). Extensive 
community and private-sector resources are already focused on address-
ing these areas. Because technology is such a broad topic with so many 
applications, this report highlights just a few examples where technology 
may be useful to or adapted for older individuals who are experiencing 
cognitive changes.

Smart Homes

Environmental adaptations and “smart homes” have been developed as 
a way to keep older adults safer at home, maintain or enhance their inde-
pendence, improve early recognition of signs of illness, and improve quality 
of life. Many of these interventions consist of technologies that are inte-
grated into the home environment to assist older adults by interpreting their 
needs and alerting providers or family members of possible emergencies or 
changes in physical or mental functioning. These technologies are able to 
monitor mobility, daily activity patterns, and physiologic parameters such 
as oxygen and glucose levels. They often employ home sensors or video 
cameras that detect such things as motion, the opening of the refrigerator 
door, or the toilet flushing or that assess such things as gait or walking 
speed (Jacelon and Hanson, 2013; Kang et al., 2010; Rantz et al., 2013).

Studies have also begun to test portable wearable devices that can track 
mobility and activity (Mudge et al., 2007). These studies have not examined 
the use of smart homes for the enhancement or maintenance of cognitive 
outcomes for older adults without cognitive impairment. Although these 
technologies do not directly measure cognition, they do monitor other 
elements of health that one may be less aware of as cognition changes. 
To be useful, the data from the sensors need not only to be collected and 
monitored but also to be interpreted and used to improve outcomes. These 
interventions have the potential to lessen the likelihood of illness and injury 
and to allow older individuals to live independently longer.

Teaching Older Adults to Use Technology

Not knowing how to use technology, or having a fear of using it, could 
stop older adults from wanting to incorporate technology into their daily 
lives. Older adults are interested in using, and capable of learning to use, 
technology applications, but it may take them longer to learn, and they 
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may need more support than younger adults (Czaja et al., 2013). Older 
Adults Technology Services (OATS) is a nonprofit organization that re-
ceives funding from corporations, foundations, and government agencies 
to teach and support older adults in using technology. It has technology 
laboratories across New York City and serves more than 20,000 people 
each year (OATS, 2014). Analyses have shown that OATS training increases 
older adults’ confidence, ability, and use of technology; increases access to 
information, including health and medical information; and reduces social 
isolation (Gardner, 2010). OATS also has a pilot project to bring computer 
training, home Internet access, and electronic devices to minority and 
low-socioeconomic-status older adults in an attempt to combat the social 
isolation that can set in for many older adults. OATS is expanding to rural 
areas and adding online courses in Internet essentials as well as pilot courses 
on health and financial information. There are also guidelines available for 
design training and instructional programs for older adult learners (e.g., 
Czaja et al., 2013).

Improving Web Usability

While the Internet can be beneficial in terms of supporting older adults 
and providing a source of new learning and cognitive engagement, many 
websites have usability problems and are difficult to navigate. Many In-
ternet applications can be adapted so that they are easier to use by broad 
and diverse groups. The World Wide Web Consortium (W3C) is an in-
ternational organization that develops standards for making the Internet 
more accessible to all people, including those with cognitive limitations. Its 
membership includes government, academic, nonprofit, and commercial in-
stitutions. It has developed standards for how to make website content and 
the user interface easier to understand and use. Examples include increasing 
website readability by providing definitions for unfamiliar words and using 
clear language, increasing website ease of use with the consistent presenta-
tion of navigation tools and repeated components, increasing the ability to 
correct and avoid mistakes by being able to review submissions and receive 
information on correcting errors, and suggesting compatibility between 
browsers and across platforms to maintain stability even on an unfamiliar 
device. W3C has also recommended alternatives for typing, writing, and 
clicking through keyboard controls for mouse tasks, voice recognition, and 
touchscreen capabilities. It provides design recommendations, such as pre-
dictive text, for those who have difficulty remembering addresses, names, 
phone numbers, and so on (W3C, 2014). Furthermore, designers should 
take into account the credibility of information, privacy, trust, and ease of 
training (Czaja et al., 2012; Sharit et al., 2009).
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Simple Technology

Technology does not have to be complicated or expensive to be helpful 
to a person with cognitive aging. Setting up a household utility account for 
automatic electronic bill payment may be a helpful alternative to remember-
ing to pay bills on time. An online calendar can automatically send e-mail 
reminders for appointments and can be shared with family members. A 
global positioning system can be used while driving to prevent getting lost. 
These seemingly simple modifications may go a long way toward helping 
people maintain independence and confidence.

Technology holds great promise for aiding older adults with their daily 
activities, although it can be inaccessible to them due to cost or complexity. 
When developing new technologies to help those with cognitive aging, the 
end user should not be forgotten. It is important to remember those who are 
aging as well as their friends, families, and caregivers and to learn what they 
need most and what will be most useful to them (IOM and NRC, 2013), 
while also considering how to design devices so that they are simple to use, 
easy to understand, and available to those who need them.

SUMMARY

As described throughout this chapter, communities across the country 
have been working to improve accessibility, independence, health, and 
quality of life for older adults. Many positive outcomes have already been 
achieved, but these programs need to be expanded to reach more people, 
new programs need to continue to be developed, and current programs 
need to be evaluated to determine best practices. With the wide variety of 
programs and activities available to the public, there is the possibility that 
some programs could have unintended consequences, so program evalu-
ation will be especially important. Positive outcomes can be reached via 
many mechanisms and with innovation from organizations big and small, 
public and private.

RECOMMENDATIONS

Recommendation 8: Develop Consumer Product Evaluation Criteria 
and an Independent Information Gateway
The Centers for Disease Control and Prevention, National Institutes 
of Health, and the Administration for Community Living, in conjunc-
tion with other health and consumer protection agencies, nonprofit 
organizations, and professional associations, should develop, test, and 
implement cognitive aging information resources and tools that can 
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help individuals and families make more informed decisions regarding 
cognitive health.
	 Specifically,

•	 A central, user-friendly, easily navigated website should be 
available to provide independent, evidence-based informa-
tion and links relevant to cognitive aging, including infor-
mation on the promotion of protective behaviors and links 
to effective programs and services. The information should 
be presented in a way that takes health literacy into account.

•	 Consumer-relevant criteria should be developed and widely 
disseminated to provide individuals and families with guid-
ance on evaluating cognition-related products (e.g., cogni-
tive training products, nutriceuticals, and medications).

Recommendation 9: Expand Services to Better Meet the Needs of 
Older Adults and Their Families with Respect to Cognitive Health
Relevant federal and state agencies (including the Administration for 
Community Living [ACL], the Centers for Disease Control and Pre-
vention [CDC], the National Highway Traffic Safety Administration 
[NHTSA], and the Consumer Financial Protection Bureau), nonprofit 
organizations (such as the Financial Industry Regulatory Authority), 
professional associations, and relevant private-sector companies and 
consumer organizations should develop, expand, implement, and evalu-
ate programs and services used by older adults relevant to cognitive 
aging with the goal of helping older adults avoid exploitation, optimize 
their independence, improve their function in daily life, and aid their 
decision making.
	 Specifically,

•	 Financial decision making:
	 The banking and financial services industries and state 

and federal banking and financial regulators should 
develop and disseminate banking and financial policies, 
services, and information materials that assist older 
adults and their families in making decisions that meet 
their financial means and objectives, that reduce the op-
portunities for unsuitable decisions, and that mitigate 
the harms of such decisions.

	 Surrogacy mechanisms, such as powers of attorney 
or multiparty accounts, should have appropriate safe-
guards to protect the interests of the older adult.

	 The financial services industries and relevant state and 
federal agencies should develop, strengthen, and imple-
ment systems approaches, best practices, training, and 
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laws and regulations to help verify that financial trans-
actions are not fraudulent or the result of diminished 
capacity or undue influence.

	 Systems should be strengthened for reporting or tak-
ing other protective actions against potential financial 
fraud, exploitation, or abuse to relevant enforcement 
and investigative officials. Laws and regulations should 
be revised to mitigate civil liability and professional 
harms resulting from such protective actions.

•	 Driving and transportation:
	 NHTSA, states’ departments of motor vehicles, and rel-

evant professional and consumer organizations such as 
the American Automobile Association should expand, 
validate, and disseminate tools and informational mate-
rials to assist older adults in maintaining and assessing 
their driving skills and to assist older adults and their 
families in making decisions about safe driving.

	 The automobile industry should expand and evaluate 
technologies that enhance decision making and safety 
for older drivers.

	 State and local transportation authorities, local plan-
ning commissions, private developers, and community 
groups should expand efforts to develop and imple-
ment alternative transportation options to accommo-
date changes that occur with cognitive aging, including 
efforts to ensure safe and walkable communities.

•	 Technology:
	 Technology industries should develop and adapt hard-

ware, software, and emerging technologies to accom-
modate the needs of older adults that are related to 
cognitive aging.

	 The CDC, ACL, and other relevant agencies, organi-
zations, and private-sector companies should support 
evidence-based programs that educate older adults in 
the use of emerging technologies.

•	 Health information:
	 Health information providers, including private-sector 

companies and government agencies, should ensure 
that their websites (including patient health portals), 
packaging (including medication packaging), and other 
consumer health information relevant to cognitive ag-
ing meet health literacy standards.
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7

Public Education and Key Messages

Meeting the public health goal of maintaining cognitive health 
requires clear and effective communication featuring accurate, 
up-to-date, and consistent messages that resonate with individu-

als and their communities. Attention needs to be paid to whether different 
segments of the population are exposed to relevant information, persuaded 
to act accordingly, and have the environmental supports in place to change 
and maintain behaviors that are supportive of cognitive health. Because 
new research findings are constantly becoming available, stakeholders also 
need reliable means of keeping up with this rapidly changing field.

This chapter covers what is known about public knowledge, attitudes, 
and beliefs about cognitive aging (as distinct from Alzheimer’s disease or 
dementia); how the public currently receives and could receive information 
about cognitive aging; and effective public health messaging. The chapter 
concludes with key messages to be disseminated on cognitive aging and 
recommendations for next steps.

PUBLIC PERCEPTIONS AND BELIEFS ABOUT COGNITIVE AGING

The term “cognitive aging” is relatively new, and therefore the public 
is less familiar with it than with terms for brain diseases such as dementia 
and Alzheimer’s disease. The level of awareness of Alzheimer’s disease is 
very high. In 2006, 93 percent of Americans age 45 or older said they had 
heard of Alzheimer’s disease (MetLife MMI and LifePlans, 2006). Public 
communication about cognitive aging will need to cover its definition and 
scope (see Chapters 1 and 2), explain how it differs from brain disease, 
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describe the range of cognitive abilities and how they change with age 
(some improve, some decline), highlight the variability among individuals in 
cognitive changes with age, and underscore the ways in which maintaining 
cognitive health preserves an individual’s relationships, independence, sense 
of autonomy, and enjoyment of favorite activities.

When trying to influence health behavior change, such as the adop-
tion of behaviors that protect and enhance cognitive health, it is impor-
tant to understand the motives that people have for their actions, their 
perceptions about the efficacy of the actions and their ability to perform 
them, and the environmental factors that support or hinder the behaviors 
(Ajzen, 1991; Bandura, 1986; Fisher and Fisher, 2002; Sallis et al., 2008). 
Past public communication campaigns aimed at preventing negative health 
outcomes have made an impact on middle-aged and older adults (Snyder 
and LaCroix, 2013), meaning that public efforts to change the behavior of 
middle-aged and older individuals related to cognitive aging may be more 
successful than such interventions at earlier ages, when people may believe 
the issue is less personally relevant. Understanding how middle-aged and 
older adults feel about cognitive health and decline is essential.

In surveys and focus groups, midlife and older adults express signifi-
cant widespread fears and concerns about cognitive decline and the loss of 
decision-making capacity (AARP, 2012; Anderson et al., 2009; CDC, 2013; 
Friedman et al., 2013; Laditka et al., 2011; Price et al., 2011). Studies in 
2002 and 2006 found that more than 60 percent of the adult population 
feared memory loss when they were older (Cutler et al., 2002; PARADE 
and Research!America, 2006). In 2009, 73 percent of adults over 18 years 
of age reported that they were concerned or very concerned “that their 
memory may worsen with age,” a concern that was highest among women 
and those of middle age (Friedman et al., 2013). A substantial proportion of 
adults (66 percent) is also concerned about needing to take care of a loved 
one with Alzheimer’s disease in the future, while 44 percent currently have 
a family member or friend with Alzheimer’s disease (MetLife MMI et al., 
2011). Sixty percent of people over 50 years of age would like to know their 
own risk of developing Alzheimer’s disease someday (Roberts et al., 2014). 
Most people over 50 years old (89 percent in a recent survey) understand 
that genetics can play a role in Alzheimer’s disease risk; fewer (55 percent) 
realize that stress can play a role in its development (Roberts et al., 2014).

A number of studies highlight older Americans’ greater fear of demen-
tia and memory loss, compared with other health and financial worries. In 
2013 a YouGov survey supported by the Alzheimer’s Association and the 
Centers for Disease Control and Prevention (CDC) found that Americans 
age 60 and older were more afraid of Alzheimer’s disease or dementia 
than of cancer, heart disease, stroke, or diabetes (Alzheimer’s Association, 
2014). The primary reasons why people are afraid of Alzheimer’s disease 
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are forgetting family, becoming a burden to the family, and not being able 
to take care of oneself. Additional reasons are the fear of losing their per-
sonality and who they are, and having had experience with someone who 
had the disease (Alzheimer’s Association, 2014). Similarly, a small non-
representative survey found that people over 50 years of age were more 
afraid of “losing my mental sharpness” than other risks, which included, in 
declining order, “losing my overall health,” “a family member losing their 
overall health,” “not being able to take care of myself,” “running out of 
money,” “getting a terminal illness,” and “losing a spouse” (AARP, 2014).

The relatively high level of worry among older Americans about main-
taining their own and their loved one’s cognitive health as they age gives 
public education campaigns a motivator for behavior change that they 
should be able to tap into.

Perceptions of Actions to Maintain Cognitive Health

Surveys indicate that most members of the general public are aware of 
behaviors that they believe can help safeguard their cognition as they age. 
One survey found that 88 percent of respondents who were 42 years old 
or older said they believed that there was something they could do to keep 
their brains fit, such as doing mental challenges and eating a healthy diet 
(ASA and MetLife Foundation, 2006).

A large national 2010 survey that asked adults over 50 years of age 
about Alzheimer’s disease found that most believed that keeping mentally 
active (93 percent), eating a healthy diet (87 percent), keeping physically 
active (88 percent), and taking vitamins or dietary supplements (71 percent) 
are very or somewhat effective in preventing the disease (Roberts et al., 
2014). People who were older or were African American were more likely 
to endorse physical activity as a protective factor; women, African Ameri-
cans, and those with lower education were more likely to endorse eating 
a healthy diet; and those who were 65 to 74 years old, Hispanics, African 
Americans, those with less education, and those who did not know anyone 
or who did not have a first-degree relative or spouse with Alzheimer’s dis-
ease were more likely to profess a belief in taking vitamins or supplements 
as a preventive measure (Roberts et al., 2014).

In 2009 Friedman and colleagues (2013) added questions to a large 
nationally representative survey (HealthStyles Consumer Survey) that ad-
dressed beliefs about memory worsening with age, activities that may ben-
efit abilities to think and remember, preferred sources of information, and 
whether health professionals had spoken to consumers about ways to “stay 
sharp.” Adults age 18 and older agreed with statements that they could 
prevent or delay cognitive impairment through intellectual stimulation (87 
percent), physical activity (83 percent), a healthy diet (83 percent), main-
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taining a healthy weight (65 percent), social involvement (64 percent), tak-
ing vitamins or supplements (64 percent), avoiding smoking (52 percent), 
and taking prescribed medicines (31 percent). In contrast, slightly fewer 
said they actually engaged in these activities and behavior: 74 percent said 
they engaged in intellectually stimulating activities, 72 percent in physical 
activity, 65 percent in a healthy diet, 55 percent in maintaining a healthy 
weight, 52 percent in social involvement, 61 percent in taking vitamins or 
supplements, 59 percent in avoiding smoking, and 38 percent in taking 
prescribed medicines (Friedman et al., 2013). In another survey, conducted 
online in 2008, 50 percent of the African Americans surveyed said they 
engaged in behavior aimed at maintaining brain health (Alzheimer’s As-
sociation, 2008).

Misunderstandings About Cognitive Aging

Misunderstandings about cognitive aging are common. First, brain 
health is often seen as limited to preserving memory, perhaps because of the 
devastating and observable effect of Alzheimer’s disease (e.g., Laditka et al., 
2013). However, as discussed in Chapters 1 and 2, cognition encompasses 
many brain functions.

Second, people do not generally understand that aging can have both 
positive and negative effects on cognition. Wisdom and expertise can in-
crease as people age. The ability to think logically and solve problems is 
maintained over time in healthy adults. Overall, older adults are more likely 
to be satisfied with their lives in general, and they report experiencing nega-
tive emotions, such as anger and worry, less often than people in young 
adulthood and midlife (Carstensen et al., 2011; Charles et al., 2001; Stone 
et al., 2010). Older adults may be better able than younger counterparts to 
regulate their emotions in the face of stress (e.g., Brose et al., 2011; Neupert 
et al., 2007; NRC, 2006; Schilling and Diehl, 2014; Uchino et al., 2006). 
Older adults tend to have a more secure and complex view of themselves 
than do younger people (Perlmutter, 1988). Focusing only on the negative 
effects of aging on cognition may be inappropriately stigmatizing.

Third, the preventive actions that people should take to preserve or 
enhance their cognitive function are often misunderstood. Many people 
mistakenly believe that vitamins and supplements are effective in main-
taining cognitive health (Friedman et al., 2013; Roberts et al., 2014), even 
though there is no compelling evidence that, in the absence of individual 
deficits in specific vitamin levels, such dietary additions are beneficial (see 
Chapter 4A). Sales of online cognitive games and training suggest that in-
dividuals see these products as beneficial to their cognitive health, although 
much remains to be learned about the extent to which the skills learned 
through games and cognitive training can transfer to activities of daily life 
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(see Chapter 4C). Qualitative research suggests that people rely on anec-
dotal evidence, such as observing that a physically active friend developed 
Alzheimer’s disease, to assess the efficacy of preventive actions, which can 
result in misleading conclusions (Wu et al., 2009). Messages for the public 
should emphasize the cognitive health actions that (1) have the strongest 
research evidence indicating that they improve cognitive health and prevent-
ing declines; or (2) have scientific evidence indicating that they are likely to 
be beneficial for cognitive health and also are proven to be beneficial for 
health overall.

Fourth, misperceptions exist about the science of the brain and how it 
works and ages. The gaps in current understanding are not surprising given 
the rapid gains in neuroscience knowledge in recent decades. People may 
believe that brain neurons die as they age and that neuron death is inevi-
table. In fact, neurons may lose synapses as an individual ages, but in the 
absence of neurodegenerative disorders such as Alzheimer’s disease, neuron 
death is minimal (Morrison and Baxter, 2012). Mistaken understandings of 
brain mechanisms of cognitive decline may block people from seeing any 
reason to invest in prevention efforts.

Sociocultural Differences in Perceptions of Cognitive Aging

Understanding the variations in how people perceive cognitive aging 
is important in order to inform the development of appropriate and well-
targeted public education programs. Both quantitative and qualitative data 
show some differences and some commonalities among diverse sociocul-
tural groups. Other studies, although focused on risk of cognitive impair-
ment and prevention of Alzheimer’s disease, provide important information 
about misinformation, concerns, motivations, and current actions.

Ethnicity

Enough ethnic and racial groups differences in perceptions about cogni-
tive aging exist to require careful testing of public campaigns among dif-
ferent audiences (IOM, 2002). Some surveys have suggested that African 
American and Latino survey participants worry slightly less about dementia 
than do white participants (Connell et al., 2009; Friedman et al., 2013; 
Roberts et al., 2003), but more recent data do not show significant ethnic 
differences in worry about Alzheimer’s disease (Roberts et al., 2014).

Building on earlier ethnographic and qualitative studies (e.g., Fox et 
al., 1999; Hashmi, 2009), the Healthy Aging Research Network, which is 
funded by the CDC, conducted focus groups throughout the United States 
in order to examine perceptions of cognitive aging (see, Laditka, J. N., et al., 
2009, for a description). All ethnic groups expressed fears about memory 
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loss and used similar terms to talk about the state of decline. Many com-
monalities were seen across ethnicities in their perceptions of what it means 
to age well, including being cognitively alert and maintaining a positive out-
look, having a good memory, being socially active and engaged, living to an 
advanced age, and having good physical health (Friedman et al., 2011; La-
ditka, S. B., et al., 2009). Beliefs about efficacious strategies to stay mentally 
sharp—such as being active socially and connected to the community, having 
mental stimulation such as reading, and being physically active—were also 
similar across groups (Friedman et al., 2011; Wilcox et al., 2009).

However, there were differences among the ethnic groups’ views about 
the attributed causes and symptoms of people with cognitive impairment, 
as well as their level of concern about stigma and family reactions to cog-
nitive impairment. These differences suggest ways in which messages may 
need to be tailored (Laditka et al., 2011, 2013). In addition, there may be 
differences in beliefs about the inevitability of dementia, which could point 
to differences in individuals’ motivation to perform actions to prevent cog-
nitive decline. Researchers developing messages will need to assess beliefs 
about the inevitability of disease.

When asked about the efficacy of prevention efforts, African American 
and white participants are more likely than other ethnic groups (Chinese 
American, Latino, and Vietnamese American) to endorse mental exercises 
and puzzles (Friedman et al., 2011). Other differences in beliefs about pre-
vention behaviors, including beliefs that particular foods and supplements 
promote cognitive health, may need to be addressed in public communica-
tion efforts aimed at promoting evidence-based behavior (Friedman et al., 
2011; Laditka, J. N., et al., 2009; Wilcox et al., 2009).

Public education efforts should begin with an exploration of the atti-
tudes and beliefs of the particular population segments that a given program 
or campaign is attempting to reach. Given the wide variation in perceptions 
about cognitive health and dementia throughout the world (Hashmi, 2009; 
Henderson and Traphagan, 2005), new immigrant groups may have views 
that are significantly different from those of the U.S. resident populations 
studied in surveys to date. Furthermore, wide variations in views will exist 
among individuals within the broad ethnic groups surveyed.

Gender

Some studies find that women are more concerned than men about 
cognitive aging (Friedman et al., 2013; Wu et al., 2009), but other studies 
do not find a difference (Roberts et al., 2014). Women are more likely than 
men to know that having a first-degree relative with Alzheimer’s disease 
increases their risk for the disease and to believe that a healthy diet can be 
a protective factor against Alzheimer’s disease (Roberts et al., 2014). In a 
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qualitative comparison of rural men and women, women were more likely 
to search for information about cognitive health and to consider reducing 
stress, adopting a healthier diet, and increasing their social engagement to 
promote cognitive health (Wu et al., 2009).

Education and Income

People with fewer economic resources and less education often have a 
high burden of disease and less knowledge about health promotion and dis-
ease prevention than those with more education and income. For example, 
people with fewer economic resources and less education are more likely 
to believe that there are prescription drugs, vitamins, and supplements that 
can help prevent cognitive impairment (Roberts et al., 2014). This is par-
ticularly concerning given that they may spend limited household resources 
on unproven measures instead of on physical activity and reducing cardio-
vascular risks, which are known to be efficacious (Chapters 4A and 4B).

People of lower socioeconomic status are less likely to have a healthy 
lifestyle, and they face numerous environmental barriers to changing their 
physical activity and dietary habits. Well-designed educational campaigns 
and programs will be sensitive to the contexts in which people live and to 
their personal resources, available and preferred ways of learning about 
health issues, the sources they trust for health information, and their lit-
eracy levels (see section below).

Summary

The knowledge and motivation to engage in behavior that promotes 
cognitive health may vary by gender, ethnicity, income, and education level, 
and thus educational strategies and materials need to be relevant to the 
needs of specific target groups. If there is evidence that broad public cam-
paigns are not successful, it will be advantageous to target each segment of 
the population separately (IOM, 2002).

INFORMATION ENVIRONMENT

Efforts to educate the public about cognitive aging and to promote 
particular types of behavior will need to take into account the information-
rich environment in the United States and how best to reach middle-aged  
and older adults. The existence of information in the environment hardly 
guarantees that people pay attention to it; there is a long tradition in com-
munication research of studying the conditions under which information 
in the media has an impact and how people use the media (e.g., Bryant 
and Oliver, 2009). Additional studies will be needed to understand when 
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and for whom cognitive aging information in the environment makes a 
difference. As one example, qualitative studies suggest that at the oldest 
ages people rely more on health professionals and people in their social 
network than on media sources to keep them up to date on information 
(e.g., Williamson and Asla, 2009).

News Media and Magazines

U.S. adults age 65 years and older rely more on television and news-
papers for their news than do other age groups (Pew Research Center, 
2015). However, the committee was unable to identify studies examining 
the coverage of cognitive aging in traditional news and information media 
(including broadcast and print).

The issue has been addressed in magazine coverage. A content analysis 
of articles in the top eight women’s and men’s magazines in 2006–2007 
found an average of four messages related to cognitive health per magazine 
in 2006, and three in 2007, with the most common recommendations for 
maintaining cognitive health relating to diet, followed by vitamins and 
supplements, cognitive exercises, physical activity, and social interactions 
(Friedman et al., 2010). No mention was made of hypertension and dia-
betes as risk factors for cognitive health, and magazines targeting African 
Americans had very little cognitive health information (Friedman et al., 
2010). An analysis of the top five magazines among people 50 years and 
older had similar findings (Mathews et al., 2009) with only a small por-
tion of the articles promoting physical activity for brain health. In another 
assessment of magazines targeting U.S. older adults, the recommended 
amount of physical activity per week varied widely, only half of the sto-
ries explained the link between physical activity and cognitive health, and 
few cited the empirical evidence for the relationships (Price et al., 2011). 
More research is needed to understand how cognitive aging is covered in 
television news and newspapers in the United States, including in Spanish-
language and other news media targeting specific cultural groups.

Internet and Social Media

For many people seeking health information, the Internet has become a 
major resource. The digital divide has shrunk, with people of most ethnici-
ties and ages using the Internet, with the least likely users being adults 80 
years and older (although 37 percent of this group was found to use the 
Internet) and those who have little education (Pew Research Center, 2014). 
About half of adults who are 65 years and older and who use the Internet 
say that getting health information is one of their top motivations for going 
online (Pew Research Center, 2014).
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Studies have examined the coverage of cognitive health on websites 
of news organizations, health systems, state and city health departments, 
and senior centers. From 2007 to 2010, the top three cable news websites 
included about 230 stories related to cognitive health, with an emphasis 
on maintaining function and preventing decline through lifestyle choices 
(Vandenberg et al., 2012). The study authors estimated that only 18 percent 
of the stories were aimed at older adults and that 20 percent featured vita-
mins and supplements (Vandenberg et al., 2012). Not surprisingly, cognitive 
function and impairment were not well defined in the stories (Vandenberg 
et al., 2012). After reviewing the websites of 156 large health systems and 
health departments and 181 senior centers, Laditka and colleagues (2012) 
found that large health systems were more likely to promote cognitive 
health than were senior centers, but promotion of physical activity repre-
sented only 20 percent of the website content.

Although active monthly Twitter users are predominantly younger 
(only 3 percent of adults who are 65 years and older use Twitter regu-
larly), it can be an important channel for people already interested in a 
topic, including activists, policy makers, and public health officials (Pew 
Research Center, 2014). There are studies focused on dementia as a topic 
of conversations on Twitter, but the committee did not find studies looking 
at the topics of cognitive health or cognitive aging. One content analysis of 
a sample of information about dementia on Twitter found that news about 
recent research studies was the most common type of content and that only 
a small number of those studies were about the prevention of dementia 
(Robillard et al., 2013). Most tweets about dementia were posted by health 
professionals, health information sites, news organizations, and commer-
cial entities. Consistent with the way that Twitter is often used—to push 
readers to websites or videos with more information—most tweets about 
dementia contained a link to a major news outlet or health information site 
(Robillard et al., 2013).

About half of older adults who are online use social networking sites 
such as Facebook, which increases their social connections with family and 
friends (Pew Research Center, 2014). It is unknown how often they share 
information and provide encouragement for behaviors that support or un-
dermine cognitive health.

In summary, information is available online about cognitive health and 
it has been covered to some degree in magazines, but it is unknown how 
much cognitive aging has appeared in the news sources that older adults 
most often use—television and newspapers. More information is needed 
about how people of different ages learn about cognitive aging, including 
which sources they actively use, features they prefer or avoid, and their 
ability to evaluate the quality of the information.
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Entertainment Media

Knowing the extent to which entertainment fare on television and in 
movies depict healthy older adults engaged in behavior relevant to promot-
ing cognitive health would be valuable information for public education ef-
forts. Research has shown that people can become motivated and learn new 
skills through the modeling provided by fictional accounts as long as the 
actions result in positive consequences for the character (Bandura, 1986; 
Singhal and Rogers, 1999). Although it cannot be said for sure because of 
the lack of research, it is likely that the topic is not well covered, given that 
the entertainment media tends to underrepresent older adults compared to 
their presence in the U.S. population. Older adults are underrepresented 
in prime-time television (Signorielli, 2004), video games (Williams et al., 
2009), prime-time medical dramas (Hetsroni, 2009), and children’s pro-
grams (Bond and Drogos, 2008).

In a 2006 study of children’s programming, older adults tended to be 
portrayed as healthy, morally good, attractive, and satisfied with life, but 
only 36 percent of older adult characters were women and only 14 percent 
were people of color (Bond and Drogos, 2008). Disney animated movies 
similarly underrepresent older women and people of color, and a study 
found that overall, 42 percent of older characters were portrayed negatively 
(e.g., grumpy, evil, helpless, or “crazy”), with almost half of the villains in 
the stories being older adults (Robinson et al., 2007).

Given the general lack of attention to cognitive health in past studies 
of entertainment fare, and the likelihood that content may have changed 
since existing studies were conducted, it would be beneficial to systemati-
cally study the current depiction of cognitive aging in entertainment media.

Current Public Education Campaigns and Resources

Media campaigns are needed that focus on cognitive aging and that 
convey the range of non-dementia cognitive issues faced by older adults and 
their families as well as the wide variability in cognitive function among 
older adults. Much of the outreach to date has concerned dementia or has 
addressed only a particular risk factor prevention strategy. Although some 
messages and materials are relevant—as reviewed below—there remains a 
strong need for campaigns that focus squarely on healthy cognitive aging.

In addition to its goals relevant to people diagnosed with dementia 
and their caregivers, the Healthy Brain Initiative seeks to improve the 
cognitive health of the American population (Alzheimer’s Association and 
CDC, 2013). One goal is to support state and local needs assessments to 
identify disparities and ensure that educational materials are culturally 
appropriate (Alzheimer’s Association and CDC, 2013). To date, the CDC 
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Healthy Aging Research Network has used qualitative methods to assess 
the public understanding of cognitive aging and to make recommendations 
about public messages, such as the need to make messages more salient to 
people with diverse backgrounds. Much of that research is cited earlier in 
this chapter. A number of the objectives related to public awareness and 
improved access to information and resources are relevant to healthy cogni-
tive aging, including

•	 coordinating national and state efforts to disseminate evidence-
based messages about risk reduction for preserving cognitive 
health;

•	 working to ensure the consistency of cognitive health messages 
across national, state, and local levels;

•	 decreasing stigma and promoting strategies for the public to learn 
how to communicate appropriately with people with dementia;

•	 promoting early diagnosis of cognitive impairment; and
•	 promoting research on cognitive health promotion.

As of 2011, the CDC had improved the information infrastructure 
relating to cognitive health for professionals by creating lesson plans for 
middle- and high-school science teachers, making improvements to its web-
site, adding items related to cognitive impairment to the Behavioral Risk 
Factor Surveillance System survey (see Chapter 3), giving presentations at 
professional organizations, and publishing scientific literature on the topic 
(Alzheimer’s Association and CDC, 2013). In 2014 the initiative funded five 
prevention research centers at leading universities to establish a research 
network to monitor attitudes and health status over time, to create and test 
messages and interventions to improve or maintain cognitive function, and 
to use that knowledge to support effective programs and practices in states 
and communities (CDC, 2014).

Using workshops, events, and mass media, the CDC and the Alzheimer’s 
Association ran a demonstration project through local Alzheimer’s Associa-
tion chapters in Atlanta and Los Angeles aimed at increasing awareness of 
cognitive health, physical activity, and cardiovascular health among African 
American baby boomers. The evaluation found that people who had par-
ticipated in the workshops had increased knowledge about brain health and 
were more motivated to engage in preventive behaviors related to screening 
for chronic cardiovascular disease risks (Fuller et al., 2012). However, the 
workshops and events reached only a small number of people in the target 
group, and it is unclear how many people were exposed to the modest me-
dia presence (Fuller et al., 2012). Furthermore, the extent to which people 
in the workshops or at the events changed their behavior is unknown, as 
is whether attendees inspired others to change their behavior. While the 
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project showed that community partners can be engaged within a relatively 
short period of time to promote cognitive health and that workshops on 
cognitive health designed with local partners and targeted to a specific 
age and ethnicity can affect knowledge and some behavioral intentions, a 
greater media presence will be necessary to reach large numbers of people.

Federal agencies and nongovernmental organizations have made infor-
mation available for interested members of the public and for public health 
and health care professionals to use with their patients or clients. Examples 
are listed in Box 7-1.

RELEVANT COMMUNICATIONS STRATEGIES AND MESSAGES

Communication and public education efforts pertinent to cognitive 
aging can benefit from and build on the public health improvement efforts 

BOX 7-1 
Examples of Information Resources on Cognitive Aging

•	 �AARP, Dana Foundation, and MetLife Foundation: These organizations print 
and distribute a series of booklets in English, Mandarin, and Spanish on recent 
advances in brain studies titled Staying Sharp. They offer related videos on their 
websites. Topics include successful cognitive aging, memory loss and aging, cogni-
tion and chronic diseases, and learning throughout life (AARP, 2015b; Dana Foun-
dation, 2015). AARP also has a dedicated webpage, the Brain Health Center, with 
information, tips, news, and blogs (AARP, 2015a).

•	 �Administration for Community Living: Brain Health as You Age fact sheets are 
available as a one-page document and in greater detail through Web links. The 
website provides a PowerPoint presentation that can be used by senior centers and 
other organizations reaching out to older adults, family members, and caregivers 
(ACL, 2015).

•	 �Alzheimer’s Association: The association provides resources on risk factors and 
prevention and a flyer, Know the 10 Signs: Early Detection Matters (Alzheimer’s 
Association, 2015).

•	 �American College of Sports Medicine: Brochures can be downloaded that deal 
with specifics of exercise, including balance training for older adults, how to hydrate 
effectively, using a heart monitor, lowering blood pressure, and starting a walking 
program (ACSM, 2014).

•	 �CDC: The CDC provides information on the Healthy Brain Initiative, including the 
fact sheet, What Is a Healthy Brain? New Research Explores Perceptions of Cogni-
tive Health Among Diverse Older Adults (CDC, 2015).

•	 �Easter Seals: Information is available for the public on brain health for youth and 
adults, with online screening tools for developmental delays in youth and an online 
driver skills training program for older adults (Easter Seals, 2015).
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•	 �HHS Office of Disease Prevention and Health Promotion: The office provides 
information for older adults on target amounts of physical activity (HHS, 2015), for 
example, the brochure Be Active Your Way.

•	 �The Hospital Elder Life Program: The program provides information for older 
adults undergoing surgery and hospitalization, with the goal of preventing delirium 
(HELP, 2015).

•	 �National Heart, Lung, and Blood Institute (NHLBI): NHLBI provides resources 
for promoting heart health that are also relevant to addressing cardiovascular risk 
factors for cognitive health. Programs include the Aim for a Healthy Weight, Heart 
Truth, and Stay in Circulation (for peripheral arterial disease) campaigns. Heart 
healthy recipes and physical activity programs are also available, with an emphasis 
on information for various ethnic groups (NHLBI, 2015a,b).

•	 �National Institute on Aging: Information on age-related cognitive change is avail-
able through the Alzheimer’s Disease Education & Referral Center website. The NIA 
also sponsors the Go4Life exercise and physical activity campaign that includes 
an informational website aimed at older adults as well as tipsheets, and the guide  
Exercise & Physical Activity: Your Everyday Guide from the National Institute on Ag-
ing, which is available in English and Spanish (NIA, 2014). The campaign has many 
partners that may distribute the original or co-brand the messages and materials, 
link to the campaign website, and host events.

•	 �U.S. Department of Agriculture: Resources are available to personalize a food 
plan and use an interactive tool to set goals, track diet and activity levels, and re-
ceive feedback (SuperTracker) (USDA, 2015).

•	 �Washington University School of Medicine: The school’s website hosts an in-
teractive tool that helps people calculate their risk of developing heart disease, 
diabetes, and stroke, among other conditions (Washington University School of 
Medicine, 2013).

by federal, state, and local agencies, nonprofit organizations, community 
initiatives, foundations, and private-sector companies.

Physical Activity

Physical activity is recommended for all age groups because of its 
health benefits in a variety of domains, including cognitive health (see 
Chapter 4A). However, the concerted efforts to improve physical activity 
levels in the general population over the past 40 years have not managed to 
counter the rising levels of inactivity (Brownson et al., 2005). Most older 
adults are inactive, and among the very old the rate of decline in activity 
levels is more rapid each year (Buchman et al., 2014). Interventions to im-
prove physical activity among older adults achieve, on average, incremental 
improvements, but generally the increase is not enough to meet recom-
mended levels (Conn et al., 2003, 2012). Because people who were more 
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active when they were younger often continue to be more active as they 
age (e.g., Dohle and Wansink, 2013), it might be useful if future efforts to 
improve cognitive health target younger age groups. Numerous strategies 
have been explored for increasing physical activity levels (Prohaska and 
Peters, 2007), and, as discussed in Box 7-2 and Chapter 6, a combination of 
strategies will likely be most useful in sustaining behavior change. Evalua-
tions will continue to be needed to determine the most effective approaches 
to long-term behavior change.

Although evidence to recommend media campaigns as a standalone ap-
proach to increase physical activity is lacking (Brown et al., 2012; Kahn et 
al., 2002), targeted campaigns with links to community-based opportunities 
for physical activity can be an effective strategy for some population groups 
(Heath et al., 2012). Note that because limited-duration media campaigns 
may not result in sustained behavior change, they may be most effective 

BOX 7-2 
Strategies for Increasing Physical Activity

Counseling and small group sessions: Counseling can happen in many settings, 
from a clinician’s office to recreation facilities, gyms, libraries, and even at home. Evi-
dence suggests that counseling by a trained layperson can be as effective as counsel-
ing by physicians (Moyer and U.S. Preventive Services Task Force, 2012). One review 
found that physical activity programs with high and moderate intensity of counseling 
efforts (e.g., 3 to 24 phone sessions or 1 to 8 in-person sessions) resulted in increased 
activity, but programs lasting 30 minutes or less were not effective. The behavior change 
techniques that were found to be most successful in increasing physical activity in older 
adults were identifying barriers and problem solving, providing rewards contingent on 
successful behavior, and modeling the behavior (French et al., 2014).

Individually tailored programs: Programs can be individualized to teach skills related 
to the increase and maintenance of physical activity, such as goal setting and self-
monitoring, building social support, self-rewards and positive self-talk, and problem 
solving to maintain behavior change and prevent relapses (Kahn et al., 2002; Task 
Force on Community Prevention Services, 2002). These programs can be delivered in 
person, over the phone, through the mail, or over the Internet, and have been shown 
to be effective (e.g., Noar et al., 2007; Snyder and LaCroix, 2013).

Online programs: Meta-analyses have shown positive effects on adults’ physical activ-
ity from Internet-based programs (Vandelanotte et al., 2007) as well as text-messaging 
programs (Head et al., 2013), and both may be appropriate for tech-savvy seniors. For 
example, a 6-week randomized controlled trial of motivational text messages increased 
step count in a target group of urban African Americans ages 60 to 85 years (Kim and 
Glanz, 2013).
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Social support for exercise: The Task Force on Community Prevention Services 
(2002) found strong evidence for effectiveness of social support programs, such as 
urging people to find exercise buddies or join a walking group. A recent meta-analysis 
found that interventions for older adults that promote walking in groups increased 
physical activity (Kassavou et al., 2013). Such interventions also have the advantage 
of promoting social engagement, which may further contribute to cognitive health (see 
Chapter 4A).

Improving the built environment: Many communities are improving the walkability of 
their neighborhoods and are increasing the number and quality of parks and community 
spaces with the goal of increasing residents’ physical activity levels (see Chapter 6). 
Public messaging should announce improvements to the environment, promote existing 
opportunities and resources in the community, and disseminate such tools as walking 
route maps (Heath et al., 2006; Hobbs et al., 2013; Task Force on Community Preven-
tion Services, 2002). Reminders at point-of-decision moments can be an effective way 
to promote small functional changes in everyday living, such as taking the stairs instead 
of an elevator (Soler et al., 2010).

Products to incentivize physical activity: Pedometers and other self-monitoring 
products are useful to some individuals for monitoring and promoting physical activity; 
however, only a fraction of the people who start using pedometers or other monitoring 
technologies use them long term (Teyhen et al., 2014).

Comprehensive community interventions: The most effective approach may be 
“all-of-the-above”—that is, comprehensive community interventions that combine me-
dia promotion, support and self-help groups, counseling, risk screening, events, and 
enhancing the environment for physical activity. The social ecological model has been 
a useful framework in which to integrate intervention strategies. An example is the Ac-
tive for Life program, which combines paid advertising, direct mail, media relations with 
testimonials and events, a tailored 12-week activity program, pedometer use promotion, 
and advocacy for environmental changes and pedestrian safety (Wilcox et al., 2009).

over the long term when tied with efforts that keep people engaged, such 
as social support approaches.

Medication Adherence and Review

Proper medication adherence is critical for preventing many of the risk 
factors for cognitive decline. As detailed in Chapter 4B, some medications 
can impair cognition in older adults, and all older adults should have care-
ful and periodic review of their medications, including supplements, by a 
clinician. Of the 67 million U.S. adults with hypertension, an estimated 54 
percent are not controlling it, even though most have a source of health care 
and insurance (CDC, 2012b; Johnson et al., 2014; Ritchey et al., 2014). 
Older adults may find it difficult to adhere to their medication regimens, 
particularly when they need to take many medications. Many older adults, 
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however, do recognize their own memory limits and use memory aids, and 
sometimes they are more conscientious than middle-aged adults about tak-
ing their medications (Park et al., 1999).

Recent reviews have suggested that educational and other interventions 
can promote adherence to medication regimens if they improve knowledge 
about the relevant medical condition, provide ongoing counseling and ac-
countability, provide appropriate tools and strategies to help patients self-
monitor, and increase access to memory aids that help people remember to 
take and refill their medications (Frazee et al., 2014; Zullig et al., 2013). 
A meta-analysis of interventions to improve anti-hypertensive medication 
adherence among older adults found that these interventions successfully 
improved adherence and knowledge and also helped improve diastolic 
blood pressure (Conn et al., 2009). The interventions were more effective 
among women and those taking three to five medications. Interventions 
targeting adherence plus another behavior had the same impact as interven-
tions targeting adherence alone, which suggests that cognitive aging cam-
paigns could focus on adherence alone or adherence and other goals, such 
as physical activity. Neither the mode of delivery (e.g., media, face-to-face 
counseling, or both) nor the type of professional conducting the counseling 
made any difference in the results. A meta-analysis of pharmacist-delivered 
interventions, which most often included medication management provid-
ing information for the patient and frequent follow-ups, found improve-
ments in adherence and in blood pressure (Morgado et al., 2011).

Some of the more effective interventions for medication adherence 
among adults 60 years and older are tailoring (changing the message based 
on information about the individual patients), face-to-face counseling, and 
rehearsal of medication taking (Xu, 2014). Clinicians offering interven-
tions should consider targeting multiple family members with high blood 
pressure at once; research with African Americans found that older par-
ents were better at taking anti-hypertension medications than their adult 
children and that when the adult children had conversations with their 
parents about hypertension, the adult children had higher adherence lev-
els too (Warren-Findlow et al., 2011). Despite the efficacy of face-to-face 
communication strategies, it can be difficult to recruit people to participate 
in small group interventions (Robare et al., 2011), so additional channels 
should be considered.

Financial Responsibility, Driving, and Health Decisions

The risks related to cognitive changes with age that require the great-
est attention may be those related to health and financial decision making 
and also skills requiring complex judgment and quick reactions in high-risk 
situations, such as driving; these risks require attention even in the absence 
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of Alzheimer’s or related diseases (see Chapter 6) (Agarwal et al., 2009; 
Boyle et al., 2012; Carpenter and Yoon, 2011; James et al., 2012; Klein and 
Karlawish, 2010; Sabatino, 2011; Triebel and Marson, 2012; Widera et al., 
2011). Efforts need to be made to improve and increase the development, 
testing, and evaluating of the messages that older adults and their families 
need on these issues.

In terms of financial decision making, surveys show a gap between 
people’s estimates of their ability to make financial decisions and their ac-
tual financial literacy, and this gap widens with age (Lusardi and Mitchell, 
2011). As discussed in Chapter 6, a number of efforts are under way to 
assist older adults and their families in making sound financial decisions. 
Messages targeted to older adults could: emphasize the need for periodic 
financial reviews and the steps to take to consult with financial advisors 
who are legally required to represent the client’s financial interests, are 
registered, and have not violated the law in the past; alert people to com-
mon scams and unscrupulous sales practices; and identify methods for 
finding trustworthy information with which to raise financial literacy, if 
they so choose. Tools to help people select reliable and trustworthy brokers 
and to avoid fraud, such as the Financial Industry Regulatory Authority’s 
(FINRA’s) “BrokerCheck,” “RiskMeter,” and “ScamMeter” developed by 
FINRA, could be promoted more widely (FINRA, 2015). At the same time, 
more research is needed on the types and efficacy of financial education 
(including the value of these online tools) in improving decision making 
(Agarwal et al., 2009).

As in the case with financial literacy, older drivers often do not rec-
ognize when they need coaching to improve their skills or when to stop 
driving. The decision to stop driving can be emotionally laden, because 
driving is often linked with independence (NRC, 2006). Messages aimed 
at older adults, their families, and health care providers can promote older 
driver training programs, local transportation alternatives, warning signs 
of diminished driving ability, and assessments of driving skills. Older adults 
may be motivated to reevaluate their driving by a desire to not harm oth-
ers or by the rising cost of their automobile insurance. The availability of 
periodic confidential driving assessments may ameliorate the fear of losing 
driving privileges for unwarranted reasons. Public campaigns aimed at older 
drivers and families could help connect people with assessment and training 
programs in their communities and online (see Chapter 6).

When faced with decisions on medical procedures, older adults may 
benefit from messages telling them where to learn more about specific 
treatment options and informing them of the need to review decisions with 
trusted others. For people of all ages, decision making is more difficult 
under stress, such as after a diagnosis (Keinan, 1987). Information about 
care options for older adults should be carefully pretested to ensure that the 
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population can use and understand them. Communication skills training 
can be beneficial for both families and health professionals (Heaney and 
Israel, 2009; Kurtz et al., 2009; Wolff and Roter, 2011; Wolff et al., 2014).

In sum, families and people who work with older adults should be 
made aware of the potential challenges to health, driving, and financial 
decision making that may occur with age and be alert for signs indicat-
ing a need for greater involvement in decisions. Families may benefit from 
messages suggesting strategies for communicating with their older relatives 
about specific decisions and decision making in general.

CHALLENGES FOR PUBLIC EDUCATION CAMPAIGNS

Combating Stigma and Prejudice

Studies have shown that in many countries, the United States included, 
cognitive impairment is stigmatized, and this stigma has been a barrier to 
early detection and treatment (Wahl, 2012; WHO, 2012). By extension, 
people with healthy cognitive aging may be reluctant to seek a professional 
assessment of their cognitive status. Stigma may block people from com-
municating about their fear of cognitive decline with family and friends, 
making it less likely they will learn about preventive measures or ways to 
reverse treatable causes of decline. For example, if a memory lapse is met by 
ridicule or visible impatience, a person may be embarrassed or feel shame, 
and psychological research suggests that shame often results in escaping 
and avoiding the shame-inducing situations (Tangney, 2013). There is also 
the potential that fear and stigma will lead an individual to shy away from 
social interactions, and the resulting diminished social connections, sup-
port, and stimulation in turn could contribute to further cognitive decline.

Older adults with more positive views of themselves and of aging in 
general have better health and are less likely to be depressed (Coleman et 
al., 1993). At the same time, negative stereotypes about older adults in 
general—such as that they are losing their cognitive, physical, and commu-
nication abilities—may affect how older adults perceive themselves and also 
affect interactions between generations (Caporael and Culbertson, 1986; 
Levy et al., 1999; Pasupathi et al., 1995; Williams and Nussbaum, 2001). 
Negative stereotypes can affect various physical measures—increasing 
blood pressure and heart rate and decreasing walking speed—as well as 
such cognitive and attitudinal outcomes as memory decline, and even the 
will to live (Hausdorff et al., 1999; Hess et al., 2003; Levy et al., 1999, 
2000).

Cognitively healthy older adults who experience patronizing attitudes 
from young adults are more likely to perceive themselves as impaired 
(e.g., Kemper et al., 1996). As a result, older people may avoid situations 
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in which they may be the target of prejudice (NRC, 2006; Shelton et al., 
2005). This can reduce older adults’ opportunities to engage in some of the 
recommended behaviors that are useful in maintaining cognitive health. If, 
for example, older adults avoid going to the gym for fear of not “measur-
ing up,” they may get less physical activity than they need. If they avoid 
social interactions with younger people, they may be missing the benefits 
of social engagement.

Evaluations of programs specifically related to stigma against people 
with cognitive aging are sparse, and this topic should be explored in future 
research. In the absence of research on what works to counter stigma for 
cognitive aging, it is useful to consider programs that counter other types 
of stigma and prejudices. The experiences, both positive and negative, with 
programs that have attempted to combat stigma against aging in general as 
well as those countering stigma against dementia or other mental illnesses 
can point to a number of strategies that could be employed.

Promote Positive Interactions

Research shows that good quality contact between individuals can help 
dispel a person’s negative attitudes toward another group (Knox et al., 
1986), and this phenomenon has been used in interventions against ageism 
and mental health stigmas. Meta-analyses of programs designed to reduce 
stigma against mental illness in the general population have found that in-
person contact is an efficacious approach among adults (Corrigan et al., 
2012; Griffiths et al., 2014). For example, the campaign Time to Change in 
the U.K. aimed to reduce mental illness stigma by fostering social contact at 
mass events and in places with a lot of foot traffic, such as malls and com-
munity centers (Evans-Lacko et al., 2012). The evaluation of this program 
found that mere contact was not enough—people needed to feel they were 
working together to improve conditions for people with mental illness. 
When they had a sense of common goals, they improved their intention to 
have greater social contact in the future with people with mental illnesses, 
even 4 to 6 weeks after the interaction (Evans-Lacko et al., 2012).

A meta-analysis of mental health stigma interventions aimed at health 
care workers found that the key elements of effective interventions were 
emphasizing the possibility of recovery from mental illness and having mul-
tiple forms of social contact with people who have experienced it (Knaak 
et al., 2014). On average, those programs had at least a short-term effect 
on stigma; the long-term effects are unknown (Knaak et al., 2014). These 
insights suggest an emphasis on messages that stress the importance of 
prevention measures relevant to cognitive aging as well as the importance 
of positive intragenerational contacts.
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Use Real-Life Exemplars

Because reaching a large percentage of the population with in-person 
contact interventions can be expensive and difficult to implement, media-
based approaches may be more useful in reaching larger numbers of people. 
Research studies have found that stereotypes can be combated through 
exposure to positive exemplars that run counter to the stereotype (Duval et 
al., 2000). Both information-oriented media programs and entertainment-
oriented media programs should be considered. News and other informa-
tion media should provide accurate and appropriate messages that will 
overcome and not reinforce stereotypes. Organizations concerned about 
the portrayal of cognitive aging in the media could monitor the extent to 
which the coverage is biased and push for change.

Public education campaigns can also put a positive face on cognitive 
aging. Analyses of media interventions for mental health stigma found that 
media messages that contain first-person testimonials—but not third-person 
accounts—about mental illness were successful in combating prejudice 
(Clement et al., 2013). An example of such a program is a current UK 
effort, Dementia Friends, which seeks to improve public knowledge of 
dementia by using news stories about real individuals living with the condi-
tion and focusing on what people can do to assist those in their community 
(Dementia Friends, 2015). People who want more information can watch 
video testimonials about the experience of dementia, attend local informa-
tion sessions, or receive a free package of materials, including a booklet 
with tips on actions. To destigmatize dementia, the campaign employs addi-
tional tactics, including naming famous people who have had dementia and 
speaking about dementia’s commonalities with other chronic health condi-
tions. The campaign also uses celebrities—such as the prime minister—to 
gain coverage. A similar campaign has been launched in New Zealand 
with a famous television personality and a sports star as “champions for 
dementia,” with an emphasis on preventive behaviors, including physical 
activity, diet, and not smoking (Alzheimers New Zealand, 2012). In the 
United States, examples of similar efforts include the documentary I’ll Be 
Me about a famous musician. Evaluations of these first-person campaigns 
will provide valuable information on the influence of media coverage.

Portray Older Adults Positively in Entertainment

To combat the stigma of cognitive aging, entertainment media can 
provide stories featuring older adults, incorporate accurate portrayals of 
people with various levels of cognitive health, and depict respectful inter-
actions between people with and without cognitive impairments. Use of 
older characters who are portrayed as being engaged in complex cognitive 
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analyses and decisions may help combat the stigma that can be associated 
with cognitive aging. Campaigns can also take advantage of movies and 
stories about cognitive health when they appear to provide timely and reli-
able information for the general public. Across a range of health topics, 
evaluations of “education-entertainment” that feature storylines related 
to health issues within dramas, music, games, or other entertainment fare 
have shown some success in increasing viewers’ acceptance of people with 
a medical condition, as well as increasing knowledge about a condition and 
individuals’ willingness to engage in preventive behavior (e.g., Kennedy 
et al., 2004; Movius et al., 2007; Singhal and Rogers, 1999). Organiza-
tions that provide health and medical information resources for television 
and movie writers (such as Hollywood, Health & Society) are valuable in 
improving the accuracy of programs and promoting the incorporation of 
health issues into storylines (Hollywood, Health & Society, 2014). Content 
analyses are helpful in documenting the state of entertainment media de-
pictions to understand where improvements are needed; however, existing 
studies are out of date (e.g., Gerbner et al., 1980; Signorielli, 2004).

Overcoming Communication Barriers

Communication aimed at older adults will need to take into account 
those adults’ physical declines in hearing and vision and their possible 
problems with literacy and number skills (numeracy). Almost two-thirds 
of adults who are more than 70 years of age experience some degree of 
hearing loss (Lin et al., 2011). With normal age-related declines in hearing, 
spoken words can become difficult to understand, particularly when there 
is background noise (Gordon-Salant, 2006). Vision may also decline with 
age and exacerbate communication challenges.

Public education messages should encourage the use of appropriate 
technologies to correct for impairments (e.g., hearing aids, glasses) so that 
people may continue to participate in social interactions, have an easier 
time learning new things, and move about more safely. Furthermore, it 
is critical that public communication campaigns focused on older adults 
take into account the potential hearing and vision declines and design their 
messages and communication strategies accordingly. Messages should be 
pretested to ensure that they can be seen and heard by older adults. For 
example, one group of researchers when designing an interactive program 
for older adults that checks for drug interactions, pretested prototypes in 
focus groups and adjusted their materials to incorporate larger type and 
bold lettering, large navigation buttons, and streamlined controls (Strickler 
and Neafsey, 2002).

Another potential communication barrier is low literacy, which is more 
common among older adults than among younger adults (Kutner et al., 
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2007). According to the National Assessment of Adult Literacy, between 
one-quarter and one-third of adults 65 years and older in 2003 (the latest 
year with statistics for older adults) had below basic skills in at least one 
type of literacy (Kutner et al., 2007). At that time, 23 percent of older 
adults could not understand information from texts like news stories and 
brochures; 27 percent could not use documents like forms and applications, 
maps, tables, and food and drug labels; and 34 percent could not identify 
and make calculations using numbers in printed materials, such as balanc-
ing a checkbook, calculating a service tip, or understanding interest on a 
loan (Kutner et al., 2007).

Another important type of literacy is health literacy, which is “the 
degree to which individuals have the capacity to obtain, process, and 
understand basic health information and services needed to make appro-
priate health decisions” (IOM, 2004, p. 2, quoting Ratzan and Parker, 
2000). Relevant areas of health knowledge include the prevention and 
self-management of health problems; navigating the health system; and 
clinical tasks such as filling out forms, understanding dosing instructions, 
and diagnostic testing. In 2003, researchers found that 29 percent of adults 
more than 65 years old had below basic health literacy skills (Kutner 
et al., 2006). Those with below basic health literacy skills were health-
information poor and less likely than those with greater skills to obtain 
health information from almost any source, including friends and family, 
health professionals, newspapers, magazines, books or brochures, and the 
Internet. Their only consistent sources for health information were televi-
sion and radio (Kutner et al., 2006).

Low health literacy has negative consequences on public health. People 
with lower health literacy rate their overall health as poorer, know less 
about their health, use fewer preventive services, have higher rates of 
hospitalization, and participate less in health promotion programs (IOM, 
2004). Thus, programs to support cognitive health will need to take health 
literacy of their target populations into account. Strategies to deal with low 
literacy levels include

•	 careful development of materials (with appropriate visuals, simple 
messages, and specific actions) (CDC, 2009, 2011; Jacobson and 
Parker, 2014; Lipkus, 2007; Sheridan et al., 2011);

•	 pretesting material (including assessing whether people can explain 
the message in their own words and demonstrate behavioral skills) 
and refining the materials based on the feedback (CDC, 2009; 
Weinreich, 2010);

•	 teaching oral communication skills to health care workers (e.g., 
Green et al., 2014; Plimpton and Root, 1994); and
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•	 promoting shared decision making between patients and clinicians 
(Durand et al., 2014).

DESIGNING PUBLIC EDUCATION CAMPAIGNS 
AND COMMUNICATION PROGRAMS

For public education about cognitive aging to succeed, it will be critical 
for public health planners to follow the principles of good communication 
design. Campaign planners can use the many tools available at the CDC’s 
gateway website for health communication and social marketing practice 
(CDC, 2012a).

The initial phases of design involve specifying the goals and measurable 
objectives for each target group. This is typically an iterative process, dur-
ing which the initial specifications are revised based on a variety of consid-
erations: archival research; research into the current beliefs, behavior, and 
barriers faced by the target groups; analyses of the physical, organizational, 
political, and social environment; and consideration of resources. The main 
goals should be to change or maintain specific behaviors, such as follow-
ing physical activity guidelines or adhering to blood pressure medications. 
The exact behavior (or products or services, depending on what is being 
promoted) should be selected and refined based on formative research. 
The goals should emphasize behavior change and maintenance rather than 
knowledge and awareness because research has repeatedly shown that 
what people know they should do and what they actually do are differ-
ent (Andreasen, 1995). Given that the terminology for cognitive aging is 
new, initial campaigns might set intermediate knowledge goals focused on 
increasing the understanding of what cognitive aging is and is not and on 
ways to promote cognitive health.

Successful social marketing efforts segment the population into dif-
ferent groups and then strategically select target groups (Lee and Kotler, 
2011). Designing a more effective communications strategy is easier when 
dealing with a specific, relatively homogeneous group (Slater, 1995). The 
criteria for segmenting groups may include risk status for cognitive de-
cline, existing beliefs and openness to behavior change, current behaviors, 
environmental barriers and support, and communication patterns (Snyder, 
2007). For example, a campaign focused on reducing cardiovascular disease 
risks might segment people into the following groups:

1.	 those known to be at low risk,
2.	 those at risk who are not taking preventive measures,
3.	 those at risk who are taking preventive measures,
4.	 those who have been diagnosed with cardiovascular disease but 

who are not adhering to medical advice, and
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5.	 those who have been diagnosed with cardiovascular disease and 
who are adhering to medical advice.

From a public health standpoint, the priority groups would be groups 2 
and 4. These segments may be further subdivided according to the barriers 
they face (i.e., cannot afford medications, do not trust the medical advice 
given, etc.) or the opportunities for communication (i.e., regular contact 
with a medical practice or clinic, integration into community organizations, 
media usage). As reviewed earlier in this chapter, individuals’ behavior may 
vary according to their age, ethnicity, gender, and cultural groupings related 
to beliefs, risks, and practices or location within specific geographic areas. 
Such differences would affect how segments are defined.

Generally, campaigns also might try to reach individuals who have an 
important influence on the people in the primary target groups through 
their communication and actions (e.g., family members, health care profes-
sionals) or through policy and environmental changes (e.g., local transpor-
tation officials, parks and recreation departments). Ultimately, segments 
can be prioritized based on the organizational mission of the campaign or 
program sponsor, public health needs, and effort (time, cost, and resources).

Once the goals—including target behaviors and populations—have 
been selected, the next step is to determine the behavior change approach 
that will be used. Campaign designers map out the pathways and barriers to 
change and maintenance for each behavior. Logic models based on behavior 
change theories and research with the target groups may clarify this pro-
cess, and many useful theories have been applied successfully across a wide 
range of health behaviors and populations (for a review, see Glanz et al., 
2008). When thinking about how to change new types of behavior, plan-
ners may also consider the taxonomy of behavior change techniques, which 
cuts across theories (Abraham and Michie, 2008; Michie et al., 2013). For 
established intervention domains, planners should take into account any 
existing systematic reviews of the effectiveness of various techniques for 
changing and maintaining healthy behavior (e.g., see French et al., 2014). 
If the target behavior is hindered by environmental barriers, then advocacy 
with policy makers, professionals, businesses, and the general public may 
be necessary (Wallack et al., 1993).

The next step is to plan the communication approach, including mes-
sage content, communication channels, and message presentation (Snyder, 
2007). The message content, while based on the goals, should be adapted 
for the target group and the behavior change strategy. For example, mes-
sages striving to persuade people to do something they already know they 
need to do, such as be more physically active, may address issues such as the 
severity and likelihood of the consequences of not following the recommen-
dation, the benefits of compliance with the recommendations, stereotypes 
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of people at risk, norms surrounding compliance, and skills in setting and 
monitoring goals or engaging in the behavior. Messages should emphasize 
points that are new to the target group; there is little to gain from telling 
people what they already know (Snyder and Hamilton, 2002). Research 
suggests that older adults are constantly refining their goals as they age 
and are more likely than younger people to actively pursue goals to protect 
themselves from feared outcomes (Cross and Markus, 1991; Markus and 
Nurius, 1986). Older adults also tend to respond better to positive feedback 
that emphasizes progress, however small, toward goals, rather than nega-
tive feedback that may undermine self-confidence (West and Ebner, 2013).

The communication channels for a given campaign or program may in-
clude interpersonal sources of information (e.g., friends, family, and health 
professionals), traditional media (e.g., television and pamphlets), and new 
media (websites, social media, and interactive programs or games). Media 
formats to consider using include news stories, editorials, messages embed-
ded in entertainment programs or games, advertisements, public service 
announcements, interactive tailored programs, and testimonials. Interper-
sonal communication may take the form of in-person, phone, or Web-based 
consultations, social media messaging, lectures, small group meetings, and 
other approaches. Campaign planners should select channels and formats 
based on the target groups’ usage patterns and preferences; campaigns that 
use multiple channels often have greater impacts (Snyder, 2007).

Note that media use patterns change across the life span (Robinson et 
al., 2004) and potentially from one generation to the next. For example, 
baby boomers are much more likely to use the Internet than people who 
are now more than 85 years old (Pew Research Center, 2014). Behavior 
change across a population is more likely when a combination of channels 
is used and when media can be selected so as to maximize the number of 
people in the target population who are reached (Hornik, 2002; Snyder 
and Hamilton, 2002). At the same time, interpersonal sources may have 
greater credibility. An AARP (2012) survey of adults more than 50 years 
old found that they trusted health professionals more than “mass media” 
reports. They wanted a single reliable source of information to help them 
understand conflicting research reports, which supports the suggestion of 
an information gateway (see Recommendation 8). Both mass media and 
interpersonal channels may be useful in promoting different aspects of 
healthy cognitive aging.

In terms of the message presentation (or campaign “look and feel”), 
planners should aim for high levels of attention, memorability, and believ-
ability, and the sources of the messages should be perceived as highly cred-
ible and likable. Typically, messages that are of high quality and delivered in 
multiple versions attract greater attention and are more memorable (Snyder, 
2007). Structured conversations, such as motivational interviewing or tai-
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lored interventions, may prove effective with people of all ages (Lustria et 
al., 2013; Miller and Rollnick, 2002; Noar et al., 2007). As noted above, 
the message presentations should take into account the target group’s lit-
eracy and health literacy skills, their language preferences, and potential 
communication impairments.

Furthermore, the emotional tone of the messages needs to be appropri-
ate to the target group and the context. For example, laboratory studies 
show that older people have a greater response to positive emotions and 
messages about benefits than do younger adults, and they have a lesser re-
sponse to negative events (Mather and Carstensen, 2005; Reed et al., 2014; 
Samanez-Larkin et al; 2007; Shamaskin et al., 2010). Similarly, an inter-
vention study found that framing messages in terms of the positive benefits 
of change (rather than losses associated with not changing) seems to be a 
more effective approach with older adults (Notthoff and Carstensen, 2014).

Pretesting preliminary versions of messages and presentations with the 
target populations is critical in refining the communication approach and 
increasing the likelihood of impact. Message timing is also critical, although 
it is currently not known how often cognitive aging messages need to be re-
ceived in order to sustain behavior change over time. Finally, campaigns can 
use elements that increase messages’ memorability, such as logos, jingles, 
slogans, and taglines.

In sum, cognitive aging programs and campaigns to reach members of 
the public will need to develop specific behavioral goals for each target pop-
ulation, behavior change strategy, and communication strategy—including 
channels, message content, and presentation. Most likely, the most effective 
programs will employ a comprehensive strategy that addresses environ-
mental constraints, individual behavior change, and social influences on 
the target population. In addition, ongoing feedback during planning and 
implementation in the form of formative and outcomes evaluation can 
improve program designs over time. Evaluation results should be made 
available broadly to enable the field of communications regarding cognitive 
aging to advance.

KEY MESSAGES AND RECOMMENDATION

Based on the review of the evidence throughout this report, the commit-
tee has developed several key messages for the public (see Box 7-3). The first 
area of emphasis is promoting an understanding of cognitive aging (what 
it is and what it is not) with a focus on the wide variation among individu-
als in the nature and extent of cognitive changes with age. Additionally, 
people across the life span should be informed about the actions they can 
take in childhood, youth, young adulthood, middle age, and older age to 
preserve and enhance their cognitive health. Older adults and their families 
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also need information both on the potential for cognitive aging to affect 
decision making in some individuals and on strategies to protect against 
poor decisions, and older adults and their families can be encouraged to 
talk with their health care provider if they have concerns. Because of the 
need for and importance of research into cognitive aging, participation in 
research to advance the science of cognitive aging should be encouraged.

Recommendation 10: Expand Public Communication Efforts and Pro-
mote Key Messages and Actions
The Centers for Disease Control and Prevention, the Administration 
for Community Living, the National Institutes of Health, other relevant 
federal agencies, state and local government agencies, relevant nonprofit 
and advocacy organizations and foundations, professional societies, 
and private-sector companies should develop, evaluate, and communi-
cate key evidence-based messages about cognitive aging through social 
marketing and media campaigns; work to ensure accurate news and 

BOX 7-3 
Key Messages

•	 �Cognitive health should be promoted across the life span. Due to the 
complexity of the human brain, numerous risk and protective factors may affect 
cognitive abilities in ways that vary among individuals.

•	 �Age affects all organ systems. The brain ages, just like other parts of the 
body. The types and rates of change can vary widely among individuals.

•	 �Cognitive changes are not necessarily signs of neurodegenerative dis-
ease (such as Alzheimer’s disease) or other neurological diseases.

•	 �Actions can be taken by individuals to help maintain cognitive health. 
These actions include

	 	 �Be physically active.
	 	 �Reduce and manage cardiovascular disease risk factors (including hyper-

tension, diabetes, and smoking).
	 	 �Discuss and review your health conditions and your medications that might 

influence your cognitive health with your health care provider.
•	 �Cognitive changes can affect daily activities (e.g., driving, medication 

management, financial decisions) and independent living. Older adults 
and their families need to monitor for cognitive changes and make informed 
decisions.

•	 �Aging can have positive effects on cognition (e.g., wisdom learned from 
experience).

•	 �Participation of individuals in cognitive aging research is important to 
advance understanding of the causes, outcomes, and interventions for cogni-
tive aging.
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storylines about cognitive aging through media relations; and promote 
effective services related to cognitive health in order to increase public 
understanding about cognitive aging and support actions that people 
can do to maintain their cognitive health.
	 Public communications efforts should:

•	 Reach the diverse U.S. population with campaigns and pro-
grams targeted to all relevant groups;

•	 Be sensitive to existing differences in knowledge, literacy, 
health literacy, perceived risk, cognitive aging–related be-
havior, communication practices, cultures and beliefs, speech 
and hearing declines, and skills and self-efficacy among tar-
get groups;

•	 Include evaluation components to assess outreach efficacy 
in the short and long term, and research the optimal com-
munication strategies for the key messages among the target 
groups;

•	 Be updated as new evidence is gained on cognitive aging;
•	 Emphasize a lifelong approach to cognitive health;
•	 Promote succinct and actionable key messages that are un-

derstandable, memorable, and relevant to the target groups;
•	 Focus on sustaining changes in behaviors that promote cog-

nitive health; and
•	 Promote effective evidence-based tools for maintenance of 

cognitive health and cognitive change assessment, as well 
as the information gateway on cognitive aging (see Recom-
mendation 8).
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Opportunities for Action

Aging is inevitable, but individuals, families, communities, and society 
can take actions that may help prevent or ameliorate the impact of 
aging on cognition, create greater understanding about its impact, 

and help older adults live fuller and more independent lives. One of the 
major concerns of older adults is “Will I stay sharp?” Although changes in 
cognitive function vary widely among individuals, actions that would make 
a difference and promote cognitive health are summarized in Box 8-1 and 
detailed throughout the discussion and recommendations in this report. 
Cognitive aging is not just an individual or family or health care system 
challenge—it is an issue that affects the fabric of society and requires ac-
tions by many and varied stakeholders. How society responds to these chal-
lenges will reflect the value it places on older adults and how it views their 
continued involvement and contribution to their families, social networks, 
and communities.

The committee heard throughout its work on this study that cognitive 
aging is a concern to many people across all cultural groups and income 
levels. In recent years a vigorous public health, research, and community 
response has focused on Alzheimer’s disease and other neurodegenerative 
dementias. These efforts should continue to be strengthened. At the same 
time, similar efforts should be made in the field of cognitive aging. Atten-
tion needs to be paid to the cognitive vulnerabilities of the vast majority 
of older adults who may experience cognitive decline that is not caused by 
a neurodegenerative disease. They, too, want to maintain their cognitive 
health to the fullest extent possible. The committee hopes that a commit-
ment to addressing cognitive aging by many sectors of society will bring 
about further effective interventions, greater understanding of risk and 
protective factors, and a society that values and sustains cognitive health.
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BOX 8-1 
Opportunities for Action

	 Many of the following actions require multiple efforts involving a number of 
agencies, organizations, and sectors, as well as individuals and families. These 
efforts will be greatly strengthened by joint and collaborative efforts.

Individuals and families:
	 •	 �Be physically active and intellectually and socially engaged, monitor medi-

cations, and engage in healthy lifestyles and behavior;
	 •	 �Talk with health care professionals about cognitive aging concerns;
	 •	 �Be aware of the potential for financial fraud and abuse, impaired driving 

skills, and poor consumer decision making;
	 •	 �Make health, finance, and consumer decisions based on reliable evidence 

from trusted sources.

Communities, community organizations, senior centers, residential facilities, 
housing and transportation planners, local governments:
	 •	 �Provide opportunities for physical activity, social and intellectual engage-

ment, lifelong learning, and education on cognitive aging; expand relevant 
programs and facilities;

	 •	 �Improve walkability and public transportation options in neighborhoods, 
communities, and cities.

Health care professionals and professional associations and health care 
systems:
	 •	 �Learn about cognitive aging and engage patients and families in discussions;
	 •	 �Pay attention to cognition during wellness visits, prescribing and reviews of 

medications, and during hospital stays and post-surgery;
	 •	 �Identify useful and evidence-based community and patient resources and 

make sure patients and families know about them;
	 •	 �Develop core professional competencies in cognitive aging as distinct 

from dementia and other neurodegenerative diseases in treatment and in 
counseling patients and families;

	 •	 �Address factors that lead to delirium in hospitalized patients.
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Public health agencies at the federal, state, and local levels; aging organiza-
tions; media; professional associations; and consumer groups:
	 •	 �Strengthen efforts to collect and disseminate population-based data on 

cognitive aging as separate from dementia and other neurodegenerative 
diseases;

	 •	 �Develop and widely disseminate independent authoritative information re-
sources on cognitive aging and criteria for consumer evaluation of products 
and medications that make claims to enhance cognition;

	 •	 �Develop, test, and disseminate key messages regarding cognitive aging 
through social marketing campaigns, media awareness efforts, and other 
approaches to increase public understanding about cognitive aging; and 
promote activities that help maintain cognitive health.

Research funders and researchers:
	 •	 �Explore cognitive aging as separate from dementia and other neurodegen-

erative diseases in basic, applied, and clinical research;
	 •	 �Expand research on the trajectories of cognitive aging and improve assess-

ments of cognitive changes and impacts on daily function;
	 •	 �Focus research on risk and protective factors for cognitive aging and on de-

veloping and improving implementation of interventions aimed at preventing 
or reducing cognitive decline and maintaining cognitive health.

Policy makers, regulators, and consumer advocacy and support organizations:
	 •	 �Support the resources needed to understand and address cognitive aging;
	 •	 �Determine (or provide input into the appropriate regulatory review) policies 

and guidelines for products, medications, and other interventions that claim 
to enhance cognitive function or that have a negative impact on cognition;

	 •	 �Develop, validate, and disseminate policies, products, services, and infor-
mational materials focused on cognitive aging and addressing potential 
financial, health, and safety impacts, harms, and vulnerabilities.

Private-sector businesses, including the financial, transportation, and tech-
nology industries:
	 •	 �Develop, validate, and disseminate policies, products, services, and infor-

mational materials focused on cognitive aging and addressing potential 
financial, health, and safety impacts, harms, and vulnerabilities.
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National Institute of Neurological Disorders 
and Stroke
	 Deb Babcock (via phone)
AARP
	 Sarah Lock
	 Susan Reinhard

11:00 a.m. – 12:00 p.m. Committee Discussion with Study Sponsors

12:00 – 1:00 p.m. Lunch

1:00 – 2:30 p.m. Context for the Study
Francine Grodstein, Harvard School of Public 

Health
Lynda Anderson, Centers for Disease Control 

and Prevention

Discussion

2:30 p.m. Open Session Adjourns
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INSTITUTE OF MEDICINE
National Academy of Sciences

Committee on the Public Health Dimensions of Cognitive Aging

Second Committee Meeting 
April 10–11, 2014

National Academy of Sciences Building
Room 120 

2101 Constitution Ave., NW 
Washington, DC 20001

Thursday, April 10, 2014

OPEN SESSION: NAS 120

9:00 – 9:15 a.m. Welcome and Opening Remarks
	 Dan Blazer, Chair
	 Kristine Yaffe, Vice Chair

9:15 – 10:00 a.m. Opening Speaker
	 Guy McKhann, Johns Hopkins University

Discussion with the committee

10:00 – 11:30 a.m. Panel 1: Defining Cognitive Aging
Facilitator: Tia Powell

10:00 – 10:05 a.m. Panel introductions
10:05 – 10:20 a.m. Definitions along the spectrum of cognition—

normal to disease
	 Reisa Sperling, Harvard Medical School

10:20 – 10:35 a.m. Cognitive reserve
	 Yaakov Stern, Columbia University

10:35 – 10:50 a.m. Individual assessments of cognitive change
	 Rich Jones, Brown University

10:50 – 11:05 a.m. Cultural and educational impacts
Peggye Dilworth-Anderson, University of 

North Carolina
11:05 – 11:30 a.m. Discussion with the committee

11:30 a.m. – 12:15 p.m. Lunch

12:15 – 1:45 p.m. Panel 2: Cognitive Trajectory with Age
Facilitator: Marilyn Albert

12:15 – 12:20 p.m. Panel introductions
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12:20 – 12:50 p.m. Animal research
	 Michela Gallagher, Johns Hopkins University
	 Peter Rapp, National Institute on Aging

12:50 – 1:20 p.m. Human research
	 Tim Salthouse, University of Virginia
	 David Bennett, Rush University

1:20 – 1:45 p.m. Discussion with the committee

1:45 – 2:00 p.m. Break

2:00 – 3:30 p.m. Panel 3: Epidemiology and Surveillance
Facilitator: Bob Wallace

2:00 – 2:05 p.m. Panel introductions
2:05 – 2:20 p.m. Behavioral Risk Factor Surveillance System 

(BRFSS)
Patricia Lillquist, New York State Chronic 

Disease Epidemiology and Surveillance
2:20 – 2:35 p.m. Health and Retirement Survey (HRS) and 

ADAMS Study
Jack McArdle, University of Southern 

California (via Webex)
2:35 – 2:50 p.m. Midlife in the United States Study (MIDUS)

	 Margie Lachman, Brandeis University
2:50 – 3:05 p.m. National Health and Aging Trends Study

(NHATS)
	 Judith Kasper, Johns Hopkins University

3:05 – 3:30 p.m. Discussion with the committee

3:30 – 4:30 p.m. Public Testimony—Registered Speakers
Moderator: Dan Blazer
(3 minutes per speaker)

4:30 p.m. Public Session Adjourns
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Friday, April 11, 2014

OPEN SESSION: NAS 120

8:45 – 9:00 a.m. Welcome and Opening Remarks
	 Dan Blazer, Chair
	 Kristine Yaffe, Vice Chair

9:00 – 10:30 a.m. Panel 4: Risk Factors for Cognitive Decline 
(further risk factors and intervention 
opportunities to be discussed at the June 
workshop)
Facilitator: Sharon Inouye

9:00 – 9:05 a.m. Panel introductions
9:05 – 9:20 a.m. Medication use

	 Malaz Boustani, Indiana University
9:20 – 9:35 a.m. Cardiovascular risk factors

	 Jose Luchsinger, Columbia University
9:35 – 9:50 a.m. Depression and mental illness

	 Sarah Tighe, University of Iowa
9:50 – 10:05 a.m. Acute illness, delirium, and hospitalization

	 Edward Marcantonio, Harvard University
10:05 – 10:30 a.m. Discussion with the committee

10:30 a.m. Public Session Adjourns
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INSTITUTE OF MEDICINE
National Academy of Sciences

Committee on the Public Health Dimensions of Cognitive Aging

Public Workshop

Arnold and Mabel Beckman Center of the National Academies 
100 Academy Drive 

Irvine, CA

Monday, June 9, 2014

OPEN SESSION: Huntington Room

8:00 – 8:15 a.m. Welcome and Opening Remarks
Dan Blazer, Chair, 
Kristine Yaffe, Vice Chair

8:15 – 9:30 a.m. Panel 1: Cognitive Stimulation
Facilitators: Andrea LaCroix and Felicia 
Hill-Briggs

8:15 – 8:20 a.m. Panel introductions
8:20 – 8:35 a.m. Cognitive training

Adam Gazzaley, University of California, San 
Francisco

8:35 – 8:50 a.m. ACTIVE trial
	 Sherry Willis, University of Washington

8:50 – 9:05 a.m. Educational interventions
	 Fred Wolinsky, University of Iowa

9:05 – 9:30 a.m. Discussion with the committee

9:30 – 11:00 a.m. Panel 2: Physical Activity and Nutrition
Facilitator: Art Kramer

9:30 – 9:35 a.m. Panel introductions
9:35 – 10:05 a.m. Physical activity versus sedentary time

Kirk Erickson, University of Pittsburgh
Deborah Barnes, University of California, 

San Francisco
10:05 – 10:35 a.m. Nutrition and supplements

Diet
Martha Clare Morris, Rush University 

Medical Center
Supplements and caffeine
	 Steven DeKosky, University of Virginia

10:35 – 11:00 a.m. Discussion with the committee
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11:00 – 11:15 a.m. Break

11:15 a.m. – 12:30 p.m. Panel 3: Social Engagement, Arts, and Sleep
Facilitator: David Reuben

11:15 – 11:20 a.m. Panel introductions
11:20 – 11:35 a.m. Social engagement

	 Michelle Carlson, Johns Hopkins University
11:35 – 11:50 a.m. Arts

Tony Noice and Helga Noice, Elmhurst 
College (via Webex)

11:50 a.m. – 12:05 p.m. Sleep and mindfulness
Sonia Ancoli-Israel, University of California, 

San Diego
12:05 – 12:30 p.m. Discussion with the committee

12:30 – 1:15 p.m. Lunch

1:15 – 1:45 p.m. Public Testimony and Questions to Speakers
Facilitator: Dan Blazer

1:45 – 3:00 p.m. Panel 4: Multi-Domain Trials and Sustaining 
Behavioral Change
Facilitator: Sara Czaja

1:45 – 1:50 p.m. Panel introductions
1:50 – 2:20 p.m. Multi-domain trials

James Blumenthal, Duke University
Miia Kivipelto, Karolinska Institutet (via 

Webex)
2:20 – 2:35 p.m. Behavioral change

Bonnie Spring, Northwestern University
2:35 – 3:00 p.m. Discussion with the committee

3:00 – 4:15 p.m. Panel 5: Education of Health Professionals
Facilitators: Donna Fick and Lisa Gwyther

3:00 – 3:05 p.m. Panel introductions
3:05 – 3:35 p.m. Professional schools

Catherine Lucey, University of California, 
San Francisco

Terry Fulmer, Northeastern University
3:35 – 3:50 p.m. Primary care

	 Christopher Callahan, Indiana University
3:50 – 4:15 p.m. Discussion with the committee
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4:15 – 5:30 p.m. Panel 6: Public Action
Facilitator: Jason Karlawish

4:15 – 4:20 p.m. Panel introductions
4:20 – 5:05 p.m. Public outreach

Jennie Chin Hansen, American Geriatrics 
Society

Financial issues
Naomi Karp, Consumer Financial Protection 

Bureau
Media/Outreach
	 Heidi Keller, Keller Consulting

5:05 – 5:30 p.m. Discussion with the committee

5:30 p.m. Public Session Adjourns
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B

U.S. Surveys and Studies That 
Include One or More Items 

to Measure Cognition

Box B-1 provides examples of ongoing and completed surveys and 
studies relevant to cognitive aging conducted with representative 
samples of the U.S. population, representative samples of regional or 

local populations, and samples of community volunteers and other cohorts. 
All of the surveys and studies include community-living people, and some 
also include nursing home residents. The list does not include surveys and 
studies that only include nursing home residents.

Each survey and study includes one or more items to measure cogni-
tion. Some surveys and studies include items to measure cognition directly; 
some include items to measure the survey respondent’s awareness and per-
ceptions about his or her cognition; and some include both types of items.
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BOX B-1 
U.S. Surveys and Studies That Include One 

or More Items to Measure Cognition

A.	 �Surveys and Studies Conducted in Representative Samples of the National 
Population

	 •	 �American Community Survey (ACS)
	 •	 �Asset and Health Dynamics Among the Oldest Old (AHEAD)
	 •	 �Behavioral Risk Factors Surveillance Survey (BRFSS)
	 •	 �Health and Retirement Study (HRS)
	 •	 �Medicare Current Beneficiary Survey (MCBS)
	 •	 �Medicare Expenditure Panel Survey (MEPS)
	 •	 �National Health and Aging Trends Survey (NHATS)
	 •	 �National Health and Nutrition Examination Survey (NHANES)
	 •	 �National Health Interview Survey (NHIS)

B.	 �Surveys and Studies Conducted in Representative Samples of Regional or 
Local Populations, Community Volunteers, or Other Cohorts

	 •	 �Adult Changes in Thought Study (ACT)
	 •	 �Atherosclerosis Risk in Communities Study (ARIC)
	 •	 �Baltimore Longitudinal Study of Aging
	 •	 �Baltimore Memory Study
	 •	 �Cache County Study on Memory Health and Aging
	 •	 �Cardiovascular Health Study (CHS)–Cognition Study
	 •	 �Chicago Health and Aging Project (CHAP)
	 •	 �Established Populations for Epidemiological Studies of the Elderly 

(EPESE)
	 •	 �Framingham Heart Study
	 •	 �Ginkgo Evaluation of Memory (GEM)
	 •	 �Health Aging and Body Composition (Health ABC)
	 •	 �Hispanic Established Populations for the Epidemiologic Study of the 

Elderly (HEPESE)
	 •	 �Honolulu-Asia Aging Study (HAAS)
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	 •	 �Indianapolis Ibadan Dementia Research Project
	 •	 �The KAME Study
	 •	 �MacArthur Studies of Successful Aging
	 •	 �Mayo Clinic Study of Aging
	 •	 �Monongahela Valley Independent Elders Survey (MoVIES)
	 •	 �Multi-Ethnic Study of Atherosclerosis (MESA)
	 •	 �The National Alzheimer’s Coordinating Center/Alzheimer’s Disease 

Centers Study (NACC/ADC)
	 •	 �National Social Life, Health, and Aging Project
	 •	 �NCI Surveillance, Epidemiology, and End Results Program (SEER)
	 •	 �Northern Manhattan Study
	 •	 �Nun Study
	 •	 �Nurses’ Health Study
	 •	 �Physicians Health Study
	 •	 �Precipitating Events Project
	 •	 �Rancho Bernardo Study
	 •	 �Religious Orders Study
	 •	 �Rochester Epidemiology Project
	 •	 �Rush Memory and Aging Study
	 •	 �Sacramento Area Latino Study of Aging (SALSA)
	 •	 �San Antonio Longitudinal Study of Aging
	 •	 �St. Louis OASIS Study
	 •	 �Study of Osteoporotic Fractures
	 •	 �Washington Heights-Inwood Columbia Aging Project (The Epidemiology 

of Dementia in an Urban Community)
	 •	 �Wisconsin Longitudinal Study
	 •	 �Women’s Antioxidant Cardiovascular Study
	 •	 �Women’s Health Initiative Memory Study (WHIMS)
	 •	 �Yale Health and Aging Project

SOURCE: Adapted from Bell, J. F., A. L. Fitzpatrick, C. Copeland, G. Chi, L. Steinman, R. L. 
Whitney, D. C. Atkins, L. L. Bryant, F. Grodstein, E. Larson, R. Logsdon, and M. Snowden. 
2014. Existing data sets to support studies of dementia or significant cognitive impairment 
and comorbid chronic conditions. Alzheimer’s & Dementia (September 4).
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Committee Biographies

Dan G. Blazer, M.D., M.P.H., Ph.D. (Chair), is the J.P. Gibbons Professor 
of Psychiatry Emeritus at Duke. He served nine years as chair of the De-
partment of Psychiatry and Dean of Medical Education at Duke School of 
Medicine. Dr. Blazer’s research interests include the epidemiology of late 
life substance use disorders and depression, psychosocial predictors of ad-
verse health outcomes, and trajectories of health outcomes. He has worked 
on the Established Populations for Epidemiologic Study of the Elderly 
(EPESE) and the National Comorbidity Study. He is the author or editor 
of 36 books, including The Age of Melancholy: Depression and Its Social 
Origins and a research methods textbook for clinical psychiatry research. 
He has produced a second edition of Emotional Problems in Later Life 
and authored or co-authored more than 200 published abstracts and more 
than 450 peer-reviewed articles. Dr. Blazer was president of the American 
Association of Geriatric Psychiatry and is a current member of the edito-
rial board of JAMA Psychiatry. He has been a member of the Institute of 
Medicine (IOM) since 1995. Currently he is the chair of the IOM Board on 
the Health of Select Populations. He has served as a member or the chair 
of many past IOM committees. In 2014, he received the Walsh McDermott 
Award from the IOM for Lifetime Distinguished Service.

Kristine Yaffe, M.D. (Vice Chair), is the Scola Endowed chair and a pro-
fessor of psychiatry, neurology, and epidemiology and biostatistics at the 
University of California, San Francisco (UCSF) and vice chair of clinical and 
translational research in the Department of Psychiatry. Dr. Yaffe was named 
the first holder of the Roy and Marie Scola Endowed Chair in Psychiatry. 
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Dr. Yaffe is dually trained in neurology and psychiatry and completed post-
doctoral training in epidemiology and geriatric psychiatry, all at UCSF. Dr. 
Yaffe serves as the director of the UCSF Dementia Epidemiology Research 
Group, which conducts research relating to cognitive function and demen-
tia in aging populations throughout the United States. A primary focus of 
the group is determining predictors and outcomes of cognitive decline and 
dementia in older adults. Dr. Yaffe is also the principal investigator of the 
data core for the Alzheimer’s Disease Research Center at UCSF. In addition 
to her positions at UCSF, Dr. Yaffe is the chief of geriatric psychiatry and 
the director of the Memory Disorders Clinic at the San Francisco Veterans 
Affairs Medical Center. In addition to her research and clinical work, Dr. 
Yaffe has greatly contributed to training fellows and faculty in clinical re-
search and in career development and mentorship.

Marilyn Albert, Ph.D., is professor of neurology at the Johns Hopkins 
University School of Medicine, with joint appointments in the Department 
of Psychiatry and Behavioral Sciences and the Department of Neuroscience 
at the School of Medicine, the Department of Psychological and Brain Sci-
ences at the School of Arts and Sciences, and the Department of Mental 
Health in the School of Public Health. She is director of the Division of 
Cognitive Neuroscience in the Department of Neurology and director of 
the Johns Hopkins Alzheimer’s Disease Research Center. Dr. Albert’s major 
research interests are in the area of cognitive change with age, disease-
related changes of cognition (with a particular focus on Alzheimer’s disease) 
and the relationship of cognitive change to brain structure and function, as 
assessed through imaging. She was a member of the Planning Committee 
to Organize a Workshop on Alzheimer’s Diagnostic Criteria Validation: 
Exploration of Next Steps.

Sara J. Czaja, Ph.D., is the Leonard M. Miller Professor of Psychiatry and 
Behavioral Sciences at the University of Miami Miller School of Medicine. 
She is also the scientific director of the Center on Aging at the University 
of Miami Miller School of Medicine and the director of the Center for Re-
search and Education for Aging and Technology Enhancement (CREATE), 
a National Institutes of Health–funded center that focuses on older adults 
and technology systems. Dr. Czaja’s research interests include aging and cog-
nition, e-health, caregiving, human–computer interaction, and functional 
assessment. She has published extensively in the field of aging, with several 
books, book chapters, and scientific articles. She is a fellow of the American 
Psychological Association, the Gerontological Society of America, and the 
Human Factors and Ergonomics Society. In addition, she is the president of 
Division 20 (Adult Development and Aging) of the American Psychological 
Association. She is a member of the Board on Human-Systems Integration 
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and served as a member of the National Research Council Committee on 
the Role of Human Factors in Home Health Care and was co-chair of the 
Panel on Human Factors Research Needs for an Aging Population. She is 
a member of the editorial boards for The Gerontologist, Human Factors, 
and The Journal of Applied Gerontology.

Donna Fick, R.N., Ph.D., FGSA, FAAN, is a distinguished professor in the 
College of Nursing and College of Medicine at Penn State and co-director 
of the Hartford Center of Geriatric Nursing Excellence at Penn State. Her 
research focuses on improving detection and management of delirium su-
perimposed on dementia in older adults and inappropriate medication use. 
She is principal investigator of two large National Institutes of Health–
funded multisite randomized clinical trials to decrease the severity and 
duration of delirium and to improve nurse detection and management of 
delirium superimposed on dementia. She is board certified as a geriatric 
clinical nurse specialist by the American Nurses Credentialing Center, Edi-
tor of the Journal of Gerontological Nursing, and a Fellow of the American 
Academy of Nursing.

Lisa P. Gwyther, M.S.W., L.C.S.W., is an associate professor in the Duke 
University Department of Psychiatry and Behavioral Sciences and directs 
the Duke University Center for Aging’s Family Support Program, a state- 
funded first responder, clearinghouse, training, and technical assistance 
center for North Carolina families and professionals caring for people with 
Alzheimer’s disease. She also directed education for the National Institute 
on Aging–funded Bryan Alzheimer’s Disease Research Center at Duke 
Medicine for 26 years. Ms. Gwyther is a past president of the Gerontologi-
cal Society of America, and she was the first John Heinz Senate Fellow in 
Aging and Health. Ms. Gwyther has published more than 144 articles, book 
chapters, and books on Alzheimer’s care and family caregiving research. 
Ms. Gwyther was honored as 1 of 30 founders of the national Alzheimer’s 
Association. Ms. Gwyther received awards for leadership in aging services 
and won national and state awards for documentaries on Alzheimer’s 
disease, depression in late life, and creativity in Alzheimer’s programming.

Felicia Hill-Briggs, Ph.D., A.B.P.P., is professor of medicine at Johns Hopkins 
University School of Medicine, with joint appointments in the Department 
of Physical Medicine and Rehabilitation in the School of Medicine, the De-
partment of Health, Behavior and Society in the School of Public Health, 
the Department of Acute and Chronic Care in the School of Nursing, and 
the Welch Center for Prevention, Epidemiology, and Clinical Research. She 
is director of Cognition and Behavior for the Johns Hopkins–University 
of Maryland Diabetes Research Center and senior director of Population 
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Health Research and Development for Johns Hopkins Healthcare. Dr. 
Hill-Briggs’s research focuses on assessment and intervention strategies 
for chronic disease management in high-risk groups, populations of health 
disparity, and persons with functional impairment and disability. She has 
been a principal investigator on clinical trials of behavioral and educational 
interventions, with a focus on decision-making and problem-solving ap-
proaches to behavior change and self-management. She collaborates on 
multicenter epidemiologic and intervention studies examining cognitive 
and neuropsychological processes in chronic disease. Her research includes 
translation of research to clinical practice and community-based settings. 
She has won the Nelson Butters Award for Research Contributions to Clini-
cal Neuropsychology from the National Academy of Neuropsychology.

Sharon K. Inouye, M.D., M.P.H., is a professor of medicine at Harvard 
Medical School (Beth Israel Deaconess Medical Center), holder of the 
Milton and Shirley F. Levy Family Chair, and director of the Aging Brain 
Center at the Institute for Aging Research, Hebrew SeniorLife. Dr. Inouye 
is board certified in general internal medicine and geriatric medicine and 
trained in clinical epidemiology and biostatistics. Dr. Inouye’s research in-
terests include the epidemiology and outcomes of delirium and functional 
decline in older persons, reversible contributors to cognitive decline with 
aging, the interrelationship of delirium and dementia, and improving mea-
surement methods for cognition. Dr. Inouye developed the Confusion As-
sessment Method, a widely used method for delirium screening, translated 
into more than 14 languages, and the Hospital Elder Life Program for 
delirium prevention, which has been implemented in more than 200 hos-
pitals worldwide. She currently directs the Successful AGing after Elective 
Surgery study, a large program project from the National Institute on Aging 
exploring innovative risk factors and long-term outcomes of delirium. Dr. 
Inouye has authored more than 220 scientific articles and was elected to the 
Institute of Medicine in 2011. Her clinical practice includes dementia and 
functional assessment for geriatric and homeless populations. In addition 
to her ongoing clinical and research work, Dr. Inouye has mentored more 
than 90 students, fellows, and faculty in clinical research and aging.

Jason Karlawish, M.D., is a professor of medicine, medical ethics and 
health policy, a senior fellow of the Leonard Davis Institute of Health Eco-
nomics, and a fellow of the Institute on Aging at the University of Pennsyl-
vania. He is the associate director of and a practicing clinician in the Penn 
Memory Center. He is also director of the Penn Neurodegenerative Disease 
Ethics and Policy Program and the Alzheimer’s Disease Center’s Education, 
Recruitment and Retention Core. Dr. Karlawish’s research focuses on ethi-
cal and policy issues in human subjects research and on the care of persons 
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with cognitive impairment. He has investigated issues in Alzheimer’s disease 
drug development, informed consent, quality of life, research and treatment 
decision making, decisional capacity, and voting by persons with dementia.

Arthur F. Kramer, Ph.D., is the director of the Beckman Institute for Ad-
vanced Science & Technology and the Swanlund Chair and Professor 
of Psychology and Neuroscience at the University of Illinois at Urbana-
Champaign. He received his Ph.D. in cognitive/experimental psychology 
from the University of Illinois in 1984. He holds appointments in the De-
partment of Psychology, Neuroscience program, and the Beckman Institute. 
Dr. Kramer’s research projects include topics in cognitive psychology, cogni-
tive neuroscience, aging, and human factors. A major focus of his labs re-
cent research is the understanding and enhancement of cognitive and neural 
plasticity across the life span. He is a former associate editor of Perception 
and Psychophysics and is currently a member of six editorial boards. Dr. 
Kramer is also a fellow of the American Psychological Association, Ameri-
can Psychological Society, a former member of the executive committee of 
the International Society of Attention and Performance, and a recipient of 
a National Institutes of Health Ten Year MERIT Award. Dr. Kramer’s re-
search has been featured in a long list of print, radio, and electronic media, 
including the New York Times, Wall Street Journal, Washington Post, Chi-
cago Tribune, CBS Evening News, Today Show, NPR, and Saturday Night 
Live. He has been a member of multiple National Academies committees.

Andrea Z. LaCroix, Ph.D., is professor of epidemiology and director of 
the Women’s Health Center of Excellence in the Department of Family and 
Preventive Medicine at the University of California, San Diego (UCSD). She 
has an extensive research program devoted to studies on factors associated 
with healthy aging in postmenopausal women. She has conducted numer-
ous randomized clinical trials and observational studies on the prevention 
of cancer, fracture, heart disease, and frailty in postmenopausal women, as 
well as large prospective studies of exceptional aging and maintaining func-
tion into later life. Prior to joining the faculty of UCSD in October 2013, 
Dr. LaCroix was co–principal investigator of the Women’s Health Initia-
tive Clinical Coordinating Center at the Fred Hutchinson Cancer Research 
Center in Seattle, Washington. Dr. LaCroix received her doctoral degree in 
epidemiology from the University of North Carolina at Chapel Hill in 1984, 
and she completed a postdoctoral fellowship in cardiovascular disease at 
Johns Hopkins University in Baltimore, Maryland, in 1985. Before going 
to Seattle, Washington, in 1989, Dr. LaCroix was a federal government 
epidemiologist at the National Center for Health Statistics and then the 
National Institute on Aging. She served on the National Advisory Council 
on Aging for the National Institutes of Health, National Institute on Aging, 
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from 2009 to 2012. In 2010, she received the McDougall Mentoring Award 
which recognizes and honors faculty members who demonstrate an out-
standing investment in their mentees’ professional development and success 
as independent researchers or clinical scientists. She has authored more than 
260 scientific publications.

John H. Morrison, Ph.D., is dean of basic sciences and of the Graduate 
School of Biomedical Sciences, professor of neuroscience, and the Willard 
T.C. Johnson Professor of Geriatrics and Palliative Medicine (Neurobiol-
ogy of Aging) at the Icahn School of Medicine at Mount Sinai. He served 
as chair of the Department of Neuroscience until 2006, when he was ap-
pointed as dean. Dr. Morrison earned his bachelor’s degree and Ph.D. from 
Johns Hopkins University and completed postdoctoral studies at the Salk 
Institute for Biological Studies. He then served as a faculty member at The 
Scripps Research Institute until he joined the faculty at Mount Sinai in 
1989 to develop and lead a new Center for Neurobiology. Dr. Morrison’s 
research program focuses primarily on the neurobiology of aging and neu-
rodegenerative disorders, particularly as they relate to cellular and synaptic 
organization of cerebral cortex. Dr. Morrison has published more than 300 
articles on cortical organization, the cellular pathology of neurodegenera-
tive disorders, the neurobiology of cognitive aging, and more recently the 
effects of stress on cortical circuitry. He has also edited five books on related 
topics. He is ranked among the most highly cited investigators in neurosci-
ence (i.e., Institute for Scientific Information Highly Cited/Neuroscience) 
and has served on numerous editorial boards, advisory boards, National 
Institutes of Health committees, and the board of directors of the Ameri-
can Federation for Aging Research. Dr. Morrison has served as president 
of both The Harvey Society and The Cajal Club, and was elected to the 
Council of the Society for Neuroscience in 2010 and served in that capac-
ity until 2013.

Tia Powell, M.D., founded and directs the bioethics master’s program 
and directs the Center for Bioethics at Montefiore Health System and Al-
bert Einstein College of Medicine, where she is also professor of clinical 
epidemiology and clinical psychiatry. She has bioethics expertise related to 
public policy; dementia; decision-making capacity; lesbian, gay, bisexual, 
and transgender issues; mediation and consultation; and public health di-
sasters. She served 4 years as executive director of the New York State Task 
Force on Life and the Law, New York State’s bioethics commission. She has 
served the Institute of Medicine on multiple workgroups. Dr. Powell was a 
2013–2014 Health and Aging Policy Fellow; based on her work during that 
fellowship she continues as a senior advisor for the Department of Health 
and Human Services to assess and develop federal health initiatives related 
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to dementia and ethics. She is a board certified psychiatrist and a Fellow of 
the New York Academy of Medicine, the American Psychiatric Association, 
and the Hastings Center.

David Reuben, M.D., is the director of the University of California, Los 
Angeles (UCLA), Multicampus Program in Geriatric Medicine and Ger-
ontology and director of the UCLA Claude Pepper Older Americans Inde-
pendence Center. He is a geriatrician-researcher with expertise in studies 
linking common geriatric syndromes (e.g., functional impairment, sensory 
impairment, malnutrition) to health outcomes such as mortality. He also 
has extensive experience with interventional research (e.g., comprehensive 
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