U.S. Department of Health and Human Services
Office of the Assistant Secretary for Planning and Evaluation
Office of Behavioral Health, Disability, and Aging Policy

THE RISK AND COSTS OF
SEVERE COGNITIVE IMPAIRMENT
AT OLDER AGES:
LITERATURE REVIEW
AND PROJECTION ANALYSES

January 2021

Office of the Assistant Secretary for Planning and Evaluation
The Assistant Secretary for Planning and Evaluation (ASPE) advises the Secretary of the U.S.
Department of Health and Human Services (HHS) on policy development in health, disability,
human services, data, and science; and provides advice and analysis on economic policy. ASPE
leads special initiatives; coordinates the Department's evaluation, research, and demonstration
activities; and manages cross-Department planning activities such as strategic planning,
legislative planning, and review of regulations. Integral to this role, ASPE conducts research and
evaluation studies; develops policy analyses; and estimates the cost and benefits of policy
alternatives under consideration by the Department or Congress.

Office of Behavioral Health, Disability, and Aging Policy
The Office of Behavioral Health, Disability, and Aging Policy (BHDAP) focuses on policies and
programs that support the independence, productivity, health and well-being, and long-term
care needs of people with disabilities, older adults, and people with mental and substance use
disorders.
NOTE: BHDAP was previously known as the Office of Disability, Aging, and Long-Term Care
Policy (DALTCP). Only our office name has changed, not our mission, portfolio, or policy focus.
This report was prepared under contract #HHSP233201600024I between HHS’s ASPE/BHDAP
and the Urban Institute. For additional information about this subject, you can visit the BHDAP
home page at https://aspe.hhs.gov/bhdap or contact the ASPE Project Officers, at
HHS/ASPE/BHDAP, Room 424E, H.H. Humphrey Building, 200 Independence Avenue, S.W.,
Washington, D.C., 20201; Judith.Dey@hhs.gov, Lauren.Anderson@hhs.gov,
Helen.Lamont@hhs.gov.

THE RISK AND COSTS OF SEVERE COGNITIVE
IMPAIRMENT AT OLDER AGES:
Literature Review and Projection Analyses

Melissa M. Favreault
Richard W. Johnson
Urban Institute

January 2021

Prepared for
Office of Behavioral Health, Disability, and Aging Policy
Office of the Assistant Secretary for Planning and Evaluation
U.S. Department of Health and Human Services
Contract #HHSP233201600024I

The opinions and views expressed in this report are those of the authors. They do not reflect the
views of the Department of Health and Human Services, the contractor or any other funding
organization. This report was completed and submitted in May 2020.

TABLE OF CONTENTS
ACKNOWLEDGMENTS ................................................................................................................................. iv
ACRONYMS ................................................................................................................................................... v
ABSTRACT ....................................................................................................................................................vii
INTRODUCTION ............................................................................................................................................ 1
MOTIVATION ................................................................................................................................................ 3
KEY DEFINITIONS .......................................................................................................................................... 4
PREVIOUS LITERATURE................................................................................................................................. 5
Assessment and Measurement .............................................................................................................. 5
Incidence and Prevalence Studies .......................................................................................................... 7
Longitudinal Studies: Lifetime Impairment Risk, Life Expectancy with Cognitive
Impairment, Relationship between Cognitive Impairment and Mortality ...................................... 8
Studies of Cross-Sectional and Lifetime Costs of Cognitive Impairment ............................................... 9
Projection Studies................................................................................................................................. 10
Community-Based Studies ................................................................................................................... 12
PROJECTION METHODS .............................................................................................................................. 13
Health and Disability Models................................................................................................................ 13
Spending for Health Care and Long-Term Services and Supports........................................................ 14
Valuing Unpaid Family Care.................................................................................................................. 15
PROJECTION RESULTS................................................................................................................................. 16
Baseline Validation ............................................................................................................................... 16
Risks ...................................................................................................................................................... 18
Costs for Paid Services and the Value of Unpaid Care ......................................................................... 19
CONCLUSIONS AND POLICY IMPLICATIONS .............................................................................................. 21
FIGURES AND TABLES ................................................................................................................................. 22
NOTES ......................................................................................................................................................... 55
REFERENCES ................................................................................................................................................ 58
ABOUT THE AUTHORS ................................................................................................................................ 73

i

LIST OF BOXES, FIGURES AND TABLES
BOX 1.

Selected Terms Related to Cognitive Impairment ................................................................. 4

FIGURE 1.

Alternative Estimates of the Age-Specific Prevalence of CI at Older Ages .......................... 22

FIGURE 2.

Alternative Projections of the Number of Cognitively Impaired Adults in the
US Using Different Measures of SCI, 2010-2060 .................................................................. 23

FIGURE 3.

Comparison of Alternative Estimates of the Age-Specific Prevalence of CI at
Older Ages Using 5-Year Age Bands with DYNASIM Projections: Prevalence
of Dementia Rises Markedly with Age ................................................................................. 24

FIGURE 4.

Comparison of Alternative Estimates of the Age-Specific Prevalence of CI at
Older Ages Using 10-Year Age Bands with DYNASIM Projections: Prevalence
of Dementia Rises Markedly with Age ................................................................................. 25

FIGURE 5.

Alternative Projections of Number of Cognitively Impaired Adults in the US
Using Different Measures of SCI at Older Ages, Including DYNASIM
Projections, 2010-2060 ........................................................................................................ 26

TABLE 1.

Selected Studies of the Cross-Sectional Prevalence of CI: US and Other
Wealthy Countries ................................................................................................................... 27

TABLE 2.

Selected Studies of the Cross-Sectional Incidence of CI: US and Other
Wealthy Countries ................................................................................................................... 31

TABLE 3.

Selected Studies of the Long-Range Likelihood of CI, Remaining Life
Expectancy with CI, Duration of CI, and Other Longitudinal Metrics...................................... 33

TABLE 4.

Selected Studies of the Relationship between CI and Mortality Rates in the US ................... 38

TABLE 5.

Selected Studies of the Costs of CI in the US .......................................................................... 39

TABLE 6.

Selected Studies of the Prevalence and Intensity of Caregiving for People
with CI in the US ...................................................................................................................... 42

TABLE 7.

Estimates from Selected Studies of the Cost of CI in the US: Using Consistent
Wage-Indexed Dollars ............................................................................................................. 43

ii

TABLE 8.

Selected Studies Based on Long-Range Models of Cognitive Status....................................... 44

TABLE 9.

Selected Studies of the Effects of Future Interventions on CI in the US ................................. 46

TABLE 10. Miscellaneous Community-Based Studies Related to CI and Performance in
the US ...................................................................................................................................... 48
TABLE 11. Historical Cross-Sectional Prevalence of SCI at Age 65 and Older, by Sex and
Age: DYNASIM 2013-2017 and NHATS 2015 ........................................................................... 49
TABLE 12. Projected Cross-Sectional Age-Specific Prevalence of SCI at Ages 65 and
Older: DYNASIM 2013-2055 in Selected Years, by Age ........................................................... 49
TABLE 13. Probability of Ever Experiencing SCI and Projected Life Expectancy with SCI
from Age 65: By Birth Cohort, Gender, Education, and Race and Ethnicity ........................... 50
TABLE 14. Average and Distribution of Projected Years with SCI from Age 65, for Those
Who Become Severely Impaired: By Birth Cohort .................................................................. 50
TABLE 15A. Average Projected Cost of SCI from Age 65 Onward for Paid and Unpaid LTSS
(Sum): DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and
Lifetime Earnings Quintile--UNCONDITIONAL......................................................................... 51
TABLE 15B. Average Projected Cost of SCI from Age 65 Onward for Paid and Unpaid LTSS
(PDV): DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and
Lifetime Earnings Quintile--UNCONDITIONAL......................................................................... 51
TABLE 16A. Average Projected LTSS Costs from Age 65 Onward for Those with SCI (Sum):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime
Earnings Quintile ..................................................................................................................... 52
TABLE 16B. Average Projected LTSS Costs from Age 65 Onward for Those with SCI (PDV):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime
Earnings Quintile ..................................................................................................................... 52
TABLE 17A. Distribution of Projected Costs of LTSS for Those Who Ever Experience SCI
(Sum): DYNASIM 1955-1959 Birth Cohorts, by Gender .......................................................... 53
TABLE 17B. Distribution of Projected Costs of LTSS for Those Who Ever Experience SCI
(PDV): DYNASIM 1955-1959 Birth Cohorts, by Gender ........................................................... 53
TABLE 18. Projected Total LTSS Spending from Age 65 among People with Significant
Disabilities and Paid Care Use, by whether Ever SCI: DYNASIM 1955-1959
Birth Cohorts, by Gender......................................................................................................... 54

iii

ACKNOWLEDGMENTS
This report was funded by the Office of the Assistant Secretary for Planning and
Evaluation (ASPE) at the U.S. Department of Health and Human Services (contract number
HHSP233201600024I, order number HHSP23337001T). We are grateful to them and to all our
funders, who make it possible for Urban to advance its mission.
The views expressed are those of the authors and should not be attributed to the Urban
Institute, its trustees, or its funders. Funders do not determine research findings or the insights
and recommendations of Urban experts. Further information on the Urban Institute’s funding
principles is available at https://www.urban.org/aboutus/our-funding/funding-principles.
Brenda Spillman of Urban’s Health Policy Center provided helpful comments on an earlier
draft and estimates from the National Health and Aging Trends Study for Table 11. Judith Dey,
Helen Lamont, and William Marton of ASPE also provided helpful comments on earlier drafts.

iv

ACRONYMS
The following acronyms are mentioned in this report.
AD
ADAMS
ADL
ADRD
AHEAD
APOE

Alzheimer’s Disease
Aging, Demographics, And Memory Study
Activity of Daily Living
Alzheimer’s Disease and Related Dementias
Asset and Health Dynamics of the Oldest Old
Apolipoprotein E

BMI
BPC

Body Mass Index
Bipartisan Policy Center

CI
CIND
CMS

Cognitive Impairment
Cognitive Impairment No Dementia
Centers for Medicare & Medicaid Services

DLB
DNA
DYNASIM
DYNASIM4

Dementia with Lewy Body
Deoxyribonucleic Acid
Dynamic Simulation of Income
Dynamic Simulation of Income Model 4

ELSA

English Longitudinal Study of Aging

FEM

Future Elderly Model

GAO

Government Accountability Office

HIPAA
HRS
HS

Health Insurance Portability and Accountability Act
Health and Retirement Study
High School

IADL

Instrumental Activity of Daily Living

LTCI
LTSS

Long-Term Care Insurance
Long-Term Services and Supports

MCBS
MCI
MMSE

Medicare Current Beneficiary Survey
Mild Cognitive Impairment
Mini-Mental State Examination

v

NHATS
NLTCS

National Health and Aging Trends Study
National Long-Term Care Survey

PDV

Present Discounted Value

SCI
SES

Severe Cognitive Impairment
Socioeconomic Status

TICS

Telephone Interview of Cognitive Status

vi

ABSTRACT
The possibility of becoming severely cognitively impaired is among the most
consequential risks facing older adults and their families. In addition to the emotional and
physical toll associated with dementia, the financial consequences can be overwhelming, as
many patients require expensive paid care. Projections of future care needs and costs are
difficult because the older population is changing in ways that will likely shape the course of
cognitive impairment. This study uses the Dynamic Simulation of Income Model (DYNASIM) to
project the risk and costs of severe cognitive impairment (SCI) at older ages over the coming
decades. Using multiple data sources and econometric techniques, DYNASIM simulates the
future population and its characteristics, projecting financial resources, disability status,
medical conditions, cognitive status, and use of long-term services and supports. Unlike some
past research, this study shows how SCI and associated costs vary across the population. We
project large differences in the chances of ever experiencing SCI for different groups. Those
with less than a high school education, for example, are about three-fifths to three-quarters
more likely to ever become severely cognitively impaired in late-life than their counterparts
with even a high school diploma, despite not living as long. African Americans and Hispanics are
also more likely to become impaired than non-Hispanic Whites. Women are more likely to
become impaired than men, in large part due to their longer life expectancy. Our estimates of
the prevalence and duration of SCI fall within the bounds of prior literature, sometimes higher
and sometimes lower. Because the typical spell of SCI lasts about four years, cost and care
burdens can be quite significant for families of those who become impaired. Those lower in the
income distribution can expect to use most or all of their wealth on care should they become
impaired.
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INTRODUCTION
The possibility of developing cognitive impairment (CI) is among the most consequential
risks older adults and their families face. In addition to the emotional and physical toll
associated with dementia, the financial consequences can be overwhelming. As cognitive
functioning declines, help with personal care and everyday activities often becomes necessary.
Assistance is usually provided by unpaid family members and friends. Paid help, often provided
in nursing homes and other residential settings, frequently becomes necessary when patients
need round-the-clock care. Most care costs are initially paid out-of-pocket, which can create
substantial financial burdens. Once patients with severe cognitive impairment (SCI) exhaust
their financial resources they can qualify for Medicaid. As the population ages in coming
decades, Medicaid spending on older adults with SCI will likely increase, posing significant
financial risks to federal and state governments.
A growing literature examines the incidence, costs, and correlates of SCI at older ages.
However, relatively little is known about how SCI risks and costs will likely evolve over the
coming decades. Projections of future care needs and costs are difficult because the older
population is changing in ways that could alter the course of cognitive impairment. For
example, the older population is becoming better educated and more racially and ethnically
diverse. At the same time, some health risks--like obesity (Hales et al. 2017) and diabetes
(Selvin and Ali 2017)--have grown among older adults and could affect the future trajectory of
cognitive impairment.1,2 Care delivery options are changing, as residential care and care at
home are slowly replacing nursing home care. While long-term productivity growth is raising
incomes, the gains have not been shared evenly across the population, and these changes could
affect future Medicaid spending.
This study uses the Dynamic Simulation of Income Model (DYNASIM), the Urban
Institute’s dynamic microsimulation model, to project the risk and costs of moderate and SCI
among older adults over the coming decades. Using multiple data sources and econometric
techniques, DYNASIM simulates the future population and its characteristics, projecting
financial resources, disability status, medical conditions, cognitive status, and use of long-term
services and supports (LTSS). Unlike some past research, this study shows how SCI and
associated costs vary across the population, with a focus on differences by socioeconomic
status (SES). We show how projected experiences with cognitive impairment vary across three
birth cohorts and compare outcomes by sex, education, race/ethnicity, and income within each
cohort.
Projections, especially over the long term, require many assumptions and are inherently
uncertain. Before delving into the projections, we review existing estimates of SCI, including
recent incidence and prevalence, projections of future prevalence, duration of impairment
spells, and associated care costs. This extensive review enables us to ground the DYNASIM
projections and verify their reasonableness and validity. This grounding is important because
1

debates about how to finance LTSS for people living with SCI require a common understanding
of assumptions, methods and estimates, so that we can fully understand the tradeoffs between
options. Documenting that our projections fall within the mainstream of the social science
literature can offer reassurance that they are not biased in any way that would unduly favor
any specific policy approach.
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MOTIVATION
Our aging population is likely to bring increased attention to long-standing challenges in
LTSS delivery and financing in the United States. Several expert groups have tried recently to
devise policy solutions to several well-documented problems (BPC 2017; Commission on LongTerm Care 2013; LeadingAge 2016; Long-Term Care Financing Collaborative 2016; U.S. House of
Representatives 2016), including the following:
•

Rising health and long-term care costs could increasingly strain public budgets
(Congressional Budget Office 2013).

•

Private LTSS insurance is not affordable for many mid-life and older adults, as many
carriers exit the market and those remaining increase premiums (Cohen 2016; Schmitz
and Giese 2019; Ujvari 2018).

•

Family caregivers provide much of the care to those with severe disabilities, including
SCI (Rainville, Skufca and Mehegan 2016; Wolff et al. 2016). Care activities can impose
significant financial costs on caregivers, including direct outlays and lost wages as
caregivers are forced to curtail paid employment to meet their care responsibilities. In
addition, caregiving often takes an emotional toll, raising stress, increasing health
problems, and leading to burnout, especially among caregivers providing more
extensive assistance, like help with health care.

Some dementia patients in later stages of the disease have complex needs that make
them expensive to serve. Facilities serving late-stage dementia patients may require higher
staff-to-resident ratios to address their residents’ more significant personal care and
supervision needs. For example, some dementia patients have behavioral challenges like
becoming agitated or physically aggressive in the late stages of the disease.3 Also, some
patients may wander or try to leave their homes or care facilities, requiring extra security to
ensure their safety.4
Another motivation for our paper is to help policymakers in the states and Federal
Government prepare for the coming decades, when the large baby boom cohorts will reach the
ages when severe care needs are common.
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KEY DEFINITIONS
Box 1 presents concise definitions of key terms surrounding cognitive impairment. We
draw the definitions from various sources, including Alzheimer’s Association (2016, Table 1),
Hugo and Ganguli (2014), and National Academy of Sciences (2017). Throughout this report, we
generally discuss cognitive impairment and differentiate between mild and severe cases. Our
data generally do not allow us to differentiate between different types of dementia (such as
Alzheimer’s disease, vascular dementia, and Lewy body dementia), and some people
experience multiple types of dementia.5 When describing estimates from the literature, we
generally use the authors’ terms and characterizations.
BOX 1. Selected Terms Related to Cognitive Impairment
• Age-related cognitive decline: Deterioration in cognitive performance that is part of
normal aging.
• Alzheimer’s disease (AD): A degenerative brain disease and the most common form of
dementia.
• Alzheimer’s disease and related dementias (ADRD): An umbrella term that encompasses
both AD and other forms of dementia, like vascular dementia.
• Cognitive impairment (CI): Condition when a person has trouble remembering, learning
new things, concentrating, or making decisions that affect everyday activities.
• Cognitive impairment no dementia (CIND) or mild cognitive impairment (MCI): A state
between dementia and full cognitive function. CI that is recognizable to close friends and
family but not yet severe enough to limit function.
• Dementia or severe cognitive impairment (SCI): CI that is severe enough to limit function,
usually defined as social or occupational function. In its severe forms, a person with
dementia/SCI may not be able to recognize people, use language, or execute purposeful
movements.
• Major neurocognitive disorder: This term replaced dementia in the fifth edition of the
American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders,
released in 2013.
SOURCES: Definitions derived and adapted from Alzheimer’s Association (2016), Centers for
Disease Control and Prevention (2011), Hugo and Ganguli (2014), and National Academy of
Sciences (2017). Other terms for specific types of dementia--like vascular dementia,
frontotemporal dementia, or dementia with Lewy Bodies (DLB)--are described in some of
these sources.
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PREVIOUS LITERATURE
In this section, we present detailed tables that describe previous estimates of the
historical prevalence and incidence of SCI and projections of future prevalence and lifetime
risks and costs from the literature. These tables provide important grounding for the DYNASIM
projections.
The tables describe various aspects of cognitive impairment. We cover prevalence,
incidence, longitudinal measures of experience (including relative mortality/longevity
experience), longitudinal measures of costs (including prevalence and intensity of unpaid care),
projections of future experience under baseline assumptions, projections of the potential
effects of interventions (including interventions that delay dementia onset or that reduce comorbidities), and related sensitivity tests, and community-based studies.
Our review covers research mostly from the social sciences, not the medical literature,
because we focus on distributional rather than clinical issues. Most studies we discuss describe
cognitive impairment in later life, and the vast majority focus on the United States experience.
We emphasize recent studies but include some research from the late 1990s for context.
Studies that cover multiple outcomes may appear in more than one table.
We structure the tables to facilitate comparisons of disparate studies. They identify the
population studied (age range, geographic coverage, inclusion of institutional residents6),
estimation period, and indicators used to determine cognitive status. We try to use comparable
measures in the tables. For example, we express most rates as percentages, even if authors
used different metrics in their study, such as reporting incidence per 1,000 people.

Assessment and Measurement
Assessing cognitive status in nationally representative household survey data and even in
clinical environments poses many challenges. Some studies use diagnosis data, sometimes selfreported by respondents and sometimes reported by proxy respondents. Others rely on
payment codes from matched medical benefit records to classify cognitive status, which may
include physician diagnosis information or indicate use of prescription drugs associated with
cognitive impairment. Others administer cognitive tests to respondents, sometimes conducted
over the telephone. Still others use physician evaluation or medical tests (such as tests of blood
or spinal fluid for amyloid plaques). Some studies take images of participants’ brains while they
are alive and perform autopsies of their brains after death.
Given these different measures and the complexities associated with each, as well as
differing diagnostic criteria, estimates of cognitive impairment vary widely (Erkinjuntti et al.
1997). For example, some studies document significant underdiagnosis of dementia (Amjad et
5

al. 2018). Even claims data provide imperfect indicators of dementia (Taylor et al. 2009).
Informant reports may differ systematically across groups (Potter et al. 2009). The literature
highlights the importance of including proxy reports for those who are either unable to respond
to a survey or to take a cognitive test and, in longitudinal surveys, accounting for those who die
between waves of data collection because cognitive impairment often occurs near the time of
death.
Researchers using the same tests and similar samples sometimes make somewhat
different choices about how to interpret scores or use different cutoffs to designate various
impairment levels. They often do this to capture subtleties, like differences in populations of
interest. For example, several studies described in the literature review tables use data from
the Health and Retirement Study (HRS), including the older cohorts in the Asset and Health
Dynamics of the Oldest Old (AHEAD) sample that is now part of the HRS. These authors rely on
scores from the Telephone Interview for Cognitive Status (TICS) and sometimes also the Aging,
Demographics, and Memory Study (ADAMS). As the literature review tables show, authors
sometimes use modestly different cutoff values from the TICS, often in response to the age
range of the population of interest and respondents’ experience with the diagnostic tests. For
example, Crimmins et al. (2018), Langa et al. (2016), and Zissimopoulos, Crimmins, and St. Clair
(2014) consider adults ages 65 and older and use a cutoff score of 6 to identify SCI. Garcia et al.
(2017) include adults ages 50 and older in their sample and also use 6 as the cutoff score for
SCI. Langa et al. (2008) study adults ages 70 and older use 7 as the cutoff. Langa et al. (2008)
and Lièvre, Alley, and Crimmins (2008) also consider adults ages 70 and older but use 8 as the
initial cutoff score; Lièvre, Alley, and Crimmins use a cutoff score of 9 in subsequent waves to
account for potential learning effects for respondents who have taken the test more than once.
Consistent with Lièvre, Alley, and Crimmins (2008), other researchers who use
longitudinal data to measure cognitive status increasingly use a two-wave criterion for
assessing cognitive status to account for the possibility that respondents may learn from
participating in the test in earlier waves. These authors include Freedman et al. (2018), who use
the National Health and Aging Trends Study (NHATS), and Zissimopoulos et al. (2018) who use
HRS.
Some other researchers use relative measures of cognitive impairment that allow
threshold scores to vary across the population, such as among people with different levels of
education. Ahmadi-Abhari et al. (2017), for example, define impairment as having a cognitive
performance that is 1.5 standard deviations below the mean for their broad education group.
Other researchers, including Hudomiet, Hurd, and Rohwedder (2018), use a probabilistic,
multi-factor approach to determine whether a study participant is cognitively impaired. They
argue that using multiple indicators--such as combining reports of limitations with instrumental
activities of daily living (IADLs)--is better than using a single report or the result of a single test.
As they note, these approaches are sensitive to assumptions about how multiple factors are
incorporated into a composite score.
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Incidence and Prevalence Studies
The first two tables provide United States estimates of prevalence (Table 1) and incidence
(Table 2) of cognitive impairment and limitation and related outcomes, like Alzheimer’s disease.
Several of the studies in Table 1--including Choi et al. (2018); Crimmins et al. (2018); Freedman
et al. (2018); Hudomiet, Hurd, and Rohwedder (2018); Langa et al. (2008, 2016); Li et al. (2017);
Rocca et al. (2011); Stallard and Yashin (2016)--explore whether the prevalence of dementia has
declined recently on an age-adjusted basis. Figure 1 presents some of this information in
graphical form, but direct comparisons are difficult because studies often compare people in
different age ranges.
All the studies examined find that both the prevalence and incidence of cognitive
impairment increase rapidly with age.7 Estimated prevalence rates usually climb from a few
percent in one’s early 60s to anywhere from 30 to 45 percent in one’s 90s, depending on the
time period, precise age groupings, and impairment definition. Most studies find higher rates of
impairment for women than men, but some exceptions exist on an age-adjusted basis for
particular age groups, especially younger ages when men’s rates sometimes exceed women’s.
Studies that report differentials by education generally find much higher rates of impairment
for those with less education. Those reporting differences by race and ethnicity usually find
higher age-adjusted impairment rates for African Americans and Hispanics than non-Hispanic
Whites;8 the few studies that consider Asians and Pacific Islanders find that they have lower
than average age-adjusted impairment rates. A growing literature explores the complexities of
these differences by race and ethnicity, including how they vary by nativity and neighborhood
(Weden et al. 2017).
Most of the studies attempting to compare prevalence and incidence over time find
evidence of meaningful decline at older ages in recent years (Freedman et al. 2018; Hudomiet,
Hurd and Rohwedder 2018; Langa et al. 2008; Langa et al. 2016; Li et al. 2017; Rocca et al. 2011;
Stallard and Yashin 2016). Exceptions include Choi et al. (2018), who focus on younger ages (55
and 69) and aggregate severe and moderate impairment, and several community-based--rather
than nationally representative--studies, which we describe in a later table. A recent
comparative study (Wu et al. 2017) that reviews consistent population-based prevalence and
incidence studies for eight countries (France, Japan, the Netherlands, Nigeria, Sweden, Spain,
the United Kingdom and the United States) finds evidence of stable or declining prevalence and
incidence in all countries except Japan, where some studies suggest a reverse pattern.
However, results are inconclusive due to differences in study designs.
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Longitudinal Studies: Lifetime Impairment Risk, Life Expectancy with Cognitive
Impairment, Relationship between Cognitive Impairment and Mortality
Table 3 describes projections of lifetime or cumulative old-age risk of cognitive
impairment, including the risk of ever being impaired, and conditional or unconditional
durations of impairment,9 as available. It also includes other longitudinal measures, like average
age at impairment onset. The studies vary in terms of birth cohorts and the starting ages of the
samples examined and whether they include people in nursing homes, so direct comparisons
are difficult. Brodaty, Seeher, and Gibson (2012) point out the importance of making consistent
comparisons that account for selectivity of samples.
Most studies that restrict their samples to adults who survive to age 65 estimate
remaining lifetime risks of cognitive impairment in the 15-35 percent range, in most cases with
significantly higher risk for women than men. Because most authors estimate that no more
than a third of people who survive into later life can expect to experience SCI, unconditional
durations--the average time impaired including both those who are never impaired and those
who become impaired--of cognitive impairment are much lower than conditional durations-average time impaired for those who are ever impaired. Unconditional estimates of dementia
duration from age 65 cluster around 1-3 years, whereas conditional durations from age 65
range from 4-6 years in most studies. There may be important differences between mean and
median experiences, but the literature is not entirely conclusive. These estimates are sensitive
to definitions and the estimation time period. People in earlier cohorts have shorter total life
expectancy, and survival differences between those with and without SCI may be shifting
(Dufouil et al. 2018; Langa et al. 2008).
Few of these studies show within-group distributions, which would provide useful
information for understanding relative risk. Again, where reported, differences between
education groups are often dramatic, with less-educated adults experiencing much larger
shares of late-life with moderate or SCI than their better-educated counterparts. Crimmins et
al. (2018), for example, report that in 2010 a 65-year-old woman without a high school
education could expect to spend more than half (53.8 percent) of her remaining life cognitively
impaired (21.8 percent mildly impaired and 32.0 percent severely impaired), compared with
only about 20 percent for her college-educated counterpart (12.7 percent mildly impaired and
7.0 percent severely impaired). Garcia et al. (2017) find large differences by race and gender in
life expectancy from age 50 with dementia and CIND and in the share of remaining life
expectancy impaired/unimpaired for people in the community. For example, non-Hispanic
White men can expect to spend 1.1 years from age 50 with dementia and 17 percent of
remaining life at least mildly cognitively impaired. Foreign-born Hispanic women can expect to
spend 6.0 years with dementia and 49 percent of remaining life at least mildly cognitively
impaired.
Implicit in many of these projections of long-range experience with cognitive impairment
are mortality differentials between those who are cognitively impaired and those who are not.
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Table 4 takes a closer look at some of the studies in this area. Davis et al. (2018), James et al.
(2014), and Wilson et al. (2009) find much higher mortality among those with cognitive
impairment than those with good cognition. Estimates vary by age, and those with lower levels
of cognitive impairment have lower mortality differentials than those with more severe
impairments. Racial differentials in survival among those severely cognitively impaired may be
important. Both Helzer et al. (2008) and Mayeda et al. (2017) find that non-Hispanic Whites
have shorter survival times than others who are cognitively impaired. There are also large
differences based on age at onset or diagnosis of dementia. Some estimates, such as
Brookmeyer et al. (2002), Ganguli et al. (2005), Johnson, Brookmeyer, and Ziegler-Graham
(2007), and Mayeda et al. (2017), report that those who become impaired early in life can
expect to live much longer than those who become impaired later, with important implications
for the burdens their family caregivers face.

Studies of Cross-Sectional and Lifetime Costs of Cognitive Impairment
Table 5 reports studies that attempt to estimate the costs of dementia in the United
States, including valuations of the unpaid care provided by family caregivers.10 Table 6 provides
additional information about the prevalence and intensity of care provided to people with
dementia. Table 7 converts the cost estimates from Table 5 into consistent 2020 wage-indexed
dollars to facilitate comparisons across studies, which use different time periods that range
from the early 1990s to 2017. In these papers, most authors attempt to distinguish private
costs, including the value of uncompensated care provided by family caregivers and public costs
paid by Medicaid and Medicare. When valuing uncompensated family care, authors use a
variety of estimates, usually centered on the replacement cost of care, proxied by the average
wages paid to agency home health aides or other hands-on care workers.11
Important differences across these studies include whether and how they distinguish
between costs for medical care and costs for LTSS and how they address the cost of comorbidities. Some estimates include the total costs incurred by patients with dementia,
whereas others focus on the added costs of dementia for people who also receive care for
other conditions and impairments. Langa et al. (2010) report these additional costs; Hurd et al.
(2013) report both adjusted and unadjusted estimates to allow readers to compare. Answers to
both questions are important. For policymakers interested in how much dementia contributes
to public expenses and how changes in dementia onset and prevalence might affect public
spending, the measure of additional costs from dementia may be most useful. For households
planning for retirement, it may be more helpful to know the total financial risk associated with
dementia--and to have as much information as possible about out-of-pocket health care
spending risk in retirement more broadly.
The methods these studies use--especially those studies that focus on net costs--can be
complex. For example, several studies match people with dementia to otherwise similar people
without dementia to try to determine the added costs that can be attributed to the disease;
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others simulate the additional effects of dementia on spending by using coefficients for
dementia’s added effects from regression equations used to project spending.
Incomplete and low-quality data also pose challenges for research in this area. Some
studies use rich data from payment records, which are likely to be more accurate than selfreported cost data. One important limitation of many of these data is that they often cover only
Medicare beneficiaries who are enrolled in fee-for-service plans, excluding those enrolled in
Medicare Advantage plans, who now comprise about a third of aged Medicare beneficiaries
(Jacobson, Damico and Neuman 2018). People enrolled in Medicare Advantage plans may have
different economic and health characteristics than those enrolled in traditional Medicare with
Medigap supplemental insurance. Literature suggests that people with higher health care costs
and needs are more likely to enroll in traditional Medicare and to switch from Medicare
Advantage to traditional Medicare when their health worsens (Neuman and Jacobson 2018;
Rahman et al. 2015).
Another important limitation is that payment records may not capture significant
amounts of home care, given that families pay for it in private transactions, often to nonmedical providers (Newquist, DeLiema and Wilber 2015; Seavey and Marquand 2011). Such
care is understudied and many important government statistics exclude it, potentially biasing
estimates of the share of care financed by various payers and understating the role of families’
out-of-pocket payments (Newquist, DeLiema and Wilber 2015).
Findings from these analyses of the costs associated with cognitive impairment are mixed.
Most researchers conclude that dementia raises Medicaid and out-of-pocket spending more
than Medicare spending. However, estimates differ depending on how they account for comorbidities and compositional differences between those who do and do not develop SCI. Cost
impacts vary as the disease progresses, with excess Medicare costs more prevalent early in a
dementia spell and excess Medicaid costs more prevalent later (see, for example, Coe et al.
2018).

Projection Studies
Table 8 describes different forecasting approaches that modelers have taken to project
lifetime or longitudinal risk and costs of dementia. Figure 2 compares selected projections from
six of the studies we describe. (Because three studies report more than one outcome, the figure
shows ten projection series.) Estimates of the number of people with SCI vary widely, and these
differences cannot be explained by the use of different definitions. In addition, there is no
consensus about how the future is likely to evolve. Differences in outcome variables (e.g.,
Alzheimer’s disease, which is a subset of dementia, compared to SCI) partially explain some of
the variation across projection studies.
These studies generally use different methods. Some apply prevalence or incidence rates
to population projections that often come from federal agencies. The studies use different state
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spaces, with some considering dementia jointly with cardiovascular disease, others considering
disease progression in a narrow way, and others looking more narrowly at recent age-sex
prevalence rates, perhaps considering an additional characteristic.
In analyses applied to adults ages 50 and older in England, Ahmadi-Abhari et al. (2017)
model cognitive impairment jointly with cardiovascular disease. They use the English
Longitudinal Study of Ageing (ELSA), which includes cognitive tests, to estimate transitions
between various states, including disease-free, cardiovascular disease without impairment,
cardiovascular disease with functional impairment, cardiovascular disease with functional and
cognitive impairment, no cardiovascular disease with functional impairment, no cardiovascular
disease with functional and cognitive impairment, and death.
Brookmeyer, Abdalla, Kawas, and Corrada (2018) apply incidence rates for various
transitions to Census population projections. Their model is grounded in clinical factors and
focuses on the progression of disease through clinical stages, including amyloidosis, amyloidosis
with neurodegeneration, mild cognitive impairment (MCI), and early clinical or clinical
dementia. An important aspect of this study is that the authors present a range for every
estimate because precise measurement is impossible. For example, they estimate that in 2017,
approximately 3.65 million people in the United States had clinical Alzheimer’s disease, with a
lower bound estimate of 1.70 million and an upper bound estimate of 7.62 million. In 2060,
they project 9.30 million people will have Alzheimer’s, with a lower bound estimate of 4.58
million and an upper bound estimate of 17.82 million.
A model developed by the Lewin group and used by the Alzheimer’s Association (2015,
especially the appendix; 2018) largely relies on secondary data, earlier estimates from highquality studies. Several of the studies on which it relies are becoming outdated, such as Sloane
et al. (2002). The version of the model used in the 2018 paper uses data from the 2011
Medicare Current Beneficiary Survey (MCBS) for projecting costs among those with Alzheimer’s
disease.12
The University of Southern California’s Future Elderly Model (FEM) (Goldman et al. 2015;
Zissimopoulos, Crimmins, and St. Clair 2014; Zissimopoulos et al. 2018) projects limitations in
activities of daily living (ADLs) and cognitive status using HRS data. It thus has significant
similarities to the DYNASIM projections, which are also based on HRS data, although some
important differences exist.13
Matthews et al. (2019) use Medicare payment records for beneficiaries ages 65 and older
with fee-for-service claims in 2014. They use diagnosis codes to identify whether people have
Alzheimer’s disease and related dementias (ADRD). They then construct prevalence rates by
five-year age groups, sex, and race-ethnicity, which they apply to Census projections, assuming
no decline in future rates. The payment data are incredibly rich, representing over 28 million
older United States adults. However, the data exclude more than one-third of Medicare
beneficiaries who participate in Medicare Advantage rather than fee-for-service. This raises
concerns about the data’s selectivity by health status.
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Table 9 describes the projected effects of various interventions, such as hypothetical
interventions that would delay the onset of cognitive impairment, reduce dementia incidence,
or reduce the prevalence of co-morbidities (such as diabetes) as well as sensitivity analyses.
Most of the studies focus on positive interventions, including efforts at prevention. The study
by Zissimopoulos et al. (2018), however, underscores the interplay between survival and
dementia risk. For example, they conclude that reducing diabetes by 50 percent or eliminating
hypertension would increase the number of people with dementia because more people would
survive to older ages, when dementia rates are high, under both scenarios; the increase in the
at-risk population would more than offset the reduction in co-morbidities. This is inconsistent
with projections by Barnes and Yaffe (2011), which rely on simpler methods to estimate the
effects of a diabetes reduction on cognitive impairment. Yang et al. (2012) consider the
potential effects of increased obesity; they find that the life expectancy losses do not offset
increased dementia prevalence, boosting care costs. Given the complexity of these types of
analyses because of the competing risks older adults face, this literature deserves further
monitoring.

Community-Based Studies
Table 10, our final literature review table, describes several analyses of data from
community-based studies. (We also reference some of these studies in earlier tables when they
report other metrics, such as lifetime risk, or are used to estimate projection-model inputs,
such as incidence rates.) These studies do not generate nationally representative estimates, but
they often use better methods than studies using national data to verify the presence of
impairment or disease. For example, some studies make use of expert review panels that
examine every case to determine if a participant’s disease or impairments meet certain clinical
criteria. Some even examine participants’ brains after they die (Bennett et al. 2013).
Community-based studies also sometimes use longer follow-on periods than other studies. For
example, the Massachusetts-based Framingham Heart Study enables researchers to look at
changes in dementia from as far back as the late 1970s, whereas the nationally representative
HRS survey began only in the early 1990s.14
Several of these studies find little or no evidence of decline in incidence and prevalence of
cognitive impairment in recent decades (Hall et al. 2009; Hebert et al. 2010; Rajan et al. 2019;
Weuve et al. 2018), contrary to several of the nationally representative studies.
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PROJECTION METHODS
DYNASIM starts with a nationally representative population based on the 2004 and 2008
panels of the Survey of Income and Program Participation. The model “ages” the population
year-by-year, simulating demographic and economic events using transition probabilities and
rule-based algorithms. The model’s aging rules include socioeconomic differences--such as by
education, lifetime earnings, marital status, and race and ethnicity--when projecting health and
mortality, using rich longitudinal data. DYNASIM projections capture compositional change in
the population for the next seven decades. Many outcomes are calibrated to the intermediate
assumptions of the 2019 Social Security Trustees Report (Board of Trustees, Federal Old-Age
and Survivors Insurance and Disability Insurance Trust Funds 2019), typically on an age-sex
basis, with the underlying behavioral equations driving differences by other characteristics,
such as education, within age-sex groups. Because we rely on historic data and 2019 trustees
report assumptions, the projections do not account for the 2020 novel coronavirus outbreak’s
on-going demographic and economic effects.

Health and Disability Models
DYNASIM’s underlying model of health status and disability from age 51 onward considers
the progression of health change and disability, using a structure that recognizes that these
processes are dynamic; people develop limitations, but sometimes recover. Disability onset can
be either sudden or gradual. How rapidly disability progresses can have important implications
for the ability to work or care for oneself and thus meet financial needs. The model, estimated
using HRS data, integrates occurrence and duration dependence in health and disability
outcomes.15 The model projects self-reported health status, limitations with ADLs and IADLs,
counts of chronic conditions (with stroke modeled separately from other conditions given its
close association with cognitive decline16), and cognitive status. Projections from the historical
period are calibrated to estimates from the MCBS and NHATS.
Our approach for forecasting cognitive impairment in DYNASIM is grounded in estimates
that rely on HRS data through 2014.17 We use data from the TICS when it is available. Our
models of cognitive status transition include information about those who cannot take the
cognitive test or who die, integrating proxy and exit interviews, as this information significantly
affects estimates of cross-sectional prevalence and lifetime dementia risk.18 We model
cognitive status using transitions between three discrete states: good cognition, CIND, and
dementia. We use a score of 7 as our cutoff threshold for respondents who took the test
regardless of age; as noted above, some other researchers use higher cutoff values, some use
lower values, and some use a two-wave criterion. To identify CIND, we use scores from 8 to 13.
In addition to projecting a cognitive function category, we project continuous values for the
level of cognition, as proxied by the TICS score, so that model users can develop estimates for
policies that modify eligibility thresholds for benefits in subtle ways.
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We integrate this empirical model into DYNASIM. The model generates forecasts of
cognitive status using compositional change, such as population aging and the increased
educational attainment of older adults, as drivers of change. We assume that future disability
rates will depend on relative age (i.e., proximity to death) rather than absolute age, so that
healthy life expectancy will also increase as life expectancy rises. Historical SES differentials in
disability are assumed to persist, but not grow. We calibrate mortality to intermediate
assumptions of the Social Security trustees report. Mortality differentials by SES are expected
to continue growing for the next 15 years and then persist at that level indefinitely.
The final model development stage is to calibrate the micro-dynamic equations for
cognitive impairment to match age-specific NHATS data from 2015 to projections for the year
2015. This typically entails searching for sources of discrepancies between the estimates and
reconciling them to maintain as much consistency as practical. We also calibrate the
relationship between cognitive impairment and mortality to adjust for censoring in some of the
cases we used for estimating cognitive impairment.
The model projects cognitive and functional status every year from 2007 through 2090.
Starting our projections in the past enables us to test how well the model performs relative to
historic estimates, serving as an important validity test for the econometric specification.
Because of this long projection horizon and the annual projections, we can readily and
easily use the model to consider both cross-sectional outcomes (such as the number of people
impaired, incidence and prevalence rates, and annual costs) and longitudinal outcomes (such as
the share of older adults ever impaired, the unconditional and conditional duration of
impairment, the average age at impairment, lifetime costs, and so forth).

Spending for Health Care and Long-Term Services and Supports
Our health spending models, which include projections of both acute care and LTSS,
account for the close relationship between health status, disability, technological change, and
health care spending. They also capture how income and out-of-pocket cost burdens affect
health care spending.19 Those with more income tend to be healthier, which reduces their
spending. Because they are also less burdened by health care costs, they are more likely to
purchase higher-quality or discretionary services and less likely to skip necessary ones. The
model generates Part B, Medigap, and Medicare Advantage premiums endogenously,
depending on the distribution of the population’s health and disability status, income, and
services use. In modeling insurance choices and premiums, those with greater health problems
are more likely to opt for more comprehensive coverage. This phenomenon, known as adverse
selection, raises costs and drives many of those in better health to seek lower-cost alternatives.
In our models of LTSS utilization, families choose whether to seek paid care. Decisions
about different types of paid care--home care, nursing home, and residential care--are made
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jointly. For families who choose to purchase paid care, prices are set based on the state-specific
median for each service type (Genworth 2019), with some small adjustments based on income,
presence of long-term care insurance (LTCI), and severity of disability.20 We model eligibility for
Medicaid using program rules for all 50 states. Medicaid participation is higher among those
with greater economic and disability needs. We base prices for Medicaid-covered services on
recent published data (Hansen Hunter and Company 2018). Medicaid is the payer of last resort
under current law, so we also check whether people have other forms of coverage, like private
LTCI. If a person holds an unlapsed plan, we assume that the insurance pays up to the plan’s
daily maximum for as long as the person is eligible. (People are assigned plans based on their
availability at the time of purchase). People are also assigned to U.S. Department of Veterans
Affairs care using simple models from MCBS and care under the Older Americans Act from
simple look-up tables based on published reports. Consistent with our brief on LTSS more
broadly (Favreault and Dey 2020), we do not include any post-acute care to people with LTSS
needs that Medicare covers in these analyses.

Valuing Unpaid Family Care
When families provide care, they forgo leisure and may also miss out on the opportunity
to work more hours; some may need to leave work completely. Policymakers may have an
interest in the overall contribution caregivers make in providing LTSS. We therefore provide
estimates of the value of LTSS provided by unpaid family caregivers. The current analyses
assume that an hour of unpaid care has a value equal to the state-specific median hourly wage
for home care workers; this is sometimes referred to as a replacement cost framework. We are
not at this stage modeling unpaid care for people with SCI explicitly; instead, we compare the
share of the year one is severely disabled with the number of days and hours of paid services
they receive to get a sense of the potential use of unpaid care. We then calibrate the estimates
based on disability level and reports from the HRS. In forthcoming work, we will develop more
sophisticated projections of unpaid family care.
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PROJECTION RESULTS
We next describe the DYNASIM projections, illustrating how the model can be used to
evaluate both outcomes at different points in time and also accumulated over one’s retirement
years. We start with projections of the share of people living with SCI at several points. We then
describe how long people can expect to live with SCI and also their expected care costs and the
value of unpaid care their families and friends provide. In describing care costs, we express
values two ways: as the sum of expected costs expressed in current dollars (i.e., real costs as of
2020) and then as the present discounted value (PDV) of real costs. The present value takes into
account the interest that funds set aside to pay for future care could accrue. We use two
measures because sums are more intuitive to some readers, but the academic literature more
commonly uses present values, facilitating comparisons with prior estimates. As we discuss the
projections, we compare results to the most similar studies in the literature.

Baseline Validation
Validation analyses of the historical period are important to build confidence in our future
projections. We begin, then, by comparing DYNASIM projections to related studies. We first
show how the historical prevalence estimates projected in DYNASIM match NHATS data.
DYNASIM’s projected age-sex-specific prevalence of SCI at ages 65 and older for 2013-2017
generally mirror the corresponding 2015 estimates from NHATS (Table 11).21 The prevalence of
SCI climbs rapidly with age. Age-specific proportions for men and women are broadly similar,
with men’s prevalences possibly a bit higher at younger ages and women’s a bit higher at older
ages. Overall, women have a higher prevalence of SCI at ages 65 and older than men, primarily
because women are more likely to survive to older ages when rates of SCI are highest. The
ratios of the age-specific estimates from DYNASIM and NHATS are generally close to one,
indicating reasonably close correspondence, with a few groups that may deserve additional
attention, such as women ages 70-74.22
Figure 3 and Figure 4 likewise compares DYNASIM projections to related studies. When
we compare DYNASIM’s historic (2013-2017) prevalence projections with those from studies
that use five-year age bands (Figure 3), DYNASIM’s projections generally fall on the high end,
except at ages 90 and older. When we compare DYNASIM’s prevalence projections with those
from the literature that use ten-year age bands (Figure 4), DYNASIM’s projections generally fall
on the lower end. Importantly, although DYNASIM’s projections are lower than several
estimates from other literature at older ages, they are higher than the NHATS estimates. Our
conclusion from these three sets of comparisons is that DYNASIM’s projections fall within range
of the best literature from the literature, but that we should continue to monitor the literature
given the wide range of existing estimates.
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Table 12 shows the DYNASIM projections over a longer time horizon--2013-2055--and
reports both the age-specific prevalences of SCI and the projected total number of people with
dementia. Over time, the age-specific prevalences of SCI generally decline modestly. Prevalence
is projected to continue to increase steadily with age in all years reported.23 Importantly, even
though some of the age-specific prevalences fall, the projected rates are typically less than 15
percent lower than the NHATS estimates we report in Table 11. The largest reductions are
roughly in line with the declines over the 20 years from 1984 to 2004 reported by Stallard and
Yashin (2016). The reductions in age-specific prevalence of SCI very closely track the education
distribution of the population--as the share of people without a high school diploma declines
and the share with college increases, the rates of SCI fall.
Even as age-specific prevalences fall, the numbers of people impaired increase steadily as
the population ages, especially as the large post-war baby boom cohorts reach ages at which
age-specific SCI rates are highest. Moreover, the number impaired increases as exposure to the
risk of cognitive impairment rises with increased life expectancy. For example, the Social
Security Trustees project in their 2019 annual report that a man reaching age 65 in 2018 could
expect to live another 18.91 years, and a man turning 65 20 years later could expect to live
another 20.23 years. The corresponding estimates for women are 21.43 years and 22.61 years.
For recent years (2013-2017), the model projects that roughly 3.8 million people ages 65 and
older were severely cognitively impaired. We project that this number will rise to 4.3 million
older adults in 2025--an increase of about 500,000 people--5.9 million people in 2035, nearly
7.0 million people in 2045, and 7.2 million people in 2055.
Figure 5 places these DYNASIM projections, as well as our projections for moderate
cognitive impairment--in the context of the earlier literature. It repeats the projections shown
in Figure 2 and adds confidence intervals for earlier projection studies that report them, such as
Brookmeyer et al. (2018). The figure reveals that the DYNASIM projections tend to fall within a
reasonable range of other published projections. The DYNASIM projections are higher than all
of Brookmeyer et al.’s lower bound projections and roughly track those of the Alzheimer’s
Association (2015) and Hebert et al. (2013) in earlier years. They are lower than some others,
such as Zissimopoulos et al. (2018), and the later-year projections of Hebert et al. (2013). The
differences between these projections deserve further examination, but they are likely largely
driven by the fact that the DYNASIM projections take careful account of changing
socioeconomic variables. Increases over time in the educational attainment of older adults
substantially reduce projected rates of dementia in DYNASIM.
Importantly, Figure 5 underscores that the number of people living with moderate
cognitive impairment will also grow markedly in coming decades. We estimate that about 3.8
million people are living moderate cognitive impairment in recent years and project that this
will more than double--to over 7.5 million--in 2060. DYNASIM’s combined projection of people
with moderate or severe SCI in 2060 is very close to Brookmeyer et al.’s intermediate
projection (2018).
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Risks
Mirroring the Table 3 findings from our literature review, we next describe projections of
the likelihood of ever having dementia and the remaining life expectancy from age 65 with
cognitive impairment (Table 13). We report the mean unconditional remaining life expectancy
from age 65 with dementia, which includes people who never develop dementia. We show how
these outcomes vary by birth cohort, gender, education, and race and ethnicity.
DYNASIM projects that about a third of all people who survive to age 65 will eventually
become severely cognitively impaired. The estimate is a bit lower (31 percent) for the earliest
cohort--those who just turned 65 or are about to turn 65--and a bit higher (33 percent) for
those who will reach age 65 in about 20-30 years. Women are more likely than men to ever
become severely impaired, those without a high school diploma are significantly more likely to
be impaired than those who attended college, and those with only a high school diploma are
somewhat more likely to be impaired that those who attended college but much less likely than
high school dropouts. DYNASIM projects that non-Hispanic Blacks and Hispanics are much more
likely to ever become severely cognitively impaired than non-Hispanic Whites; in the 1973-1977
birth cohort, more than two-fifths of non-Hispanic Blacks and Hispanics are projected to
become impaired, compared with a quarter of non-Hispanic Whites. Compared with earlier
studies, DYNASIM’s overall estimate of shares severely impaired at some point from age 65
exceeds the projected shares in Chêne et al. (2015), Murtaugh, Spillman, and Wang (2011) and
Yang and Levey (2015) and falls just below the projected shares in Zissimopoulos et al. (2018).
These projected differences in the chances of ever becoming severely impaired are
reflected in the projections of unconditional remaining life expectancy with SCI at age 65.
Within the entire older population, people can expect to live about 1.5 years with SCI in the
oldest cohorts and about 1.7 years in the youngest. Women in the oldest cohorts reaching age
65 over the next few years can expect to live 1.7 years with SCI, compared with 1.4 years for
men. In the youngest cohorts, the corresponding projections are 2.0 and 1.5 years, respectively.
Differences by education are again stark, with those in the oldest cohort who lack a high school
diploma expected to live about 2.7-3.3 years with SCI, compared with 1.5-1.6 years for those
with only a high school diploma who never attended college. Racial and ethnic differences in
expected life with SCI from age 65 onward are also very large, close to 2.5 years of remaining
life expectancy impaired for non-Hispanic Blacks and Hispanics, compared to closer to 1.2 years
among non-Hispanic Whites.
Placing these estimates in the context of our literature review, we see that DYNASIM’s
projected unconditional duration with SCI from age 65 from DYNASIM exceeds those reported
in Stallard (2011) and Stallard and Yashin (2016) and falls short of the duration reported in
Zissimopoulos et al. (2018).
Table 14 reports the mean and median conditional remaining life expectancy impaired,
which is the amount of time that those who are impaired can expect to live with the disease.
The mean duration is about five years, but the median is closer to 3.5-4 years. The DYNASIM
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mean is close to the estimates reported by Murtaugh, Spillman, and Wang (2011) and
Zissimopoulos et al. (2018), but lower than reported in Ganguli et al. (2005).24 The difference
between the mean and median values reflects the skewness of the distribution, with a
relatively small number of older adults experiencing very long dementia spells.25 Table 14
presents this distribution of years with SCI. We see about 41-42 percent have durations of at
least five years in the three cohorts. Conditional on experiencing SCI, differences across
subgroups are modest (not reported). This is consistent with some prior literature. Ganguli et
al. (2005), for example, report that men and women have similar conditional durations.
However, some other literature suggestions important differences in conditional duration of
cognitive impairment for women and men.

Costs for Paid Services and the Value of Unpaid Care
Tables 15A-B and Tables 16A-B present our projections of the LTSS costs (not including
medical spending) that those with dementia incur and describes who pays these costs, focusing
on those now entering retirement. The first cost tables (Table 15A and Table 15B) presents the
unconditional costs for all those who survive until age 65, first as a sum and then in present
value terms. The second (Table 16A and Table 16B) present the conditional costs for those who
survive until age 65 and become severely cognitively impaired at some subsequent age, first as
a sum and then expressed as a PDV.
Average paid LTSS costs are about $86,000 expressed as a sum (Table 15A) and $50,000
expressed as a present value (Table 15B). Consistent with prior literature, we find that unpaid
care from families and friends plays a critical role--comparable in scope to paid care. By our
estimate, care partners to people with SCI provide care that, when valued at replacement cost,
is similar to paid care: about $74,400 as a sum (Table 15A) or $49,300 in present value terms
(Table 15B). Both women’s paid costs and the value of their unpaid care exceed men’s, but the
gap is much larger for paid care. Costs are higher for those with less education and lower
incomes, and these groups also receive more unpaid care. Families and the Medicaid program
shoulder most of the LTSS costs of paid care for people with dementia. Families pay larger
shares of the total for those with more education and more income, while Medicaid pays larger
shares for those with less education and lower incomes.
Conditional on having dementia, the paid costs more than triple--to about $282,000 when
expressed as a sum (Table 16A) or $164,000 as a PDV (Table 16B). The value of unpaid care that
care partners provide--close to $243,500 as a sum or $161,300 in present value--again mirrors
the paid costs. Families’ additional out-of-pocket expenses average $157,500 ($89,400 as a
present value)--less for those in lower-income quintiles, where people with SCI are more likely
to qualify for Medicaid, and more in higher-income quintiles.
Women’s total paid LTSS costs during periods of SCI are higher than men’s. However, men
receive roughly the same amount of unpaid care as women--largely because men are more
likely than women to receive spousal care. Given that on average wives are a few years younger
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than their husbands and women outlive men, more women survive and are healthy enough to
provide care to a spouse with severe disabilities.
Placing our estimates in the context of the prior literature, those who compare paid care
and unpaid care often find a roughly equal split (Hurd et al. 2013)--consistent with our
findings.26 Our unpaid care estimate is comparable to Jutkowitz et al.’s base case estimate,
which values lifetime family care at about $158,000 (2017), compared to our present value
estimate of $161,000.
Because extreme values can distort averages, it is helpful to examine full distributions.
Table 17A and Table 17B show the cost distribution for paid services and the distribution of the
value of unpaid family care for those with SCI in the 1955-1959 birth cohorts. We see that costs
are skewed, with a significant right tail for both paid costs and the value of unpaid care. Over
one in three (35.9 percent) of those ever experiencing SCI will incur paid costs of more than
$250,000 in real terms (or 24 percent in present value terms). When we consider the value of
family care, similarly close to 37 percent will need the equivalent sum of at least $250,000 in
care when valued at replacement cost (or 20 percent in present value terms).
Table 18 provides context for how costs for people with dementia who use paid care
differ from costs for people with other significant disabilities who use paid care. 27 DYNASIM
projects that costs for a person with dementia in the 1955-1959 birth cohorts who uses paid
care should be about 27-29 percent higher than costs for a person with disabilities other than
dementia, depending on measure. Broyles et al. (2020) provide additional information on how
the late-life trajectories of people with and without cognitive impairment vary.
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CONCLUSIONS AND POLICY IMPLICATIONS
As our population ages, families and governments can expect to face increased demands
for services from older adults with SCI. Although recent trends suggest that the age-specific
prevalence of SCI may be declining modestly (Freedman et al. 2018; Hudomiet, Hurd and
Rohwedder 2018; Langa et al. 2008; Langa et al. 2016; Li et al. 2017; Rocca et al. 2011; Stallard
and Yashin 2016), increases in the number of older adults at the oldest ages, when cognitive
impairment risks are especially high, are likely to raise the number of people with SCI who need
care. Simply because the population is aging policymakers should prepare for an increase in the
number of people with significant, often hard-to-serve LTSS needs. Our best projection is that
between 2015 and 2055 the population ages 65 and older with SCI will nearly double, from
about 3.9 million adults to 7.3 million; if we include those with moderate cognitive impairment,
the growth is from 7.5 million to 14.7 million adults.
On an individual level, the risk of becoming severely cognitively impaired at older ages is
significant. Estimates from the literature vary significantly. Our best estimate is that about one
in three of today’s working-age adults who survive to age 65 will become severely cognitively
impaired before they die, and 40 percent of those who do become impaired will need care for
five or more years. Those with extended spells will face heavy care burdens. People who
develop dementia at early ages are especially vulnerable.
Importantly for public policy, those who are most likely to become impaired and who
experience the longest impairment spells tend to have limited education and thus low lifetime
earnings. African Americans and Hispanics are also at especially high risk, and they also have
relatively low lifetime earnings (Favreault 2018). The higher risk among those with the lowest
lifetime earnings is likely to limit the ability of prefunding and private market solutions to
address the country’s LTSS financing challenges. Public solutions, whether through changes to
Medicaid or broader social insurance will continue to be examined by policymakers. At the
same time, states are beginning to move forward with new programs and reforms. Innovative
state initiatives, including the enactment of legislation in Washington State to create a new
public insurance program for a front-end long-term care benefit and new public support for
caregivers in Hawaii, are two examples.
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FIGURES AND TABLES
FIGURE 1. Alternative Estimates of the Age-Specific Prevalence of CI at Older Ages

SOURCES: Brookmeyer et al. (2011), Freedman et al. (2018), Herbert et al. (2013), Hudomiet, Hurd, and Rohwedder (2018),
Hurd et al. (2013), Li et al. (2017), Matthews et al. (2019), Prince et al. (2015), Rajan et al. (2019), Spillman estimates (see
Table 11), Stallard and Yashin (2016), and Zissimopoulos et al. (2018).
NOTES: Studies vary widely in definitions, populations, age groups, and time periods reported, and data and methods used.
See Table 1 for details.
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FIGURE 2. Alternative Projections of the Number of Cognitively Impaired Adults
in the US Using Diferent Measures of SCI, 2010-2060

SOURCES: Alzheimer’s Association (2015), Brookmeyer et al. (2018), Herbert et al. (2013), Loef and Walach (2013),
Matthews et al. (2019), and Zissimopoulos et al. (2018).
NOTES: Studies vary widely in definitions, populations, time periods reported, and data and methods used. See Table 8
for details.
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FIGURE 3. Comparison of Alternative Estimates of the Age-Specific Prevalence of CI at Older Ages Using
5-Year Age Bands with DYNASIM Projections: Prevalence of Dementia Rises Markedly with Age

SOURCES: Authors’ Calculations from DYNASIM and Brookmeyer et al. (2011), Hurd et al. (2013), Li et al. (2017),
Prince et al. (2015), and Stallard and Yashin (2016).
NOTES: As in Table 11, DYNASIM projections cover the period 2013-2017. Because the age-specific estimates from
the studies do not follow a consistent order, we rank them from highest to lowest within each age band rather
than labeling each study. Studies vary widely in definitions, populations, and time periods reported, and data and
methods used. See Table 1 for details.
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FIGURE 4. Comparison of Alternative Estimates of the Age-Specific Prevalence of CI at Older Ages Using
10-Year Age Bands with DYNASIM Projections: Prevalence of Dementia Rises Markedly with Age

SOURCES: Authors’ Calculations from DYNASIM and Brookmeyer et al. (2011), Hurd et al. (2013), Li et al. (2017),
Prince et al. (2015), and Stallard and Yashin (2016).
NOTES: As in Table 11, DYNASIM projections cover the period 2013-2017. Because the age-specific estimates from
the studies do not follow a consistent order, we rank them from highest to lowest within each age band rather
than labeling each study. Studies vary widely in definitions, populations, and time periods reported, and data and
methods used. See Table 1 for details.
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FIGURE 5. Alternative Projections of Number of Cognitively Impaired Adults in the US Using
Different Measures of SCI at Older Ages, Including DYNASIM Projections, 2010-2060

SOURCES: Alzheimer’s Association (2015), Brookmeyer et al. (2018), Herbert et al. (2013), Loef and Walach (2013),
Matthews et al. (2019), and Zissimopoulos et al. (2018).
NOTES: Studies vary widely in definitions, populations, time periods reported, and data and methods used. See Table 6 for
details.
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TABLE 1. Selected Studies of the Cross-Sectional Prevalence of CI: US and Other Wealthy Countries
Study

Data, Sample Definitions, Timing, Ages

Brookmeyer et
al. (2011)

Focuses on ADAMS, based on the HRS, 2000 and
2002 (N=856), but compares to other sources,
including Chicago Health and Aging Project, East
Boston Senior Health Project, and other
published studies. Choice of disease definition
may account for prevalence differences across
studies. Differences in study designs limit ability
to make inferences.

Choi et al.
(2018)

Crimmins et al.
(2018)

Freedman et
al. (2018)

Gardner,
Valcour, and
Yaffe (2013)

HRS, 1998 and 2014 (N=76,972 person-years);
focus on younger people (ages 55-69), using 3
age bands: 55-59, 60-64, and 65-69. Defines
cognitive limitation as TICS score less than 12.
Dementia prevalence is too small to measure at
those ages. Models control for age, gender,
previous testing. Main analyses exclude proxies
for respondents not living in the community;
sensitivity analyses consider these exclusions’
importance. Examines 3 race/ethnic groups
(non-Hispanic White, non-Hispanic Black, and
Hispanic), education, income, and wealth
quartiles.
HRS, 2000 (N=10,374) and 2010 (N=9,995), ages
65+, classifies respondents as CIND or dementia
based on cognitive tests and additional
indicators (cognitive score, neuropsychological
assessment, dementia diagnosis) for a sample
subset. TICS cognitive score cutoffs are 0-6 for
dementia and 7-11 for CIND. Includes both
community and nursing home residents and
respondent and proxy interviews (where
cognitive status depends on proxy’s
assessment, including IADL limitations
evaluation).
NHATS 2011 and 2015 (Medicare population),
ages 70 and older. N=27,547 person-year
observations--annual sample ranges from 3,748
to 6,454 (sample includes refresher cohorts).
Focus on probable dementia. Uses criterion of
probable dementia in 2 waves to reduce
chances of learning effects. Uses uniform cutoff.
Tests for sensitivity of including nursing homes
residents in the sample. Considers 3 age groups
(70-79, 80-89, and 90+), plus gender, and
race/ethnicity.
Analyzes multiple studies from Canada, Finland,
Sweden, and the U.S. published between 1999
and 2011.

Age-Specific Prevalence or Trend,
with Gender Differences
All dementia (%): ages 71+: 13.67;
ages 71-79: 4.97; ages 80-89: 24.19;
ages 90+: 37.2.

Other Group-Level
Differences
Overall prevalence is higher
for women than men, but
gender differences vary
across age groups.

AD (%): all ages 71+: 9.51; ages 71-79:
2.32; ages 80-89: 18.10; ages 90+:
24.6.
CIND (%): ages 71+: 22.0; ages 71-79:
16.0; ages 80-89: 29.20; ages 90+:
38.8.
Finds no evidence of cognitive
limitation prevalence decline (11.3%
in 1998 versus 11.2% in 2014) or
narrowing of SES differentials in this
age range.

Impairment rates are as
much as 10 times) for
lower-SES groups (income,
education, wealth) than
higher-SES groups. Rates
are about 4 times higher for
non-Hispanic Blacks than
non-Hispanic Whites.

Dementia prevalence rates (%) in 2010 for not HS graduate, HS
graduate, some college, and college:
• 65-69 men: 9.4, 1.9, 1.9, 0.7; women: 10.4, 1.1, 1.4, 0.3
• 70-74 men: 12.9, 2.9, 2.1, 1.9; women: 9.4, 3.4, 1.6, 2.0
• 75-79 men: 18.5, 8.2, 6.5, 2.0; women: 16.8, 6.4, 4.1, 4.5
• 80-84 men: 17.5, 11.0, 6.3, 7.0; women: 32.0, 12.0, 5.2, 9.1; 85-89
men: 36.8, 18.7, 11.8, 7.2; women: 46.0, 23.5, 19.2, 11.3
• 90+ men: 37.4, 26.3, 22.5, 12.8; 90+ women: 53.4, 30.1, 32.6, 28.1

Probable dementia prevalence (%) in
2015: 4.9 at ages 70-79; 16.1 at ages
80-89; 30.6 at ages 90+.
Finds dementia decline of 1.4-2.6%
per year between 2011 and 2015.
Declines may be larger for women,
those without vascular risk factors.

Reports prevalence estimates: 18%38% at ages 85+; 28%-44% at ages
90+.
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Prevalence much higher for
African Americans,
Hispanics, those with
vascular risk factors, and
less-educated adults.

All studies that report
gender differentials find
higher prevalence for
women than men.

TABLE 1 (continued)
Study
Hudomiet,
Hurd, and
Rohwedder
(2018)

Hurd et al.
(2013)

Langa et al.
(2008)

Langa et al.
(2016)

Li et al. (2017)

Matthews et
al. (2019)

Data, Sample Definitions, Timing, Ages
HRS, 2000 and 2012 (N is about 10,000), ages
65+. Emphasizes the importance of exit
interview data, including both community
dwellers and those in nursing homes and both
self and proxy respondents. Uses HRS cognition
measures (score on TICS), self-reported health
and disability measures (IADL limitations) and
past diagnoses, and ADAMS sample (N=857) for
determining probability. Recommends
probabilistic rather than “cutoff” approach and
modeling selection into proxy interviews, but
approach could be sensitive to underlying
assumptions.
HRS 2000-2008 (N=29,493 person-year
observations) linked to Medicare fee-for-service
records (about 70% of sample); uses models
based on ADAMS, TICS, and proxy reports to
assign cognitive status.
HRS 1993 (N=7,406) and 2002 (N=7,104), ages
70+ living in the community (excludes nursing
home residents). TICS cutoff scores are 7 for SCI
and 10 for MCI.
HRS 2000 (N=10,546) and 2012 (N=10,511),
ages 65+; respondents with TICS scores of 0-6
(out of 27) were classified as having SCI, 7-11 as
having CIND. For respondents with proxies, uses
11-point scale from proxy’s assessment of
respondent’s memory ranging from excellent to
poor (score, 0-4) and IADL limitations (taking
medication, preparing hot meals, using phones,
grocery shopping; score, 0-5), plus interviewer’s
assessment of whether respondent had
difficulty completing interview because of
cognitive limitation (score of 0-2 indicating
none, some, and prevents completion). Scores
from 6-11 indicate SCI and those 3-5 indicate
CIND.
NHATS 2011 (N=7,609) and 2015 (N=7,499),
ages 65+. Defines probable dementia using
reported diagnosis of dementia (self or proxy); a
low score (at least 1.5 standard deviations
below the mean) on a cognition test in at least
two domains; for proxy respondents, reporting
a score of 2 or higher in Ascertain Dementia 8item Informant Questionnaire (AD8) interview.
Classification validated against 2010 ADAMS
diagnosis information. Identifies a sampled
person as having SCI if he/she was classified as
having probable dementia.
Medicare beneficiaries ages 65+ with fee-forservice spending in 2014. N=28,027,071
(roughly 60% of the 65+ population). However,
the sample may not be randomly selected on
the basis of health because about 35% of
Medicare beneficiaries participate in Medicare
Advantage. Uses diagnosis codes.1

Age-Specific Prevalence or Trend,
with Gender Differences
Prevalence at ages 65+ declines from
12% in 2000 to 10.5% in 2012. Best
age-specific estimate for 2012
(adjusting for proxies, mortality):
3.47% at 65-74 (men: 2.71, women:
4.12); 11.15% at 75-84 (men: 8.97%,
women: 12.78%); 37.39% at 85+
(men: 28.11%, women: 42.18%).

Other Group-Level
Differences
Larger percentage reduction
from 2000 to 2012 for men
and younger people; gender
gap quite large at oldest
ages.

Overall dementia prevalence (%): 71+,
14.7; 71-74, 2.8; 75-79, 4.9; 80-84,
13.0; 85-89, 20.3; 90+: 38.5.

SCI at ages 70+ fell from 12.2% in
1993 to 8.7% in 2002.

Education protects against
SCI.

Dementia rate at 65+ fell from 11.6%
in 2000 to 8.6% in 2012 (age-sex
adjusted); on an age-specific,
standardized (2000) basis: 65-74:
5.4% to 3.2%; 75-84: 13.5% to 9.9%;
85+: 34.3% to 29.6%.

Documents large difference
by gender, race, and
education; associations with
net worth and BMI.

SCI 2011 (%): 65-69: 3.5; 70-74: 4.8;
75-79: 9.9; 80-84: 15.3; 85-89: 23.9;
90+: 36.1; 65+ (not age-adjusted):
10.1.

Shows gender and
education differentials,
though not on an ageadjusted basis. Documents
differences in everdiagnosis rates by sample

SCI 2015 (%): 65-69: 1.9; 70-74: 3.9;
75-79: 7.8; 80-84: 15.0; 85-89: 21.4;
90+: 32.6; 65+ (not age-adjusted): 8.2.
Ever diagnosed with SCI estimate is
5.08% in 2015.
2014 prevalence: 10.9% overall;
12.2% for women; 8.6% for men;
3.6% ages 65-74; 13.6% age 75-84;
34.6% ages 85+.

Non-Hispanic White: 65-74,
3.7%; 75-84, 12.6%; 85+,
33.6%.
African American: 6.0%,
19.2%, 43.1%.
Hispanic: 4.7%, 17.1, 40.2.
Asian/Pacific Islander: 2.8%;
11.7%; 32.2%.
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TABLE 1 (continued)
Study

Data, Sample Definitions, Timing, Ages

Plassman et al.
(2007)

ADAMS 2002, ages 71+ (N=856).
Comprehensive, independent in-home
assessment, including detailed functional and
medical histories, current medications,
neuropsychiatric symptoms, impairment
measures, examination, and DNA samples. Had
56% participation rate among non-deceased
HRS respondents selected for participation.

Prince et al.
(2015)

Rocca et al.
(2011)

Stallard and
Yashin (2016)

Suthers, Kim,
and Crimmins
(2003)

U.S. GAO
(1998)

Meta-analysis based on 10 studies for men and
women combined and 6 studies with separate
estimates for men and women. Poisson random
effects models. Because the authors use more
studies for computing overall dementia
prevalence than for computing gender-specific
prevalence rates, the totals for all people are
not consistent with the weighted average of the
men’s and women’s rates. The totals for all are
lower.

Three community-based studies (Chicago Aging
Study 1997-2008; African Americans in
Indianapolis 1992 and 2001; Rochester, MN
from 1975-1994) and a national study (HRS
1993 and 2002, ages 70+).
Compares NLTCS 1984 and 2004 (N=49,258 for
cumulative sample over 6 waves; N ranges from
16,000 to 21,000 in annual cross-sections, with
6,000-7,500 in more detailed interviews).
Focuses on SCI that meets HIPAA criteria,2
disaggregates community and institutional
populations.
AHEAD (1994-2000, 7,143 in community plus
387 institutionalized respondents, with at least
2 interviews). Adjustments made for CI in
institutions. Uses TICS cognition score of 8 or
less to classify as cognitively impaired.
Meta-analysis based on 18 prevalence studies
(mostly outside the U.S.).

Age-Specific Prevalence or Trend,
with Gender Differences
Prevalence for all dementia/
AD/vascular (%):
All: 71+: 13.93/9.74/2.42; 71-79:
4.97/2.32/0.98; 80-89: 24.19/
18.10/4.09; 90+: 37.36/29.7/ 6.19.

Other Group-Level
Differences
Regression analyses present
odds ratios by race (African
American or White), sex,
and education, indicating
higher rates for African
Americans, less-educated
people, and women.

Men: 71+: 11.14/7.05/2.34; 71-79:
5.25/2.30/1.27; 80-89:
17.68/12.33/3.58; 90+: 44.59/
33.89/8.14.
Women: 71+: 15.74/11.48/2.48; 7179: 4.76/2.33/0.76; 80-89:
27.84/21.34/4.38; 90+: 34.69/
28.15/5.46.
Prevalence for dementia:

None reported.

All: 60-64: 1.0; 65-69: 1.7; 70-74: 3.0;
75-79: 5.7; 80-84: 10.6; 85-89: 19.1;
90+: 41.6.
Men: 60-64: 1.3; 65-69: 2.1; 70-74:
3.7; 75-79: 6.8; 80-84: 12.3; 85-89:
21.6; 90+: 45.2.
Women: 60-64: 1.0; 65-69: 1.8; 70-74:
3.3; 75-79: 6.4; 80-84: 12.5; 85-89:
23.2; 90+: 52.7.
Varies by study; the HRS study
suggests prevalence decline from
12.2% in 1993 to 8.7% in 2002.

HIPAA prevalence in 2004 (table
2.16): 65-69: 1.22%; 70-74: 2.26%; 7579: 4.93%; 80-84: 9.07%; 85-89:
17.70%; 90-94: 26.69%; 95+: 44.67%.
Documents large decline from 19842004. Tests sensitivity to test score.
Prevalence ages 70+: 9.5%.

In the U.S., at least 1.9 million ages
65+ impaired in 1995, closer to 2.1
million after accounting for missing
data, with a range from 700,000 to
3.2 million; projects at least 2.9
million in 2015. SCI (and total CI)
prevalence rates by age (%): 65-69:
0.6 (1.1); 70-74: 1.3 (2.2); 75-79: 2.5
(4.6); 80-84: 5.1 (9.2); 85-89: 10.0
(17.8); 90-94: 18.7 (31.5); 95+: 34.9
(52.5).
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Education and net worth is
associated with lower
prevalence of CI in HRS
estimates.
Age-adjusted SCI rates were
lower for men than women
and men’s rates fell faster
(tables 2.17 and 2.18).

Women: 10.5%, men: 7.9%.
Age-specific rates are higher
for women at older ages
and higher for men at
younger ages.
Gender differentials
reported.

TABLE 1 (continued)
NOTES:
1. These include the codes for Alzheimer’s disease (331.0) and related diseases (331.11, 331.19, 331.2, and 331.7), senility without
mention of psychosis (797), various types of senile dementia (290.0, 290.10, 290.11, 290.12, and 290.13, 290.21, 290.22, and 290.3),
various types of vascular dementia (290.40, 290.41, 290.42, and 290.43), and other types of dementia (294.0, 294.10, 294.11, 294.2,
294.21, and 294.8).
2. The term “HIPAA-level” disability refers to a need for assistance with at least two ADLs (among eating, toileting, transferring, bathing,
dressing, and continence) that one is unable to perform due to a condition that is expected to last at least 90 days or need for
substantial supervision for health and safety threats due to severe cognitive impairment. Stallard (2011) notes that HIPAA does not
count ADL limitations that can be resolved with special equipment (e.g., wheelchairs, walkers, handrails, ramps, catheters, and related
devices).
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TABLE 2. Selected Studies of the Cross-Sectional Incidence of CI: US and Other Wealthy Countries
Study

Data, Sample Definitions, Timing, Ages

Brookmeyer,
Gray, and
Kawas (1998)

Combine information from multiple early
epidemiological studies (Baltimore, Boston,
Framingham and Rochester) published 19841993 to determine incidence rates. Shows
bounds. Characterizes outcomes as AD.
Ages 90 and older (N=330) in a California
retirement community, non-demented at
baseline in January 2003, followed until
December 2007. Mostly well-educated and
upper class. Evaluate using full in-person
examination where possible. Included MMSE.
ADAMS (856 HRS baseline participants with 308
dementia cases from sample of 1,770, with 227
deaths and 687 refusals), 2001-2009; 456
followed. Comprehensive in-home assessment,
including functional and medical histories,
current medications, examination,
neuropsychiatric symptoms, impairment
measures, and DNA samples. Participating
clinicians were not aware of cognitive test
scores. Estimates dementia onset rates for those
dementia-free at age 70 in 1920 birth cohort;
projects for 1940 cohort. Uses multiple
decrement life table techniques.
NHATS 2011 and 2015 (Medicare population),
ages 70+. N=27,547 person-year observations;
yearly sample sizes range from 3,748 to 6,454
(includes refresher cohorts). Focuses on
probable dementia. See full description in
Table 1.
California health plan participants (Kaiser
Permanente of Northern California) ages 90+
with no prior dementia diagnosis on January 1,
2010 (N=2,350). Follows through September
2015. Uses diagnosis information from inpatient
and outpatient medical records to identify
dementia.1 Age adjusts when computing rates.
Einstein Aging Study, Bronx County, New York,
ages 70+, non-institutionalized, ambulatory,
English speaking, without visual or auditory
impairments that prevent testing; 1993 with up
to 16 years of follow-up (to 2009), with an
average of 3.9 follow-up years. N=1,944. (Table
2 reports 130 cases of impairment.) Uses CMS
enrollment data (for sample drawn through
2006) and voter rolls (after 2006) to select the
sample of people who are screened for
enrollment. Measures functional status and uses
neurological exam, neuropsychological testing,
and physical measures; diagnosis assigned based
on case conference. Differentiates between
dementia, AD and MCI.

Corrada et al.
(2010)

Fishman
(2017)

Freedman et
al. (2018)

Gilsanz et al.
(2019)

Katz et al.
(2012)

Age-Specific Incidence
and Gender Differences
Age 60: 0.08% annually; age 65:
0.17%; age 70: 0.35%; age 75: 0.71%;
age 80: 1.44%; age 85: 2.92%; age 90:
5.95%; age 95: 12.1%.
Overall incidence assuming dementiafree at age 90:18.2%; ages 90-94:
12.7%; 95-99: 21.2%; 100+: 40.7%.

Other Group-Level
Differences

Gender differences are
minimal; lower risk with
graduate school education
for women but not men.

Smoothed single-year-of-age
incidence rates among those
dementia-free at age 70: age 70:
1.0%; 75: 1.6%; 80: 2.4%; 85: 3.7%;
90: 5.6%; 95: 8.6%; 100: 13.0%.

Incidence rate for 2014 among those
70+ without dementia is 3.4%; also
3.4% for women.

Non-Hispanic Black: 3.7%;
non-Hispanic White: 2.5%;
no cardiovascular risk: 1.5%.

Overall annual age-adjusted incidence
rate at ages 90+: 10.5%. Suggests that
racial differentials persist even at the
oldest ages.

Ages 90+ incidence: 12.15%
for African Americans;
10.58% for Latinos; 9.69%
for Whites; 8.99% for
Asians.

Incidence rate of dementia/AD by age
(%):

Whites 70-74: 0.53/0.54;
75-79: 1.22/1.11; 80-84:
2.47/1.81; 85-89: 4.55/3.19;
90+: 11.17/9.93; 70+:
2.77/2.16.

All: 70-74: 0.64/0.64; 75-79:
1.39/1.02; 80-84: 2.79/2.15; 85-89:
5.12/3.84; 90+: 11.3/9.82; 70+:
2.89/2.26.
Men: 70-74: 0.40/0.40; 75-79:
0.73/0.36; 80-84: 2.80/2.10; 85-89:
4.06/2.90; 90+: 13.76/11.25; 70+:
2.56/1.89.
Women: 70-74: 0.79/0.79; 75-79:
1.84/1.47; 80-84: 2.75/2.17; 85-89:
5.83/4.47; 90+: 9.71/8.90; all men
70+: 3.10/2.50.
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Blacks 70-74: 0.50/0.50; 7579: 1.75/1.00; 80-84:
3.41/2.84; 85-89: 7.41/6.27;
90+: 12.35/9.80; 70+:
3.25/3.54.

TABLE 2 (continued)
Study

Data, Sample Definitions, Timing, Ages

Plassman et
al. (2011)

ADAMS (N=1,770). Respondents are ages 70+
who completed the 2000 or 2002 wave of HRS.

Prince et al.
(2015)

Meta-analysis based on 8 studies. Uses Poisson
random effects models.

Satizabal et al.
(2016)

Framingham Heart Study, ages 60 and older in 4
periods (1977-83; 1986-91; 1992-98; 2004-08).
N=5,205 (40,192 person-years). Reports overall
dementia, AD, and vascular dementia using 5year hazards; participants screened using
MMSE; those who report cognitive decline and
those with below-cutoff scores, which are
adjusted for education and prior screening
results, can receive extra screening; study
reviews medical records and receives physician
referrals which can also trigger screening; a
dementia panel reviews every case.

Tom et al.
(2015)

Zissimopoulos
et al. (2018)

Adult Changes in Thought: members of Group
Health (Seattle, WA) ages 65+ without dementia
at enrollment, 1994-2008 (N=3,605). Includes
refresher cohorts. Uses Cognitive Abilities
Screening Instrument and cutoff score of 86 for
neurological, neuropsychological, and physical
examination and testing, including imaging.

HRS 2000 to 2012. Ages 65+. N=49,416 personyears.

Age-Specific Incidence
and Gender Differences
Incidence rate for dementia/AD/
CIND/dementia among those with
CIND (%): 72-79: 1.89/1.66/3.93/
10.23; 80-89: 4.22/2.42/7.31/12.38;
90 plus: 8.21/6.40/20.64/12.46; all
72+: 3.33/2.29/60.4/12.03.
Incidence (%): Ages 60-64: 0.38; 6569: 0.68; 70-74: 1.06; 75-79: 1.87; 8084: 3.28; 85-89: 5.57; 90+: 11.2.
Overall (age 60+) incidence over 5year period:
Total dementia: 2.0%.
AD: 1.4%.

Other Group-Level
Differences
Shows odds ratios for years
of education, sex, race,
presence of APOE allele.
Estimated age of onset for
dementia was 83.72.

Shows differentials by age,
gender, education, genomic
risk factor, blood pressure,
BMI, diabetes, and stroke,
with age-sex adjustment.
Focuses on differentials in
trends rather than in levels.

Vascular: 0.4%.
5-year hazard ratios for 2004-08
relative to baseline (1977-83): entry
age 60-69: 0.38; entry age 70-79:
0.64; entry age 80+: 0.68; all
estimates are age-sex adjusted.
Incidence (%):
Total: 65-69: 0.54; 70-74: 0.94; 75-79:
1.93; 80-84: 4.64; 85-89: 7.42; 90+:
10.5.
Men: 65-69: 0.74; 70-74: 1.14; 75-79:
2.11; 80-84: 4.92; 85-89: 6.32; 90+:
9.83.
Women: 65-69: 0.38; 70-74: 0.79; 7579: 1.81; 80-84: 4.47; 85-89: 8.032;
90+: 10.78.
Incidence (reported in table 3, online
appendix, not in the article itself: Age
65-71: 0.53%; age 72-79: 1.23%; ages
80-89: 2.87%; age 90+: 6.20%.

NOTES:
1. These include the codes for Alzheimer’s disease (331.0), vascular dementia (290.4x), and nonspecific dementia (290.0, 290.1x, 290.2x,
290.3, 294.1x, 294.2x, 294.8).
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TABLE 3. Selected Studies of the Long-Range Likelihood of CI,
Remaining Life Expectancy with CI, Duration of CI, and Other Longitudinal Metrics
Study

Data, Sample Definitions, Timing, Ages

Brookmeyer et
al. (2002)

Baltimore Longitudinal Study of Aging, adults
ages 55+, follow up from January 1985 to
September 1999; N as of September 1999:
2,476. Uses a subset of 951 people who ever
had a follow-up after age 55. Conduct
neuropsychological tests and neurological
exams after age 65. Between ages 55 and 64,
uses Blessed Telephone-Information-MemoryConcentration Test. Those with low scores
receive home visits.
Framingham Heart Study, focus on 1975-2009,
original and offspring cohorts. Distinguishes AD
and dementia. Total of 136,266 person-years.
Some receive Kaplan-Albert neuropsychological
test battery. Also uses MMSE. Extra screening
by neurologist or neuropsychologist is
conducted for those flagged as potential
dementia.

Chêne et al.
(2015)

Percent Ever Impaired
Not reported.

Duration and Other
Longitudinal Metrics
Reports median survival for those with
AD, based on onset age.
Men: age 60: 9.3 years; 65: 7.8; 70: 6.5;
75: 5.5; 80: 4.6, 85: 3.8; 90: 3.2; 95: 2.7.
Women: age 60: 10.6; 65: 8.9; 70: 7.5;
75: 6.3; 80: 5.2, 85: 4.4; 90: 3.7; 95: 3.1.

Competing lifetime
mortality-adjusted
incidence from age 45
(unimpaired at 45):
dementia/AD risk is
22.7/19.5% women;
13.8/10.3% men;
unimpaired at age 65:
women’s dementia/AD risk
is 24.6/21.1%; men’s:
15.5/11.1%.

Does not report duration. Reports
cumulative competing mortalityadjusted incidence at 10-year intervals,
by sex for dementia/AD conditional on
survival to age 45 (%):
Women 10-year: 0.1/0.1, 20-year:
0.2/0.1, 30-year: 2.0/1.5, 40-year:
10.9/8.8, 50-year: 20.7/17.5.
Men 10-year: 0.3/0.3, 20-year: 0.6/0.5,
30-year: 2.7/1.6, 40-year: 8.0/5.5, 50year: 13.3/9.8.
Conditional on survival to age 65 (%):
Women 10-year: 1.9/1.5, 20-year:
11.7/9.4, 30-year: 22.4/18.9.
Men 10-year: 2.5/1.3, 20-year: 8.7/5.9,
30-year: 15.5/10.9.

Crimmins et al.
(2018)

HRS, ages 65+, 2000 (N=10,374) and 2010
(N=9,995); classifies into three groups: good
cognition, dementia, and CIND based on
cognitive tests and additional indicators for a
subset of the sample (cognitive score,
dementia diagnosis, neuropsychological
assessment). Cutoffs for cognitive score are 06=dementia, 7-11=CIND, and 12-high=good;
includes both community and nursing home
respondents and proxy interviews (where
cognitive status depends on proxy’s
assessment, including evaluation of IADL
limitations). Also reports estimates from age
85.

Not reported.

Suggests selective survival by
cardiovascular risk may explain sex
differentials in dementia/AD.
Life expectancy by cognition status
(years) at age 65 in 2010 for total
population.
Men not HS grad: total 15.51, 7.5 good
(48%), 5.44 CIND (35%), 2.57 dementia
(17%); HS grad: total 17.03 years, 12.04
good (71%), 3.73 CIND (22%), 1.26
dementia (7%); some college: total
17.62 years, 13.37 good (76%), 3.31
CIND (19%), 0.95 dementia (5%);
college grad: total 20.22 years, 16.71
good (83%), 2.73 CIND (14%), 0.77
dementia (4%).
Women: not HS grad: total 18.94 years,
8.76 good (46%), 6.06 CIND (32%), 4.12
dementia (22%); HS grad: total 20.16
years, 14.66 good (73%), 3.65 CIND
(18%), 1.85 dementia (9%); some
college: total 20.00 years, 15.49 good
(77%), 3.17 CIND (16%), 1.33 dementia
(7%); college grad: total 22.32 years,
17.92 good (80%), 2.83 CIND (13%),
1.57 dementia (7%).
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TABLE 3 (continued)
Study
Dufouil et al.
(2018)

Farina et al.
(2019)

Data, Sample Definitions, Timing, Ages

Percent Ever Impaired

Framingham Heart Study, focus on 4 periods
from 1977-1985 through 2004-2008. N=5,205
participants ages 60+ and dementia-free at
baseline; 317 have dementia and are matched
to controls. Focus on 5-year risk.
HRS 2000-2014 (N=16,113 for Whites and
2,822 for Blacks). Uses TICS, with cutoff of 6 for
dementia; includes proxy reports.

Reports Ns but not cohort
rates.

Not reported.

Duration and Other
Longitudinal Metrics
Reveals increasing average age at first
dementia--from 80.00 to 86.38--and
age at death for those with dementia-from 85.92 to 89.40--across periods.
Total life expectancy with dementia at
age 65 for entire population (including
who never develop CI).
Blacks: without HS diploma, 3.77; with
HS diploma, 2.31; attended college:
1.65.

Fishman (2017)

Ganguli et al.
(205)

ADAMS (856 HRS baseline participants with
308 dementia cases from sample of 1,770, with
227 deaths and 687 refusals), 2001-2009; see
table 2. Estimates for those dementia-free at
age 70 in 1920 birth cohort; projects for 1940
cohort. Uses multiple decrement life table
techniques.
Studies adults ages 65+ from voter registration
roles in southwestern Pennsylvania
communities: 1,681 participants in
Monongahela Valley Independent Elders Study,
1987-2002. Used MMSE and other indicators.

Among survivors to age 70
dementia-free: 1920
cohort: 26.9% for men,
34.7% for women; 1940
cohort: 31% for men, 37%
for women.
Not reported.

Whites: without HS diploma: 2.15; with
HS diploma: 1.34; attended college:
1.0.
Expected years with dementia after
age 70 for the entire population
dementia-free at age 70 (including
those who never develop dementia):
men 0.76; women: 1.74.

Expected years with AD for those with
AD, adjusting for censoring by age, by
onset age:
Men: <75: 8.56, 75-84: 6.42, 85+: 4.31,
all: 6.39.
Women: <75: 9.16, 75-84: 5.96, 85+:
4.42, all: 6.26.

Garcia et al.
(2017)

HRS 1998-2012 (N=32,406 people, 146,593
person-years), plus public use National Health
Interview Survey Linked Mortality file 19972009 for Hispanic mortality rates. Uses Sullivan
life tables. Uses TICS score of 6 or less for
dementia, 7-11 for CIND, and 12 or higher for
no CI. Uses proxy respondents’ reports of
memory, IADL limitations. Censors those in
institutions, so life tables represent civilian
non-institutional population.

Not reported.

Gilsanz et al.
(2019)

California health plan participants (Kaiser
Permanente of Northern California) ages 90+
with no prior dementia diagnosis on January 1,
2010 (N=2,350). See Table 2.

Among survivors to age 90
dementia-free, cumulative
rates are 22.6% (5 years)
and 36.7% (10 years). Rate
for 10-years is 10% higher
for African Americans than
Asians (44.6% and 34.2%).

Helzner et al.
(2008)

Washington Heights Inwood Columbia Aging
project (N=323 incident AD cases with followup data), ages 65+. Participants followed up to
12 years. Initial 1992 sample based on
Medicare enrollees from 14 Manhattan census
tracts (N=2,125) plus 1999 refresher sample
(N=2,183) from all of Manhattan.

Both: <75: 8.92, 75-84: 6.13, 85+: 4.38,
all: 6.31.
At age 50, entire non-institutional
population (including those who never
develop CI, expected years with
dementia/expected years with CIND/%
with any CI: White women:
1.6/4.1/17%; Black women: 3.9/8.4/
40%; native-born Hispanic women:
4.7/9.4/42%; foreign-born Hispanic
women: 6.0/12.0/49%; White men:
1.1/4.0/17%; Black men: 3.1/7.6/41%;
native-born Hispanic men: 3.0/7.8/
36%; foreign-born Hispanic men:
3.2/9.6/41%.

Postdiagnosis survival duration
(median): non-Hispanic Whites: 3.7
years; African Americans: 4.8 years;
Hispanics: 7.6 years. Racial and ethnic
differences not significant in
multivariate model.

34

TABLE 3 (continued)
Study
James et al.
(2014)

Data, Sample Definitions, Timing, Ages

Percent Ever Impaired

2,566 adults ages 65+ (mean 78.1 years)
without dementia at baseline from the
Religious Orders Study and the Rush Memory
and Aging Project. (Table 8 description of
Bennett et al. provides more information.)
Baltimore Longitudinal Study of Aging (N=108
cases with AD). See Brookmeyer et al. (2002)
above for detail.

Not reported.

23,000 adults ages 65+ enrolled between 1987
and 1996 in the Group Health Cooperative,
Seattle Washington; N with AD=521. Uses
MMSE.
Canadians in British Columbia enrolled in a
dementia clinic from 1997-1999 and followed
(N=168).

Not reported.

AHEAD (1994-2000, at least 2 interviews,
N=7,228 people), living in the community, ages
70+; non-institutional restriction suggests
lower bound estimate given high rates of
impairment in the institutional population (see
Suthers et al. 2003 below, which corrects for
this). Finds significant shares recover from CI
and tests robustness of finding. Uses TICS
cutoff score <=8 for CI in first wave and <=9 in
subsequent waves.

Not reported.

Mayeda et al.
(2016)

Payment records from Kaiser Permanente
Northern California for 2000-2013. (N=274,283
heath care members; total number of
dementia cases is 59,555.) Sample excludes
those impaired as of baseline (ages 65 plus);
definition: ICD-9 diagnostic codes.1

Mayeda et al.
(2017)

273,843 dementia-free plan participants
(Kaiser Permanente of Northern California)
ages 64+ followed from January 1, 2000 to
December 31, 2013. 59,494 developed
dementia, and 64.1% of those developing
dementia died. Excludes cases missing race,
multi-race, and Pacific Islanders.

Cumulative 25-year risk at
age 65: 35% American
Indian/Alaska Native; 38%
African American; 32%
Latino; 25% Pacific
Islander; 30% White; 28%
Asian American.
Not reported.

Mueller et al.
(2019)

Meta-analysis of 11 longitudinal studies
(N=22,952, 2,029 with DLB and 20,923 with
AD).

Johnson,
Brookmeyer,
and ZieglerGraham (2007)

Larson et al.
(2004)

Lichtenstein et
al. (2018)

Lièvre, Alley,
and Crimmins
(2008)

Not reported.

N/A (sample is people
diagnosed).

Duration and Other
Longitudinal Metrics
Median time from AD diagnosis to
death was 3.8 years.

Survival time with AD depends on
onset age and functional form. At age
65, median survival ranges 7.8-10.2
years for men and 8.9-13.9 for women.
At age 75, median ranges 5.1-6.5 for
men and 6.3-8.0 for women. At age 85,
median ranges 2.1-3.8 for men and 3.14.8 for women.
Expected years with AD, for those who
develop AD: for men, median 4.2
(p25=2.3; p75=6.3), for women,
median 5.7 (p25=3.1; p75=9.0).
For those who develop dementia.
Median survival is 7.08 years. Women:
7.42, men: 5.83. Age at assessment
<80: 7.25; age >=80: 4.58. AD: 7.33,
other dementias: 4.33. Education: <12:
7.33; >=12: 5.83. Not all differences
significant.
Expected years with CI for the entire
population, including those who never
develop CI:
Age 70: 1.29 years (all); high education
(>=12 years): 1 year; low education
(<12 years): 1.6 years (1.83 using
alternative recovery rate).
Age 80: 1.37 years (all); high education:
1.1 years; low education:1.68 years; at
age 90: 1.51 years (all); high education:
1.24 years; low education:1.73 years.

Not reported.
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Reports estimates by race/ethnicity (no
estimates for all people in the sample).
Finds shorter median time from
dementia diagnosis to death for nonHispanic Whites (3.1 years) than for
Native Americans/Alaska natives (3.4
years), African Americans (3.7 years),
Latinos (4.1 years), and Asian
Americans (4.4 years). Differences
persist after adjusting for comorbidities. Also reports results for the
cross of race-Hispanicity and age at
diagnosis.
Expected years with dementia for
those who develop it. At diagnosis
(average diagnosis age DLB: 76.3/AD:
77.2): 4.11 with DLB, 5.66 with AD.
Differences are robust to controls.

TABLE 3 (continued)
Study
Murtaugh,
Spillman, and
Wang (2011)

Reuser,
Willekens, and
Bonneux (2011)

Data, Sample Definitions, Timing, Ages
1993 National Mortality Followback Survey
(N=22,957 death records) calibrated using data
from NLTCS to account for morbidity declines
and 2000 Social Security Administration
intermediate data to account for population
longevity change.
HRS/AHEAD 1992-2004; participants in at least
2 waves. Uses TICS with cutoff point of 8 to
indicate SCI plus proxy responses for poor
memory. Total people/person-years:
9,834/78,180 men and 12,554/98,674 women.
Uses 3 education groups: Not HS graduate, HS
graduate or some college, and college degree
or more.

Percent Ever Impaired
At age 65: 19.8% (all);
14.8% (men); 24.4%
(women).

At age 55 cumulative
probability (men/women):
non-Hispanic Whites:
22.6/35.9%; non-Hispanic
Blacks: 43.9/53.3%;
Hispanics: 46.2/60.8%;
education (non-Hispanic
Whites only): low:
29.6/39.2%; medium:
17.6/35.7%; high:
19.8/29.3%.

Duration and Other
Longitudinal Metrics
Expected years with CI those who
develop it. At age 65: 4.4 (all), 4.6
(women), 3.9 (men).

Life expectancy at age 55 by cognition
status for the entire population (total
years/with CI/no CI):
All men: 25.13/2.53/22.6; White men:
25.44/1.69/23.75; Black men:
22.86/5.42/17.44; Hispanic men:
27.04/ 4.94/22.10.
White men, low education: 23.6/2.65/
20.95, medium education:
25.16/1.32/23.84, high education:
28.85/1.05/27.80.
All women: 29.43/ 3.77/25.66; White
women: 30.01/2.66/27.35; Black
women: 26.54/6.38/20.16; Hispanic
women: 31.94/ 8.50/23.44.

Robitaille et al.
(2018)

Compares 6 longitudinal aging studies. We
focus on the 1 U.S. study: Memory and Aging
project for a Northern Illinois retirement
community (N=1,852, final sample 1,442. see
Bennet et al. 2013 in Table 10 below). Begun in
1997 with on-going enrollment--used total of
19 waves. Uses MMSE and scores as follows:
27-30 indicates normal cognition; 23-26
indicates mild impairment; 22 or lower
indicates moderate to severe impairment.
Reports total and unimpaired life expectancies;
we compute impaired as the residual.

Not reported.

White women, low education: 28.01/
3.78/24.23, medium education:
30.60/2.24/28.36, high education:
31.88/1.89/29.99.
Life expectancy by cognition status for
the entire population:
Men at age 80/85:
High SES and high education: total:
6.99/4.82, unimpaired: 4.3/2.56,
impaired: 2.69/2.26.
Medium SES and medium education:
total: 8.88/6.22, unimpaired:
5.49/3.34, impaired: 3.39/2.78.
Low SES and low education: total:
7.56/5.30, unimpaired: 3.11/1.73,
impaired: 4.45/3.57.
Women at age 80/85:
High SES and high education: total:
8.35/5.88, unimpaired: 5.35/3.29,
impaired: 3.00/2.59.
Medium SES and medium education:
total: 10.76/7.76, unimpaired:
6.86/4.33, impaired: 3.90/3.43.
Low SES and low education: total:
9.09/6.53, unimpaired: 4.05/2.35,
impaired: 5.04/4.18.

Seshadri et al.
(2006)

Framingham Heart Study. Original cohort
participants (N=4,897, 115,146 person-years)
who were stroke and dementia-free at 55 years
of age were followed biennially for up to 51
years.

At age 65 conditioned on
dementia-free: 20% for
women and 10% for men.
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TABLE 3 (continued)
Study

Data, Sample Definitions, Timing, Ages

Stallard (2011)

NLTCS, 1984-1994; HIPAA SCI focus; uses short
portable mental status questionnaire. Cutoff
value is 5 or more for SCI; 3 or 4 for MCI. Also
uses proxy reports, Medicare records.
Compares NLTCS 1984 and 2004 (cumulative
sample over 6 waves is 49,258, annual crosssections of 16,000-21,000 with 6,000-7,500
more detailed interviews); HIPAA-level SCI
focus, disaggregates community and
institutional populations.
AHEAD (1994-2000, 7,143 in community plus
387 institutionalized respondents, at least 2
interviews), adjustments made for CI in
institutions.

Not reported.

Adult Changes in Thought: members Group
Health (Seattle, WA) ages 65+ without
dementia at enrollment, 1994-2008 (N=3,605).

Not reported.

Stallard and
Yashin (2016)

Suthers, Kim,
and Crimmins
(2003)

Tom et al.
(2015)

Percent Ever Impaired

Not reported.

Not reported.

Duration and Other
Longitudinal Metrics
Expected years from age 65 with
HIPAA-level CI for the entire population
including those who do not develop CI:
1.20 unisex, 0.78 men, 1.53 women.
Expected years from age 65 with
HIPAA-level CI for the entire population
including those who do not develop CI,
2004 estimates: 1.20 unisex, 0.79 men,
1.55 women.
Expected years after age 70 with CI for
the entire population including those
who do not develop CI: 1.5 years
unisex (all, after adjusting for those in
institutions). Men: 1.1 years; women
1.7 years. Also expresses as percent of
life and reports estimates at older ages
(75, 80, 85, 90).
Expected years after with dementia for
the entire population including those
who do not develop dementia.
Total: age 70: 2.0; 75: 2.0; 80: 1.9; 85:
1.6; 90: 1.3.
Men: 70: 1.7; 75: 1.6; 80: 1.5; 85: 1.3;
90: 1.0.
Women: 70: 2.3; 75: 2.2; 80: 2.1; 85:
1.9; 90: 1.5.

Yang and Levey
(2015)

Yang et al.
(2012)

Zissimopoulos
et al. (2018)

MCBS Cost and Use files, 2000-2010 (113,811
person-years on 53,244 people); Medicare
beneficiaries ages 65+; defined as one of the
following: (1) response of respondent diagnosis
of AD or dementia; (2) ICD-9 codes of inpatient
and outpatient claims indicating dementia
(ICD-9-CM 290 or 331.0); (3) outpatient
prescription drugs claims showing use of drugs
prescribed for dementia.2
MCBS, 1997-2005. N=113,811 person-years
from 53,244 people. Classified as having
dementia if any of 3 indicators are true: (1)
respondent reports that physician diagnosed
AD/dementia; (2) diagnosis codes in a claim; (3)
drug claims for AD.3 Also classified as having
dementia in subsequent year if classified in
earlier year. Simulates for virtual birth cohort
born in the 1920s and 1930s.
FEM using HRS 2000-2012; requires 2 waves of
diagnosis.

At age 65 (1920s and
1930s cohorts): 14.2% (all);
15.5% (women); 13.1%
(men).

Less than college: 2.1; some college:
2.2; at least a college degree: 1.6; Also
expresses as percent of life.
Expected years with dementia after
age 65 for those who develop
dementia: 5.3 for women and 4.7 for
men. Average age of onset
approximately 80.

Not reported.

Expected years with dementia for
those who develop dementia: 5.1.
Early-onset (<=80): 6.4 years. Late
onset (>80): 3.8 years. Average age of
onset 80.2.

34.7% from age 51,
conditioned on survival to
age 65.

Expected years with diagnosis for the
entire population, including those who
are never diagnosed: 2.94 at age 51,
conditioned on survival to age 65.
Expected years with diagnosis for those
diagnosed: 5.19 at age 51, conditioned
on survival to age 65.
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TABLE 3 (continued)
NOTES:
1. These include the codes for Alzheimer’s disease (331.0), vascular dementia (290.4x), and nonspecific dementia (290.0, 290.1x, 290.2x,
290.3, 294.2x, 294.8).
2. These include donepezil (Aricept), revastigmine (Exelon), galantamine (Reminyl or Razadyne), and memantine.
3. The diagnosis codes are 290.0 and 331.0; the prescription drugs considered include donepezil (Aricept), rivastigmine (Exelon),
galantamine (Reminyl or Razadyne), and memantine (Namenda).

TABLE 4. Selected Studies of the Relationship between CI and Mortality Rates in the US
Study
Davis et al.
(2018)

Dufouil et al.
(2018)

Data, Sample Definitions, Timing, Ages
Longitudinal data from National Alzheimer’s Coordinating
Center (N=18,103), patients over age 65 with multiple visits.
Defines severity using etiological information plus clinical
dementia rating score, with cutoffs of <2 for MCI, 2 for
moderate AD dementia, and 3 for severe AD.
Framingham Heart Study, ages 60 and older in 4 periods
(1977-83; 1986-91; 1992-98; 2004-08). N=5,205; focuses on
314 dementia cases and 314 matched controls (matched on
age, epoch, gender, stratified by age, education, sex).
Participants screened using MMSE; those with below-cutoff
scores (education adjusted; considers prior screening
results) can receive extra screening, as can those who
report or whose family members report cognitive decline;
study reviews medical records and receives physician
referrals which can also trigger screening; dementia panel
reviews every case.

Results, Including Relevant Differentials
Reports single year mortality probabilities based on
disease severity. At age 65/75, 1-year death probability is
1%/1% if normal cognition; 1%/2% if MCI, 4%/6% if mild
AD, 9%/12% if moderate AD, 16%/20% if severe AD, and
7%/10% if non-AD CI.
Mean age at dementia onset increased by about 1.5 years
across epochs (1977-83: 80.00; 1986-91: 82.41; 1992-98:
83.58; 2004-08: 86.38). Mean years alive with dementia
decreased by about 1 year from the first to last epoch
(1977-83: 5.3; 1986-91: 5.1; 1992-98: 5.2; 2004-08: 4.2).
Adjusted relative mortality risk decreased (by 18%) in
persons with dementia in 1986-1991 compared to 19771983, with no significant change from then to the latest
epoch.
Percent surviving more than 5 years: 1977-83: 47; 198691: 47; 1992-98: 45; 2004-08: 22.
Percent surviving more than 10 years: 1977-83: 19; 198691: 5; 1992-98: 8; 2004-08: censored/not yet available.

James et al.
(2014)

Langa et al.
(2008)

Wilson et al.
(2009)

2,566 persons aged 65 years and older (mean 78.1 years)
without dementia at baseline from the Religious Orders
Study and the Rush Memory and Aging Project. (Table 10
description of Bennett et al. (2013) provides more
information.)
HRS 1993 (N=7,406) and 2002 (N=7,104), ages 70 and older
and living in the community (excludes nursing home
residents). Uses TICS of 11 or more to denote normal
function; 8-10 is MCI and 0-7 is SCI.
1,715 persons deemed dementia-free in a prior data
collection wave from Chicago Health and Aging Project, a
longitudinal study of aging and AD conducted in 3 adjacent
Chicago neighborhoods (Hebert et al. [2010] and Weuve et
al. [2018] described in Table 10 provide additional
information.) 802 had no CI, 597 had MCI, 296 had AD, 20
had other forms of dementia. Base sample is people ages 65
and older.
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Shows mean ages at dementia/death by sex--both higher
for women than for men in all epochs--and education
across epochs--mixed results (table 2).
The mortality hazard ratio for AD dementia was 4.30 at
ages 75-84 and 2.77 at ages 85+. Estimates that about
one-half million deaths at ages 75+ in 2010 were
attributable to dementia.
Death risk for those with SCI increased over time.
Education was associated with higher SCI-conditional
death rates.
During up to 10 years of observation (mean=4.7, SD=3.0),
634 individuals died (37%). Compared with people without
CI, risk of death increased by about 50% for those with
MCI (hazard ratio of 1.48) and was nearly 3 times greater
for those with AD (hazard ratio of 2.84). Effects did not
differ by race (African Americans and Whites).

TABLE 5. Selected Studies of the Costs of CI in the US
Study
Coe et al.
(2018)

Hurd et al.
(2013)

Jutkowitz,
Kane, et al.
(2017)

Data, Sample Definitions, Timing, Ages,
Cost Components Included
People ages 65 and older. HRS 1992-2012
matched to Medicaid and Medicare (Parts A, B,
and D from 1999-2009) payment data for people
in FFS plans. Match rate to the claims data was
about 80%. Defines dementia using diagnostic
codes.1 Uses control group of HRS respondents
with same sex and birth year to determine the
incremental costs of ADRD.

HRS 2000-2008; N=7,758 for AHEAD, 4,210 for
CODA, 10,413 for HRS, 3,488 for war babies,
3,624 for EBB; linked to Medicare FFS records
(about 70% of sample), average annual costs;
self-reported out-of-pocket costs plus
institutionalization; uses models based on
ADAMS, TICS, and proxy reports to assign
cognitive status; state-specific home health
rates from Metlife (2010). Presents estimates
adjusted for demographic characteristics and
coexisting conditions (stroke, diabetes, heart
disease, hypertension, lung disease, cancer,
psychiatric problems, arthritis) and unadjusted
estimates.
For disease progression: Uniform Data Set of
National Alzheimer’s Coordinating Center;
contains data from 34 AD Centers (see
Jutkowitz, MacLehose, et al. 2017--N=457).
Separately considers cognition, function (up to
10 limits), and behavioral psychological state (up
to 12 symptoms). Measures cognition using
MMSE. Annual assessments. Also uses HRS
linked to published Medicare data for caregiving
and costs, ADAMS, life tables, Metlife care costs.
Models transitions in living arrangements.
Discount rate is 3%; appears to discount to onset
age.

Results
Over the first 5 years after diagnosis,
costs per dementia case attributable
to ADRD are $15,339 to traditional
Medicare and $15,852 to Medicaid
(2017$). Two-thirds of Medicare costs
occur in first 2 years after diagnosis
and are driven by inpatient use (both
hospital and skilled nursing facility).
Long-term care (home health and
nursing home costs) drives Medicaid
costs. Unlike Medicare, Medicaid’s
incremental costs are concentrated
among longer-lived cohort members
who are more likely to need LTSS and
be Medicaid-eligible.
Conditional on dementia, estimated
unadjusted/adjusted annual market
costs per person age 18+ (2010$)
$33,329/$28,501; out-of-pocket:
$6,838/$6,194; Medicare: $5,226/
$2,752; net formal home care:
$6,888/$5,678; nursing home care:
$14,337/$13,876; total costs:
$47,920/$41,689 if unpaid care is
valued at foregone wages ($14,591/
$13,188) or $64,168/$56,290 if
unpaid care valued at replacement
cost ($30,989/$27,789).
From diagnosis (base case mean age
of 83 years, survival 5 years)
discounted total lifetime cost of care
for a person with dementia was
$321,780 (2015$). Families incurred
70% ($225,140-$135,300 in unpaid
care and 89,800 out-of-pocket),
Medicaid 14% ($44,090), and
Medicare 16% ($52,540) of the total
burden. Lifetime costs for a person
with dementia were $184,500 greater
(86% incurred by families) than for
those without SCI. Total annual cost
peaked at $89,000 and net cost
peaked at $72,400. Costs increase for
the first 5 years after onset, then
slowly decline.
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Differentials or
Other Results
Focus on duration, including
front and backloading of
costs. Conditional on being
alive and enrolled, Medicaid
costs average $20,479 in
months 1-12, increasing to
$77,011 in months 49-60.

Gender, age, education,
race/ethnicity, marital
status, household income;
ADL/ IADL limits; health
conditions.

Contrasts by onset age.
Considers best and worstcase scenarios, integrating
differing assumptions about
costs of formal and informal
care.

TABLE 5 (continued)
Study
Kelley et al.
(2015)

Data, Sample Definitions, Timing, Ages,
Cost Components Included
HRS, Medicare fee-for-service beneficiaries who
died at ages 70+ in 2005-2010. N=1,702.
Examines 4 groups by cause of death, including 1
with high dementia probability using 50%
threshold in Hurd et al.’s (2013) probabilistic
classification. Focuses on 5-year (rather than
annual) costs. Shows value of out-of-pocket
expenditures; expresses as a percent of wealth 5
years before death. Uses present value to 5
years before death, 3% discount rate. Values
informal care using state-specific values. Uses
Metlife data for nursing home prices.

Langa et al.
(2001)

AHEAD, 1993, ages 70+, N=7,443. Defines
dementia using TICS (cutoff of 8). Uses quantiles
of wages for home health aides to derive
informal caregivers’ opportunity cost. (Bases
intermediate cost on mean, low cost on 10th
percentile and high cost on 90th percentile.)
Estimates account for other conditions, so costs
are net of other factors, not a person’s total care
costs.

Lin et al.
(2016)

Five percent sample of Medicare claims files,
2009-2013. Individuals newly diagnosed with
ADRD (N=25,916) or MCI (N=2,784) are each
individually matched to a control subject
without ADRD or MCI.

Pyenson et al.
(2019)

Medicare 5% limited dataset claims file from
2006 to 2015. Sample is Medicare FFS
beneficiaries age 69+ who died in 2010-2015
and had at least 3 full years of Parts A and B
coverage before their year of death
(N=384,008). Uses diagnoses for the 3 years
prior to death plus year of death. Excludes those
with Parkinson’s disease or other specified
diseases.
NLTCS, 1984-1994; HIPAA severe SCI focus;
columns 4 and 5 of Table 6 can be combined to
arrive at total dollar costs incurred while
cognitively impaired.

Stallard (2011)

Results
2010 dollars. Average total cost per
decedent with dementia ($287,038)
was significantly greater than that of
those who died of heart disease
($175,136), cancer ($173,383), or
other causes ($197,286). Medicare
expenditures were similar across
groups, but dementia patients’ mean
out-of-pocket spending ($61,522) was
81% higher than for those without
($34,068); pattern for informal care is
similar. Dementia group’s out-ofpocket spending (median, $36,919)
represented 32% of wealth measured
5 years before death compared with
11% for non-dementia group.
Additional incremental yearly (net of)
cost of unpaid care (appears to be
1998$) for those with dementia varies
with severity: $3,630 for mild
dementia; $7,420 for those with
moderate dementia; and $17,700 for
those with severe dementia. This
yields total annual U.S. costs of $18.6
billion (high-cost: $24.5 billion; low
cost: $13.4 billion).
Medicare expenditures were 42%
higher in people with ADRD ($10,622
vs $15,091) and 41% higher in those
with MCI ($9,728 vs $13,691) during
the year before diagnosis than for
controls. Medicare expenditures of
those with ADRD increased to
$27,126 for the year immediately
after diagnosis and decreased to
$17,257 during the subsequent year.
For those with MCI, mean Medicare
expenditures were $20,386 for the
year after diagnosis and $14,286 for
the subsequent year. Use of inpatient
care, post-acute skilled nursing facility
care, and home health care increased
substantially after ADRD or MCI
diagnosis.
Added costs to Medicare of AD are
modest (about 10-11%). In year of
death, about 30% of people classified
as having AD are dually eligible for
Medicare and Medicaid, compared
with 25% for those classified as having
other dementias, and 15% for those
with no dementia.
Unconditional combined nursing
home and home care costs for those
with HIPAA-level CI during periods
with SCI of $32,351 (in 2000$) at 65+;
$39,259 at 75+; $50,992 at 85+;
$54,203 at 95+.
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Differentials or
Other Results
Race (Black/non-Black),
education (not HS graduate,
HS diploma or more), and
marital status-sex groups
(married and unmarried
men and women).

TABLE 5 (continued)
Study
White et al.
(2019)

Data, Sample Definitions, Timing, Ages,
Cost Components Included
HRS data matched to Medicare FFS claims from
1991-2012. N=4010. Those with dementiarelated claims are matched to controls without
dementia.

Zhu et al.
(2008)

Predictors study, which prospectively follows
patients from 3 university-based health centers
(Columbia, Johns Hopkins, Mass General) with
probable AD for 7 years, 1998-2004 (N=204).
Sample is not representative--well-educated,
disproportionately non-Hispanic White. Focuses
on home care use, including both paid home
health and informal care from caregivers, as
duration with dementia, and often disease
severity, increases. Used modified MMSE for
dementia and other tests for indications of comorbidities (e.g., Parkinson’s, psychopathology,
others like heart disease).

Zhu et al.
(2015)

Washington Heights-Inwood Columbia Aging
Project, 1999-2010. Looks 2 years before and 2
years after dementia onset, compares to nondemented control group. Focus on Medicare
spending. 3,756 participants were followed,
2,476 were matched to Medicare Beneficiary
Summary file.

Results
Five-year total difference in Medicare
spending between those with/without
dementia is about $15,700; half is
incurred in the first year. Differences
in costs between those with and
without dementia decline after
diagnosis; about 5 years after
diagnosis differences are minimal.
Shorter survival with dementia
explains part of the difference (the
estimates do not condition on
survival).
2004 dollars. Home care users are
older, less likely to be married, have
worse functional status, are more
likely to have extrapyramidal
symptoms than non-users.
Percentage using home health
increases steadily over time, from
9.9% at baseline to 34.5% in year 4;
days in last 3 months among users
increased from 21.9 to 56 over this
period. Among formal users, 87% was
paid out-of-pocket, with small
amounts by Medicare, other
insurance. Out-of-pocket liability
increased from $20,590 at baseline to
$43,031 in year 4. Informal care
similarly increased over time. Among
users with only informal, increase was
from 24.4 hours/week to 39.4
hours/week. Similar increases were
seen among those with both formal
and informal care. Among all, costs
increased from $12,033 to $21,148.
Increases in formal were faster than
increases in informal, leading to a
higher ratio of formal to informal.
During the 2 years before incident
dementia, rates of inpatient
admissions and outpatient visits were
similar for dementia patients and
non-demented controls, but home
health and skilled nursing care use
and durable medical equipment were
higher in dementia patients. With
incident dementia, there is a small but
significant associated excess increase
in inpatient admissions but not other
care areas. In the 2 years before
dementia, total Medicare
expenditures were higher in dementia
patients than in controls. But finds no
excess increases in Medicare spending
after dementia onset.
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Differentials or
Other Results
Survival with dementia
varies by sex.

TABLE 5 (continued)
Study
Zissimopoulos,
Crimmins, and
St. Clair (2014)

Data, Sample Definitions, Timing, Ages,
Cost Components Included
FEM simulation model, using data from HRS,
ADAMS, and the MCBS. Uses 0-6 as TICS cutoff
for dementia and 7-11 for mild impairment no
dementia; proxy cutoffs lower. Values unpaid
care using wage for aide hired from a home
health agency from MetLife study.

Results
At ages 70+ in 2010, per capita annual
costs of $71,303 (2010$) for people
with AD ($42,074 in paid costs,
$29,229 in unpaid costs), compared to
$18,374 for people without ($15,408
paid costs, $2,965 unpaid costs);
includes projections for 2030, 2050
and detail on payers (Medicare,
Medicaid, out-of-pocket).

Differentials or
Other Results
Projects 9.1 million in 2050,
an increase from 3.6 million
in 2010 and 5.8 million in
2030.

NOTES:
1. These include the codes for Alzheimer’s disease (331.x), various types of vascular dementia (290.x), other types of dementia (294.x),
and senility without mention of psychosis (797).

TABLE 6. Selected Studies of the Prevalence and Intensity of Caregiving for People with CI in the US
Study
Friedman et
al. (2015)

Data, Sample Definitions, Timing,
Ages, Components Included
HRS, 2010, community-dwellers ages 70+ (N=8,106). Uses
dementia classification as in Hurd et al. (2013), see Table 5
above. Care refers to ADL or IADL help due to functional
impairment.

Results
Percent of adults in community ages 70+ receiving unpaid
care: probable dementia: 74.6%; probable CIND: 32.9%;
normal cognition: 9.5%.
Restricting to those reporting at least 1 ADL or IADL
limitation: probable dementia: 89.9%; probable CIND:
66.8%; normal cognition: 45.9%.
Monthly hours of unpaid care conditional on receiving
care: probable dementia: 171.1; probable CIND: 89.3;
normal cognition: 65.8.
Percent of care hours that are unpaid: 78%; probable
CIND: 84%; normal cognition: 87%.
Percent of caregivers who are unpaid: 83%; probable
CIND: 87%; normal cognition: 90%.

Kasper et al.
(2015)
Ory et al.
(1999)

Spillman et al.
(2014)

NHATS/NSOC, 2011 (N=2,423 adults ages 65+ who received
help with self-care, mobility, or household activities; family
and unpaid caregivers N: 1,924).
National Caregiver Survey, 1996 (N=1,509). Caregivers ages
18+ who provided care in last 12 months to someone ages
50+. Dementia defined based on caregiver report that care
recipient has AD, confusion, dementia, or forgetfulness.

NHATS, 2011 (Medicare beneficiaries ages 65+). NSOC
sample was drawn from 4,935 eligible informal caregivers to
2,423 eligible NHATS respondents. Response rates of 6068%. Final sample is 2,007 caregivers for 1,369 respondents;
analyses include only those who helped in last month
(N=1,996).
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Average number of caregivers who are unpaid: 1.8;
probable CIND: 1.5; normal cognition: 1.4.
Average monthly care hours: 91.7 hours with dementia,
67.5 hours without.
Average years provided care: dementia caregivers: 5.10
years; non-dementia caregivers: 5.07 years. Average
weekly hours of care: dementia caregivers: 17.06; nondementia caregivers: 12.45. Percent providing 40 or more
hours of care/week (includes “constant”): dementia
caregivers: 28.1%; non-dementia caregivers: 17.0%.
Percent using: dementia caregivers: 47.7%; non-dementia
caregivers: 32.6%.
Percent of caregivers to recipients with probable
dementia: 32.5%; possible dementia: 15.3%; no dementia:
52.2%. Percent of total care hours to recipients with:
probable dementia: 40.0%; possible dementia: 14.7%; no
dementia: 45.3%. Average monthly hours: probable
dementia: 91.96; possible dementia: 71.96; no dementia:
64.94.

TABLE 7. Estimates from Selected Studies of the Cost of CI in the US:
Using Consistent (2020) Wage-Indexed Dollars
Study
Langa et al.
(2001)
Hurd et al.
(2013)
Hurd et al.
(2013)
Hurd et al.
(2013)
Hurd et al.
(2013)
Jutkowitz,
Kane, et al.
(2017)
Jutkowitz,
Kane, et al.
(2017)
Jutkowitz,
Kane, et al.
(2017)
Zissimopoulos,
Crimmins, and
St. Clair (2014)
Zissimopoulos,
Crimmins, and
St. Clair (2014)
Jutkowitz,
Kane, et al.
(2017)
Jutkowitz,
Kane, et al.
(2017)
Stallard (2011)

Zhu et al.
(2008)
Zhu et al.
(2008)
Kelly et al.
(2015)
Coe et al.
(2018)
Coe et al.
(2018)

Component
Unpaid, incremental, mean, age 70+,
intermediate, annual, home care wage
Unpaid, total (replacement), annual

Nominal Cost
Moderate: $7,420
Severe: $17,700

Analysis Year

$30,989

2010

$41,937

$27,789

2010

$37,606

$14,591

2010

$19,746

$13,188

2010

$17,847

$135,300
(discounted to
apparent onset age)1

2015

$158,646

Unpaid net from diagnosis (among those
receiving care)

$132,850

2015

$155,769

Medicaid from diagnosis (among those
receiving care)

$44,090

2015

$51,696

Paid, gross, age 70+, annual (among those
receiving care)

$42,074

2010

$56,938

Unpaid, gross, age 70+, annual (among those
receiving care)

$29,229

2010

$38,353

Out-of-pocket total from diagnosis, gross
(among those with CI)

$89,840

2015

$105,339

Out-of-pocket from diagnosis, net, (among
those with CI)

$25,110

2015

$29,442

$32,351

2000

$56,740

$25,090

2004

$39,693

$43,031

2004

$68,075

$61,522

2010

$77,332

$15,852

2017

$17,766

2017

Year 1: $22,951
Year 2: $30,872
Year 3: $40,720
Year 4: $57,660
Year 5: $86,307

Unpaid, adjusted (replacement), annual
Unpaid, total (foregone wage), annual
Unpaid, adjusted (foregone wage), annual
Unpaid total from diagnosis (among those
receiving care)

Home care and nursing home during spells
with HIPAA-level SCI, unconditional, ages 65
plus (for the entire population, including
those without CI)
Home care, first year of spell probable AD
(among those receiving care)
Home care, fourth year of spell probable AD
(among those receiving care)
Out-of-pocket 5-year totals, gross (among
those receiving care)
Medicaid, net, first 5 years after diagnosis-with and without survivors?
Medicaid, conditional on survival and
enrollment

Year 1: $20,479
Year 2: $27,547
Year 3: $36,344
Year 4: $51,449
Year 5: $77,011

1998?

Coe et al.
Medicare, net, first 5 years after diagnosis-$15,339
2017
(2018)
with and without survivors?
NOTES:
1. The text is ambiguous about how precisely discounting applies. This is our best guess from our read of the study.
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Real Cost (2020$)
Moderate: $14,499
Severe: $34,586

$17,191

TABLE 8. Selected Studies Based on Long-Range Models of Cognitive Status
Study or Model
Ahmadi-Abhari
et al. (2017)

Starting Sample,
and Transition
Probability Data
England and Wales Office
for National Statistics
(ONS) data and projections
(5-year age-sex groups).
Uses ELSA, pooled data
from 2002-2013; ages 50+
(refresher cohorts
maintain
representativeness) for
transitions (anchored to
2006 midpoint); total
sample of 7,906; proxy
(“consultee”) interviews
utilized where needed and
permission was obtained.
Validated age-specific
dementia rates against
Cognitive Function and
Ageing Study-II.

Brookmeyer et
al. (2018)

Starts with age-gender
prevalence from Census.
Uses forward calculation
model based on incidence
rates from longitudinal
epidemiological studies
(Mayo Clinic’s Study of
Aging, tracking peoples’
cognitive function in
Olmstead, MN).

Future Elderly
Model / Future
Americans
Model
(selected
studies include
Zissimopoulos
et al. (2018))

See Table 3--HRS-based
model.

Indicators for CI
ELSA administered 3 sets of
tests each wave--addresses
orientation to time,
immediate and delayed
memory, verbal fluency;
additional tests addressed
numeracy and literacy. Used
Informant Questionnaire for
Cognitive Decline for
proxies. Uses relative
measure of cognitive status:
1.5 standard deviations
below mean for one’s
education group (using 3
groups: no qualification, O
or A-level, or university)
among 50-80 year-olds.
Does not find evidence of
large learning effects on
tests. Defines dementia
using measures of cognitive
status and functional
impairment or self-reported
or physician diagnosis.

Differentiates preclinical
from clinical, with 2
different preclinical
pathways: amyloidosis
(progresses to amyloidosis
plus neurodegeneration and
then to MCI and early
clinical and clinical) or
neurodegeneration, which
can lead to amyloidosis or
to MCI then early clinical
and clinical.
Differentiates normal, mild
impairment, and dementia.
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Model Specification
(functional form, state
space) for CI
Integrates calendar year
trends in CI with those of
mortality and cardiovascular
disease. Fits survival model
of time to incident
dementia using baseline
status. Model covariates
include age at entry, age
squared, time in study, time
squared, sex, education,
and mid-life history of
hypertension, diabetes,
obesity. Separate process
for time trend. Examined
effects of lifestyle and
vascular risk factors. Project
people ages 35 plus using
Markov model with annual
transition probabilities.
Predicts cardiovascular
disease, life expectancy,
dementia, disabled and
disability-free life
expectancy (figure provides
overview of model
structure). Mortality varies
by cardiovascular status.
Sensitivity analyses show
bounds with less optimistic
dementia decline
assumptions.
Multi-state model. Nine
total states--with death a
pathway from each state.
Later stage clinical has
additive (condition on
background risk) mortality
risk (7.8%). Age-year
specific transition
probabilities between states
(to allow intervention
effects).

Other Relevant Data
and Results
Age-specific incidence and
prevalence decline (20%
incidence decline over 20
years that increases to
42% after accounting for
net composition change,
like more exercise, fewer
dropouts--other
composition changes did
not offset), but absolute
number of people with
dementia is expected to
increase. Longer survival
among those with
dementia partly drives
this.

Projects baseline increase
from 6.08 million in 2017
with either clinical disease
(3.65 million) or MCI (2.43
million) to 15 million in
2060 (9.3 million clinical,
5.7 million mild).

Dementia at ages 65+
increases from 3.6 million
in 2010 to 9.1 million in
2050.

TABLE 8 (continued)
Study or Model
Hebert et al.
(2013)

Loef and
Walach (2013)

Matthews et al.
(2019)

Starting Sample,
and Transition
Probability Data
Starting sample is 2010 US
Census and Census agerace-sex population
projections. Transition
probabilities based on
Chicago Health and Aging
Project (10,802 people
represented from 19932011). Focuses on those
evaluated between 1997
and 2000 (2,577
evaluations on 1,913
people conducted from
1997-2010).
Uses estimates from metaanalyses to determine
dementia differentials by
BMI. Uses population
estimates from United
Nations Department of
Economic and Social
Affairs.
Uses prevalence rates
from Medicare FFS records
described above in Table
1. Uses Census age-sexrace-Hispanic origin
projections.

Indicators for CI
Only considers incident
cases of AD dementia. Uses
uniform, structured clinical
evaluation (by nurseclinicians,
neuropsychologists plus
neurologist or geriatrician
review).

Model Specification
(functional form, state
space) for CI
432 groups defined by
single year of age, sex, 2
race groups, and 3
education groups.

Varies (meta-analysis).

Uses estimates from Prince
et al. (2009).

Diagnosis codes (see
Table 1).

Uses constant age-sexspecific rates that vary by
race-ethnicity (70 separate
groups) over time.
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Other Relevant Data
and Results
AD at ages 65+ increases
from 4.7 million in 2010 to
13.8 million in 2050.

Under base assumptions,
dementia increases from
4.03 million in 2010 to 6.6
million in 2030 and 10.3
million in 2050; trending
obesity, increases to 7.1
million in 2030 and 11.3
million in 2050.
ADRD at ages 65+
increases from 5.0 million
in 2014 to 13.9 million in
2060.

TABLE 9. Selected Studies of the Effects of Future Interventions on CI in the US
Study
Barnes and
Yaffe (2011)

Brookmeyer,
Gray, and
Kawas (1998)

Brookmeyer et
al. (2018)

Fishman (2017)

Hurd,
Martorell, and
Langa (2015)

Data, Sample Definitions, Timing,
Ages, Cost Components Included
Uses relative risk estimates from meta-analyses
found through searches of Cochrane Database
of Systematic Reviews and PUBMED. Applies
these to Alzheimer’s Association population
estimates on an age-specific basis where
possible. Focuses on population attributable
risk. Reports for both U.S. and globally. Seems
to focus on 2009 prevalence.

Interventions/Sensitivities
Explored
Focus on 10-25%
reductions in modifiable
behaviors leading to
diabetes, smoking,
depression, cognitive
inactivity, physical
inactivity, hypertension.

Combines information from 4 epidemiological
studies (Baltimore, Boston, Framingham and
Rochester) to determine incidence rates. Uses
multiplicative adjustments to these incidence
rates to determine effects of interventions.
Model described above (Table 5). Uses
different proportional adjustments to each of
the transition probabilities. Some adjustments
may equal 1.

Delay onset by 1-2 years.

Transition probabilities based on ADAMS,
described above (Table 3). Shifts incidence
rates in the proportions described (i.e., assigns
baseline age 70 incidence rate to age 70 + K,
baseline age 71 incidence rate to age 71 + K,
and so forth); alternative scenarios reduce all
the age-specific rates.

Interventions for those
dementia-free at age 70:
(1) delay dementia onset
by 1 year, is effective for
50%; (2) same as 1 but
affects 90%; (3) delay
dementia onset by 5 years,
is effective for 50%; (4)
delay dementia onset by 5
years for 90%.

See Hurd et al. (2013) described in Table 5.

(1) Highly effective primary
prevention; (2) moderately
effective secondary
prevention; (3) modestly
effective secondary
prevention.

Assumes the SCI decline
seen in Matthews et al.
(2013) continues; explores
recent trends in 3 comorbidities--diabetes,
hypertension, and
diabetes.

Results, Including
Relevant Differentials
Cases of AD prevented in U.S. with 1025% reductions: Diabetes: 17,00040,000; hypertension 40,000-100,000;
obesity 36,000-91,000; depression:
67,000-172,000; physical inactivity:
90,000-230,000; smoking 50,000130,000; cognitive inactivity (low
education): 36,000-91,000. Total
184,000-492,000 cases.
Two-year delay would lead to 2 million
fewer cases in 50 years; 1-year delay
would lead to 800,000 fewer cases in
50 years.
First intervention would reduce 2060
prevalence (from 9.3 million) to 5.148.93 million, depending on
assumptions; range for second
intervention is 3.00-8.63 million; range
for third intervention is 6.76-9.12
million.
At age 70, baseline probability of
dementia for men of 0.269 falls under
the scenarios to: (1) 0.261; (2) 0.255;
(3) 0.232; (4) 0.202; (5) 0.213.
Baseline probability of dementia for
women of 0.347 falls under the
scenarios to: (1) 0.338; (2) 0.330; (3)
0.302; (4) 0.266; (5) 0.276.
Also presents projections of each
intervention’s effects at ages 75, 80,
85, 90, 95, and 100.
For the scenario with the declines as in
Matthews, age-specific prevalence in
2020 would be 71-74: 0.045, 76-79:
0.053; 80-84: 0.131; 85-89: 0.244; 90+:
0.225.
In 2030, 71-74: 0.046, 76-79: 0.049; 8084: 0.109; 85-89: 0.200; 90+: 0.170.
In 2040, 71-74: 0.047, 76-79: 0.046; 8084: 0.091; 85-89: 0.163; 90+: 0.128.

Lewin Group in
Alzheimer’s
Association
(2015)

Starts with counts of people with the disease.
Draws heavily from other sources, including
Hebert et al. (2010) and Sloane et al. (2002).
Uses 2008 MCBS for costs. Stratifies based on
disease severity (mild-moderate-severe) and
age (65-74, 75-84, 85+). In MCBS data, uses
own or proxy report of AD diagnosis. Also uses
presence of diagnostic codes.

(1) Delayed disease onset;
(2) slower disease
progression.
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For the changes in co-morbidities,
changes are less significant.
Delayed onset scenario will lead to 7.8
million in 2050 (compared to 13.5
million under baseline).

TABLE 9 (continued)
Study
Sloane et al.
(2002)

Yang et al.
(2012)

Zissimopoulos
et al. (2018)

Data, Sample Definitions, Timing,
Ages, Cost Components Included
Starts with Census 2000 middle series,
population ages 60 and older. Uses prevalence
rates from meta-analysis by GAO (1998) and
Evans et al. (1992). Incidence increases
exponentially with age until 95 and is then held
constant. Two disease stages: mild and
moderate-to-severe CI. Models transition
between these 2 states (average 4 years
moderate). Mortality assumed to be 10-20%
higher than overall for the two groups.
MCBS, 1997-2005. N=113,811 person-years
from 53,244 people. Classified as having
dementia if any of 3 indicators are true: (1)
respondent reports that physician ever said
person has AD/dementia; (2) diagnosis codes in
a claim; (3) ever took drugs for AD.1 Also
classified as having dementia in subsequent
year if classified in earlier year. Simulates for
virtual birth cohort born in the 1920s and
1930s.

Interventions/Sensitivities
Explored
(1) Delayed disease onset;
(2) delayed disease
progression; (3)
combination of 1 and 2.

Results, Including
Relevant Differentials
Under baseline, projects 10 million
people age 60+ by 2050, over 6 million
mild and just under 4 million severe.
Delayed onset model would imply 6.3
million total in 2050--2.1 mild and 4.2
severe. Slowed progression model
yields less dramatic results. (No major
differentials reported.)

Improved education and
increased BMI for the baby
boomers relative to their
predecessors born in the
1920s and 1930s.
Specifically considers 5%
higher HS graduation rate
and 10% higher obesity
rate.

FEM simulation model, using data from HRS,
ADAMS, and the MCBS (see also Table 3).

(1) 50% reduction in
diabetes incidence; (2)
eliminate hypertension;
and (3) develop treatment
that delays dementia
onset.

In the increased-education scenario,
longevity increases as does dementia
prevalence, but onset age also
increases. On net, dementia duration
declines (by 0.2 years), as do both next
Medicare and, especially, Medicaid
costs. In the increased-obesity
scenario, longevity declines but
dementia prevalence increases by
4.4%, so aggregate costs increase even
if average dementia duration declines.
Projected changes due to diabetes
reductions were limited--no change in
expected duration, and increase of
115,000 people ages 65+ with
dementia. Eliminating hypertension
also increased numbers living with
dementia. Treatments that delay onset
were projected to reduce number of
people living with dementia in 2040 by
2.2 million.

NOTES:
1. The diagnosis codes are 290.0 and 331.0; the prescription drugs considered include donepezil (Aricept), rivastigmine (Exelon),
galantamine (Reminyl or Razadyne), and memantine (Namenda).
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TABLE 10 Miscellaneous Community-Based Studies Related to CI and Performance in the US
Study
Bennett et al.
(2013); see
also Bennett
et al. (2012)

Dodge et al.
(2014)

Hall et al.
(2009)

Hebert et al.
(2010)
Rajan et al.
(2019)

Weuve et al.
(2018)

Data, Sample Definitions, Timing, Ages Included
Religious Orders Study (1,100 participants across US,
started 1994, 550 autopsies) and the Rush Memory and
Aging Project (1,550 participants from Northeastern Illinois,
started 1994, 425 autopsies). Combined, more than 2,700
people, agreeing to annual evaluation (sample has above
average education), including targeted imaging, and brain
donation upon death.
Studies adults ages 65+ from voter registration roles in
southwestern Pennsylvania communities: 1,644 participants
in Monongahela Valley Independent Elders Study and 1,982
participants Monongahela-Youghiogheny Healthy Aging
Team study, 1987-2012. Used 4 tests: 2 on trailmaking, 1 on
verbal fluency for initial letters, and 1 on verbal fluency for
animal names. Controls for practice effects. Focus on MCI;
excluded those with SCI at baseline from study.
Disaggregates by birth cohort (1882-1901, 1902-1911, 19111921, 1922-1931) and education (not HS graduate, HS
diploma, more than HS).
African Americans ages 65+ in Indianapolis (IndianapolisIbadan Dementia Project) in 1992 (2,582 eligible, 2,212
enrolled, 9.6% refused, 4.7% too sick) and 2001 (4,260
eligible, 1,892 enrolled, 1,999 refused). First stage is inhome interview using the Community Screening Interview
for Dementia. Second stage is full diagnostic work-up for a
selected subset.
Cumulative total of over 10,000 people ages 65+ in Chicago
Health and Aging Project, 1993-1996 and 2010. Used
uniform, structured clinical evaluation; 1,695 individuals.
Chicago Health and Aging Project, 1994-2012; 2,794
individuals (1,561 African American, 1,233 European
American). Four urban neighborhoods on Chicago’s South
side--may not generalize well to U.S. population.

8,906 people ages 67+r in Chicago Health and Aging Project,
1993-1996 and 2010-2012 (refresher cohorts had been
added). Uses 4 tests of function.
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Results, Including Differentials
Focuses on clinical indicators (largely aspects of the brain,
like presence of plaques, tangles, and White matter) and
co-morbidities.

Earlier cohort has steeper age declines in cognition by age.
Adjusting for education, the cohort pattern remains.
Suggests that researchers should integrate cohort effects
into forecasting models. Educational differences in levels
are large, but they do not affect rate of decline.

Shows no significant difference across the time periods.
Sampling differences across the 2 waves may be
important.

Logistic regression of incident AD, controlling for age,
education, gender, race, and time between evaluations,
shows no time trend.
Prevalence and incidence of CI estimated to be about
twice as high for African Americans as for European
Americans. Standardized to the 2010 U.S. population,
prevalence--All/African American/not African American:
Age 65-74: 3.2%/11.4%/3.2%; 75-84: 16.3%/38.4%/15.4%;
85+: 52.1%/78.9%/47.0%. Incidence: 65-74:
0.4%/1.5%/0.3%; 75-84: 3.2%/6.0%/2.9%; 85+:
7.6%/11.7%/7.4%.
Overall cognitive performance followed secular pattern of
modest decline, inconsistent with studies showing
improvement. Average scores for Blacks consistently lower
than for Whites, with some evidence of narrowing until
the last wave.

TABLE 11. Historical Cross-Sectional Prevalence of SCI at Age 65 and Older,
by Sex and Age: DYNASIM 2013-2017 and NHATS 2015
DYNASIM
NHATS
Ratio
2013-2017
2015
DYNASIM/NHATS
Men
65-69
1.6
2.4
0.69
70-74
4.5
5.0
0.91
75-79
8.2
7.0
1.17
80-84
13.5
13.7
0.99
85-89
20.7
20.8
0.99
90+
29.6
32.0
0.92
All 65+
7.1
7.7
0.92
Women
65-69
1.4
1.5
0.97
70-74
3.5
2.6
1.35
75-79
7.4
7.9
0.94
80-84
15.5
15.7
0.99
85-89
23.8
22.2
1.07
90+
38.1
34.3
1.11
All 65+
9.0
8.9
1.01
All
65-69
1.5
1.9
0.81
70-74
3.9
3.7
1.08
75-79
7.8
7.5
1.04
80-84
14.7
14.9
0.98
85-89
22.7
21.7
1.05
90+
35.6
33.7
1.06
All 65+
8.2
8.4
0.97
SOURCES: Authors’ tabulations from DYNASIM4 (runid 974, dated: April 2020) and Spillman (2019) tabulations
from NHATS.
NOTES: The NHATS does not have information about cognitive status for those in nursing homes. Consistent
with prior literature, we assume that roughly half of all nursing home residence are severely cognitively
impaired. The NHATS estimates count those who report no LTSS need as not disabled at the HIPAA-level (this
affects 84 cases).
Gaugler, Yu, Davila, and Shippee (2014) note that nearly two-thirds of people in nursing homes have cognitive
impairment, but they include people with moderate cognitive impairment. See also discussion of statistics from
the Centers for Medicare & Medicaid Services (2015) in endnote 6.

TABLE 12. Projected Cross-Sectional Age-Specific Prevalence of SCI at Ages 65 and Older:
DYNASIM 2013-2055 in Selected Years, by Age
Historical
Projected
2013-17
2015
2021-25
2025
2031-35
2035
2041-45
2045
2051-55
2055
Prevalence
Number
Prevalence
Number
Prevalence
Number
Prevalence
Number
Prevalence
Number
65-69
0.015
219,000
0.015
281,000
0.013
243,000
0.015
311,000
0.012
284,000
70-74
0.039
449,000
0.033
563,000
0.033
639,000
0.031
534,000
0.029
553,000
75-79
0.078
633,000
0.061
731,000
0.066
1,041,000
0.062
936,000
0.061
956,000
80-84
0.147
846,000
0.128
966,000
0.125
1,489,000
0.124
1,709,000
0.116
1,506,000
85-89
0.227
869,000
0.213
862,000
0.192
1,371,000
0.188
1,804,000
0.184
1,665,000
90+
0.356
802,000
0.355
921,000
0.306
1,123,000
0.286
1,737,000
0.296
2,309,000
All
0.081
3,818,000
0.070
4,324,000
0.075
5,906,000
0.085
7,031,000
0.085
7,273,000
SOURCES: Authors’ tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: When computing prevalence rates, we pool 5 years of data to reduce year-to-year volatility. Estimates for the number of people with SCI are rounded to the
nearest 1,000. Columns may not sum to totals because of rounding.
Age
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TABLE 13. Probability of Ever Experiencing SCI and Projected Life Expectancy with SCI from Age 65:
By Birth Cohort, Gender, Education, and Race and Ethnicity
1955-59 Birth Cohorts
(reach age 65 in 2020-24)
Probability
Mean Years
Ever SCI
Probable SCI
Ages 65+
(uncond.)
0.31
1.54

1965-69 Birth Cohorts
(reach age 65 in 2030-34)
Probability
Mean Years
Ever SCI
Probable SCI
Ages 65+
(uncond.)
0.33
1.65

1975-79 Birth Cohorts
(reach age 65 in 2040-45)
Probability
Mean Years
Ever SCI
Probable SCI
Ages 65+
(uncond.)
0.33
1.72

All
Gender
Men
0.28
1.36
0.30
1.41
0.30
1.48
Women
0.33
1.72
0.36
1.88
0.36
1.97
Education
Did not complete HS
0.50
2.74
0.52
2.83
0.55
3.33
HS diploma
0.30
1.46
0.32
1.55
0.32
1.59
Some college but less than
0.27
1.31
0.29
1.46
0.30
1.44
4 years
Bachelor’s degree or higher
0.30
1.43
0.29
1.45
0.29
1.45
Race and ethnicity
Non-Hispanic Whites
0.25
1.24
0.27
1.24
0.25
1.22
Non-Hispanic Blacks
0.42
2.31
0.41
2.23
0.44
2.53
Hispanics
0.48
2.31
0.48
2.52
0.46
2.52
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Estimates of unconditional SCI years include people who never develop SCI, whereas estimates of conditional SCI include only those
people who ever develop SCI.

TABLE 14. Average and Distribution of Projected Years with SCI from Age 65,
for Those Who Become Severely Impaired: By Birth Cohort
1955-59 Birth Cohorts
(reach age 65 in 2020-24)
Less
than 1

1.00-1.99

2.00-4.99

1965-69 Birth Cohorts
(reach age 65 in 2030-34)
5 or
more

Less
than 1

1975-79 Birth Cohorts
(reach age 65 in 2040-44)

1.00-1.99

2.00-4.99

5 or
more

Less
than 1

1.00-1.99

2.00-4.99

5 or
more

18.2

24.1

41.0

16.5

16.0

25.4

42.2

Distribution
17.0
18.0
24.1
40.9
16.7
for All
Mean for all
5.05 years
Median for all
3.58 years
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).

4.99 years
3.58 years
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5.22 years
3.83 years

TABLE 15A. Average Projected Cost of SCI from Age 65 Onward for Paid and Unpaid LTSS (Sum):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime Earnings Quintile--UNCONDITIONAL
Paid LTSS
Total

Medicaid

Family
Out-of-Pocket
48,100

Other

Unpaid
Family Care

All
86,200
34,300
3,800
74,400
Gender
Men
63,100
25,900
33,800
3,400
69,000
Women
107,600
42,000
61,400
4,200
79,400
Education
Did not complete HS
113,600
72,500
37,200
3,900
141,600
HS diploma
77,100
35,200
38,600
3,300
69,300
Some college but less than 4 years
73,700
29,600
41,300
2,800
63,500
Bachelor’s degree or higher
95,700
21,000
69,500
5,200
61,300
Lifetime earnings quintile
Lowest
96,000
64,700
28,500
2,800
92,700
Second
93,000
49,000
40,700
3,200
77,700
Middle
93,400
37,100
52,800
3,400
75,500
Fourth
77,300
19,500
52,900
5,000
67,000
Highest
75,800
11,000
60,600
4,200
63,900
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Projected costs 2020 inflation-adjusted dollars. Estimates include people who never experienced severe CI. The
amount of unpaid family care is computed based on the residual between LTSS need and paid care received and historical
data on average hours of unpaid care received by people with dementia residing in the community. Unpaid care is valued at
the median home care wage in the recipient’s state of residence, based on 2019 estimates from Genworth (2019), wageindexed to the year in which care is provided.

TABLE 15B. Average Projected Cost of SCI from Age 65 Onward for Paid and Unpaid LTSS (PDV):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime Earnings Quintile--UNCONDITIONAL
Paid LTSS
Total

Medicaid

Family
Out-of-Pocket
27,300

Other

Unpaid
Family Care

All
50,000
20,400
2,200
49,300
Gender
Men
38,100
16,000
20,100
2,000
47,000
Women
61,000
24,500
34,100
2,400
51,400
Education
Did not complete HS
73,900
48,000
23,400
2,600
100,900
HS diploma
45,600
21,100
22,600
1,900
46,300
Some college but less than 4 years
42,500
17,100
23,800
1,700
41,800
Bachelor’s degree or higher
51,200
10,800
37,500
3,000
37,200
Lifetime earnings quintile
Lowest
61,400
42,400
17,200
1,800
65,100
Second
55,300
29,000
24,400
1,900
52,500
Middle
53,600
21,300
30,300
2,000
50,200
Fourth
42,300
10,200
29,200
2,900
43,200
Highest
41,200
5,700
33,200
2,400
39,700
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Projected costs are discounted to age 65 using a 2.5% real interest rate and reported in 2020 inflation-adjusted
dollars. Estimates include people who never experienced SCI. The amount of unpaid family care is computed based on the
residual between LTSS need and paid care received and historical data on average hours of unpaid care received by people
with dementia residing in the community. Unpaid care is valued at the median home care wage in the recipient’s state of
residence, based on 2019 estimates from Genworth (2019), wage-indexed to the year in which care is provided
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TABLE 16A. Average Projected LTSS Costs from Age 65 Onward for Those with SCI (Sum):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime Earnings Quintile
Paid LTSS
Total

Medicaid

Family
Out-of-Pocket
157,500

Other

Unpaid
Family Care

All
281,900
112,100
12,400
243,500
Gender
Men
223,400
91,800
119,800
11,900
244,300
Women
329,100
128,500
187,800
12,700
242,800
Education
Did not complete HS
225,500
143,900
73,800
7,800
280,900
HS diploma
258,500
118,100
129,500
10,900
232,200
Some college but less than 4 years
274,700
110,300
154,000
10,300
236,700
Bachelor’s degree or higher
364,800
80,000
265,000
19,800
233,500
Lifetime earnings quintile
Lowest
256,100
172,500
76,100
7,500
247,300
Second
284,500
150,000
124,700
9,800
237,900
Middle
283,500
112,700
160,400
10,400
229,300
Fourth
276,300
69,600
188,900
17,800
239,200
Highest
311,200
45,200
248,900
17,100
262,200
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Projected costs are reported in 2020 inflation-adjusted dollars. Estimates are restricted those who experienced SCI
at ages 65 and older. The amount of unpaid family care is computed based on the residual between LTSS need and paid care
received and historical data on average hours of unpaid care received by people with dementia residing in the community.
Unpaid care is valued at the median home care wage in the recipient’s state of residence, based on 2019 estimates from
Genworth (2019), wage-indexed to the year in which care is provided.

TABLE 16B. Average Projected LTSS Costs from Age 65 Onward for Those with SCI (PDV):
DYNASIM 1955-1959 Birth Cohorts, by Gender, Education, and Lifetime Earnings Quintile
Paid LTSS
Total

Medicaid

Family
Out-of-Pocket
89,400

Other

Unpaid
Family Care

All
163,500
66,800
7,300
161,300
Gender
Men
134,800
56,500
71,100
7,200
166,500
Women
186,600
75,000
104,100
7,400
157,100
Education
Did not complete HS
146,700
95,300
46,400
5,100
200,200
HS diploma
153,000
70,800
75,800
6,400
155,400
Some college but less than 4 years
158,600
63,700
88,700
6,200
155,900
Bachelor’s degree or higher
195,100
41,100
142,800
11,300
141,900
Lifetime earnings quintile
Lowest
163,600
113,100
45,800
4,700
173,600
Second
169,200
88,700
74,700
5,800
160,800
Middle
162,700
64,600
92,000
6,100
152,500
Fourth
151,200
36,500
104,200
10,500
154,300
Highest
169,300
23,200
136,300
9,800
163,000
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Projected costs are discounted to age 65 using a 2.5% real interest rate and reported in 2020 inflation-adjusted
dollars. Estimates are restricted those who experienced SCI at ages 65 and older. The amount of unpaid family care is
computed based on the residual between LTSS need and paid care received and historical data on average hours of unpaid
care received by people with dementia residing in the community. Unpaid care is valued at the median home care wage in
the recipient’s state of residence, based on 2019 estimates from Genworth (2019), wage-indexed to the year in which care is
provided.
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TABLE 17A. Distribution of Projected Costs of LTSS for Those Who Ever Experience SCI (Sum):
DYNASIM 1955-1959 Birth Cohorts, by Gender
Less than
$10,000$25,000$50,000$75,000$100,000$150,000$200,000$250,000
$10,000
$24,999
$49,999
$74,999
$99,999
$149,999
$199,999
$249,999
or More
Paid Services (Family Out-of-pocket, Medicaid, Private Insurance, Other Public)
Men
36.7
5.6
4.3
4.4
3.0
5.2
5.4
4.7
30.8
Women
26.4
3.8
4.4
3.8
3.7
5.5
5.0
4.6
42.8
All
31.0
4.6
4.3
4.1
3.4
5.3
5.2
4.6
37.5
Family out-of-pocket costs
Men
45.3
7.2
5.4
6.5
3.1
7.1
5.6
3.7
16.2
Women
35.6
5.3
6.6
5.2
4.4
6.3
5.3
4.9
26.3
All
40.0
6.2
6.0
5.8
3.8
6.7
5.5
4.4
21.7
Medicaid costs
Men
70.0
1.8
2.4
2.0
2.3
3.3
2.8
2.4
13.0
Women
58.9
2.0
2.4
2.8
2.3
4.5
3.9
3.7
19.6
All
63.9
1.9
2.4
2.4
2.3
4.0
3.4
3.1
16.7
Unpaid Family Care
Men
10.9
4.0
5.8
6.7
6.3
9.6
9.8
8.4
38.6
Women
11.1
2.8
5.8
7.4
6.1
10.3
9.6
10.0
36.8
All
11.0
3.4
5.8
7.1
6.2
10.0
9.7
9.3
37.6
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: October 2019).
NOTES: Projected costs are reported in 2020 inflation-adjusted dollars. Estimates are restricted to those who experienced SCI at ages 65 and older. The amount of
unpaid family care is computed based on the residual between LTSS need and paid care received and historical data on average hours of unpaid care received by people
with dementia residing in the community. Unpaid care is valued at the median home care wage in the recipient’s state of residence, based on 2019 estimates from
Genworth (2019), wage-indexed to the year in which care is provided.

TABLE 17B. Distribution of Projected Costs of LTSS for Those Who Ever Experience SCI (PDV):
DYNASIM 1955-1959 Birth Cohorts, by Gender
Less than
$10,000$25,000$50,000$75,000$100,000$150,000$200,000$250,000
$10,000
$24,999
$49,999
$74,999
$99,999
$149,999
$199,999
$249,999
or More
Paid Services (Family Out-of-pocket, Medicaid, Private Insurance, Other Public)
Men
38.9
6.0
6.4
5.2
4.6
8.1
5.6
4.5
20.7
Women
27.7
5.0
7.0
5.5
5.1
7.5
6.7
6.1
29.4
All
32.7
5.5
6.7
5.3
4.9
7.8
6.2
5.4
25.5
Family out-of-pocket costs
Men
48.8
7.4
9.2
5.3
6.5
6.6
4.4
3.5
8.4
Women
38.0
7.2
9.6
6.1
5.9
8.5
5.0
5.2
14.6
All
42.8
7.3
9.4
5.8
6.2
7.6
4.8
4.4
11.8
Medicaid costs
Men
70.6
2.3
3.9
3.5
2.4
4.4
1.9
3.2
7.9
Women
59.7
2.8
4.5
3.9
4.3
6.2
5.0
3.4
10.1
All
64.6
2.6
4.2
3.7
3.5
5.4
3.6
3.4
9.1
Unpaid Family Care
Men
12.2
5.5
10.0
8.1
8.0
13.8
11.7
9.7
21.1
Women
12.1
5.0
11.1
9.4
8.9
14.2
11.0
8.2
20.1
All
12.1
5.2
10.6
8.9
8.5
14.0
11.3
8.9
20.6
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: October 2019).
NOTES: Projected costs are discounted to age 65 using a 2.5% real interest rate and reported in 2020 inflation-adjusted dollars. Estimates are restricted to those who
experienced SCI at ages 65 and older. The amount of unpaid family care is computed based on the residual between LTSS need and paid care received and historical
data on average hours of unpaid care received by people with dementia residing in the community. Unpaid care is valued at the median home care wage in the recipient’s
state of residence, based on 2019 estimates from Genworth (2019), wage-indexed to the year in which care is provided.
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TABLE 18. Projected Total LTSS Spending from Age 65 among People with Significant Disabilities
and Paid Care Use, by whether Ever SCI: DYNASIM 1955-1959 Birth Cohorts, by Gender
All People with
People Who Ever
People Who Do Not
Significant Disabilities
Experience Dementia
Experience Dementia
Who Use Paid Services
Who Use Paid Services
Who Use Paid Services
Present Value
Sum
Present Value
Sum
Present Value
Sum
Total
165,100
281,600
211,100
364,200
120,400
201,600
Men
145,200
238,700
185,800
308,200
107,300
173,900
Women
179,800
313,400
229,200
404,400
130,400
222,700
SOURCES: Author’s tabulations from DYNASIM4 (runid 974, dated: April 2020).
NOTES: Projected costs are discounted to age 65 using a 2.5% real interest rate and reported in 2019 inflation-adjusted dollars. Costs as
share of wealth are capped at 100% and set at that level for people who report no wealth. Conditional estimates are restricted to those who
experienced SCI at ages 65 and older, and unconditional estimates include the entire population, including those who never experience SCI.
“Significant” disability meets criteria set out in HIPAA.
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NOTES
1.

Loef and Walach (2013) provide a review of the literature on the relationship between
obesity, body mass index, and cognitive decline.

2.

The literature on diabetes and cognitive status is mixed and complex, but several metaanalyses suggest that diabetes increases the risk of some types of cognitive decline (Cheng
et al. 2012; Cukierman, Gerstein, and Williamson 2005; Omorogieva and Brooke 2015).
Dementia may also complicate diabetes management, creating a vicious circle
(Omorogieva and Brooke 2015).

3.

One recent meta-analysis estimated a prevalence of aggression of 40 percent among
patients with Alzheimer’s disease (Zhao et al. 2016). Aigbogun et al. (2019) describes the
importance of other behavioral disturbances, including agitation and related symptoms.

4.

This may include locked floors or wards and cameras to monitor public spaces and exits.

5.

The most common form of mixed dementia, as it is sometimes called, is when Alzheimer’s
disease and vascular dementia occur together.

6.

The Centers for Medicare & Medicaid Services (2015) estimates that in 2014 61.4 of
United States nursing home residents were cognitively impaired, with 36.6 percent
severely cognitively impaired and 24.8 percent mildly impaired (figure 3.11). Estimates
that exclude those in institutions could thus misestimate the incidence, prevalence, and
duration of cognitive impairment.

7.

Brayne and Calloway (1988) provocatively suggest that dementia may be viewed as part
of the continuum of the aging process.

8.

This is consistent with meta-analyses (Steenland et al. 2016).

9.

Studies considering survival time with dementia sometimes use different concepts. Some,
for example, compute survival time from the point at which symptoms were first
reported. Others start from onset age, diagnosis age, or time of entry into a study (which
may depend on one’s diagnosis). Studies of remaining life expectancy with and without
severe CI also examine expected duration, but they include those who never experience
severe CI.

10. Deb et al. (2017) provides a review of many of the nuances in this literature.
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11. Coe, Skira, and Larson (2018) point out some of the limitations of this type of valuation.
Although such measures are surely superior to ignoring these costs, they do not account
for how caregiving affects the caregiver’s well-being.
12. Costs are assumed to vary by disease severity. The earlier paper (Alzheimer’s Association
2015) uses 2008 MCBS data.
13. Like DYNASIM, the model uses many demographic variables and integrates lagged status
and correlations between cognitive status and disability. A main distinction between
DYNASIM and FEM is that the latter model focuses more on interrelationships between
health variables and disability, and most especially chronic conditions. (DYNASIM includes
these correlations, but focuses more on relationships between disability and income and
wealth sources and the public policies that govern pre and post-tax and transfer income
and wealth, so it is more a model of income support and less a model of disease.)
14. Some potential issues with long-running panel studies include declining
representativeness of their sample because of attrition and failure to include new
entrants to the population, such as immigrant families. Some studies that focus on a
particular age group, like the HRS and NHATS, incorporate refresher cohorts so that the
study can continue to represent accurately the population of the age group more broadly,
though not necessarily at every wave.
15. By occurrence dependence, we refer to the fact that those who do not currently have
disabilities but who have ever had a disability in the past are more likely to become
disabled than those who have never had a disability; duration dependence refers to the
fact that transition probabilities differ for those who have had disabilities for a longer
time.
16. See, for example, Sun, Tan, and Yu (2014) or Sposato et al. (2015).
17. For an overview on measures of cognitive impairment in the HRS, see Fisher, Hassan, Faul,
Rodgers, and Weir (2017).
18. Specifically, we assume that those whose proxies report that the person has poor
memory, hallucinations, gets lost, and wanders can be classified as cognitively impaired.
We tested the sensitivity of this measure to including those whose proxies report that the
person cannot be left alone. For exit interviews, we generally follow the respondents’
classification, but we do recode a small number of people who were classified as impaired
in the prior HRS wave or who were nearly SCI in a prior wave and whose proxies report
high numbers of limitations in IADLs.
19. See Hatfield et al. (2016), especially the technical appendix.
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20. We assume that a small share of people with private long-term care insurance or higher
incomes will purchase more expensive (presumably higher quality) care, while some
people with lower incomes will purchase less expensive care.
21. We pool five years of DYNASIM data to reduce volatility in the estimates due to small cell
sizes.
22. In this group, women’s rates in DYNASIM are about 35 percent higher than in the NHATS,
which on its face appears concerning. However, some caveats are appropriate. First, in
both estimates, sample sizes are modest. Second, the women’s rate in DYNASIM is still
lower than the men’s rate in NHATS, suggesting that it is not entirely unreasonable that
we might observe this level of impairment in a large population.
23. In the projections presented in Hurd, Martorell, and Langa (2015), in contrast, age-specific
prevalence does not always increase monotonically under assumptions about future
decline in SCI based on rates of decline from Matthews et al. (2013).
24. Joling et al. (2020) provide recent evidence from the Netherlands.
25. Displaying this distribution of outcomes, including a small share of people who are
severely cognitively impaired for a long time, is an important contribution of these
projections. This so-called “tail” risk has contributed to the challenges that the private
long-term care insurance industry now faces as the result of earlier policies that covered
lifetime benefits. (Few newly issued policies provide lifetime benefits.)
26. Most studies report the replacement cost of unpaid care on an annual basis. When in
2020 dollars, most of the annual estimates are in the range of roughly $35,000-$42,000
(Langa et al. 2001, Zissimopoulos, Crimmins, and St. Clair 2014, Hurd et al. 2013). Our
annual estimates (not reported) are broadly comparable, but sensitive to how we treat
people who report providing round-the-clock care.
27. Here, we classify disability as “significant” if it meets the criteria set forward in the Health
Insurance Portability and Accountability Act of 1996. See note 30 for additional detail.
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