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Background: Cognitive impairment without dementia is associated
with increased risk for disability, increased health care costs, and
progression to dementia. There are no population-based prevalence
estimates of this condition in the United States.

Objective: To estimate the prevalence of cognitive impairment
without dementia in the United States and determine longitudinal
cognitive and mortality outcomes.

Design: Longitudinal study from July 2001 to March 2005.
Setting: In-home assessment for cognitive impairment.

Participants: Participants in ADAMS (Aging, Demographics, and
Memory Study) who were age 71 years or older drawn from the
nationally representative HRS (Health and Retirement Study). Of
1770 selected individuals, 856 completed initial assessment, and of
241 selected individuals, 180 completed 16- to 18-month follow-
up assessment.

Measurements: Assessments, including neuropsychological testing,
neurologic examination, and clinical and medical history, were used
to assign a diagnosis of normal cognition, cognitive impairment
without dementia, or dementia. National prevalence rates were
estimated by using a population-weighted sample.

Results: In 2002, an estimated 5.4 million people (22.2%) in the
United States age 71 years or older had cognitive impairment
without dementia. Prominent subtypes included prodromal Alzhei-
mer disease (8.2%) and cerebrovascular disease (5.7%). Among
participants who completed follow-up assessments, 11.7% with
cognitive impairment without dementia progressed to dementia
annually, whereas those with subtypes of prodromal Alzheimer
disease and stroke progressed at annual rates of 17% to 20%. The
annual death rate was 8% among those with cognitive impairment
without dementia and almost 15% among those with cognitive
impairment due to medical conditions.

Limitations: Only 56% of the nondeceased target sample com-
pleted the initial assessment. Population sampling weights were
derived to adjust for at least some of the potential bias due to
nonresponse and attrition.

Conclusion: Cognitive impairment without dementia is more prev-
alent in the United States than dementia, and its subtypes vary in
prevalence and outcomes.
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ognitive impairment that does not reach the threshold

for dementia diagnosis is associated with increased risk
for progression to dementia in most studies, with progres-
sion rates of 10% to 15% per year compared with 1% to
2.5% among cognitively healthy older adults (1-3). How-
ever, even among those without dementia, cognitive im-
pairment contributes to decreased quality of life, increased
neuropsychiatric symptoms, and increased disability (4, 5),
as well as increased health care costs (6, 7). All of these
negative outcomes make accurate national estimates of the
prevalence of cognitive impairment without dementia es-
sential for determining the full societal impact of cognitive
impairment on patients, families, and health care pro-
grams. However, previous estimates of the prevalence of
this condition from regional and non-U.S. samples have
varied from 3% to 29% (8-10), a range that is most likely
due to differences in diagnostic criteria and sample charac-
teristics. Estimates of the total number of people with cog-
nitive impairment without dementia in the United States
are not available.

We conducted ADAMS (Aging, Demographics, and
Memory Study) to determine the national prevalence of
dementia and cognitive impairment without dementia in
the United States. We previously (11) reported our esti-
mates of the prevalence of dementia. In this article, we

report prevalence rates from what we believe to be the first
population-based study of cognitive impairment without
dementia to include individuals from all regions of the
country, as well as rates of progression from cognitive im-
pairment without dementia to dementia and death.

METHODS
Participants

We drew the ADAMS sample from the larger HRS
(Health and Retirement Study), an ongoing nationally rep-
resentative cohort study of individuals born before 1954
that was designed to investigate the health, social, and eco-
nomic implications of aging in the U.S. population (12—
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Context

How common is mild cognitive impairment in older
adults?

Contribution

This study of 856 individuals from the national Health and
Retirement Study found that 22% of adults age 71 or
older had cognitive impairment that did not reach the
threshold for dementia. Annually, about 8% of those with
cognitive impairment without dementia died and about
12% progressed to dementia.

Caution

Criteria that differentiate mild impairment from dementia
are imperfect. Only 856 of 1770 and 180 of 241 selected
individuals completed baseline and follow-up cognitive
examinations, respectively.

Implication

Cognitive impairment without dementia probably affects a
large segment of the elderly population.

—The Editors

14). The HRS began in 1992, and the current sample
includes approximately 22 000 participants.

The ADAMS sample began with a stratified random
subsample of 1770 individuals age 70 years or older from 5
cognitive strata based on participants’ scores on a self-
reported or proxy-reported cognitive measure (15) from
the most recent HRS interview (either 2000 or 2002). We
further stratified the 3 highest cognitive strata by age (age
70 to 79 years vs. =80 years) and sex to ensure adequate
numbers in each subgroup. Full details of the ADAMS
sample design and selection procedures are described else-
where (16, 17). The ADAMS initial assessments occurred
between July 2001 and December 2003, on average, 13.3
months (SD, 6.9) after the HRS interview. Thus, partici-
pants were 71 years of age or older at the initial assessment.

As part of the ADAMS assessment, proxies (usually a
spouse or adult child) provided information about the par-
ticipant’s cognitive and functional decline, neuropsychiat-
ric symptoms, and medical history. Use of proxies to col-
lect this information is preferred, because self-reporting of
this type of information may not be reliable, particularly
among cognitively impaired individuals.

The Figure summarizes the number of participants at
each phase of the study; additional details on participation
rates are reported elsewhere (17). A total of 856 individu-
als, 56% of the nondeceased target sample, participated in
all phases of the dementia assessment. A major concern in
ADAMS, as in similar population-based studies, is the po-
tential for selective nonparticipation to bias prevalence es-
timates. However, because the ADAMS sample was de-
rived from the HRS sample, a wide range of health and

social information was available to assess and correct for
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potential selection bias due to nonparticipation in our sam-
ple. Using logistic regression, we modeled the probability
that a sample individual participated in the ADAMS as-
sessment as a function of covariates, such as age, sex, edu-
cation, marital status, HRS cognition scores, nursing home
residency, and indicators of past or existing major health
conditions. We used the results of this response propensity
analysis to develop nonresponse adjustments to the AD-
AMS sample selection weights (18). We then constructed
population sample weights to take into account the prob-
abilities of selection in the stratified sample design and to
adjust for differential nonparticipation in ADAMS (16).

The ADAMS data are publicly available and can be
obtained from the HRS Web site (htep://hrsonline.isr
.umich.edu). The institutional review boards at Duke Uni-
versity Medical Center and the University of Michigan
approved all study procedures, and study participants or
their surrogates provided informed consent.

Measurements

A nurse and a neuropsychology technician assessed all
participants at their residence for cognitive impairment.
The full details of the assessment and diagnostic proce-
dures are described elsewhere (17). In brief, the following
information about the participant was collected from a
knowledgeable informant: chronological history of cogni-
tive symptoms, medical history, current medications, cur-
rent neuropsychiatric symptoms, measures of severity of
cognitive and functional impairment, and family history of
memory problems. During the assessment, the participant
completed a battery of neuropsychological measures; a self-
reported depression measure; a standardized neurologic ex-
amination; a blood pressure measurement; collection of
buccal DNA samples for apolipoprotein E (APOE) geno-
typing; and a 7-minute, videotaped segment covering por-
tions of the cognitive status and neurologic examinations.
Specific assessment measures reported here are the Mini-
Mental State Examination (19) and the Dementia Severity
Rating Scale (20). The Dementia Severity Rating Scale is
completed by an informant and assesses the presence and
severity of impairment in 12 cognitive and functional do-
mains. Scores range from 0 to 54, with higher scores re-
flecting more impairment. We also sought medical record
releases to obtain relevant neuroimaging and laboratory re-
sults from participants’ physicians.

A consensus expert panel of neuropsychologists, neu-
rologists, geropsychiatrists, and internists reviewed all in-
formation collected during the in-home assessment and as-
signed final diagnoses. The consensus panel reviewed each
case and assigned a diagnosis in 2 stages, first without and
then with medical records. For most cases, the consensus
panel reached agreement with little discussion; however,
diagnostic agreement was more challenging for participants
with little or no education or with substantial sensory or
physical impairment. The medical records often provided
the necessary neuroimaging results to change a diagnosis
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from possible Alzheimer disease or vascular dementia to
probable Alzheimer disease or vascular dementia. Except
for these situations, the diagnoses seldom changed after the
consensus panel reviewed the additional information in the
medical records.

Diagnoses were divided within the 3 general catego-
ries: normal cognitive function, cognitive impairment
without dementia, and dementia. The consensus panel
used clinical judgment to assign the final diagnosis, based
on the following criteria. Dementia diagnosis was based on
guidelines from the Diagnostic and Statistical Manual of
Mental Disorders, Revised Third Edition (21), and the D:-
agnostic and Statistical Manual of Mental Disorders, Fourth
Edition (22); diagnoses of Alzheimer disease and other
types of dementia were based on currently accepted criteria
(23-26). The definition of cognitive impairment without
dementia and its subtypes has been developed over 17
years, primarily on the basis of the accumulated clinical
experience of a group of researchers common to ADAMS
and 3 other epidemiologic studies of dementia (27-29).
Before ADAMS, we operationalized the definition for cog-
nitive impairment without dementia on the basis of anal-
yses of both neuropsychological data and an objective mea-
sure of daily function from participants with this diagnosis
in our other studies (27, 28). We defined cognitive impair-
ment without dementia as mild cognitive or functional
impairment, reported by the participant or informant, that
did not meet criteria for dementia (that is, Dementia Se-
verity Rating Scale score of 6 to 11), or performance on
neuropsychological measures that was both below expecta-
tion and at least 1.5 SDs below published norms on any
test.

To reflect the variation in clinical presentation and
potential differences in the cause of the impairment we
used 12 diagnostic subcategories for cognitive impairment
without dementia, unspecified cognitive impairment with-
out dementia: prodromal Alzheimer disease, amnestic mild
cognitive impairment (30, 31), vascular cognitive impair-
ment without dementia, stroke, medical conditions or sen-
sory impairment, neurologic conditions, depression, other
psychiatric disorders, low baseline intellect or learning dis-
order, past alcohol abuse, and current alcohol abuse (Ap-
pendix Table 1, available at www.annals.org). In popula-
tion-based samples, few individuals meet the criteria
typically used for amnestic mild cognitive impairment (30,
31). For this reason, we used the additional category of
“prodromal Alzheimer disease,” defined as cognitive im-
pairment without dementia with a pattern of clinical
symptoms or performance on neuropsychological testing
suggestive of prodromal Alzheimer disease and no other
medical or neuropsychiatric conditions present to preclude
an eventual diagnosis of Alzheimer disease. To show that
cognitive impairment is often the consequence of more
than 1 pathologic process, we assigned a primary and sec-
ondary diagnosis denoting these multiple causes when ap-
propriate.

www.annals.org

Figure. Study flow diagram.

Initial ADAMS sample selected
from the parent Health and
Retirement Study (n = 1770)

Not assessed at initial visit
(n =914):

Deceased: 227

Other reasons: 687

Assessed at initial visit (n = 856)

A

Targeted for follow-up (n = 333)

Normal: 58 Not assessed at follow-up visit

Cognitive impairment without (n=81):
dementia: 241 Deceased: 33
Dementia: 34 Normal: 2

Cognitive impairment
without dementia: 26
Dementia: 5

Other reasons: 48
Normal: 8
Cognitive impairment
without dementia: 35
Dementia: 5

Completed follow-up (n = 252)
Normal: 48
Cognitive impairment without
dementia: 180
Dementia: 24

ADAMS = Aging, Demographics, and Memory Study.

We selected a subset of ADAMS participants (Figure)
to undergo a follow-up assessment approximately 16 to 18
months after the initial assessment. Participants were cho-
sen if they received an initial diagnosis of cognitive impair-
ment without dementia or if they received an initial diag-
nosis of normal cognition or dementia and the consensus
panel thought the findings from the initial assessment were
ambiguous and that longitudinal follow-up would help
clarify the diagnosis. We used the same assessment proto-
col for both the initial and follow-up assessments.

Statistical Analysis

Using the ADAMS sample weights described previ-
ously, we computed estimates for the national prevalence
of cognitive impairment without dementia and its most
common subtypes in 2002. We then estimated the number
of individuals age 71 years or older with these conditions
in the United States in 2002 by using the ADAMS sample
weights. We compared characteristics of the major sub-
types by using analysis of variance and chi-square tests ad-
justed for the HRS complex sample design. Initially, we
used Rao chi-square tests adjusted for the HRS complex
sample design to compare rates of survival and follow-up
cognitive outcomes among the 4 most frequent subtypes of
cognitive impairment without dementia.

To examine the characteristics associated with cogni-
tive impairment without dementia and its progression to
dementia, we used logistic regression to assess the associa-
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Table 1. Characteristics of Baseline ADAMS Sample*

Characteristic

Total participants, n (%) 308 (100)
Mean Mini-Mental State Examination score (SD) 15.94 (4.27)
Mean Dementia Severity Rating Scale score (SD) 22.13 (8.50)
Mean age, y 84.45 (4.06)
Men, n (%) 95 (31.5)
Mean education (SD), y 10.33 (2.46)
Race/ethnicity, n (%)

Non-Hispanic white 218 (83.4)

Non-Hispanic black 67 (12.4)

Hispanic 23 (4.2)

All Dementia

All Cognitive Impairment
without Dementia

All Normal Cogpnition

241 (100) 307 (100)
24.75 (3.27) 27.84 (2.99)
6.17 (4.78) 1.59 (2.86)
80.92 (5.90) 77.37 (6.69)
119 (44.9) 141 (39.1)
10.81 (3.46) 12.36 (4.16)
157 (84.2) 238 (89.0)

52 (10.4) 40 (5.7)

32 (5.4) 29 (5.4)

* Values for 7 are unweighted. Means and percentages are weighted and calculated within columns. Because of missing data, the total number for the Mini-Mental State
Examination is 814 and the total number for Dementia Severity Rating Scale is 808. Totals do not all add up to 100% because of rounding. ADAMS = Aging,

Demographics, and Memory Study.

tion of age, years of education, sex (male = 1; female = 0),
race (black = 1; white = 0; other ethnic and racial groups
were excluded because of small sample sizes), and APOE
genotype (presence of g4 allele = 1; absence = 0).

We conducted all analyses by using SAS software, ver-
sion 9.1.3 (SAS Institute, Cary, North Carolina), and the
special survey procedures, which account for the influence
of weighting and the other features of the complex sample
design on the SEs and Cls of sample estimates, as well as
the values of test statistics.

Role of the Funding Source

The National Institute on Aging had no role in the
collection, management, analysis, and interpretation of the
data or the preparation, review, or approval of the manu-
script.

REsSULTS

Table 1 shows characteristics of the 856 ADAMS par-
ticipants, stratified by cognitive status. The cognitive im-
pairment without dementia group comprised individuals
who were well distributed across education levels and age
ranges and included 36 participants age 90 years or older.

Mean age increased from the normal cognition group to
the cognitive impairment without dementia and dementia
groups, whereas the mean level of education progressively
decreased across these groups. The Mini-Mental State Ex-
amination score (19) progressively declined from the nor-
mal cognition group to the cognitive impairment without
dementia group to the dementia group, whereas the De-
mentia Severity Rating Scale (20) score progressively in-
creased across these groups.

Table 2 shows the frequency and characteristics of the
subtypes of cognitive impairment without dementia. Patients
with the 4 most frequent subtypes (prodromal Alzheimer dis-
ease, medical conditions, stroke, and vascular cognitive im-
pairment without dementia) were similar in age, years of
education, Mini-Mental State Examination score, and De-
mentia Severity Rating Scale score. However, women were
more frequent in the medical conditions group than in the 3
other most common subtypes (chi-square, 12.17; P = 0.004).

Table 3 shows the national prevalence estimates for
cognitive impairment without dementia and its more fre-
quent subtypes, stratified by 9- or 10-year age ranges. It
also reports the estimated number of individuals with cog-

Table 2. Frequencies and Estimated Population Characteristics for Cognitive Impairment without Dementia Subtypes*

Cognitive Impairment Frequency, Mean Age Mean Education Mean Mini-Mental Men, Mean Dementia
without Dementia Subtype n (%) (SD), y (SD), y State Examination % Severity Rating
after Initial Assessment Score (SD) Scale Score (SD)
Prodromal Alzheimer disease 94 (34.2) 81.88 (5.94) 10.97 (3.58) 24.13 (3.44) 53.8 4.86 (3.94)
Medical conditions 55 (23.9) 80.28 (5.96) 10.51 (2.81) 24.63 (2.77) 26.5t 7.08 (4.97)
Stroke 34 (15.5) 81.04 (5.41) 11.78 (3.07) 25.70 (3.45) 55,5 6.25 (5.82)
Vascular cognitive impairment without dementia 20 (10.1) 78.63 (6.25) 11.10 (3.39) 25.80 (2.98) 36.2 5.20 (4.61)
Depression and other psychiatric disorders 10 (5.1) 80.21 (3.59) 11.21 (3.60) 23.67 (1.25) 14.6 7.98 (5.92)
Neurologic conditions 10 (5.2) 82.71 (6.71) 8.59 (5.29) 27.00 (2.89) 722 8.08 (5.19)
Amnestic mild cognitive impairment 4(2.8) 82.45(12.52)  12.59 (3.56) 25.72 (0.93) 45.8 12.08 (5.93)
Past or current alcohol abuse 6(1.7) 76.89 (1.34) 10.58 (2.78) 25.37 (1.92) 91.8 8.20 (2.89)
Low baseline intellect or presence of learning disorders 8(1.4) 81.12 (4.66) 3.06 (1.91) 16.51 (2.64) 37.2 2.52 (1.64)
Total 241 (100) 80.92 (5.90) 10.81 (3.46) 24.75 (3.27) 44.9 6.17 (4.78)

* Values for 7 are unweighted. Means and percentages are weighted and are calculated within columns. Some subtypes are grouped together because of small sample sizes.
Means or percentages are compared among the 4 most frequent cognitive impairment without dementia subtypes.
T Persons in the medical conditions subgroup were more likely to be female (7 = 0.004).
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Table 3. Estimated National Prevalence of Cognitive Impairment without Dementia, by Age Categories*

Age All Cognitive Impairment Prodromal Alzheimer Disease Vascular Cognitive Impairment Medical Conditions
without Dementia (n = 98)t without Dementia and Stroke (n = 55)t
(n = 241) (n = 54)t
Prevalence Population Prevalence Population Prevalence Population Prevalence Population
(95% Cl), % Estimate (95% ClI), % Estimate (95% Cl), % Estimate (95% ClI), % Estimate
(95% CI) (95% CI) (95% CI) (95% CI)
71-79y 16.0(11.5-20.5) 2.29 (1.65-2.94) 5.5 (2.6-8.4) 0.79 (0.37-1.20) 35(1.4-5.6) 0.50(0.20-0.80) 4.7 (1.2-8.5)  0.674 (0.17-1.22)
80-89y 29.2 (24.3-34.1) 2.41(2.00-2.81) 9.7 (6.4-13.1) 0.80 (0.528-1.081) 10.1 (6.4-13.9) 0.83 (0.53-1.15) 5.4 (2.1-8.7) 0.45 (0.17-0.72)
=90y  39.0(25.7-52.2) 0.73 (0.48-0.98) 22.4(11.9-32.9) 0.42 (0.22-0.62) 29(0.0-63) 0.05(0.0-0.12) 9.2(0.2-18.2)  0.17 (0.00-0.34)
Total  22.2(18.7-25.7) 5.43 (4.57-6.29) 8.2 (6.5-10.0) 2.01 (1.59-2.45) 5.7 (3.8-7.6) 1.39(0.93-1.86) 5.3 (2.6-8.0) 1.30 (0.64-1.96)

* Proportions are weighted. Population estimates in millions (and their Cls) were calculated by using the Aging, Demographics, and Memory Study population sampling

weights.

T “Prodromal Alzheimer Disease” includes amnestic mild cognitive impairment subtype. The 3 right columns are a subset of the column “All Cognitive Impairment without
Dementia.” The percentages across rows for these 3 subgroups do not equal the percentage for the “All Cognitive Impairment without Dementia” group because the latter

group includes additional subgroups not presented in the table.

nitive impairment without dementia in the United States
for the same groups. We estimated that 5.4 million people
age 71 years or older had cognitive impairment without
dementia in 2002, whereas an estimated 2.0 million had
prodromal Alzheimer disease. Because of the uncertainty
surrounding the diagnostic criteria for cognitive impair-
ment without dementia, we explored how the prevalence
estimates for dementia would change if we considered
some of those with a diagnosis of cognitive impairment
without dementia at the initial assessment to have had de-

mentia at baseline. For these analyses, we considered all
individuals who progressed to dementia at the follow-up
visit to have had dementia at baseline, whereas all those
who progressed to Alzheimer disease were considered to
have Alzheimer disease at baseline. Because estimates of the
prevalence of cognitive impairment without dementia for
persons younger than age 71 years are not available, we
used rates of dementia for persons age 60 to 71 years from
other studies (32, 33) and combined them with estimates
from this study and our previous research (11). This re-

Table 4. Outcomes of Cognitive Impairment without Dementia at Follow-up Assessment*

Follow-up Outcome

Diagnosis at Initial Assessment

All Cognitive Prodromal
Impairment Alzheimer
without Dementia Disease
Total participants, n 241 94
Follow-up completed, n 180 71
Dementia
Participants, n 39 21
Rate (+SE), % 16.7 =35 279 +74
Annualized rate (+=SE), % 11.7 =25 20.1 £55
Cognitive impairment without dementia
Participants, n 116 43
Rate (£SE), % 63.8 £ 6.1 53.7 = 8.0
Normal
Participants, n 25 7
Rate (£SE), % 19.6 = 4.2 18.4 = 4.0
Follow-up not completed, n 61 23
No visit
Participants, n 35 14
Rate (+SE), % 1.7 2.7 10.0 £ 2.8
Death
Participants, n 26 9
Rate (£SE), % 102 £2.2 89 +4.0
Annualized rate (=SE), % 8.0+ 22 6.4 +3.2

Medical Vascular Cognitive Stroke Other
Conditions Impairment
without Dementia
55 20 34 38
36 15 23 35
7 2 5 4
8634 93=*73 249 +50 26+13
6.0*=2.4 6.1 =49 171 =35 1.9 £ 0.9
19 12 14 28
544+ 65 83.8*7.0 615 *11.2 853 * 4.1
10 1 4 3
37.0 6.8 7.0+ 0.6 13.6 =7.9 12.1 £ 4.0
19 5 11 3
7 4 7 3
7414 304 £ 11.0 16.7 = 8.2 49 * 0.6
12 1 4 0
20.6 = 1.8 4.4 0.7 11.6 1.4 0
149 =23 4.4+ 0.7 1.6 1.4 0

* Values for 7 are unweighted. Percentages are weighted sample-based estimates of the change that occurred in the population that the sample represented. Percentages for
“Death” and “No visit” were calculated by column using the total number of participants. Percentages for “Dementia,” “Cognitive Impairment without Dementia,” and
“Normal” were calculated by column using the number of patients who completed follow-up assessment. Rate (%) is based on outcome at 16 to 18 months of follow-up.
Annualized rate for dementia was based on prorating to a 12-month interval the percentage that progressed to dementia. The annualized rate for the deceased is the percentage
of those who died within 12 months of initial assessment. All remaining “Cognitive Impairment without Dementia” subtypes are included in “Other.”
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sulted in an estimate of almost 4.7 million individuals age 60
years or older with dementia in the United States, up from
our previous estimate of 3.8 million, and a total of 3.3 million
with Alzheimer disease, up from 2.5 million (11).

In a logistic regression model, cognitive impairment
without dementia was more likely in older persons (odds
ratio [OR], 1.13 [95% CI, 1.09 to 1.17] per year) and men
(OR, 1.62 [CI, 1.09 to 2.41]) and less likely in those with
more years of education (OR, 0.89 [CI, 0.84 to 0.94] per
year). Among those with prodromal Alzheimer disease,
48.3% had at least 1 APOE €4 allele, a rate higher than
that in the 3 other most common subtypes (chi-square,
12.23; P = 0.007). However, the presence of an APOE &4
allele was not significantly related in the model to the odds
of cognitive impairment, including all subtypes (OR, 1.56
[CI, 0.92 to 2.67]). Race was not significantly associated
with cognitive impairment without dementia (OR, 1.29
[CI, 0.66 to 2.54]).

Appendix Tables 2 to 4 (available at www.annals.org)
present unweighted values from Tables 1 to 3, respectively.

We reassessed participants, on average, 17.04 months
(8D, 1.62) after their initial assessment. In a logistic regres-
sion model, progression from cognitive impairment with-
out dementia to dementia at follow-up was more probable
among older individuals (OR, 1.08 [CI, 1.02 to 1.14] per
year) and less probable among those with more years of
education (OR, 0.88 [CI, 0.81 to 0.96] per year). Men
tended to be less likely to progress to dementia (OR, 0.37
[CI, 0.13 to 1.05]). Neither race (OR, 0.46 [CI, 0.16 to
1.27]) nor presence of an APOE &4 allele (OR, 1.33 [CI,
0.55 to 3.23]) was significantly associated with progression
to dementia.

Table 4 summarizes the outcomes of the follow-up
assessments for the most frequent subtypes of cognitive
impairment without dementia. On follow-up, 80.4% of
participants were again classified as having cognitive im-
pairment without dementia or had progressed to dementia.
The annualized rate of progression to dementia was about
12%, whereas the rate of progression was 17% to 20% per
year in the prodromal Alzheimer disease and stroke groups.
Given the small sample sizes, differences in cognitive out-
comes (chi-square, 14.84; P = 0.062) and mortality out-
comes (chi-square, 4.19; P = 0.24) among the 4 most fre-
quent subtypes did not reach standard significance levels.
The 4 participants with amnestic mild cognitive impair-
ment at baseline remained cognitively impaired without
dementia at follow-up. Among those who had progressed
to dementia at follow-up, 83% had Alzheimer disease,
16.7% had possible vascular dementia, and 0.4% had de-
mentia of undetermined cause.

DiscussioN
The ADAMS has produced the first prevalence esti-

mates of cognitive impairment without dementia and its
major subtypes in a nationally representative sample in the
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United States. We estimate that 22.2% (about 5.4 million)
of individuals in the United States age 71 years or older
have cognitive impairment without dementia. These results
suggest that the number of individuals with cognitive im-
pairment without dementia in the United States is about
70% higher than that with dementia, based on our previ-
ous estimate (11) of 3.4 million individuals in this age
group in the United States with dementia. In the 71- to
79-year age group, 16% had cognitive impairment without
dementia, whereas an additional 5% had dementia (11),
suggesting that more than 1 of 5 individuals in this age
group has cognitive impairment. Overall, individuals with
cognitive impairment without dementia progressed to de-
mentia at a rate of about 12% per year, but the annual rate
of progression ranged from 2% to 20% across the various
subtypes. The overall annual mortality rate was 8%, but it
ranged from 0% to almost 15% across the various subtypes
of cognitive impairment without dementia.

To date, no other estimates of the number of individ-
uals with cognitive impairment without dementia in the
United States are available to compare with these ADAMS
estimates (MEDLINE search for English-language articles
to December 2007). Reviews often report the prevalence of
cognitive impairment without dementia as ranging from
5% to 29% (9, 10). Even so, estimates from the few avail-
able U.S. regional and Canadian samples report prevalence
rates for cognitive impairment without dementia of 17%
to 23% (34-36), closely bracketing the ADAMS estimate
of 22.2%. Selected European population studies using dif-
ferent criteria for cognitive impairment without dementia
report prevalence rates ranging from 21% to 27% (37, 38).

Our findings suggest that cognitive impairment with-
out dementia due to chronic medical conditions accounts
for about 24% of all cognitive impairment without demen-
tia in the United States. Previous research suggests that
individuals with this condition are less likely to be seen at
university clinics for memory disorders (39) and may be
excluded from clinical trials (31) even though numerous
epidemiologic studies have reported an association between
some of these medical conditions (for example, diabetes
and heart failure) and cognitive impairment (40). This
large group may be the most underdiagnosed subtype of
cognitive impairment without dementia, and their cogni-
tive impairment may get relatively less attention from med-
ical providers as the treatment of their primary health is-
sues takes priority.

Previous epidemiologic research (41) has noted varia-
tion across subtypes of cognitive impairment without de-
mentia in rates of prevalence, progression to dementia, and
mortality, which shows that cognitive impairment without
dementia is a heterogeneous condition with multiple
causes. Accurately distinguishing among subtypes of cogni-
tive impairment without dementia will become more im-
portant as effective treatments are developed.

No single set of consensus criteria for cognitive im-
pairment without dementia is currently available. This has
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led to debate about the appropriate classification of indi-
viduals in the zone between normal cognition and demen-
tia, which has implications for the interpretation of our
results. Whereas some research groups have pointed to
clinical, neuropathologic, and functional neuroimaging ev-
idence to suggest that individuals with mild impairment
constitute a distinct group in transition from normal cog-
nition to dementia (42), others have suggested that those
with mild impairment actually have early dementia (43).
When we assessed the effect on the prevalence rate of de-
mentia after classifying some participants with cognitive
impairment without dementia to have had dementia at
baseline, the prevalence rate for Alzheimer disease increased
but was still substantially less than the higher estimates of
4.5 million (44, 45) and 5 million with Alzheimer disease
(46) reported by other studies.

Limitations of ADAMS include possible response bias
from a participation rate that was lower than we hoped for.
To minimize response bias, we used archived information
from past interviews to develop response propensity mod-
els and associated weighting adjustments. The range of
available measures used in these models probably captured
most of the major factors that could statistically signifi-
cantly contribute to selection bias in our population esti-
mates. As proof of this, our calculations showed that the
total size of the population age 71 years or older in 2002
using the ADAMS sample weights closely matched the
population estimates from the U.S. Census Bureau (47).
Diagnostic errors may have occurred because of inaccura-
cies in the diagnostic criteria and in the assignment of the
diagnosis by the consensus panel. The criteria for both
cognitive impairment without dementia and its subtypes
are in the developmental stages and require further valida-
tion (48, 49). The diagnostic subtypes are loosely defined
and rely substantially on clinical judgment. They may not
truly reflect different causes or predict prognosis. However,
just as the criteria for several other neuropsychiatric condi-
tions have evolved over time, we expect that these criteria
will be refined after additional investigation to further
characterize clinical phenotypes, identification of specific
biological markers, and longer follow-up periods to deter-
mine outcomes. We attempted to minimize variability in
the assignment of the clinical diagnosis within this study
by using assessment teams based at a single site that used
methods established in our previous epidemiologic studies
and by using 1 expert case review panel.

Our findings show that cognitive impairment without
dementia affects a very large segment of the elderly popu-
lation. The heterogeneous presentation of symptoms and
outcomes in these individuals implies varied underlying
causes that may provide opportunities for prevention strat-
egies on several fronts. Prevention strategies may include
programs targeting stroke prevention, cardiovascular risk
factor reduction (for example, exercise and nutrition), and
similar proactive approaches to education and management
of chronic medical conditions. Positive gains from these
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strategies may reduce the prevalence of cognitive impair-
ment without dementia and may have marked benefits for
public health. Future longitudinal research using data from
HRS and ADAMS, as well as from other studies of aging,
may identify interventions that reduce the prevalence of
cognitive impairment without dementia and benefit pa-
tients, families, and our aging society.
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Appendix Table 1. Categories and Definitions of Cognitive Impairment without Dementia*

Category

Unspecified cognitive impairment without dementia

Definitions

Meets criteria for cognitive impairment without dementia, but pattern of clinical symptoms and

medical history do not fit criteria for other subtypes.

Prodromal Alzheimer disease

Pattern of clinical symptoms or performance on neuropsychological testing suggestive of

prodromal Alzheimer disease (typically gradual onset of impairment in the areas of memory
and executive function); no other medical or neuropsychiatric conditions present to preclude
an eventual Alzheimer disease diagnosis.

Amnestic mild cognitive impairment

Memory symptom as noted by a Dementia Severity Rating Scale Memory item score greater

than 2; at least 1.5 SD below mean on Wechsler Memory Scale Revised Logical Memory Il or
Delayed Recall on CERAD Word List Delayed Recall; MMSE score of at least 24; memory
domain score on CDR of 0.5 and overall CDR score less than 1.0; and symptoms not due to
major depression (adapted from reference 31).

Vascular cognitive impairment without dementia

Cognitive or functional impairment that had a gradual onset, seems to progress, and includes

inconsistent memory performance or slowed processing speed. These problems occur in the
presence of clinically significant cardiovascular or cerebrovascular conditions, but are not
temporally linked to a single stroke or transient ischemic attack.

Stroke Cognitive or functional deficits and a history of stroke or focal neurologic signs consistent with

a stroke.
Cognitive or functional impairment due to medical conditions or sensory impairment, such as

Medical conditions or sensory impairment

heart disease, lung disease, renal disease, sleep apnea, and other primarily chronic illnesses.
Sensory impairments include clinically significant loss of vision or hearing.

Neurologic conditions

Cognitive or functional impairment in the presence of a neurologic condition, such as Parkinson

disease, traumatic brain injury, or other conditions affecting the central nervous system.
Pattern of cognitive impairment is consistent with that expected for the specific condition,
and impairment is not due solely to motor impairment from the neurologic conditions.

Depression

Other psychiatric disorders

Cognitive or functional impairment in the presence of reported symptoms consistent with major
depression.
Cognitive or functional impairment in the presence of a neuropsychiatric disorder, such as

bipolar disorder, schizophrenia, or characteristics of personality disorder.

Past alcohol abuse

Cognitive or functional impairment in the presence of a history of alcohol abuse at least 6

months before.

Current alcohol abuse

Cognitive or functional impairment in the presence of ongoing alcohol abuse less than 6

months before.

Low baseline intellect or presence of a learning disorder

Cognitive or functional impairment that is thought to be consistent with the individual's adult

baseline function level. Performance on neuropsychological measures is impaired because of
lifelong low intellect or a learning disorder.

* Cognitive decline from a previous higher level of function is implied for all other subtypes except the low baseline intellect or presence of learning disorder group. CDR =
Clinical Dementia Rating scale; CERAD = Consortium to Establish a Registry for Alzheimer Disease; MMSE = Mini-Mental State Examination.
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Appendix Table 2. Characteristics of Baseline ADAMS Sample*

Characteristic

Total participants, n (%)
Mean Mini-Mental State Examination (SD) score
Mean Dementia Severity Rating Scale (SD) score
Mean age (SD), y
Men, n (%)
Mean education (SD), y
Race/ethnicity, n (%)
Non-Hispanic white
Non-Hispanic black
Hispanic

All Dementia

308 (100)
14.34 (6.37)
23.14 (13.19)
85.35 (6.87)

95 (30.8)

9.47 (4.25)

218 (70.8)
67 (21.8)
23 (7.5)

All Cognitive Impairment
without Dementia

241 (100)
22.94 (4.24)
6.40 (5.41)
81.42 (6.91)
119 (49.4)
8.95 (4.59)

157 (65.1)
52 (21.6)
32 (13.3)

All Normal Cogpnition

307 (100)
26.99 (2.91)
1.83 (2.68)
77.93 (5.35)
141 (45.9)
11.53 (3.77)

238 (77.5)
40 (13.0)
29 (9.5)

* Values for 7 are unweighted. Percentages are unweighted. Unweighted percentages do not represent the population. Because of missing data, the total number for the
Mini-Mental State Examination is 814 and the total number for Dementia Severity Rating Scale is 808. Totals do not all add up to 100% because of rounding. ADAMS = Aging,

Demographics, and Memory Study.

Appendix Table 3. Frequencies and Percentages for Cognitive Impairment without Dementia Subtypes*

Cognitive Impairment without Dementia
Diagnosis after Initial Assessment

Prodromal Alzheimer disease

Medical conditions

Stroke

Vascular cognitive impairment without dementia

Depression and other psychiatric disorders

Neurologic conditions

Amnestic mild cognitive impairment

Past or current alcohol abuse

Low baseline intellect or presence of learning disorders
Total

Frequency,
n (%)

94 (39.0)
55 (22.8)
34 (14.1)
20 (8.3)
10 (4.1)
10 (4.1)

4(1.7)

6 (2.5)

8 (3.3)

241 (100.0)

Mean Age
(SD), y

83.35 (6.99)
80.62 (7.05)
80.50 (6.72)
79.45 (6.53)
79.00 (3.83)
82.20 (6.18)
79.75 (9.22)
77.33 (2.88)
79.00 (8.05)
81.42 (6.91)

Mean
Education
(SD), y

8.90 (5.06)
8.95 (4.03)
9.94 (4.07)
9.90 (3.95)
8.70 (4.24)
9.60 (3.81)
11.50 (3.32)
6.33 (5.72)
3.00 (3.21)
8.95 (4.59)

Mean Mini-Mental
State Examination
Score (SD)

22.12 (4.41)
23.39 (3.79)
23.53 (4.52)
24.50 (2.89)
23.20(1.93)
26.00 (3.46)
25.50 (1.00)
23.60 (3.85)
17.25 (4.59)
22.94 (4.24)

Male Sex, Mean Dementia

%

47.9
34.5
64.7
50.0
60.0
70.0
50.0
66.7
375
49.4

Severity Rating
Scale Score (SD)

5.70 (5.31)
7.11 (5.53)
5.91 (5.25)
6.09 (5.04)
8.33 (6.24)
7.38 (5.63)
11.00 (4.24)
8.50 (7.40)
2.86 (2.97)
6.40 (5.41)

* Values for 7 are unweighted. Percentages are unweighted and are calculated within columns. Unweighted percentages do not represent the population. Some subtypes are

grouped together because of small sample sizes.

Appendix Table 4. Subtypes of Cognitive Impairment without Dementia, by Age Categories (Unweighted)*

Age All Cognitive Impairment
without Dementia, n

71-79y 94
80-89 y 111
=90y 36

Total 241

Prodromal Alzheimer

Disease, nt

30
46
22
98

Vascular Cognitive Impairment
without Dementia
and Stroke, nt

21
29

4
54

Medical
Conditions,
nt

26
21

8
55

* Values for 7 are unweighted.

T “Prodromal Alzheimer Disease” includes mild cognitive impairment subtype. The 3 right columns are subsets of “All Cognitive Impairment without Dementia.” The sums
of these 3 subgroups do not equal the total for the “All Cognitive Impairment without Dementia” group because the latter group includes additional subgroups not presented

in the table.
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