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Abstract: As the population ages, the need to characterize rates of
cognitive impairment and dementia within demographic groups
defined by age, sex, and race becomes increasingly important.
There are limited data available on the prevalence and incidence of
amnestic mild cognitive impairment (aMCI) and nonamnestic mild
cognitive impairment (naMCI) from population-based studies. The
Einstein Aging Study, a systematically recruited community-based
cohort of 1944 adults aged 70 or older (1168 dementia free at
baseline; mean age, 78.8 y; average follow-up, 3.9 y), provides the
opportunity to examine the prevalence and incidence rates for
dementia, Alzheimer dementia (AD), aMCI, and naMCI by
demographic characteristics. Dementia prevalence was 6.5%
(4.9% AD). Overall dementia incidence was 2.9/100 person-years
(2.3/100 person-years for AD). Dementia and AD rates increased
with age but did not differ by sex. Prevalence of aMCI was 11.6%,
and naMCI prevalence was 9.9%. aMCI incidence was 3.8 and
naMCI incidence was 3.9/100 person-years. Rates of aMCI
increased significantly with age in men and in blacks; sex,
education, and race were not significant risk factors. In contrast,
naMCI incidence did not increase with age; however, blacks were
at higher risk compared with whites, even when controlling for sex
and education. Results highlight the public health significance of
preclinical cognitive disease.
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In 2005, it was estimated that over 24 million people
worldwide had dementia. Dementia rates were higher in

developed countries (North America and Western Europe)
and lower in developing regions (Latin America, China,
and the Western Pacific).1 The US Census Bureau predicts
that the population of adults above the age of 65 will
double to constitute nearly 20% of the US population in
the next 25 years.2 Age-associated illnesses, particularly
mild cognitive impairment (MCI) and dementia, are
projected to have profound consequences for older adults,
caregivers, the health care delivery system, and society.
Detailed knowledge of age-specific, sex-specific, and race-
specific rates of onset of MCI and dementia, as well as of
their subtypes, is required to target interventions and
develop preventive strategies.

Prior work has demonstrated that rates of dementia
increase exponentially with age.3,4 The influence of race is
less well established. Some studies report that the incidence
and prevalence of dementia are higher in blacks than in
whites,5–7 whereas others suggest that differences in demen-
tia rates by race may be attributable to differences in
education, socioeconomic status, health, or cultural fac-
tors.8,9 Additional studies are necessary to characterize rates
of onset for dementia and cognitive impairment in ethnically
diverse community-based studies to address these issues.

There has been increased interest in defining and
diagnosing the stages of cognitive impairment that precede
dementia, such as amnestic mild cognitive impairment
(aMCI) and nonamnestic mild cognitive impairment
(naMCI).10 However, few population-based longitudinal
studies have reported the incidence and prevalence of these
conditions. In addition, there is a paucity of information
regarding age-specific, sex-specific, and race-specific rates of
aMCI and naMCI. Studies that seek to enrich our
understanding of these preclinical states will support health
planning and facilitate the development of innovative
preventive and treatment efforts that take age, sex, and
race into account.

The Einstein Aging Study (EAS) is a longitudinal study
of cognitive aging and dementia; the sample includes
systematically recruited older adults drawn from an urban,
multiethnic, community-dwelling population in Bronx
County, NY. Participants receive comprehensive annual
medical and neuropsychological evaluations. Using data
from this cohort, we report total and age-specific prevalence
and incidence rates for dementia, Alzheimer dementia (AD),
aMCI, and naMCI overall and categorized by sex and race.
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METHODS

Study Population/Eligibility
The EAS cohort has used systematic recruiting

methods to reduce the selection biases that arise from
clinic-based samples and to capture the racial diversity
within the Bronx community. Since 1993, a total of 1944
participants have been enrolled. Between 1993 and 2004,
information from the Health Care Financing Administra-
tion/Centers for Medicaid and Medicare Services rosters
for Medicare-eligible persons aged 70 or above was used to
develop sampling frames of community-residing partici-
pants in Bronx County. Since 2004, the New York City
Board of Elections-registered voter lists for the Bronx have
been used because of changes in policies for release of the
Health Care Financing Administration/Centers for Medic-
aid and Medicare Services rosters. Individuals were mailed
introductory letters regarding the study and were then
contacted over telephone to complete a brief screening
interview.11 Potential participants who met preliminary
eligibility criteria on the telephone were invited for further
screening at the EAS clinical research center to determine
final eligibility.

Eligible participants were at least 70 years old, Bronx
residents, noninstitutionalized, and English speaking. Ex-
clusion criteria included visual or auditory impairments
that preclude neuropsychological testing, active psychiatric
symptomatology that interfered with the ability to complete
assessments, and nonambulatory status. Written informed
consent was obtained at the initial clinic visit. The local
institutional review board approved the study protocol.

EAS Assessment Battery
In-person evaluations were completed at baseline and

at subsequent 12-month intervals.

Demographic and Health Status
Demographic information included self-reported race/

ethnicity as defined by the US Census Bureau in 1994,
education, previous occupations, income, marital status, and
religion. Data on medical history, medications, family
history, and health behaviors were obtained. Functional
status was assessed using the clinical history form (C1 A:
cognitive impairment/ dementia form) which is included in
the Clinical and Neuropsychology Assessment of the Con-
sortium to Establish a Registry for Alzheimer’s Disease
(CERAD),12 a cognitive/functional impairment instrument,
and the Instrumental Activities of Daily Living (IADL) Scale,
a subscale of the Lawton Brody IADL Scale.13 The score on
the IADL was based on 5 domains of function that were
common to both elderly men and women. Scores for each
domain were dichotomized as impaired versus nonimpaired,
and then the domain scores were summed. If the participant
agreed, an informant completed the CERAD clinical history
form,12 a cognitive/functional impairment instrument, and
the Informant Questionnaire on Cognitive Decline in the
Elderly14 forms.

Psychosocial Status
The 15-item Geriatric Depression Scale (GDS) was

used to screen for depression.15 GDS ranged from 0 to 15
with scores of 6 or above indicating clinical depression.
Anxiety was assessed using The Beck Anxiety Inventory.16

These instruments have high reliability and validity in
community-based samples.17

Neurological Examination
The standard neurological physical examination was

adapted from the Unified Parkinson’s Disease Rating
Scale.18 The evaluation assessed the participant’s memory
for significant recent events pertaining to news and personal
events. The coherence and focus of responses, repetitive-
ness, and language were determined. When possible,
informants were interviewed to ascertain whether they
had noted any cognitive changes in the participant and to
assess the accuracy of the participant’s responses. The
neurologist also assessed each participant for abnormal
behaviors, fluctuation in cognition, and history of sleep
disturbance and visual/auditory hallucinations. The neu-
rologist assigned a Hachinski Ischemic Score,19 a Clinical
Dementia Rating,20 and provided a clinical impression of
the presence or absence of dementia.

Neuropsychological Testing
Global cognitive status was ascertained by the Blessed

Information–Memory-Concentration Test.21 Memory was
measured using the Free and Cued Selective Reminding
Test22 and the Logical Memory I23 subtest from the
Wechsler Memory Scale-Revised. Attention was measured
using the Trail Making Test part A24 and the Digit Span
subtest of the Wechsler Adult Intelligence Scale-III.25

Executive function was measured using the Trail Making
Test part B24 and the Letter Fluency “Forum Automation
Solution” task.26 Visuospatial construction was measured
using the Block Design subtest and the Digit Symbol
subtest, both from Wechsler Adult Intelligence Scale-III.25

Language was measured using the Category Fluency task
(animals, vegetables, and fruits)27 and the Boston Naming
Test.28

Physical Measures
Anthropometrics, blood pressure, grip strength, and

peak flow were measured according to standard protocols,
and a fasting blood sample was obtained.

EAS Outcomes

Dementia and AD
A diagnosis of dementia was based on standardized

clinical criteria from the Diagnostic and Statistical Manual,
Fourth Edition,29 and required impairment in memory plus
at least 1 additional cognitive domain, accompanied by
evidence of functional decline. Diagnoses were assigned at
consensus case conferences, which included a comprehen-
sive review of cognitive test results, relevant neurological
signs and symptoms, and functional status. Memory impair-
ment was defined as scores in the impaired range on any
of the memory tests in the neuropsychological battery (Free
and Cued Selective Reminding Testr2430 or 1.5SD below the
age-adjusted mean on Logical Memory). Functional decline
was determined at case conference based on information
from self-report or informant report, impairment score on
the IADL Lawton Brody Scale,13 clinical evaluation, and
informant questionnaires.

AD was diagnosed in participants with dementia
meeting clinical criteria for probable or possible disease
established by the National Institute of Neurological and
Communication Disorders and Stroke and the Alzheimer
Disease and Related Disorders Association.31 Here, AD
refers to AD alone or in combination with other dementia
disorders. Incident dementia and AD were diagnosed in
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persons free of dementia at baseline who met the criteria at
follow-up.

A subset of individuals who participated in the clinical
studies of the EAS came to autopsy, providing an important
quality control for diagnostic accuracy. A clinical diagnosis
of dementia had a positive predictive value of 96% for
significant pathology upon autopsy. A clinical diagnosis of
possible or probable AD had a positive predictive value of
79% for the presence of National Institute on Aging-Reagan
intermediate or high likelihood Alzheimer-type pathology on
the basis of an autopsy sample of 175.

MCI
Participants were classified as having aMCI if the

memory domain was impaired or naMCI if there was
impairment in 1 or more domains other than memory as
defined below. For incidence analyses, participants were
classified according to the subtype of MCI that occurred
first. Persons eligible for incident MCI were therefore free
of dementia and MCI at baseline.

i. aMCI was diagnosed according to updated criteria10

and required objective memory impairment as stated above,
subjective memory impairment indicated by responses to
self-reports or informant reports (self: CERAD12; inform-
ant: CERAD12 or IQ CODE14), absence of functional
decline (based on self-report or informant report, or
absence of impairment on any of the domains measured
in the IADL Lawton Brody Scale13), and that they be not
classified as clinically demented. The aMCI group included
both multiple and single-domain aMCI, as anyone who met
the aMCI memory impairment criterion was included in the
aMCI group regardless of whether they had cognitive
impairments in other domains.

ii. naMCI was diagnosed in nondemented participants
without functional impairment who did not meet memory
criterion for aMCI but had impairment (1.5 SD below the
age-adjusted mean) in at least 1 nonmemory cognitive
domain of attention, executive function, visuospatial
ability, or language.

Data Analysis
Prevalence rates for dementia, AD, aMCI, and naMCI

were calculated according to status at baseline assessment.
Incidence rates were calculated as estimates of cases/100
person-years of follow-up in persons free of outcomes at
baseline overall, by age, by age within sex, and race. Race-
specific analyses were presented for those who identified
themselves as non-Hispanic white (NHW) or non-Hispanic
black (NHB). As these 2 groups constituted 94.8% of the
EAS population, analyses within other racial/ethnic sub-
groups were not possible because of low sample size and
inadequate numbers of events. Person-years of follow-up
were calculated as the time between the baseline clinic visit
and final follow-up examination, incident event, or death,
whichever occurred earliest. For age-specific incidence,
both cases and person-time were allocated to the appro-
priate age range. Confidence intervals (CI) were calculated
using overdispersed Poisson regression models. Trend tests
were conducted for each of the sex-specific and race-specific
subgroups using quasilikelihood regression models that
included interaction terms. Cox proportional hazards
models with chronological age as the time scale were used
to estimate the association of incident dementia, AD,
aMCI, and naMCI as a function of education, sex, and
race. The proportional hazards assumption was tested for
these models using sums of weighted residuals.

RESULTS

Baseline Demographics
The total EAS cohort included 1944 individuals. History

of myocardial infarcts was reported by 10% of participants;
9% had experienced a stroke earlier, 57% had hypertension,
and 17% had prevalent diabetes. The GDS identified 10.8%
with clinically meaningful depression. Prevalence of these
comorbidities was similar to rates for persons above the age
of 65 in the US population.32 At baseline, 7.5% of the partici-
pants were current smokers and 46% were prior smokers.

At baseline, 126 of the 1944 participants (6.8%) were
classified as having dementia (prevalent dementia) and 95

TABLE 1. Baseline Characteristics by Status at Enrollment and Follow-up

Cohort at

Baseline*

Never

Developed

MCI or

Dementia

Normal at

Baseline,

Incident

MCI, No

Dementia

Normal at

Baseline,

MCI Not

Observed,

Incident

Dementia

Normal at

Baseline,

Incident

MCI,

Incident

Dementia

MCI at

Baseline, No

Dementia

MCI at

Baseline,

Incident

Dementia

Sample size 1168 660 220 33 39 158 58
Age at
baseline—
mean (SD)

78.8 (5.42) 78.2 (4.98) 79.0 (6.00) 81.1 (4.96) 80.3 (5.80) 79.4 (5.82) 81.7 (5.31)

Males (%) 39.3 39.2 39.0 27.3 38.5 43.0 37.9
Education in
years—
mean (SD)

13.5 (3.50) 13.9 (3.49) 13.1 (3.27) 12.0 (3.24) 13.4 (3.39) 12.5 (3.43) 13.2 (4.00)

Non-Hispanic
white (%)

70.0 75.0 64.5 63.6 71.8 59.5 65.5

BIMC test—
mean (SD)

2.45 (2.34) 1.76 (1.88) 2.64 (2.05) 4.06 (2.89) 2.90 (2.35) 3.54 (2.58) 5.14 (2.94)

*Participants free of prevalent dementia at baseline who had at least 2 annual evaluations.
BIMC indicates Blessed Information–Memory-Concentration test; MCI, mild cognitive impairment (includes both amnestic and nonamnestic MCI).
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(4.9%) were subtyped as AD. Of the 1818 remaining
individuals, 211 (11.6%) had prevalent aMCI, and 179
(9.9%) had prevalent naMCI. Sixty-four per cent (1168
participants) had at least 1 follow-up evaluation. Incidence
rates were estimated for the 1168 participants who were free
of dementia at baseline and had undergone a minimum of 2
clinic evaluations (Table 1). The mean age of this cohort at
baseline was 78.8 years; 39.3% were males and 70.0% were
NHW. On the basis of an average of 3.9 years of follow-up
(range, 1 to 16 y), we identified 130 incident dementia cases,
127 incident aMCI cases, and 132 incident naMCI cases.
Those who developed incident dementia or incident MCI
were slightly older, less educated, performed less well on a
test of global cognitive status, and were more likely to be
black or female. Of the 130 incident dementia cases, 58 had
prevalent MCI at baseline and 39 developed incident MCI
and progressed to dementia (Table 1).

Incidence of Dementia and AD
Table 2 shows the number of cases and the sex-specific,

age-specific, and race-specific incidence rates for all-cause
dementia and specifically for AD. The overall incidence rate

of dementia for this population was 2.89 (2.33 to 3.58) per
100 person-years. As age increases, the rates of dementia
increase overall for both men and women (trend test: men,
P=0.003; women, P=0.00003) and for whites and blacks
(trend test: whites, P=0.00007; blacks, P=0.0003). The
incidence of dementia approximately doubled with each
5-year age interval, ranging from 0.66/100 person-years at
ages 70 to 74 years to 11.30/100 person-years for those 90
years or more (Fig. 1). Age-specific rates for blacks were
not significantly higher than for whites based on the
interaction term in the quasilikelihood regression model.

The overall incidence for AD was 2.26 (1.76 to 2.91) per
100 person-years. As age increased, the rate of AD increased
for both men and women (trend test: men, P=0.0016;
women, P=0.00017) and for whites and blacks (trend test:
whites, P=0.0001; blacks, P=0.001). Men had nonsignifi-
cantly lower rates of AD in the younger age groups, and there
were no differences in AD incidence by race.

Incidence of aMCI and naMCI
The overall incidence rate for aMCI was 3.79 (3.03 to

4.73) per 100 person-years and for naMCI it was 3.94 (3.17

TABLE 2. Incidence of All-cause Dementia and AD in the EAS Cohort: Person-years at Risk, Number of Cases, and Rates by Sex, Age, and
Race (95% CI in Parentheses)

Incident Dementia Incident Alzheimer Dementia

Sex or Race By

Age Group Person-years No. Cases

Rate/100

Person-years Person-years No. Cases

Rate/100

Person-years

Total cohort
70-74 628.21 4 0.64 (0.17-2.39) 628.21 4 0.64 (0.17-2.39)
75-79 1368.23 19 1.39 (0.78-2.48) 1368.23 14 1.02 (0.50-2.09)
80-84 1444.74 40 2.79 (1.52-5.03) 1444.74 31 2.15 (1.29-3.56)
85-89 859.23 44 5.12 (3.01-8.70) 859.23 33 3.84 (1.95-7.58)
90+ 203.57 23 11.30 (5.55-22.99) 203.57 20 9.82 (4.61-20.92)
Total 4504.00 130 2.89 (2.33-3.58) 4504.00 102 2.26 (1.76-2.91)

Males
70-74 249.00 1 0.40 (0.03-6.27) 249.00 1 0.40 (0.03-6.27)
75-79 551.27 4 0.73 (0.12-4.51) 551.27 2 0.36 (0.01-9.44)
80-84 570.46 16 2.80 (0.91-8.65) 570.46 12 2.10 (1.00-4.41)
85-89 345.02 14 4.06 (1.38-11.96) 345.02 10 2.90 (0.67-12.48)
90+ 79.97 11 13.76 (4.21-44.93) 79.97 9 11.25 (3.12-40.53)
Total 1795.72 46 2.56 (1.77-3.71) 1795.72 34 1.89 (1.22-2.94)

Females
70-74 379.21 3 0.79 (0.17-3.61) 379.21 3 0.79 (0.17-3.61)
75-79 816.96 15 1.84 (1.06-3.19) 816.96 12 1.47 (0.78-2.76)
80-84 874.29 24 2.75 (1.43-5.28) 874.29 19 2.17 (1.10-4.30)
85-89 514.22 30 5.83 (3.23-10.55) 514.22 23 4.47 (2.13-9.40)
90+ 123.61 12 9.71 (4.18-22.56) 123.61 11 8.90 (3.60-22.00)
Total 2708.27 84 3.10 (2.38-4.04) 2708.27 68 2.50 (1.85-3.41)

Whites*
70-74 373.70 2 0.53 (0.09-3.19) 373.70 2 0.54 (0.09-3.19)
75-79 900.63 11 1.22 (0.54-2.78) 900.63 10 1.11 (0.45-2.72)
80-84 1052.36 26 2.47 (1.07-5.71) 1052.36 19 1.81 (0.94-3.48)
85-89 658.56 30 4.55 (2.47-8.40) 658.56 21 3.19 (1.39-7.31)
90+ 161.12 18 11.17 (4.81-25.93) 161.12 16 9.93 (4.16-23.73)
Total 3146.37 87 2.77 (2.13-3.60) 3146.37 68 2.16 (1.58-2.96)

Blacks*
70-74 201.65 1 0.50 (0.03-7.42) 201.65 1 0.50 (0.03-7.42)
75-79 399.68 7 1.75 (0.75-4.09) 399.68 4 1.00 (0.34-2.97)
80-84 352.38 12 3.41 (1.56-7.46) 352.38 10 2.84 (1.14-7.08)
85-89 175.36 13 7.41 (2.53-21.74) 175.36 11 6.27 (1.80-21.88)
90+ 40.49 5 12.35 (3.41-44.74) 40.49 4 9.88 (2.12-46.08)
Total 1169.57 38 3.25 (2.17-4.87) 762.67 30 3.54 (2.26-5.56)

*Sum of whites and blacks do not add to the total sample because those who designated race as “other” were not included (N=51).
AD indicates Alzheimer dementia; CI, confidence interval; EAS, Einstein Aging Study.
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to 4.89) per 100 person-years. Table 3 shows the sex-
specific, age-specific, and race-specific incidence rates for
aMCI and naMCI. The rates of aMCI increased with age in
men (trend test, P=0.039) and in blacks (trend test,
P=0.002). Rates increased with age in women and in
whites, but the trend was not significant. The rate of aMCI
increased for individuals aged 90 or above in all subgroups
of sex and race (Wald test: men, P=0.059; women
P=0.0085; whites, P=0.018; blacks, P=0.0048). In
contrast, the naMCI rates did not increase sharply with
age for any subgroup (Fig. 1).

Demographic Risk Factors
Table 4 shows the results of the Cox proportional

hazard models analyzing the effect of demographic
variables on the risk of dementia, aMCI, and naMCI. A
similar model was used for AD (not shown). Race,
education, and sex were not significant risk factors for
dementia, AD, or aMCI. Blacks were twice as likely as
whites (hazard ratio, 2.04; CI, 1.39-3.01) to develop
naMCI; education (hazard ratio, 0.95; CI, 0.90-0.997) was
protective for naMCI.

DISCUSSION
We documented overall prevalence of dementia, AD,

aMCI, and naMCI in a community sample of older adults
in the Bronx. In addition, we assessed the age-specific, sex-
specific, and race-specific incidence rates in this community.
The EAS sample was diverse; it included 25% NHB, and

individuals with a broad range of educational achievement
(0 to 25 y). Age ranged from 70 to 101 years. Our results
highlight the importance of preclinical cognitive disease in
the population. Over 20% of the EAS sample was classified
as having either prevalent aMCI or naMCI. Elderly black
individuals seem to be at increased risk for naMCI.

A number of factors may explain the variability in
rates across studies. Differences may be partly due to
varying definitions of dementia, AD, aMCI, and naMCI or
due to the application of these definitions. Geographical
differences in rates may be attributable to variations in
survival rates and to the prevalence of putative and
protective factors. These factors may be environmental,
genetic, or both.

Prevalence/Incidence of Dementia and AD
In the EAS, the prevalence of dementia was 6.5% and

prevalence of AD was 4.9%. These rates are consistent with
those reported in North American populations of com-
parable age.33

The overall incidence rate of dementia for the EAS
cohort was 2.89/100 person-years. When taking the age
distributions into account, the EAS rate is generally
consistent with those reported by other population-based
studies.9,34–36 Launer et al37 pooled results from 4 Euro-
pean countries included in the European Studies of
Dementia network to provide overall and age-specific
dementia rates. The overall rate of dementia was lower
than EAS (1.84/100 person-years), most likely because of
the younger age distribution in these samples. However, the
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FIGURE 1. Age-specific incidence of dementia, AD, aMCI, and naMCI by sex and race. AD indicates Alzheimer dementia; aMCI,
amnestic mild cognitive impairment; naMCI, nonamnestic cognitive impairment; P-Y, person-years of follow-up.
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age-specific rates for the incidence of dementia were very
similar. Similarly, Kukull et al34 reported an overall
dementia rate of 2.03/100 person-years for members of
the Group Health Cooperative of Puget Sound. Again, the
lower dementia rate is likely because of the younger age of
the cohort; however, when age-specific rates were com-
pared, they were similar. Incidence in the 90+ age group
was reported in a cohort study of residents of Laguna
Woods, CA.36 The rate of dementia in those between 90
and 94 years of age was 12.7% per year, comparable to our
estimate of 11.3% per year in the EAS 90+ group (mean
age, 92.8 y).

AD alone or in association with other dementia
disorders comprised 77% of all dementia cases within the
EAS. The overall AD incidence rate was 2.26/100 person-
years in EAS. For persons up to age 85, the age-specific rates
for AD were similar to those reported in other studies.1

Comparisons for the 90+ age group are difficult, as
the specific AD cases above age 90 are not uniformly
reported. However, EAS rates are higher than the Euro-
pean Studies of Dementia network and Puget Sound studies
in that age stratum.

Dementia and AD: Age Trends
In the EAS, the rates of dementia increased sharply

with age. Similar findings in a meta-analysis presented by
Jorm and Jolley35 showed that among 23 studies age-
specific incidence rates increased exponentially up to the
age of 90. Corrada et al36 reported similar results for age
distributions beginning with 90 to 94 years (12.7% per year)
and ending with rates for a 100+ age group (40.7% per
year). AD rates also increased exponentially with age in the
EAS, similar to prior reports.1,34,37

Dementia and AD: Sex-specific Rates
Dementia rates were similar in men and women; both

groups showed an increase in rates with age. The results
from Jorm and Jolley,35 Corrada et al,36 and Fitzpatrick
et al9 agree with these results, with the exception of those
for the oldest-old age group. Prior reports have shown that
in the 90+ age group, women tend to have a higher
incidence of dementia, in particular AD.9,34,35,37 In
contrast, EAS AD rates for men were nonsignificantly
lower than those for women before the age of 90.

TABLE 3. Incidence of aMCI and naMCI in the EAS Cohort: Person-years at Risk, Number of Cases, and Rates by Sex, Age, and Race
(95% CI in Parentheses)

Incident aMCI Incident naMCI
Race, Sex,

Age Groups Person-years No. Cases Rate/100 Person-years Person-years No. Cases Rate/100 Person-years

Total cohort
70-74 499.08 13 2.60 (1.37-4.94) 499.08 23 4.61 (2.91-7.30)
75-79 1057.96 21 1.98 (0.32-12.50) 1057.96 40 3.78 (2.09-6.85)
80-84 1084.41 44 4.06 (2.42-6.80) 1084.41 31 2.86 (1.45-5.62)
85-89 563.34 31 5.50 (1.84-16.44) 563.34 28 4.97 (2.67-9.24)
90+ 125.42 18 14.35 (3.14-65.58) 125.42 10 7.97 (4.00-15.88)
Total 3354.33 127 3.79 (3.03-4.73) 3354.33 132 3.94 (3.17-4.89)

Males
70-74 198.40 6 3.02 (1.16-7.90) 198.40 9 4.54 (2.35-8.76)
75-79 424.56 8 1.88 (0.70-5.07) 424.56 18 4.24 (2.37-7.59)
80-84 405.69 18 4.44 (2.02-9.72) 405.69 13 3.20 (1.20-8.53)
85-89 225.24 15 6.66 (2.56-17.33) 225.24 8 3.55 (1.37-9.22)
90+ 45.89 4 8.72 (4.17-18.23) 45.89 2 4.36 (1.22-15.62)
Total 1308.93 51 3.90 (2.70-5.61) 1308.93 50 3.82 (2.69-5.43)

Females
70-74 300.67 7 2.33 (0.99-5.46) 300.67 14 4.66 (2.48-8.74)
75-79 633.40 13 2.05 (0.11-37.45) 633.40 22 3.47 (1.32-9.15)
80-84 678.73 26 3.83 (1.93-7.59) 678.73 18 2.65 (1.05-6.70)
85-89 338.10 16 4.73 (0.70-31.90) 338.10 20 5.92 (2.73-12.82)
90+ 79.52 14 17.61 (2.67-116.26) 79.52 8 10.06 (4.61-21.95)
Total 2045.40 76 3.72 (2.81-4.91) 2045.41 82 4.01 (3.05-5.28)

Whites*
70-74 312.16 10 3.20 (1.53-6.73) 312.16 8 2.56 (1.31-5.02)
75-79 730.40 14 1.92 (0.13-29.35) 730.40 17 2.33 (0.68-7.99)
80-84 845.40 34 4.02 (2.29-7.07) 845.40 22 2.60 (1.36-5.00)
85-89 463.02 24 5.18 (1.27-21.09) 463.02 20 4.32 (2.05-9.09)
90+ 101.12 13 12.86 (1.63-101.42) 101.12 8 7.91 (3.69-16.94)
Total 2462.32 95 3.86 (2.96-5.03) 2462.32 75 3.05 (2.31-4.01)

Blacks*
70-74 148.28 2 1.35 (0.29-6.37) 148.28 11 7.42 (3.67-15.01)
75-79 286.81 5 1.74 (0.73-4.16) 286.81 18 6.28 (3.61-10.92)
80-84 213.18 9 4.22 (1.12-15.87) 213.18 7 3.28 (0.50-21.71)
85-89 80.63 6 7.44 (2.56-21.63) 80.63 7 8.68 (2.69-27.97)
90+ 22.34 5 22.38 (7.71-64.99) 22.34 1 4.48 (0.27-74.54)
Total 762.67 27 3.54 (2.26-5.56) 762.67 44 5.77 (3.90-8.54)

*Sum of whites and blacks do not add up to the total sample, as those who designated race as “other” were not included (N=51).
aMCI indicates amnestic mild cognitive impairment; naMCI, nonamnestic mild cognitive impairment; CI, confidence interval; EAS, Einstein Aging Study.
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Dementia and AD: Race-specific Rates
A few studies have compared dementia rates by race

within the same geographic area, and results have been
inconsistent across studies. In the EAS population-based
sample, we observed no differences in rates of total
dementia among whites and blacks. The Cox models
showed that race was not a significant risk factor for
dementia after adjustment for sex and education. The
model for AD showed similar nonsignificant results.

Blacks have been reported to have higher incidence of
AD compared with NHWs in a cohort of community-based
residents of northern Manhattan.6,7 Gurland et al6 reported
higher prevalence and incidence of all-cause dementia for
African Americans compared with non-Latino whites in the
North Manhattan Aging Project, although the excess
incidence among African Americans was observed only
below the age of 85. Tang and colleagues7 has reported
higher incidence of AD for blacks than for NHWs in a
community-based sample from northern Manhattan. These
differences were not attributable to differences in education,
nor to differences in frequency of cardiovascular comor-
bidities. In contrast, other studies have not observed race
differences in dementia,8 nor have they found that differ-
ences are diminished after adjustment for age and
education.9 Fillenbaum et al8 reported no differences in
incidence rates for all-cause dementia between blacks and
whites in the Piedmont area of North Carolina. Fitzpatrick9

estimated incidence rates for total dementia in the
Cardiovascular Health Study and found racial differences,
with higher rates for blacks. However, the difference was
attenuated when adjusted for age and education and with
further adjustment for differences in case ascertainment.
Similarly, analyses by dementia subtype demonstrated
higher incidence of AD among African Americans, but
the difference was only of borderline statistical significance
and was not evident after adjustment for differences in case
ascertainment.

Prevalence/Incidence of aMCI and naMCI
The overall prevalence of MCI (aMCI and naMCI

combined) in the EAS was 21.5% at baseline assessment.

This rate is similar to rates reported by other community-
based cohorts in the United States.38,39 We found little
difference in rates of prevalent MCI between men and
women (21.0% in women, 22.2% in men) and lower rates in
whites than in blacks (19.1% vs. 27.3%). These results were
consistent with Manly’s findings.39 Our observed difference
in MCI by race was entirely due to a higher prevalence of
naMCI in blacks (16.30% vs. 6.86% in whites). Petersen
et al38 reported prevalence rates of 11.1% for aMCI and
4.9% for naMCI in a cohort from the Mayo Clinic. The
EAS prevalent aMCI rates are similar but prevalent naMCI
rates were higher in the EAS; similar diagnostic criteria
were used in both studies. This difference may be
attributable to differences in racial/ethnic or general health
characteristics of the study populations. In particular, the
Mayo Clinic population is predominately white.

In our study, the incidence of aMCI was 3.8 and for
naMCI it was 3.9/100 person-years. In the northern
Manhattan study, incidence rate for aMCI was 2.3 and
that for MCI without memory impairment was 2.8/100
person-years.39 The higher rates in the EAS may be because
of its older age distribution.

aMCI and naMCI: Age-specific, Sex-specific, and
Race-specific Incidence Rates

There is a paucity of data regarding age-specific, sex-
specific, and race-specific incidence rates of aMCI and
naMCI. In the EAS, rates of aMCI increased after the age of
80 for men and women and for whites and blacks. In the Cox
proportional hazards model, sex, education, and race were
not significant risk factors for incident aMCI. In cont-
rast, there was no marked increase in naMCI with increasing
age or between men and women in the EAS cohort. How-
ever, naMCI incidence rates were higher in blacks compared
with whites. When controlling for sex and education in the
Cox model, we observed a 2-fold increased risk for naMCI
among blacks compared with whites. This observation is
consistent with prior studies showing higher rates of cerebro-
vascular disease and more prevalent cardiovascular risk
factors among African Americans compared with whites40

and with recent reports suggesting that naMCI often has a
vascular etiology.33,41 Roberts et al41 have reported that
cardiovascular disease is more strongly associated with
naMCI than with aMCI. Similarly, Reitz et al33 have
reported that the association between hypertension and total
MCI is driven by an association with naMCI.

Strengths and Limitations
The operational definition of MCI and its subtypes has

evolved over time and continues to vary considerably
among studies. Some definitions are primarily based on
clinical impression, whereas others rely on neuropsycho-
logical cutoff scores and still others combine approaches.
These neuropsychological tests also vary in sensitivity and
specificity for identification of impairment. Classification of
cognitive status in the EAS was based on a comprehensive
neuropsychological test battery supplemented by a com-
plete neurological examination. Diagnosis of dementia was
based on standard criteria applied at a consensus case
conference. The definitions of aMCI and naMCI reported
here follow widely adopted diagnostic guidelines,10 whereas
dementia and AD were also defined according to standard
criteria.20,29,31 Given the many sources of unreliability in
ascertaining these outcomes, the consistency of EAS results
with available data is reassuring.

TABLE 4. Hazard Ratios for Dementia, aMCI, and naMCI in the
EAS Cohort*

Variable Hazard Ratio 95% CI P

Dementia
Sex (male) 0.97 0.92-1.02 0.18
Education (per y) 0.89 0.61-1.29 0.53
Race (black) 1.31 0.88-1.94 0.18

aMCI
Sex (male) 1.11 0.77-1.62 0.57
Education (per y) 1.01 0.96-1.06 0.84
Race (black) 0.93 0.60-1.45 0.74

naMCI
Sex (male) 1.07 0.73-1.56 0.73
Education (per y) 0.95 0.90-0.997 0.04
Race (black) 2.04 1.39-3.01 0.0003

*Cox models included sex, education, and race, with non-Hispanic
whites and women as the reference groups. “Years of education” was
included as a continuous predictor. All models used chronological age as the
time scale.

aMCI indicates amnestic mild cognitive impairment; naMCI, non-
amnestic mild cognitive impairment; CI, confidence interval; EAS, Einstein
Aging Study.
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The prevalence of dementia and AD may be under-
estimated in the EAS, because individuals with severe
dementia are less likely to participate in a community-based
study and those who are institutionalized were not
included. Another limitation of this study was that persons
lost to follow-up may not develop cognitive impairment at
the same rate as do those who remain in the sample, a
phenomenon known as informative censoring. When
comparing baseline characteristics of the 1168 EAS
participants with at least 1 follow-up clinic visit with those
of participants with only baseline evaluations, there were no
significant age, sex, or race differences. However, the mean
years of education was significantly lower (P<0.0001) and
the Blessed Information–Memory-Concentration test was
significantly higher (P<0.0001) for the group not complet-
ing a follow-up visit. As those lost to follow-up tended to
have reduced global cognitive performance and lower
education, the incidence rates we reported may be under-
estimates. Another limitation is the relatively short follow-
up interval. For those with more than 1 annual visit, the
mean follow-up time was 3.9 years (range, 1 to 16 y). In any
cohort, censoring before death or dementia diagnosis
results in under-ascertainment of cases. Finally, when
subtypes of dementia and MCI were examined, demo-
graphic comparisons were limited by small sample size.

This study had several notable strengths. First, the cohort
was systematically recruited, and comparisons with data from
the US Census indicate that the EAS cohort was similar to the
elderly population of Bronx County, NY, in distributions of
age, sex, and education. Another strength is the racial and
educational diversity of this cohort. Clinic-based studies often
include only those with more severe cognitive impairment
compared with a community-based sample.

In summary, this study contributes valuable informa-
tion regarding the prevalence and incidence of cognitive
impairment in community-dwelling individuals. In partic-
ular, few prior studies have reported the incidence of aMCI
and naMCI in an ethnically diverse community-based
sample. As the population ages, both MCI and dementia
will present an increasing burden on the health care system
as well as on families and caretakers. The high prevalence
of preclinical dementia documented here underscores the
need to develop interventions that will delay or prevent the
onset of dementia.

ACKNOWLEDGMENTS

The authors thank Charlotte Magnotta, Diane Sparracio,
and April Russo for assistance in participant recruitment; Betty
Forro, Alicia Gomez, Wendy Ramratan, and Mary Joan
Sebastian for assistance in clinical and neuropsychological
assessments; Michael Potenza for assistance in data manage-
ment; and all of the study participants who generously gave
their time in support of this research.

REFERENCES

1. Reitz C, Brayne C, Mayeux R. Epidemiology of Alzheimer
disease. Nat Rev Neurol. 2011;7:137–152.

2. Wan H, Sengupta M, Velkoff VA, et al. 65+ in the United
States: US Census Bureau Current Population Reports. Wash-
ington, DC: US Government Printing Office; 2005:23–209.

3. Hall CB, Verghese J, Sliwinski M, et al. Dementia incidence
may increase more slowly after age 90: results from the Bronx
aging study. Neurology. 2005;65:882–886.

4. Alzheimer’s Association. 2009 Alzheimer’s disease facts and
figures. Alzheimers Dement. 2009;5:234–270.

5. Demirovic J, Prineas R, Loewenstein D, et al. Prevalence of
dementia in three ethnic groups: the South Florida Program on
Aging and Health. Ann Epidemiol. 2003;13:472–478.

6. Gurland BJ, Wilder DE, Lantigua R, et al. Rates of dementia
in three ethnoracial groups. Int J Geriatr Psychiatry. 1999;
14:481–493.

7. Tang MX, Cross P, Andrews H, et al. Incidence of AD in
African-Americans, Caribbean Hispanics, and Caucasians in
northern Manhattan. Neurology. 2001;56:49–56.

8. Fillenbaum GG, Heyman A, Huber MS, et al. The prevalence
and 3-year incidence of dementia in older black and white
community residents. J Clin Epidemiol. 1998;51:587–595.

9. Fitzpatrick AL, Kuller LH, Ives DG, et al. Incidence and
prevalence of dementia in the cardiovascular health study.
J Am Geriatr Soc. 2004;52:195–204.

10. Artero S, Petersen R, Touchon J, et al. Revised criteria for mild
cognitive impairment: validation within a longitudinal
population study.Dement Geriatr Cogn Disord. 2006;22:465–470.

11. Lipton RB, Katz MJ, Kuslansky G, et al. Screening for
dementia by telephone using the memory impairment screen.
J Am Geriatr Soc. 2003;51:1382–1390.

12. Morris JC, Heyman A, Mohs RC, et al. The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD). Part I.
Clinical and neuropsychological assessment of Alzheimer’s
disease. Neurology. 1989;39:1159–1165.

13. Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist. 1969;9:179–186.

14. Jorm AF, Jacomb PA. The informant questionnaire on
cognitive decline in the elderly (IQCODE): socio-demographic
correlates, reliability, validity and some norms. Psychol Med.
1989;19:1015–1022.

15. Sheikh JI, Yesavage JA. Geriatric depression scale (GDS);
recent evidence and development of a shorter version.
Gerontologist. 1986;5:165–173.

16. Beck AT, Epstein N, Brown G, et al. An inventory for
measuring clinical anxiety: psychometric properties. J Consult
Clin Psychol. 1988;56:893–897.

17. Kaufer DI, Cummings JL, Ketchel P, et al. Validation of the
NPI-Q, a brief clinical form of the neuropsychiatric inventory.
J Neuropsychiatry Clin Neurosci. 2000;12:233–239.

18. Fahn S, Elton R. Unified Parkinson’s disease rating scale. In:
Fahn S, Marsden CD, Goldstein M, et al, eds. Recent Develop-
ments in Parkinson’s Disease Vol 2. Florham Park, NJ:
Macmillan Healthcare Information; 1987:153–163, 293–304.

19. Hachinski VC, Lassen NA, Marshall J. Multi-infarct dementia.
A cause of mental deterioration in the elderly. Lancet.
1974;2:207–210.

20. Morris JC. The clinical dementia rating (CDR): current version
and scoring rules. Neurology. 1993;43:2412–2414.

21. Blessed G, Tomlinson BE, Roth M. The association between
quantitative measures of dementia and of senile change in the
cerebral grey matter of elderly subjects. Br J Psychiatry.
1968;114:797–811.

22. Buschke H. Cued recall in amnesia. J Clin Neuropsychol.
1984;6:433–440.

23. Wechsler D. Wechsler Memory Scale—Revised. San Antonio,
Texas: The Psychological Corporation; 1987.

24. Reitan R. Validity of the trail making test as an indicator of
organic brain damage. J Comp Physiol Psychol. 1958;48:474–477.

25. Wechsler D. Wechsler Adult Intelligence Scale—Third Edition.
Edited by New York: The Psychological Corporation; 1997.

26. Benton AL, Hamsher K. Multilingual Aphasia Examination.
Iowa City: AJA Assoc; 1989.

27. Monsch AU, Bondi MW, Butters N, et al. Comparisons of
verbal fluency tasks in the detection of dementia of the
Alzheimer type. Arch Neurol. 1992;49:1253–1258.

28. Kaplan EF, Goodglass H, Weintraub S. The Boston Naming
Test. Philadelphia: Lea and Febiger; 1983.

29. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, DSM-IV. Washington, DC:
American Psychiatric Association; 1994.

Katz et al Alzheimer Dis Assoc Disord � Volume 26, Number 4, October–December 2012

342 | www.alzheimerjournal.com r 2012 Lippincott Williams & Wilkins



30. Grober E, Lipton RB, Hall C, et al. Memory impairment on
free and cued selective reminding predicts dementia. Neuro-
logy. 2000;54:827–832.

31. McKhann G, Drachman D, Folstein M, et al. Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-
ADRDA work group under the auspices of department of
health and human services task force on Alzheimer’s disease.
Neurology. 1984;34:939–944.

32. Pleiss JR, Ward BW, Lucas J. Summary Health Statistics for
the US Adults: National Health Interview Survey 2009.
Washington, DC: National Center for Health Statistics; 2010.

33. Reitz C, Tang MX, Manly J, et al. Hypertension and the
risk of mild cognitive impairment. Arch Neurol. 2007;64:
1734–1740.

34. Kukull WA, Higdon R, Bowen JD, et al. Dementia and
Alzheimer disease incidence: a prospective cohort study. Arch
Neurol. 2002;59:1737–1746.

35. Jorm AF, Jolley D. The incidence of dementia: a meta-analysis.
Neurology. 1998;51:728–733.

36. Corrada MM, Brookmeyer R, Paganini-Hill A, et al. Dementia
incidence continues to increase with age in the oldest old: the
90+ study. Ann Neurol. 2010;67:114–121.

37. Launer LJ, Andersen K, Dewey ME, et al. Rates and risk factors
for dementia and Alzheimer’s disease: results from EURODEM
pooled analyses. EURODEM incidence research group and work
groups. European studies of dementia. Neurology. 1999;52:78–84.

38. Petersen RC, Roberts RO, Knopman DS, et al. Prevalence of
mild cognitive impairment is higher in men. The Mayo Clinic
Study of Aging. Neurology. 2010;75:889–897.

39. Manly JJ, Tang MX, Schupf N, et al. Frequency and course of
mild cognitive impairment in a multiethnic community. Ann
Neurol. 2008;63:494–506.

40. Cushman M, Cantrell RA, McClure LA, et al. Estimated 10-year
stroke risk by region and race in the United States: geographic and
racial differences in stroke risk. Ann Neurol. 2008;64:507–513.

41. Roberts RO, Knopman DS, Geda YE, et al. Coronary heart
disease is associated with non-amnestic mild cognitive impair-
ment. Neurobiol Aging. 2010;31:1894–1902.

Alzheimer Dis Assoc Disord � Volume 26, Number 4, October–December 2012 Prevalence and Incidence of MCI, Dementia, and AD

r 2012 Lippincott Williams & Wilkins www.alzheimerjournal.com | 343




