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Background: Reported rates of mild cognitive impair-
ment (MCI) range widely depending on methodologic
differences, including specific sample characteristics, cog-
nitive measures used, normative samples used for neu-
ropsychological tests, and diagnostic criteria.

Objectives: To operationalize diagnostic criteria for MCI
and examine the frequency of MCI in ethnically and lin-
guistically diverse elders (individuals older than 65 years).

Design: Prospective, community-based longitudinal co-
hort study.

Setting: Northern Manhattan, New York, NY.

Participants: A cohort of 1315 nondemented elderly
participants.

Main Outcome Measure: A diagnosis of MCI was as-
signed retrospectively on the basis of comprehensive neu-
ropsychological, functional, and neurologic assess-
ments. Amnestic MCI, as well as forms of mild impairment
with other cognitive characteristics, were classified.

Results: The frequency of amnestic MCI was 5.0% (95%
confidence interval, 3.8-6.2). Other subtypes of MCI
ranged in frequency from 2.1% to 6.2%. Mild cognitive
impairment was more common among those older than
75 years compared with those aged 65 to 75 years. Indi-
viduals with fewer than 9 years of schooling were more
likely to meet MCI criteria. Apolipoprotein (APOE) E4
allele was more frequent among those with amnestic MCI.

Conclusions: When proper normative values are used,
only age and education, and not race or ethnicity, are as-
sociated with higher frequency of MCI. The proportion
of nondemented elders with isolated memory deficits is
smaller than the proportion with deficits in multiple cog-
nitive domains. The strong association of the APOE E4
allele with only amnestic MCI suggests that there are likely
to be multiple causes of cognitive impairment and dif-
ferential rates of conversion to Alzheimer disease within
the cognitive subtypes of MCI.
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M ILD COGNITIVE IMPAIR-
ment (MCI) is used in
clinical research to de-
scribe the transitional
state between normal

aging and Alzheimer disease (AD)1-3 or de-
mentia.4 The criteria proposed by Petersen
and colleagues2 for amnestic MCI are as fol-
lows: (1) not demented, (2) memory com-
plaint, (3) preserved general cognitive func-
tion, (4) intact activities of daily living, and
(5) impaired memory for age and educa-
tion. The criteria for diagnosis of patients
with MCI have come under increased scru-
tiny because of the importance of accurate
identification of people with the earliest
signs of dementia. Patients with MCI have
been included in randomized clinical trials

to slow progression of cognitive decline, and
for research on risk factors for AD and other
dementias.5

Petersen and colleagues2 did not specify
which instruments should be used to op-
erationalize MCI criteria, allowing consid-
erable flexibility for clinical or research
teams that use different cognitive and func-
tional assessment batteries. In fact, opera-
tionalization of the criteria for diagnosis dif-
fers widely among published studies.5 This
variability, in combination with differ-
ences in mean age of samples and methods
of recruitment, has resulted in prevalence
estimates of amnestic MCI that range from
1.03% to 26.4%6 among community-
based elderly participants in epidemio-
logic studies.
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Perhaps the most significant confusion and contro-
versy related to MCI criteria are associated with the neu-
ropsychological criteria for mild impairment, on which the
diagnosis heavily relies. For amnestic MCI, there is no con-
sensus regarding the specific memory domain (eg, verbal
or visuospatial), the number of tests to be considered within
the memory domain, the minimum required psychomet-
ric properties of the instruments (eg, sensitivity, specific-
ity, and positive predictive value), and the specific in-
dexes within each instrument to be considered (eg,
immediate vs delayed memory). The number of tests, defi-
nition of a cognitive domain, and quality of normative stud-
ies become increasingly important if investigators ex-
pand their criteria to include multiple subtypes of MCI such
as a single nonmemory domain (eg, language, visuospa-
tial) or multiple cognitive domains with or without memory
impairment, defined according to performance on a large
battery of neuropsychological measures. In addition, in-
dividuals with preclinical dementia are in normative
samples because most neuropsychological normative data
are collected on individuals screened for dementia at one
time point only. This significantly reduces the sensitivity
of normed cognitive measures for detecting MCI. The ro-
bust norms approach7 eliminates from the normative
sample elders who develop functional and cognitive im-
pairment sufficient for a diagnosis of dementia at a fol-
low-up evaluation, and should be used in studies of MCI
where accurate detection of subtle impairment is crucial.

Finally, the Petersen et al criteria2 state that age and
education should be used in setting a normative value
by which neuropsychological test scores should be com-
pared. Despite the well-documented effect of cultural fac-
tors on neuropsychological test performance,8,9 race, eth-
nicity, and language were not mentioned. This is most
likely because, with a few notable exceptions,10 most stud-
ies of MCI have included white, well-educated partici-
pants, and the original criteria were developed in a sample
with almost no racial-ethnic or linguistic diversity.6

The purpose of the current study was to report the preva-
lence of MCI among participants in a large, community-
based study of elders (individuals older than 65 years) re-
siding in an ethnically and linguistically diverse urban area
of northern Manhattan, New York, NY. To determine cut-
offs for cognitive impairment, we gathered information
from a normative sample that was appropriate for our popu-
lation and was screened for individuals with preclinical
dementia. We used diagnostic criteria that would allow
us to estimate the frequency of the more traditionally stud-
ied amnestic form of MCI, as well as forms of mild im-
pairment with other cognitive characteristics.

METHODS

The Columbia University Institutional Review Board re-
viewed and approved this project. All individuals discussed the
study with a trained research assistant and provided written
informed consent before their baseline visit.

SAMPLING PLAN AND PARTICIPANTS

A random sample of elderly Medicare recipients residing in 3
contiguous census tracts of Washington–Hamilton Heights and

Inwood in Manhattan was asked to participate in a longitudi-
nal study of aging, cognitive function, and dementia. The popu-
lation from which participants were drawn is composed of in-
dividuals from several different countries of origin and
representing 3 broadly defined racial-ethnic categories (Carib-
bean Hispanic, African American, and non-Hispanic white). Po-
tential participants were excluded if they did not speak En-
glish or Spanish. A total of 4865 individuals were sent letters
in the recruitment of this cohort in 1992. Of these, attempts at
follow-up by telephone or in-person visit indicated that 470
(9.7%) had died, 896 (18.4%) no longer lived in the region, 50
(1.0%) were ineligible, and 1324 (27.2%) did not wish to par-
ticipate. The total number recruited in 1992 was 2125. A ran-
domly selected portion of the cohort underwent a standard-
ized medical, neurologic, and neuropsychological examination.

Data were used only from participants who had completed
measures assessing the key components of the Petersen et al
MCI criteria.2 Therefore, participants were considered for a di-
agnosis of MCI only if they had sufficient neuropsychological,
functional, and medical and neurologic data at baseline. Of the
1722 participants on whom a full neuropsychological exami-
nation was attempted, 0.4% did not complete the cognitive bat-
tery because of hearing impairment (n=2 [0.1%]) or refusal (n=5
[0.3%]). Approximately 0.3% (n=5) of those with complete neu-
ropsychological examinations did not complete the questions
regarding daily functioning and memory complaints. Twelve
elders were omitted from the current analyses because they iden-
tified their race/ethnicity as other than non-Hispanic white, black,
or Hispanic, and thus our demographically corrected norms
could not be applied to their cognitive test scores. The remain-
ing 1698 individuals were included in the current sample. Their
mean±SD age was 77.8±6.8 years, and they had 8.2±4.9 years
of education. The cohort was 19.4% non-Hispanic white, 33.9%
non-Hispanic black, and 46.7% Hispanic, and 69.7% were
women. Approximately 93% of the Hispanics were inter-
viewed and tested in Spanish; the remaining 7% requested to
be tested in English. Subjects included in the current preva-
lence sample (n=1698) did not differ from those who were ex-
cluded because of missing data (n=427) with respect to age,
years of schooling, sex distribution, or dementia status; how-
ever, significantly more elders in the prevalence sample (46.7%)
than among those who were excluded (37.6%) identified them-
selves as Hispanic (�2=14.0, P=.001).

A new cohort of participants was recruited from the same
community in 1999. The goal was to recruit a cohort of eth-
nically and educationally diverse, nondemented elders. The sam-
pling and recruitment strategies differed from the initial co-
hort: (1) the final sample would be equally divided among the
3 primary racial-ethnic groups in the area (Hispanic, African
American, and non-Hispanic white); (2) the cohort would rep-
resent equal proportions of 2 broad age groups, 65 to 74 years
and 75 years and older; and (3) potential participants were ex-
cluded if, during the initial telephone screen, they or their care-
givers reported that they had significant cognitive problems or
had been diagnosed as having dementia. Recruitment letters
were sent to a total of 7120 persons. Of these, attempts at fol-
low-up by telephone or in-person visit indicated that 265 (3.7%)
had died, 1541 (21.6%) no longer lived in the region, 662 (9.3%)
were ineligible, and 2810 (27%) did not wish to participate.
The total number recruited in 1999 was therefore 1842.

ASSESSMENT PROCEDURES

Racial-Ethnic Group

At baseline, racial-ethnic group was documented by self-
report using the format of the 2000 US census. All individuals
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were first asked to report their racial group (ie, American Indian–
Alaska Native, Asian, Native Hawaiian or other Pacific Is-
lander, black or African American, or white) and then, in a sec-
ond question, were asked whether they were of Hispanic origin.

Medical and Neurologic Evaluation

A physician recorded medical history and medications in a sem-
istructured format. Neurologic and brief physical examina-
tions were performed, including assessment of extrapyrami-
dal signs and functional status. From this information, the
physician independently determined whether the participant
met criteria for delirium or dementia by means of Diagnostic
and Statistical Manual of Mental Disorders, Revised Third Edi-
tion11 criteria. In 88% of the current sample, the physician ex-
amined the participant on the same day as the neuropsycho-
logical evaluation; the mean time between the 2 examinations
was 0.60±8.23 days.

Psychiatric Status

The research physician asked a series of questions, based on the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-
tion,12 to determine whether each participant met criteria for a
major depressive episode within the past week. History of other
major psychiatric disorders, such as schizophrenia, anxiety dis-
orders, or alcohol or other drug dependence, was determined
by a semistructured interview conducted by a physician.

Assessment of Activities of Daily Living

Items from the Disability and Functional Limitations Scale13-15

were used to elicit self- and observer ratings of instrumental ac-
tivities of daily living, such as using the telephone, preparing
meals, handling money, and completing chores. A summary mea-
sure was created, compiling complaints from 6 domains. On the
basis of a cutoff capturing 95% of the normative sample, partici-
pants were considered to be functionally intact if they or their
caregivers reported difficulty on 2 or fewer of these items.

Memory Complaints

Perceived difficulty with memory was assessed with 11 items
from the Disability and Functional Limitations Scale, de-
scribed previously, and the Blessed Functional Activities Scale.16

Participants were asked whether they had memory difficulties
in general, as well as difficulties in specific areas such as memory
for names. Participants were considered to have memory com-
plaints if they indicated that they had problems on 1 or more
of the items.

Neuropsychological Battery

The neuropsychological measures used in the current study were
selected to assess cognitive functions that are typically af-
fected in dementia and have been shown to effectively distin-
guish between normal aging and dementia in this commu-
nity.17,18 The evaluation included measures of learning and
memory, orientation, abstract reasoning, language, and visuo-
spatial ability. Specific ability areas and tests administered in-
cluded verbal list learning and memory (Selective Reminding
Test19), nonverbal memory (multiple-choice version of the Ben-
ton Visual Retention Test [BVRT]20), orientation (items from
the Mini-Mental State Examination21), verbal reasoning (Simi-
larities subtest of the Wechsler Adult Intelligence Scale–
Revised22) nonverbal reasoning (Identities and Oddities sub-

test of the Mattis Dementia Rating Scale23), naming (15-item
version of the Boston Naming Test24), letter fluency (Con-
trolled Word Association25), category fluency (animals, food,
and clothing, using procedures from the Boston Diagnostic Apha-
sia Examination [BDAE]26), repetition (high-frequency phrases
of the BDAE26), auditory comprehension (first 6 items of the
Complex Ideational Material subtest of the BDAE26), visuocon-
struction (Rosen Drawing Test27), and visuoperceptual skills
(multiple-choice matching of figures from the BVRT20).

Consensus Diagnosis

After each clinical assessment, a group of physicians and neu-
ropsychologists reviewed the functional, medical, neurologic, psy-
chiatric, and neuropsychological data and reached a consensus
regarding the presence or absence of dementia by Diagnostic and
Statistical Manual of Mental Disorders, Revised Third Edition cri-
teria.11 If dementia was diagnosed, the cause was determined by
means of published research criteria for probable and possible
AD,28 vascular dementia,29 Lewy body dementia,30 and other de-
mentias. Severity of dementia was rated with the Clinical De-
mentia Rating Scale.31 Only those who were not diagnosed as hav-
ing dementia were considered for a diagnosis of MCI.

MCI Diagnostic Criteria

Criteria for MCI were retrospectively applied among nonde-
mented individuals after the consensus conference. Consis-
tent with standard criteria,2 for all subtypes of MCI, those con-
sidered for MCI were required to have (1) a memory complaint
(defined previously); (2) objective impairment in at least 1 cog-
nitive domain based on the average of the scores on the neu-
ropsychological measures within that domain and a 1.5-SD cut-
off using normative corrections for age, years of education, race/
ethnicity, and sex; (3) essentially preserved activities of daily
living (defined previously); and (4) no diagnosis of dementia
at the consensus conference.

To cast the widest net to determine prevalence of MCI and
to determine which individuals were more likely to progress
to dementia, the original Petersen et al criteria,2 which focus
on memory impairment, were expanded to include mutually
exclusive subtypes based on cognitive features. Our first sub-
type, MCI-amnestic, corresponds most closely to the original
definition used by Petersen and colleagues. Memory impair-
ment was defined as a score less than 1.5 SDs below the de-
mographically corrected mean on an average composite mea-
sure comprising the following learning and memory measures:
(1) total recall from the Selective Reminding Test, (2) delayed
free recall from the Selective Reminding Test, and (3) recog-
nition from the BVRT. Performance on composite scores from
all other cognitive domains (ie, executive, language, and vi-
suospatial) was required to be within normal limits (score must
be �1.5 SDs below the demographically corrected mean). Other
MCI subtypes were classified that allowed for impairment in a
single nonmemory domain if performance on composite scores
from all other cognitive domains was within normal limits. The
subtype MCI–executive function was assigned if impairment
was demonstrated on an average composite measure compris-
ing the following measures: (1) letter fluency, (2) category flu-
ency, and (3) the Wechsler Adult Intelligence Scale–Revised
Similarities subtest. The subtype MCI-language was defined as
isolated impairment on an average composite measure com-
prising the (1) Boston Naming Test, (2) BDAE Repetition test,
and (3) BDAE Comprehension test. The subtype MCI-
visuospatial was assigned if impairment was demonstrated on
an average composite score comprising (1) Rosen Drawing and
(2) BVRT Matching.
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Finally, we allowed for impairment in multiple cognitive
domains in the absence of dementia. A diagnosis of MCI–
multiple cognitive domains with memory impairment was
made if there was objective impairment on the memory
domain composite score and if there was impairment on at
least 1 other cognitive domain. The diagnosis of MCI–multiple
cognitive domains without memory impairment was assigned
if there was impairment in 2 or more of the 3 nonmemory
domains, and if the memory domain composite score was
within normal limits. Again, classification into the 6 subtypes
was mutually exclusive.

Sample and Procedure for Regression-Based
Neuropsychological Test Norms

The normative sample used to define cognitive impairment was
selected from participants recruited in 1992 and 1999 by means
of the robust norms approach.7 Participants were included in
the normative sample if they were judged to be nondemented
and had a Clinical Dementia Rating Scale score of 0 at the con-
sensus conference at their first visit with complete neuropsy-
chological, neurologic, medical, and functional data and at a
follow-up visit that occurred 1 to 4 years (average, 24 months)
after the initial visit. Potential participants were excluded from
the normative sample if they had a history of Parkinson dis-
ease, stroke, head injury with loss of consciousness longer than
30 minutes, or other neurologic illness. Elders were also ex-
cluded from the normative sample if they had a history of psy-
chosis, current mental illness such as major depression or anxi-
ety disorder, or current alcohol or other drug dependence. A
total of 1063 elders were included in this sample. Their mean±SD
age was 75.2±5.7 (range, 66-102 years), with 11.6±4.3 years
of education (range, 0-20 years); 37.1% were white, 28.7% were
Hispanic, 34.2% were African American, 25.5% were Spanish-
speaking, and 69.4% were female.

Demographically corrected T scores were developed on the
basis of the Heaton et al32 regression method. Influences of age,
years of education, race/ethnicity, and sex on each cognitive
test score were assessed by performing multiple linear regres-
sion analyses. Racial-ethnic group and language (ie, Spanish
vs English) were highly related, since most of the Hispanics were
tested in Spanish and all of the whites and African Americans
were tested in English; therefore, we did not add language into
the model. Each of the 4 cognitive domain scores used in the
MCI diagnostic criteria were included as dependent variables:
memory (average composite of total raw scores for immediate
recall and delayed recall from the Selective Reminding Test and
BVRT recognition); language (average composite of total cor-
rect on the 15-item Boston Naming Test, number of phrases
correctly produced on BDAE repetition, and number correct
on BDAE comprehension); executive function (average com-
posite of total correct on the Mattis Identities and Oddities, raw
score on Wechsler Adult Intelligence Scale–Revised Similari-
ties subtest, and mean number of words generated during three
60-second trials for category and letter fluency); and visuo-
spatial skill (average composite of number correct on the Rosen
Drawing Test and BVRT matching). Continuous predictors were
age and years of education. Sex was a categorical predictor, as
was racial-ethnic classification (ie, non-Hispanic black, non-
Hispanic white, and Hispanic). For each of the 4 regression
analyses, we first included all 4 predictors in the model, re-
taining only the variables that significantly contributed to pre-
diction of cognitive test score. The � weights of each of these
predictors in the final model, as well as the standard error of
each regression model, were used to calculate predicted scores
on each test. These predicted scores were subtracted from each
participant’s actual composite score to calculate residual scores.

Residual scores were converted to T scores according to the fol-
lowing formula:

T score=[(Residual Score/SE of Estimate for the Regres-
sion Equation)�10]�50.

T scores have a mean of 50 and an SD of 10, allowing a T
score of 35 to be the −1.5-SD mark for each of the 4 composite
scores.

DATA ANALYSES

Evaluation of Criteria for MCI

The frequency of each of the criteria for MCI (ie, memory com-
plaint, functional status, and neuropsychological impairment
meeting cutoffs for each of the MCI subtypes) were calculated
among the nondemented participants in the 1992 cohort within
age groups split at the median of 75 years (65-75 years, �75
years), and 95% confidence intervals about these frequencies
(assuming a Poisson distribution) were determined. The rela-
tionship of the criteria to age, years of schooling, and distri-
bution of sex and race/ethnicity was examined by Pearson cor-
relation coefficients, 2-tailed t tests, and analyses of variance
where appropriate.

Prevalence

Age-specific prevalence for each of the MCI subtypes was cal-
culated within age groups split at the median of 75 years (65-75
years, �75 years), and 95% confidence intervals about these
rates (assuming a Poisson distribution) were calculated sepa-
rately for the entire population, for men and women, by racial-
ethnic group, and by years of education (0-7 years vs �8 years).

RESULTS

Of the 1698 elders who had complete data at baseline,
22.6% (n=383) were diagnosed as demented at the con-
sensus conference. This estimate of dementia preva-
lence over the entire sample is consistent with that re-
ported for the full 1992 cohort of 2125.33

EVALUATION OF MCI CRITERIA

Table 1 shows the number of subjects and frequency
of each of the criteria for the diagnosis of MCI for the
remaining sample of 1315 nondemented elders, includ-
ing memory complaint, functional status, and neuropsy-
chological impairment for each of the 6 MCI subtypes.
When age was dichotomized as up to and above the me-
dian of 75, �2 analyses showed that frequency of func-
tional impairment (�2

1,1313=9.5, P=.002), isolated memory
deficits (�2

1,1313=5.4, P=.02), and isolated visuospatial defi-
cits (�2

1,1313=5.1, P=.02) differed significantly by age group.
There were no age group differences in frequency of
memory complaints or isolated neuropsychological defi-
cits in executive or language domains, as well as impair-
ment in multiple cognitive domains with or without
memory impairment.

When education was split at the median, there were
no differences in proportions of participants meeting cri-
teria for memory complaints or functional normality.
However, participants with fewer than 9 years of school-
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ing were more likely than those with 9 or more years of
schooling to meet criteria for language deficit (7.9% vs
3.9%; �2

1,1302=11.2, P=.001), visuospatial deficit (12.5%
vs 4.2%; �2

1,1302=30.5, P�.001), and impairment in mul-
tiple cognitive domains without memory impairment
(13.4% vs 8.0%; �2

1,1302=10.3, P=.001). Elders with 9 or
more years of schooling were more likely than those with
fewer than 9 years of schooling to have isolated impair-
ment in memory (8.0% vs 4.8%; �2

1,1314=5.6, P=.02) and
executive function (4.5% vs 1.5%; �2

1,1302=10.6, P=.001).
Women were more likely than men to have significant
functional complaints (9.7% vs 5.4%; �2

1,1315=7.5, P=.006)
and have isolated impairment in memory (7.5% vs 3.9%;
�2

1,1314=6.7, P=.01). Men were more likely than women
to have isolated impairment in language (7.9% vs 4.8%;
�2

1,1302=4.6, P=.03). Finally, �2 analyses showed that there
were no racial or ethnic differences in frequency of meet-
ing functional or memory complaint criteria among those
who exhibited isolated memory impairment, or those who
had impairment in multiple cognitive domains with or
without memory impairment. However, the frequency
of isolated deficits on language tests was somewhat higher
among whites (5.7%) than among African Americans
(3.2%) and Hispanics (1.5%; �2

1,1302=10.8, P=.005). His-
panics were more likely to meet criteria for isolated lan-
guage deficits (7.9%) than were African Americans (3.7%)

and whites (4.6%) (�2
1,1302=9.0, P=.01). Hispanics (11.1%)

and African Americans (8.0%) were more likely to meet
criteria for isolated visuospatial deficits than were whites
(3.5%; �2

1,1302=16.0, P�.001).

FREQUENCY OF MCI

The frequency of MCI classification with and without
memory impairment is presented in Table 2. The pres-
ence of MCI with memory impairment (�2

1,1091=7.6,
P=.006) and without memory impairment (�2

1,1167=6.7,
P=.01) was more frequent among those older than 75
years than those 75 years and younger. The presence of
MCI without memory impairment was more frequent
among elders with fewer than 9 years of schooling
(�2

1,1167=22.0, P�.001). There were no differences in rates
of MCI with or without memory impairment by sex or
racial-ethnic group.

The frequency of MCI overall and of each of the MCI
subtypes is presented in Table 3. The frequency of all
subtypes of MCI was higher among those older than 75
years (�2

1,1315=12.0, P=.001); when frequency of the in-
dividual subtypes were compared, the rates of MCI char-
acterized by isolated deficits in memory (�2

1,1314=4.3,
P=.04) and language (�2

1,1302=6.6, P=.01) were signifi-
cantly higher among those older than 75 years.

Table 4 summarizes the apolipoprotein (APOE) E4
allele status and presence of medical comorbidities for
elders with no MCI, MCI with memory impairment, MCI
without memory impairment, and amnestic MCI. A sub-
set of the prevalence sample (n=1048; 79.7%) had APOE
allele data. The frequency of APOE E4 was higher among
elders with MCI with memory impairment and amnes-
tic MCI than among those without MCI; only the differ-
ence between amnestic MCI and those without MCI met
statistical significance (�2

1,811=7.8, P=.005). This discrep-
ancy remained significant even after the sample was seg-
regated into those aged 65 to 75 years (�2

1,450=5.2, P=.02)

Table 1. Prevalence of Functional, Memory Complaint,
and Neuropsychological Criteria for MCI Subtypes
Among 1315 Elders Without Dementia

Criteria
No. of

Participants
Prevalence,

%
95% CI,

%

Memory complaints 974 74.1 71.8-76.5
Age 65-75 y 476 71.9 68.5-75.3
Age �75 y 498 76.3 73.0-79.5

Normal daily function 1205 91.6 90.2-93.3
Age 65-75 y 622 94.0 92.1-95.8
Age �75 y 583 89.3 86.9-91.7

Isolated memory impairment 84 6.4 5.1-7.7
Age 65-75 y 32 4.8 3.2-6.5
Age �75 y 52 8.0 5.9-10.0

Isolated executive function
impairment

39 3.0 2.0-3.9

Age 65-75 y 19 2.9 1.6-4.1
Age �75 y 20 3.1 1.7-4.4

Isolated language
impairment

75 5.7 4.5-7.0

Age 65-75 y 35 5.3 3.6-7.0
Age �75 y 40 6.1 4.3-8.0

Isolated visuospatial
impairment

110 8.4 6.9-9.9

Age 65-75 y 44 6.6 4.8-8.5
Age �75 y 66 10.1 7.8-12.4

Multiple cognitive domains
with memory impairment

130 9.9 8.3-11.5

Age 65-75 y 58 8.8 6.6-10.9
Age �75 y 72 11.0 8.6-13.4

Multiple cognitive domains
without memory
impairment

140 10.6 9.0-12.3

Age 65-75 y 61 9.2 7.0-11.4
Age �75 y 79 12.1 9.6-14.6

Abbreviations: CI, confidence interval; MCI, mild cognitive impairment.

Table 2. Number of Participants and Prevalence
of All Subtypes of MCI Among 1315 Nondemented Elders

Total

No
MCI,
No.

MCI, No. (%)

With
Memory

Impairment

Without
Memory

Impairment

No. of participants 1315 943 148 (11.3) 224 (17.0)
Age, y

65-75 662 503 61 (9.2) 98 (14.8)
�75 653 440 87 (13.3) 126 (19.3)

Sex
Female 905 651 108 (11.9) 146 (16.1)
Male 410 292 40 (9.8) 78 (19.0)

Education, y
0-8 665 456 62 (9.3) 147 (22.1)
�9 650 487 86 (13.2) 77 (11.8)

Race/ethnicity
Non-Hispanic white 287 208 40 (13.9) 39 (13.6)
Non-Hispanic black 438 317 54 (12.3) 67 (15.3)
Hispanic 590 418 54 (9.2) 118 (20.0)

Abbreviations: CI, confidence interval; MCI, mild cognitive impairment.
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and 76 years and older (�2
1,409=10.2, P=.001). In terms of

medical comorbidities, elders with MCI without memory
impairment had higher rates of hypertension (�2

1,1103=6.0,
P=.02), but the rates of stroke, diabetes mellitus, and heart
disease were similar in the normal and MCI groups.

COMMENT

This is, to our knowledge, the first study to identify, char-
acterize, and compare the frequency of MCI in a popu-
lation cohort of white, African American, and Carib-
bean Hispanic elders. Each participant had detailed
neuropsychological testing, which allowed us to iden-
tify mutually exclusive subtypes of MCI based on cog-
nitive characteristics. The advantage of dividing the sample
into these subtypes is to allow for comparison with other
studies that used different definitions of MCI and, in the

future, to evaluate any differences by subtype in transi-
tion to dementia.

Because the original criteria for MCI were developed
through the use of primarily white, well-educated pa-
tients presenting to a clinic for an evaluation, we care-
fully examined the frequency and associations of each
aspect of the criteria in our ethnically and educationally
diverse community-based cohort. These analyses showed
that frequency of reported functional impairment was low
in this nondemented group (8.5%), but that partici-
pants older than 75 years were more likely to have sig-
nificant functional complaints, and thus would not be
appropriate for the diagnosis of MCI. We found that
memory complaints, as assessed by a semistructured in-
terview, were quite frequent in the nondemented co-
hort (74%), but this unexpectedly did not differ by age.

By definition, in our normative sample, rates of im-
pairment in each of the cognitive domains across age, sex,
education, and racial-ethnic groups were equal. Our nor-
mative sample was screened for preclinical dementia, in
that individuals who demonstrated significant func-
tional decline at a follow-up visit were excluded. Using
these robust norms, and criteria for functional normal-
ity and memory complaints, we found that MCI isolated
deficits in memory and visuospatial domains were more
frequent in the oldest old, while other specific cognitive
criteria did not differ by age. Participants with fewer than
9 years of schooling were more likely to be classified as
having isolated deficits in language and visuospatial do-
mains, as well as deficits in multiple cognitive domains
with memory impairment. However, elders with more
years of schooling were more likely to have isolated im-
pairment in memory and executive domains. Therefore,
it appears that both age and education have an impact
on rates of impairment on cognitive measures when the
normative sample is screened for preclinical dementia.
Future study will demonstrate the diagnostic utility of
the criteria involving functional status, memory com-
plaints, and cognitive test performance in predicting cog-
nitive decline and conversion to dementia and AD.

Comparison of the prevalence of MCI across studies
is difficult because of variability in criteria used and dif-
ferences in the populations under study. However, as a
result of the emphasis on the amnestic subtype of MCI,
most population studies have published prevalence of
isolated memory deficits, in the context of memory com-

Table 3. Prevalence of MCI Subtypes Among 1313 Elders
Without Dementia

MCI Subtype
No. of

Participants
Prevalence,

% 95% CI

All subtypes 372 28.3 25.9-30.8
Age 65-75 y 159 24.0 20.8-27.3
Age �75 y 213 32.6 29.0-36.2

Amnestic 66 5.0 3.8-6.2
Age 65-75 y 25 3.8 2.3-5.2
Age �75 y 41 6.3 4.4-8.1

Executive function 27 2.1 1.3-2.8
Age 65-75 y 14 2.1 1.0-3.2
Age �75 y 13 2.0 0.9-3.1

Language impairment 52 4.0 2.9-5.0
Age 65-75 y 23 3.5 2.1-4.9
Age �75 y 29 4.4 2.9-6.0

Visuospatial impairment 68 5.2 4.0-6.4
Age 65-75 y 24 3.6 2.2-5.1
Age �75 y 44 6.7 4.8-8.7

MCDM 82 6.2 4.9-7.6
Age 65-75 y 36 5.4 3.7-7.2
Age �75 y 46 7.0 5.1-9.0

MCDN 77 5.9 4.6-7.1
Age 65-75 y 37 5.6 3.8-7.3
Age �75 y 40 6.1 4.3-8.0

Abbreviations: CI, confidence interval; MCDM, multiple cognitive domains
with memory impairment; MCDN, multiple cognitive domains without
memory impairment; MCI, mild cognitive impairment.

Table 4. Demographic Variables and Frequency of Medical Diagnoses by MCI Subtype

Characteristic* No MCI, No. (%)

MCI, No. (%)

With Memory Impairment Without Memory Impairment Amnestic

APOE E4 allele present (1047)† 215 (28.2) 35 (34.3) 49 (26.8) 23 (47.9)
Medical or psychiatric status

Stroke (1244) 80 (9.0) 14 (9.9) 14 (6.5) 5 (8.1)
Hypertension (1244) 416 (46.8) 69 (49.3) 120 (56.1) 29 (46.8)
Diabetes (1244) 160 (18.0) 26 (18.6) 38 (17.8) 11 (17.7)
Heart disease (1244) 147 (16.5) 22 (15.6) 37 (17.3) 7 (11.3)
Major depression (1311) 30 (3.2) 9 (6.1) 9 (4.0) 3 (4.5)

Abbreviations: APOE, apolipoprotein; MCI, mild cognitive impairment.
*Numbers in parentheses indicate the total number of subjects for whom data were available for that characteristic.
†APOE E4 status was available in a subset of 1048 participants (79.7% of the total sample).
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plaints and intact daily functioning among nonde-
mented elders. We found that the proportions of partici-
pants with amnestic MCI (5.0%) and isolated memory
impairment (6.4%) are small, but similar to those re-
ported in the Cardiovascular Health Study Cognition
Study (5%),6 the Canadian Study of Health and Aging
(5%),34 and the Monongahela Valley Independent El-
ders Survey (2.9 to 4.0%).35 In one population-based study
of people 60 years or older, retrospective application of
neuropsychological criteria for memory impairment of
1 SD below the average of their cohort36 resulted in a
prevalence of slightly more than 3%. In the Indianapolis
Study of Health and Aging,10 a mainly African American
cohort, approximately 12.5% of subjects were classified
as having “medically unexplained memory loss,” com-
parable to amnestic MCI. In the programme de recher-
che paquid sur l’epidemiologie (PAQUID) study,37 the
prevalence of MCI was 2.8%, as defined by self-reported
memory complaints, impairment in visual memory, and
normal-range score on the Mini-Mental State Examina-
tion, a measure of general cognitive functioning.

As expected, we found that participants older than 75
years were more likely to be diagnosed as having MCI with
or without memory impairment, and that less well-
educated elders were more likely to have MCI without
memory impairment. Nearly 50% of the participants clas-
sified as having amnestic MCI had an APOE E4 allele, as
compared with about 28% of the normal participants. Re-
ported rates of diabetes mellitus (18%), hypertension
(49%), and heart disease (16.6%) were high in this co-
hort, but were consistent with other recent large epide-
miologic studies of ethnically diverse elders such as the
National Health and Nutrition Examination Survey,38 Ath-
erosclerosis Risk in Communities Study,39 and the Na-
tional Health Information Survey.40 Although diabetes and
hypertension have been found to increase risk of cogni-
tive decline, we found that elders meeting MCI criteria were
not more likely to be hypertensive or diabetic or to have
heart disease, stroke, or major depression. Perhaps non-
demented elders with these chronic medical conditions
were also more likely to report functional impairment that
subsequently excluded them from a diagnosis of MCI.

A limitation of this study is the absence of brain im-
aging, which would allow for characterization of cere-
brovascular disease. We cannot confirm that the elders
in the normative cohort, who were excluded if they had
signs or symptoms of clinical stroke, did not have silent
strokes. In addition, it is possible that cerebrovascular
disease was underdetected in the prevalence cohort, since
neuroimaging was not available to detect infarcts and
white-matter disease among those who did not report a
clinical stroke. However, the prevalence of asymptom-
atic severe cerebrovascular disease is low and is more of-
ten associated with a higher risk of clinical stroke than
with dementia. Therefore, while it is possible that there
were persons included with severe cerebrovascular dis-
ease who did not have clinical stroke, it is unlikely that
they represented a large proportion of the participants
in this study. In addition, we collected a detailed history
of signs and symptoms of stroke, and the frequency of a
history of stroke was equal in the groups of elders with
and without MCI.

The results of this study underline the importance of
considering types of MCI other than that classified by iso-
lated memory impairment. Nearly 17% of this nonde-
mented cohort was classified as having MCI in single or
multiple domains other than memory. Longitudinal study
of these individuals will be necessary to compare cogni-
tive decline and rate of conversion to AD and other de-
mentias within subtypes of MCI with and without memory
impairment.

Accepted for Publication: January 3, 2005.
Correspondence: Richard Mayeux, MD, MSc, Taub In-
stitute for Research on Alzheimer’s Disease and the Ag-
ing Brain, Columbia University Medical Center, 630 W
168th St, P&S Box 16, New York, NY 10032 (rpm2
@columbia.edu).
Author Contributions: Study concept and design: Manly,
Bell-McGinty, Schupf, Stern, and Mayeux. Acquisition of
data: Manly and Mayeux. Analysis and interpretation of
data: Manly, Bell-McGinty, Tang, Schupf, Stern, and
Mayeux. Drafting of the manuscript: Manly, Schupf, and
Mayeux. Critical revision of the manuscript for important
intellectual content: Manly, Bell-McGinty, Tang, Schupf,
Stern, and Mayeux. Statistical analysis: Manly,
Bell-McGinty, Tang, and Schupf. Obtained funding:
Manly and Mayeux. Administrative, technical, and mate-
rial support: Manly, Schupf, and Stern. Study supervi-
sion: Mayeux.
Funding/Support: This research was supported by fed-
eral grants AG07232 (Dr Mayeux) and AG16206 (Dr
Manly) from the National Institute on Aging, Bethesda,
Md, and the Alzheimer’s Association, Chicago, Ill.
Acknowledgment: We thank Rosann Costa, MA, and
Howard Andrews, PhD, for their help with data collec-
tion and management.

REFERENCES

1. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cog-
nitive impairment: clinical characterization and outcome. Arch Neurol. 1999;
56:303-308.

2. Petersen RC, Doody R, Kurz A, et al. Current concepts in mild cognitive impairment.
Arch Neurol. 2001;58:1985-1992.

3. Morris JC, Storandt M, Miller JP, et al. Mild cognitive impairment represents early-
stage Alzheimer disease. Arch Neurol. 2001;58:397-405.

4. Flicker C, Ferris S, Reisberg B. Mild cognitive impairment in the elderly: predic-
tors of dementia. Neurology. 1991;41:1006-1009.

5. Luis CA, Loewenstein DA, Acevedo A, Barker WW, Duara R. Mild cognitive im-
pairment: directions for future research. Neurology. 2003;61:438-444.

6. Lopez OL, Jagust WJ, DeKosky ST, et al. Prevalence and classification of mild
cognitive impairment in the Cardiovascular Health Study Cognition Study, part
1. Arch Neurol. 2003;60:1385-1389.

7. Sliwinski M, Lipton RB, Buschke H, Stewart W. The effects of preclinical demen-
tia on estimates of normal cognitive functioning in aging. J Gerontol B Psychol
Sci Soc Sci. 1996;51:P217-P225.

8. Manly JJ, Jacobs DM. Future directions in neuropsychological assessment with
African Americans. In: Ferraro FR, ed. Minority and Cross-cultural Aspects of
Neuropsychological Assessment. Lisse, the Netherlands: Swets & Zeitlinger; 2001:
79-96.

9. Ardila A, Rosselli M, Puente AE. Neuropsychological Evaluation of the Spanish
Speaker. New York, NY: Plenum Press; 1994.

10. Unverzagt FW, Gao S, Baiyewu O, et al. Prevalence of cognitive impairment: data
from the Indianapolis Study of Health and Aging. Neurology. 2001;57:1655-
1662.

11. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Revised Third Edition. Washington, DC: American Psychiatric Asso-
ciation; 1987.

(REPRINTED) ARCH NEUROL / VOL 62, NOV 2005 WWW.ARCHNEUROL.COM
1745

©2005 American Medical Association. All rights reserved.
 at Columbia University, on May 4, 2006 www.archneurol.comDownloaded from 

http://www.archneurol.com


12. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition. Washington, DC: American Psychiatric Association;
1994.

13. Gurland B, Golden RR, Teresi J, Challop J. The SHORT-CARE: an efficient in-
strument for the assessment of depression, dementia, and disability. J Gerontol.
1984;39:166-169.

14. Gurland B, Kuriansky J, Sharpe L, Simon R, Stiller P, Birkett P. The Comprehen-
sive Assessment and Referral Evaluation (CARE)—rationale, development and
reliability. Int J Aging Hum Dev. 1977;8:9-42.

15. Golden RR, Teresi JA, Gurland BJ. Development of indicator scales for the Com-
prehensive Assessment and Referral Evaluation (CARE) interview schedule. J
Gerontol. 1984;39:138-146.

16. Blessed G, Tomlinson BE, Roth M. The association between quantitative mea-
sures of senile change in the cerebral grey matter of elderly subjects. Br J Psychiatry.
1968;114:797-811.

17. Jacobs DM, Sano M, Albert S, Schofield P, Dooneief G, Stern Y. Cross-cultural
neuropsychological assessment: a comparison of randomly selected, demo-
graphically matched cohorts of English- and Spanish-speaking older adults. J
Clin Exp Neuropsychol. 1997;19:331-339.

18. Stern Y, Andrews H, Pittman J, et al. Diagnosis of dementia in a heterogeneous
population: development of a neuropsychological paradigm-based diagnosis of
dementia and quantified correction for the effects of education. Arch Neurol. 1992;
49:453-460.

19. Buschke H, Fuld PA. Evaluating storage, retention, and retrieval in disordered
memory and learning. Neurology. 1974;24:1019-1025.

20. Benton AL. The Visual Retention Test. New York, NY: Psychological Corp; 1955.
21. Folstein MF, Folstein SE, McHugh PR. “Mini-Mental State”: a practical method

for grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975;
12:189-198.

22. Wechsler D. Wechsler Adult Intelligence Scale–Revised. New York, NY: Psycho-
logical Corp; 1981.

23. Mattis S. Mental status examination for organic mental syndrome in the elderly
patient. In: Bellak L, Karasu TB, eds. Geriatric Psychiatry. New York, NY: Grune
& Stratton; 1976:77-121.

24. Kaplan E, Goodglass H, Weintraub S. Boston Naming Test. Philadelphia, Pa: Lea
& Febiger; 1983.

25. Benton AL, Hamsher KD. Multilingual Aphasia Examination. Iowa City: Univer-
sity of Iowa; 1976.

26. Goodglass H, Kaplan E. The Assessment of Aphasia and Related Disorders. 2nd
ed. Philadelphia, Pa: Lea & Febiger; 1983.

27. Rosen W. The Rosen Drawing Test. Bronx, NY: Veterans Administration Medi-
cal Center; 1981.

28. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan E. Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work Group un-
der the auspices of the Department of Health and Human Services Task Force
on Alzheimer’s disease. Neurology. 1984;34:939-944.

29. Roman GC, Tatemichi TK, Erkinjuntti T, et al. Vascular dementia: diagnostic cri-
teria for research studies: report of the NINDS-AIREN International Workshop.
Neurology. 1993;43:250-260.

30. McKeith IG, Galasko D, Kosaka K, et al. Consensus guidelines for the clinical and
pathological diagnosis of dementia with Lewy bodies (DLB): report of the Con-
sortium on DLB International Workshop. Neurology. 1996;47:1113-1124.

31. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules.
Neurology. 1993;43:2412-2414.

32. Heaton RK, Grant I, Matthews CG. Comprehensive Norms for an Expanded Halstead-
Reitan Battery. Odessa, Fla: Psychological Assessment Resources Inc; 1991.

33. Tang MX, Cross P, Andrews H, et al. Incidence of Alzheimer’s disease in African-
Americans, Caribbean Hispanics, and Caucasians in northern Manhattan.
Neurology. 2001;56:49-56.

34. Fisk JD, Merry HR, Rockwood K. Variations in case definition affect prevalence
but not outcomes of mild cognitive impairment. Neurology. 2003;61:1179-
1184.

35. Ganguli M, Dodge HH, Shen C, DeKosky ST. Mild cognitive impairment, amnes-
tic type: an epidemiologic study. Neurology. 2004;63:115-121.

36. Ritchie K, Artero S, Touchon J. Classification criteria for mild cognitive impair-
ment: a population-based validation study. Neurology. 2001;56:37-42.

37. Larrieu S, Letenneur L, Orgogozo JM, et al. Incidence and outcome of mild cog-
nitive impairment in a population-based prospective cohort. Neurology. 2002;
59:1594-1599.

38. Sundquist J, Winkleby MA, Pudaric S. Cardiovascular disease risk factors among
older black, Mexican-American, and white women and men: an analysis of NHANES
III, 1988-1994: Third National Health and Nutrition Examination Survey. J Am
Geriatr Soc. 2001;49:109-116.

39. Brancati FL, Kao WHL, Folsom AR, Watson RL, Szklo M. Incident type 2 diabe-
tes mellitus in African American and white adults: the Atherosclerosis Risk in
Communities Study. JAMA. 2000;283:2253-2259.

40. Lethbridge-Cejku M, Schiller JS, Bernadel L. Summary health statistics for US
adults: National Health Interview Survey, 2002. Vital Health Stat 10. 2004:1-
151.

Announcement

Sign Up for Alerts—It’s Free! Archives of Neurology of-
fers the ability to automatically receive the table of con-
tents of ARCHIVES when it is published online. This also
allows you to link to individual articles and view the ab-
stract. It makes keeping up-to-date even easier! Go to
http://pubs.ama-assn.org/misc/alerts.dtl to sign up for this
free service.

(REPRINTED) ARCH NEUROL / VOL 62, NOV 2005 WWW.ARCHNEUROL.COM
1746

©2005 American Medical Association. All rights reserved.
 at Columbia University, on May 4, 2006 www.archneurol.comDownloaded from 

http://www.archneurol.com

