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Objective: To describe the neuropsychological characteristics of mild cognitive impairment (MCI)
subgroups identified in the Cardiovascular Health Study (CHS) cognition study.
Methods: MCI was classified as MCI-amnestic type (MCI-AT): patients with documented memory deficits
but otherwise normal cognitive function; and MCI-multiple cognitive deficits type (MCI-MCDT): impairment
of at least one cognitive domain (not including memory), or one abnormal test in at least two other
domains, but who had not crossed the dementia threshold. The MCI subjects did not have systemic,
neurological, or psychiatric disorders likely to affect cognition.
Results: MCI-AT (n = 10) had worse verbal and non-verbal memory performance than MCI-MCDT (n = 28)
or normal controls (n = 374). By contrast, MCI-MCDT had worse language, psychomotor speed, fine motor
control, and visuoconstructional function than MCI-AT or normal controls. MCI-MCDT subjects had
memory deficits, though they were less pronounced than in MCI-AT. Of the MCI-MCDT cases, 22 (78.5%)
had memory deficits, and 6 (21.5%) did not. MCI-MCDT with memory disorders had more language
deficits than MCI-MCDT without memory disorders. By contrast, MCI-MCDT without memory deficits had
more fine motor control deficits than MCI-MCDT with memory deficits.
Conclusions: The most frequent form of MCI was the MCI-MCDT with memory deficits. However, the
identification of memory impaired MCI groups did not reflect the true prevalence of MCI in a population,
as 16% of all MCI cases and 21.5% of the MCI-MCDT cases did not have memory impairment. Study of
idiopathic amnestic and non-amnestic forms of MCI is essential for an understanding of the aetiology of
MCI.

T
he term mild cognitive impairment (MCI) is used in
clinical research to describe a group of elderly subjects
who have cognitive impairments, often involving mem-

ory, not of sufficient severity to warrant the diagnosis of
dementia. Implicit in the MCI concept is the idea that these
subjects are at increased risk of developing Alzheimer’s
disease.1 2 Although researchers have focused on MCI cases
with relatively isolated memory deficits, increasing numbers
of studies have shown that performance in cognitive domains
other than memory may not be entirely normal.1 3–5 Indeed,
current studies suggest that there are two forms of MCI, one
with predominant impairment of memory (for example,
MCI,6 age associated memory impairment (AAMI)7), and the
other with a wider range of cognitive impairments (for
example, age associated cognitive decline (AACD),8 age
related cognitive decline (ARCD)9). Population studies have
showed that the cases with predominant impairment of
memory constituted a relatively small group compared with
all individuals with a much broader form of mild cognitive
deficit.10–16

The most important aspect in the diagnosis of MCI is to
separate an age related process (subjects are different from
younger individuals, but not from those of the same age)
from a pathological state (subjects are different from younger
individuals, and from those of the same age), which could be
a risk state for dementia. Therefore, how these criteria are
operationalised is critical for identifying a ‘‘pathological’’
MCI syndrome, and this may have explained the wide range
of estimates of the prevalence of MCI. Among the studies
using the AAMI criteria, the MCI prevalence ranged from
7.1% (in subjects aged over 65),17 to 53.8%.18 In other study,
the prevalence for AAMI was 18.5%, using cut off points

adjusted for age,19 but 40% met the criteria if no age
adjustments were made.

Although the MCI syndrome is based on a neuropsycho-
logical pattern of impaired and non-impaired functions, there
are still some discrepancies over how to classify these
patients. Whether all subjects with memory deficits (memory
impaired only and memory associated with other cognitive
deficit) should be considered MCI-amnestic type (MCI-AT),
or whether there should be a clear differentiation between
those with an isolated memory deficit and those whose
memory deficits are associated with abnormalities in other
cognitive domains. For example, studies that have focused on
MCI with a predominant memory impairment have also
found that these individuals can have verbal fluency,1

receptive language,20 attention, and executive function
deficits.3 4 21 Population studies found that that up to 54%
of the patients with AAMI met criteria for AACD.22

On the other hand, studies that examined subjects with a
much broader cognitive impairment (MCI-multiple cognitive
domain type (MCI-MCDT)) found that more than 50%
of the subjects with MCI-MCDT can have memory deficits,22

and Schroeder et al showed that 67% of the AACD patients
met criteria for AAMI.11 Therefore, a first step in the
understanding the relation between memory-only and

Abbreviations: AACD, age associated cognitive decline; AAMI, age
associated memory impairment; ARCD, age related cognitive decline;
CES-D, Center for Epidemiological Studies Depression Scale; CHS,
Cardiovascular Health Study; IADL, instrumental activities of daily living;
MCI-MCDT, multiple cognitive deficits type of mild cognitive impairment;
MCI, mild cognitive impairment; MCI-AT, amnestic type of mild cognitive
impairment; UPDRS, Unified Parkinson’s Disease Rating Scale; 3MSE,
modified Mini-Mental State Examination
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memory-plus deficit cases is to describe the characteristics
and the expected proportion of these two MCI subtypes.
Second, those cases without any memory deficits—a third
MCI group—should be identified and compared with the
other two MCI subtypes. Petersen et al proposed classifying
MCI patients in three subgroups: amnestic, multiple domains
slightly impaired, and single non-memory domain.23

However, there were no published data to support this
classification scheme.

The Cardiovascular Health Study (CHS) cognition study
evaluated the cognitive function of 3608 participants to
diagnose and classify MCI and dementia (and related
disorders) in four American communities, and detailed
evaluation of MCI subgroups was conducted in Pittsburgh.
The CHS cognition study has identified 6% prevalence for
MCI-AT and 16% for MCI-MCDT.13 The purpose of the
present study was to extend these findings by describing the
pattern of neuropsychological defects associated with MCI. In
particular, we were interested in examining the patterns of
neuropsychological test performance of the MCI-MCDT
participants with and without memory deficits.

METHODS
The initial CHS cohort comprised 5201 non-institutionalised
individuals over the age of 65 who were recruited from four
communities using the Part A Medicare list (Pittsburgh,
Pennsylvania; Sacramento, California; Winston-Salem, North
Carolina; Hagerstown, Maryland) in 1988–89. In 1992–93,
the third year of the study, 687 African Americans were
added to the study in the same manner. The demographic
characteristics of the total CHS cohort have been described
previously.24

Beginning in 1988/89, all participants completed the
modified Mini-Mental State Examination (3MSE)25 and the
Digit Symbol Substitution Test (DSST)26 at their annual visits,
and the Benton Visual Retention Test (BVRT) from 1994 to
1998.27 The Telephone Interview for Cognitive Status (TICS)
was used when participants did not come to the clinic.28

Further information on cognition was obtained from proxies
using the Informant Questionnaire for Cognitive Decline in
the Elderly (IQ CODE),29 and the Dementia Questionnaire
(DQ).30 Symptoms of depression were measured with the
modified version of the Center for Epidemiology Studies
Depression Scale (CES-D).31 In 1991–94, 3608 participants
had magnetic resonance imaging (MRI) of the brain, and
repeat MRI in 1997–98. The CHS staff also obtained
information from participants and next of kin regarding

vision and hearing, the circumstances of the illness, and
history of dementia, and functional status, as well as
information about pharmaceutical drug use and alcohol
consumption.32 Data on instrumental activities of daily living
(IADL),33 and activities of daily living (ADL)34 were also
collected

The CHS Cognition Study has been described previously in
detail, including the methods of classification of dementia
and MCI.13 32 Briefly, in 1998–99 the CHS attempted to
identify all participants who had either prevalent dementia at
the time of MRI of the brain in 1991–94, or subsequent
incident dementia before 1998–99. The sample was limited to
those participants who had an MRI in 1991–94, and a 3MSE
evaluation, for a total of 3608 participants, of whom 3602
were available for the study. Comparison of those who did
and did not have MRI has previously been reported.35 36

Participants classified as demented or MCI were reviewed
by an adjudication committee comprised of experts in
dementia diagnosis, who first classified cases as demented,
MCI, or normal, and then adjudicated the specific type of
dementia or MCI.13

Clinical examination
Neuropsychological examination
The neuropsychological battery included the following tests:

N Premorbid intelligence: American version of the National
Reading Test (AMNART)37; Raven’s coloured progressive
matrices (modified)38;

N Memory: California Verbal Learning Test (CVLT)39; mod-
ified Rey-Osterreith figure40;

N Language: Boston naming test41; verbal fluency test42;

N Visuoperceptual/visuoconstructional: block design (mod-
ified from the Wechsler Adult Intelligence Scale–
Revised)26; modified Rey-Osterreith figure40;

N Psychomotor speed: Trailmaking A; Baddeley and Papagno
divided attention task (single task)43;

N Executive functions: Stroop neuropsychological screening
test44; Trailmaking B and A/B45; digit spans26; Baddeley and
Papagno divided attention task (dual task)43;

N Fine motor control: Grooved pegboard test.46

The results of the neuropsychological battery were classi-
fied as normal or abnormal (.1.5 SD below individuals of
comparable age and education), based on normative data
collected from a sample of 250 unimpaired subjects in

Table 1 Demographic and neurological characteristics of the Pittsburgh mild cognitive impairment subgroups

Variable Normal MCI-AT MCI-MCDT IC*

Number of subjects 374 10 28
Age (years) 79.5 (3.7) 79.9 (3.4) 79.7 (5.7) d
Education level

.high school (%): 230 (61.5%) 8 (80%) 9 (32%) b,c
,high school (%): 144 (38.5%) 2 (20%) 19 (68%)

Sex
Male (%): 142 (38%) 6 (60%) 13 (46%) d
Female (%) 232 (62%) 4 (40%) 15 (54%)

Race
White (%): 306 (82%) 7 (70%) 12 (43%) b,c
African American (%): 68 (18%) 3 (30%) 16 (575)

Hachinski Ischemic Scale closest to NP 1.0 (1.1) 1.7 (1.2) 1.1 (0.9) d
UPDRS closest to NP 4.1 (4.4) 6.1 (5.4) 8.7 (5.7) b,c
CES-D score .7 closest to NP (%) 88 (24%) 3 (305) 9 (32%) d

Values are mean (SD) or n (%).
*2 and one way analysis of variance intergroup comparisons (IC): a, MCI-AT different from normal; b, MCI-MCDT different from normal; c, MCI-AT different from
MCI-MCDT; d, no statistical differences. All p values ,0.05, see text for details.
CES-D, Center for Epidemiological Studies Depression Scale; MCI-MCDT, multiple cognitive deficits type of mild cognitive impairment; MCI-AT, amnestic type of
mild cognitive impairment; NP, neuropsychological assessment; UPDRS, Unified Parkinson’s Disease Rating Scale.
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Pittsburgh. An abnormal domain was considered when two
tests of the same domain were impaired.

Neurological examination
The neurological examination included a brief mental status
examination, as well as cranial nerve testing, motor tone,
abnormal movements, strength, deep tendon reflexes, release
signs, plantar response and clonus, cerebellar testing, primary
sensory testing, gait, and postural stability. After the mental
status examination the neurologist asked the participants
about their performance on these tests, and the response was
graded on a four point scale. The examiner also completed
the Unified Parkinson’s Disease Rating Scale (UPDRS),47 and
the Hachinski ischaemic scale.48 After completing the
neurological examination, the neurologist classified the
participant as normal, MCI, or dementia.

Psychiatric examination
Symptoms of depression were measured with the modified
version of the Center for Epidemiology Studies Depression
Scale (CES-D) 10-item version,31 and historical data were
available through the CHS. In 1998–99, we administered the
Neuropsychiatric Inventory (NPI)49 to expand the psychiatric
assessment; historical data were available from 1989 to 1998.

MCI criteria
MCI subjects were diagnosed following the CHS Cognition
Study diagnostic criteria for MCI.13 MCI-AT included subjects
with impairments (defined as performance .1.5 SD from
controls) in delayed recall of verbal material, non-verbal
materials, or both, and the cognitive deficits must represent a
decline from a previous level of functioning. Cognitive
functions must otherwise fall within normal limits. This

Table 2 Neuropsychological characteristics of normal subjects and mild cognitive impairment subgroups (raw scores)

Variable Normal MCI-AT MCI-MCDT IC*

Number of cases 374 10 28
3MSE 96.0 (4.6) 92.6 (6.2) 88.2 (7.3) a,b,c
Digit symbol substitution test 46.8 (12.3) 38.4 (10.1) 29.2 (12.1) a,b,c

Premorbid intelligence`
American National Reading Test 118.3 (8.5) 121.2 (7.4) 107.1 (12.4) b,c
Raven’s coloured progressive matrices 27.2 (5.2) 22.0 (5.3) 20.0 (4.8) a,b,c

Memory
California Verbal Learning Test

Trial 1 5.8 (2.0) 2.8 (1.7) 3.8 (2.1) a, b
Trial 5 10.2 (2.7) 5.1 (2.8) 7.3 (2.8) a,b,c
Trials 1 to 5 43.3 (10.1) 24.1 (7.1) 31.2 (11.3) a, b
Free recall (short) 8.0 (3.9) 2.0 (2.5) 4.7 (2.4) a,b,c
Free recall (long)� 8.7 (2.9) 2.0 (2.1) 5.4 (2.7) a,b,c
Intrusions 2.1 (3.3) 3.0 (1.8) 2.7 (2.7) d
Discriminability index 89.7 (8.2) 75.0 (13.2) 81.7 (8.2) a,b,c

Modified Rey-Osterreith figure
Immediate recall 15.4 (4.8) 7.3 (4.7) 10.5 (4.5) a,b
Delayed recall� 14.7 (4.8) 4.8 (4.1) 8.6 (4.6) a,b,c

Visuoconstructional
Modified Rey-Osterreith figure� 22.3 (2.1) 21.1 (4.0) 18.7 (3.4) b,c
Block design� 11.4 (4.8) 9.7 (3.8) 3.5 (2.9) b,c

Language
Boston Naming� 26.9 (2.6) 26.4 (1.1) 23.1 (4.0) b,c
Letters (F¡S)� 25.9 (9.3) 25.3 (9.2) 17.0 (8.1) b,c
Category

Animals� 15.6 (4.8) 11.6 (3.1) 11.1 (4.4) a,b
Birds 9.7 (3.8) 7.8 (3.8) 6.4 (2.6) b
Dogs 7.0 (3.2) 5.2 (3.0) 5.1 (2.3) b

Psychomotor speed
Trailmaking A (in seconds)� 45.6 (17.5) 60.8 (29.3) 74.9 (27.0) a,b,c
Baddeley and Papagno (single task-cancellation)�1 67.6 (17.4) 88.0 (41.7) 92.9 (23.4) a,b

Executive functions
Trailmaking B (in seconds) 107.5 (49.3) 166.7 (95.1) 204.0 (63.9) a,b
Trailmaking A/B� 2.5 (2.0) 2.6 (0.95) 3.0 (0.96) d
Stroop test (interference)� 2.31 (1.8) 2.8 (2.2) 4.2 (2.1) b
Digit spans

Forward 6.4 (1.2) 6.2 (1.1) 5.9 (1.0) b
Backward 4.4 (1.2) 3.7 (0.95) 3.4 (1.1) b
Baddeley and Papagno (dual task)�1 76.9 (18.4) 82.8 (28.7) 98.3 (18.6) b,c

Fine motor control`
Grooved pegboard (seconds)

Dominant� 112.0 (33.1) 119.1 (19.6) 166.1 (74.8) a,b,c
Non-dominant� 123.4 (33.1) 126.6 (23.7) 183.9 (97.2) a,b,c

Values are mean (SD).
*ANOVA intergroup comparisons (IC): a, MCI-AT different from normal; b, MCI-MCDT different from normal; c, MCI-AT different from MCDT; d, no statistical
differences. All p values ,0.05, see text for details.
�Measures used to create composite scores.
`Premorbid intelligence and fine motor control tests were not used to classify MCI cases.
1Per cent change: single v dual tasks.
MCI-MCDT, multiple cognitive deficits type of mild cognitive impairment; MCI-AT, amnestic type of mild cognitive impairment; 3MSE, modified Mini-Mental State
Examination.
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diagnosis did not exclude individuals with mild defects of
IADL. The second type, MCI-MCDT, required impairments in
at least one cognitive domain (other than memory), or one
abnormal test (which could be a memory test) in at least two
domains (defined as performance .1.5 SD) from controls,
without sufficiently severe impairment, or loss of activities of
daily living to constitute dementia. For example, MCI-MCDT
cases can have an isolated language deficit, or one abnormal
memory test with an abnormal visuoconstructional test.
These cognitive deficits may or may not affect IADL, but must
represent a decline from a previous level of functioning, as
detected by the annual 3MSE, BVRT, and DSST scores, or
reported in the IQCODE, and DQ.

Subjects were classified as probable MCI when there were
no psychiatric, neurological (for example, cerebrovascular
disease, history of head trauma encephalopathy, infectious
diseases, developmental disabilities), or systemic illnesses
that may cause cognitive deficits. Participants with
Parkinson’s disease and MCI were not included in this study.
Subjects were classified as possible MCI when there were
comorbid conditions that can cause cognitive deficits, or
when they were unable to complete the neuropsychological
battery. Subjects were considered to have had a complete
neuropsychological assessment when they had completed a
minimum of five neuropsychological tests in three cognitive
domains.

The diagnosis of MCI was done by an adjudication
committee which examined the longitudinal data, as well
as the neuropsychological, neurological, psychiatric, and
systemic information. The adjudication committee had access
to all neuropsychological information. The tests used to
determine the pattern of impairment are shown below.
Subjects with normal neuropsychological performance and
reports of mild IADL problems were considered normal.

Of the 927 participants in the Pittsburgh sample, 552 were
classified as normal, 193 as demented, and 159 as MCI.
Twenty three subjects died within the first year following
their 1992–94 MRI, and insufficient cognitive data were
available for their clinical classification. Of these 159 MCI
participants, 130 were alive in 1998–99, and 88 had a
complete neuropsychological evaluation. Of the 552 normal
participants, 439 were alive in 1998–99 and 374 completed
the neuropsychological examination. The subtypes of 130
adjudicated MCI cases included 10 probable MCI-AT, 30
possible MCI-AT, 30 probable MCI-MCDT, and 80 possible
MCI-MCDT cases. Of the 42 cases classified as possible MCI
because of incomplete data, 67% had a comorbid condition

which may have affected their cognitive performance (MCI-
MCDT, 19/30 (63%); MCI-AT, 9/12 (75%)).

Because the purpose of this study was to describe the
cognitive characteristics of MCI subgroups, we evaluated the
neuropsychological performance of all subjects at the
Pittsburgh site who met criteria for probable MCI.13 First,
we compared the subjects based on the MCI-AT and MCI-
MCDT classification. The second classification rule that was
applied to the data focused on the extent of memory loss in
the MCI-MCDT subjects. Based on their performance on the
memory tests (.1.5 SD), the MCI-MCDT subjects were
grouped into those with and those whose without memory
deficits.

Statistical analysis
Certain of the neuropsychological test scores were combined
to produce meaningful values for analysis. The score on the
modified Boston Naming Test was the sum of the sponta-
neous correct responses and the correct responses following a
semantic cue. Word generation using letter cues was
calculated as the average number of words generated per
minute. The word generation using animal types (‘‘subcate-
gories’’) was also calculated as the average number of words
generated per minute. This allowed direct comparison of
word generation across all three conditions (that is, letter
cues, category cue, subcategories). The scores on the
Trailmaking Test (parts A and B) were recalculated as the
number of seconds required to complete each correct
connection, and we also calculated the ratios of B:A as
times. An ‘‘interference score’’ was calculated for the Stroop
neuropsychological screening test by dividing the difference
between the interference condition by the baseline condition,
and the baseline condition (that is, (I2B)/B), which is a more
direct measure of the Stroop effect.

The neuropsychological test data were transformed into
standardised scores using routine procedures. The subjects
were stratified by age (¡80 years) and education (¡high
school education), and the individual test scores were z
transformed, based on the appropriate mean and standard
deviation from the control subjects. All scores were then
converted into T scores (T = z*10+50), resulting in a mean T
of 50 for the control subjects, with a standard deviation of
10.50

The neuropsychological data were further reduced to
Domain T scores using the test scores available to the
adjudication committee. The individual age and education
adjusted z scores were averaged (using the appropriate sign),
and these composite standard scores were then transformed

Table 3 Domain T scores for mild cognitive impairment subgroups

Controls v MCI-AT v MCI-MCDT
Controls v MCI-AT v MCDT with memory deficits v MCDT without
memory deficits

Normal MCI-AT MCI-MCDT IC*
MCI-MCDT with
memory deficits

MCI-MCDT without
memory deficits IC*

Number of cases 374 10 28 22 6
Memory 50.2 (6.7) 29.3 (6.7) 38.9 (6.7) a,b,c 36.7 (5.6) 46.5 (7.7) e
Visualconstructional 50.0 (7.8) 45.7 (10.9) 35.4 (9.9) b,c 37.9 (6.9) 35.4 (8.0) f
Language 49.9 (9.3) 45.9 (4.7) 40.6 (7.0) b,c 38.7 (6.3) 43.5 (8.6) e
Psychomotor speed 49.9 (7.0) 45.2 (8.3) 36.5 (9.0) b,c 37.9 (14.0) 33.0 (14.3) f
Executive functions 50.2 (8.9) 47.8 (7.7) 46.0 (7.1) d 44.0 (7.5) 42.3 (6.3) g
Fine motor control 49.6 (8.2) 49.4 (5.3) 32.9 (22.7) b,c 38.7 (16.5) 28.9 (14.5) f, h

Values are mean (SD).
*Multivariate analysis of variance intergroup comparisons (IC):
Controls v MCI-AT v MCI-MCDT: a, MCI-AT different from normal; b, MCI-MCDT different from normal; c, MCI-MCDT different from MCI-AT; d, no statistical
differences.
Controls v MCI-MCDT with and without memory deficits: e, MCI-MCDT with memory deficits different from MCI-MCDT without memory deficits, MCI-AT, and
normal; f, MCI-MCDT with and without memory deficits different from MCI-AT and normal; g, MCI-MCDT without memory deficits different from normal and MCI-
AT; h, MCI-MCDT with memory deficits different from MCI-MCDT without memory deficits.
MCI-MCDT, multiple cognitive deficits type of mild cognitive impairment; MCI-AT, amnestic type of mild cognitive impairment.
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into T scores. The test scores contributing to each of the five
domain scores are listed in table 2.

RESULTS
The demographic and psychometric data from the MCI
patients and the normal control subjects are shown in table 1.
There was a greater proportion of MCI-AT subjects with more
than high school education than normal controls. By
contrast, MCI-MCDT subjects had lower level of education
than normal controls or MCI-AT subjects. There was a greater
proportion of African Americans with MCI-MCDT than
normal controls and MCI-AT. MCI-MCDT subjects had
higher UPDRS scores than normal controls or MCI-AT
(table 1).

Neuropsychological characteristics of MCI
Table 2 shows the raw scores of normal, MCI-AT, and MCI-
MCDT subjects. The asterisk indicates the measures used to
create composite scores in each domain, and the tests used to
determine the pattern of impairment by the adjudication
committee. Table 3 shows the composite T scores for the MCI
patients and controls. The data for the MCI subjects are
broken down in two ways; first, we compared subjects with
MCI-AT and MCDT, and second, we compared the perfor-
mance of MCI-AT to MCI-MCDT with and without memory
deficits (table 3).

Two multivariate analyses of variance (MANOVA) were
completed, using the LSD test (p,0.05) to test between
group differences on each of the domain T scores. The first
analysis compared the subject’s performance as a function of
the CHS grouping. There was a main effect of group
(F(12,682) = 17.94, p,0.001, g2 = 0.24), and there were
specific deficits in performance as shown with the domain
scores. Specifically, the MCI-AT subjects, as expected, had
memory domain scores that were significantly lower than
those of the controls or the MCI-MCDT group. The MCI-AT
subjects were not significantly different from the controls on
any other domain scores. By contrast, the MCI-MCDT group
was impaired on all other domain scores, and actually
performed significantly worse than the MCI-AT group in the

visuoconstruction/visuospatial, language, and fine motor
control domains (table 3).

The MANOVA comparing the MCI-MCDT subjects broken
down by memory scores also had a significant effect of group
(F(11,593) = 18.000, p,.001, g2 = 0.24). The pattern of
spared and impaired functions was different from that
observed in the MCI-MCDT classification. Of the MCI-
MCDT cases, 22 (78.5%) had memory deficits, and six
(21.5%) did not. The MCI-MCDT with memory disorders
had more language deficits than the MCI-MCDT without
memory disorders. By contrast the MCI-MCDT without
memory deficits had more fine motor control deficits than
the MCI-MCDT with memory deficits. Visuoconstructional,
executive functions, and psychomotor speed function were
equally impaired in both forms of MCI-MCDT compared with
normal controls and MCI-AT. The MCI-MCDT without
memory deficits had worse executive functions than normal
controls and MCI-AT subjects.

DISCUSSION
The findings from this study are directly relevant to our
understanding of the symptom profile and nosology of MCI.
The fact that subjects with MCI are sometimes grouped as
having only memory deficit, and sometimes as having
memory plus deficits in other areas of cognition can have a
significant impact in the clinical characterisation of the MCI
syndrome.11 12 16 22 The definitions used here separated the
MCI cases differently. In the present study MCI-AT included
only those cases with an idiopathic amnestic disorder. In fig 1,
we plot the domain scores by MCI subgroup, and this clearly
shows the focal nature of the impairment in MCI-AT. By
contrast, we used a separate classification for those MCI cases
who had impairments in multiple domains, or in a single
non-memory domain (that is, MCI-MCDT). This group
clearly has a more diffuse and less well defined pattern of
defects. However, when the MCI-MCDT group was broken
down as a function of memory impairment, distinctions were
found within that group. The MCI-MCDT cases with memory
loss were impaired in all functions compared with normal
controls and MCI-AT, except in executive functions. Thus,

50

40

30

20
MCDT without

memory deficits

MCI–MCDT subtypes

MCDT with
memory deficits

All MCI–MCDTMCI–AT

Memory
Visuoconstructional
Language

Psychomotor speed
Executive function
Fine motor control 

Figure 1 The domain scores by mild cognitive impairment subgroup. MCDT, multiple cognitive deficits type of mild cognitive impairment; MCI, mild
cognitive impairment; MCI-AT, amnestic type of mild cognitive impairment.
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while they had memory deficits, the range of cognitive
impairments suggests a very different pattern of neuropatho-
logical damage than would be expected in the focal amnestic
group (MCI-AT). As a group, the MCI-MCDT cases without
memory defects present with a less well defined pattern of
impairment, but with sparing of memory, language, and
executive functions (that is, they have T scores .40).

These results make clear that the classification of ‘‘MCI-
amnestic’’, as it is usually considered, is not sufficient to
capture the precise nature of the syndrome (and the
underlying pathological damage), as the majority of the
MCI cases fell in the category of MCI-MCDT, and 16% of all
MCI cases did not have any memory impairment. In addition,
our results support the view that there should be an MCI-
amnestic group with a focal memory disorder and without
impairments in other domains. This group should be
differentiated from the ‘‘MCI-MCDT with memory disorder’’,
which was the most frequent form of MCI (56% of all MCI
cases), and which represented a group of individuals with a
memory deficit and impaired function in other domains. Finally,
we believe that the term ‘‘MCI-MCDT without memory
impairment’’ should be used to characterise the remaining
patients. While some might argue that this is a semantic
distinction of no practical importance, we suggest that to the
extent that the pattern of neuropsychological dysfunction is
related to the underlying neuropathological abnormality,
then these distinctions between subtypes are of the highest
importance. As a consequence, studies of the natural history,
treatment response, and risk for dementia will provide more
meaningful data when attention is paid to the full range of
neuropsychological abnormalities in MCI.

The definition of MCI types is based, to some degree, on
the same neuropsychological tests used in the analysis.
Therefore, any studies of the neuropsychological test profiles
of MCI are not independent of the subgroup classification. It
is also clearly the case that the breadth of the neuropsycho-
logical evaluation will provide better detail to aid in the
classification of the subjects—focusing on memory tests with
minimal evaluation of other functions could bias the
classifications in a way different from a test battery that
covers more cognitive domains. The composition of the
neuropsychological battery is, therefore, a critical factor in
the diagnosis of MCI. The battery must be sensitive enough to
detect MCI subgroups as well as the possible contributions of
other disease processes (for example, cerebrovascular disease,
metabolic disease) to the manifestation of the syndrome.
Although there is little agreement about the composition of
the optimal test battery, it should be able to clearly identify
cognitive domains (memory, language, attention/executive
functions, visuoperceptual, and visuoconstructional), and
should include multiple measures for each domain/construct,
to avoid being responsive only to dementia severity. The test
battery should also take into account the variability in the
cognitive performance often seen in population studies,
which is usually greater than that seen in referral clinics,
where subjects seek evaluation for the presence of cognitive
disorders.

The manner in which the MCI subjects are subclassified
has implications for the cognitive profile of the group and
thus for our inferences about the aetiology and possible
clinical course of the disorder. When we simply asked
whether the subject had a mild memory disorder, we
identified 32 such cases (84%); six (16%) did not have a
memory impairment. However, memory impaired cases can
present with an isolated memory deficit (see fig 1), or in
combination with deficits in other domains, the most
frequent form of MCI identified in this study. Inspection of
the domain T scores, however, revealed that when the MCI-
MCDT subjects were classified on the basis of their memory

performance, the memory impaired subjects were signifi-
cantly different from controls in all domains measured.

The qualitative and quantitative integrity of the MCI-AT
group compared with the MCI-MCDT memory impaired
classification, suggests that the former represents an even
more focal pattern of cognitive impairment. MCI-AT subjects
had a greater volume loss in the hippocampus, amygdala, and
entorhinal cortex, as well as in the dorsolateral prefrontal
cortex and the superior temporal and parietal cortices.51 By
contrast, MCI-MCDT subjects had less atrophy of the anterior
mesial temporal lobe (only hippocampus volume loss), and
more atrophy in the secondary association cortices (that is,
frontal-temporal-parietal lobes) than MCI-AT subjects. By
requiring that the memory defect exists in isolation, we gain
the opportunity to evaluate a more restricted neurobeha-
vioural syndrome (and, by extension, a more specific
neuropathological/aetiological basis).

More than 20% of the MCI-MCDT cases had a relative
preservation of their memory functions. However, there were
a few cases with isolated non-memory domain impairments:
one patient had mild deficits in language function, and two
had mild defects in visuoconstructional functions. It is
important to note that the sample sizes of these subgroups
are quite small, and consequently these results must be
interpreted cautiously. Nevertheless, these findings provided
support for the guidelines for a non-memory MCI group
proposed by Petersen et al.23 Although, as a group, the MCI-
MCDT had normal executive functions (T scores .40), there
were five subjects (18%) whose executive domain was
impaired (four MCI-MCDT with memory deficits and one
without). However, the deficits in the executive function
domain were always associated with an abnormal test score
in another cognitive domain.

The development of specific neuropsychological criteria for
MCI types will then make it possible to evaluate incidence,
prevalence, and determinants of the MCI types within and
between populations. The brain morphology changes as
measured by MRI or specific brain function abnormalities
may further improve the description and could be an
independent corroboration of MCI types. The classification
of MCI types would then be useful to improve prediction of
the subsequent risk of dementia and the type of dementia.
Large sample sizes and longer follow up will be required to
test the predictive power of classification of MCI types on
predicting dementia. Finally, a classification of the type of
MCI may provide a better approach to evaluating the efficacy
of therapeutic options, especially for testing the efficacy of
treatments in preventing the conversion from MCI to
dementia. Although the MCI classification that we have
used13 was developed from a small number of subjects, the
cohort was well defined and the participants very carefully
evaluated; nevertheless, independent corroboration is essen-
tial.
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