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Context: The likelihood of conversion to Alzheimer dis-
ease (AD) in mild cognitive impairment (MCI) and the “op-
timal” early markers of conversion need to be established.

Objectives: To evaluate conversion rates to AD in sub-
types of MCI and to identify neuropsychological mea-
sures most predictive of the time to conversion.

Design: Patients were followed up semiannually and con-
trols annually. Subtypes of MCI were determined by us-
ing demographically adjusted regression norms on neu-
ropsychological tests. Survival analysis was used to identify
the most predictive neuropsychological measures.

Setting: Memory disorders clinic.

Participants: One hundred forty-eight patients report-
ing memory problems and 63 group-matched controls.

Main Outcome Measure: A consensus diagnosis of
probable AD.

Results: At baseline, 108 patients met criteria for amnes-
tic MCI: 87 had memory plus other cognitive domain defi-
cits and 21 had pure memory deficits. The mean dura-

tion of follow-up for the 148 patients was 46.6±24.6
months. In 3 years, 32 (50.0%) of 64 amnestic-“plus” and
2 (10.0%) of 20 “pure” amnestic patients converted to AD
(P=.001). In 148 patients, of 5 a priori predictors, the per-
cent savings from immediate to delayed recall on the Se-
lective Reminding Test and the Wechsler Adult Intelli-
gence Scale–Revised Digit Symbol Test were the strongest
predictors of time to conversion. From the entire neuro-
psychological test battery, a stepwise selection procedure
retained 2 measures in the final model: total immediate
recall on the Selective Reminding Test (odds ratio per
1-point decrease, 1.10; 95% confidence interval, 1.05-
1.14; P�.0001) and Digit Symbol Test coding (odds ra-
tio, 1.06; 95% confidence interval, 1.01-1.11; P=.01). The
combined predictive accuracy of these 2 measures for con-
version by 3 years was 86%.

Conclusions: Mild cognitively impaired patients with
memory plus other cognitive domain deficits, rather than
those with pure amnestic MCI, constituted the high-
risk group. Deficits in verbal memory and psychomotor
speed/executive function abilities strongly predicted con-
version to AD.
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M ILD COGNITIVE IMPAIR-
ment (MCI) signifies
the transitional stage
between age-related
memory decline and

Alzheimer disease (AD).1 The criteria for
MCI2 require the report of memory prob-
lems, cognitive impairment (test score,
�1.5 SDs below age-adjusted norms), and
intact daily functioning.

Conversion rates from MCI to AD range
from 4% to 23% in community-based and
10% to 31% in clinic-based samples.3,4 This
variability may be related to differences in
diagnostic criteria and sample selection.
Recent studies1,5,6 suggest that patients with
amnestic MCI (ie, patients with scores
�1.5 SDs below age-adjusted norms on
standard memory tests), with or without

deficits in other cognitive domains, con-
stitute subtypes that are most likely to con-
vert to AD. Nonamnestic single- or mul-
tiple-domain subtypes are more likely to
convert to other dementias.

In MCI, impairment in measures of free
recall, particularly verbal recall,7-10 con-
sistently predict conversion to AD in com-
munity-based7,11-18 and clinic-based19-29

studies. Executive function deficits also
consistently predict AD conversion,7,16,30,31

with less consistent findings5,32 for verbal
fluency,11 naming,15 visuospatial ability,17

and attention23 deficits.
In a long-term follow-up study of pa-

tients with MCI (hereafter referred to as
MCI patients) and healthy control sub-
jects, our group examined putative early
markers of MCI conversion to AD.33-36

Author Affiliations are listed at
the end of this article.
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Based on an earlier study in an independent sample24 and
the literature,15,23,24 5 neuropsychological measures were
selected as predictors of MCI conversion: percent sav-
ings from immediate to delayed recall on the Buscke Se-
lective Reminding Test (SRT)37 and on the Wechsler
Memory Scale (WMS) visual reproduction subtest (WMS-
VR),38 performance on the Wechsler Adult Intelligence
Scale–Revised (WAIS-R) Digit Symbol Test,39 confron-
tational naming on the Boston Naming Test (BNT),40 and
category fluency on the Animal Naming Test (ANT).41

The primary goals were to classify patients according
to current MCI criteria and to evaluate conversion rates
in MCI subtypes. The secondary goal was to evaluate the
predictive utility of our 5 a priori measures for conver-
sion to AD. Finally, we sought to identify which base-
line neuropsychological measures from the comprehen-
sive battery were the most predictive of time to AD
conversion.

METHODS

SUBJECTS

One hundred forty-eight patients who presented with memory
problems to a memory disorders center, including a research
clinic and affiliated neurologists’ private offices, participated
in a longitudinal study of putative early markers of AD. All sub-
jects were consecutive newly referred subjects from several
sources. Most (52.0%) were physician-referred, 25.0% were self-
referred, and 23.0% were referred by family, friends, or other
sources. Of the 15 patient deaths during follow-up, we ob-
tained 4 autopsy reports (2 patients had AD, 1 had amyotro-
phic lateral sclerosis with frontotemporal dementia, and 1 did
not have dementia; all clinical diagnoses were consistent with
autopsy diagnoses). The clinical diagnosis of the patient with
amyotrophic lateral sclerosis was clarified within 6 months, and
the subject was therefore excluded from analyses.

Sixty-three healthy control subjects, recruited by advertise-
ment, were examined annually. An additional 20 controls re-
cruited for other studies met the same inclusion/exclusion cri-
teria and completed the same neuropsychological test battery (see
“Neuropsychological Evaluation” in the next section). The com-
bined sample of 83 controls was used to establish regression-
based norms. The institutional review boards of the New York
State Psychiatric Institute and Columbia University Medical Cen-
ter, New York, reviewed and approved the research protocol, and
written informed consent was obtained from each participant.

PROCEDURES

Inclusion/Exclusion Criteria

The current longitudinal study began before the Petersen MCI
criteria were established,2 and the inclusion and exclusion cri-
teria were broadly defined to enroll patients ranging between
“normal” and “dementia.” For patients, inclusion criteria were
age of 40 years or greater, cognitive impairment for at least 6
months but no more than 10 years, and the diagnosis of “not
demented” (clinical dementia rating of 0) or “questionably de-
mented” (clinical dementia rating of0.5). Patients had a mini-
mum Folstein Mini-Mental State Examination (MMSE) score
of 22 or higher, except for Spanish-speaking patients with no
more than 5 years of education, for whom an MMSE score of
18 or higher was permitted if they met all other neuropsycho-
logical and inclusion/exclusion criteria. Study neuropsycho-

logical inclusion criteria were the ability to recall 2 or fewer of
3 objects at 5 minutes on the MMSE or a delayed recall score
greater than 1 SD below norms on the SRT, or a WAIS-R per-
formance IQ score of 10 or more points below the WAIS-R ver-
bal IQ score. Patients who did not demonstrate an objective
cognitive deficit on formal neuropsychological testing were still
eligible if they met all of the following criteria: subjective com-
plaint of memory decline (reported by the subject or an infor-
mant) and a positive score (endorsed by the subject or an in-
formant) on 1 or more of the first 8 items of the modified Blessed
Functional Activity Scale.42 Detailed medical, neurological, and
psychiatric exclusion criteria have been described previ-
ously.34,35 These patients were followed up semiannually.

A study physician (G.H.P., K.B., or D.P.D.) completed a medi-
cal history and conducted a general physical, neurological, and
psychiatric examination including standard laboratory tests and
brain magnetic resonance imaging. A trained neuropsychol-
ogy technician (M.H.T., S.R., M.J., D.Z., or M.G.) adminis-
tered a comprehensive diagnostic battery that was evaluated
by an experienced neuropsychologist (Y.S.). Two expert clini-
cal raters (Y.S. and D.P.D.) used all available information (base-
line cognitive testing, clinical, laboratory, and magnetic reso-
nance imaging) to make a consensus research diagnosis. A similar
approach was used for follow-up evaluations, with the raters
being blind to data from previous visits. Dementia was diag-
nosed according to DSM-IV criteria and possible or probable
AD, according to National Institute of Neurological and Com-
municative Disorders and Stroke–Alzheimer’s Disease and Re-
lated Disorders Association criteria.43 The consensus diagno-
sis was the primary outcome. Conversion to AD required meeting
clinical diagnostic criteria for possible or probable AD at 2 con-
secutive assessments.

For this prospective study, controls were group matched to
patients on baseline age and sex. Inclusion criteria for con-
trols were the absence of memory problems, a score of 34 or
higher of 41 on the Telephone Interview for Cognitive Status,
a score of 27 or higher (of 30 total) on the MMSE with recall
of 2 or more of 3 objects at 5 minutes, and neuropsychological
test scores (on the same battery of tests used to evaluate the
patient cohort) that were not more than 1 SD below age-
adjusted norms. Medical, neurological, and psychiatric exclu-
sion criteria were the same as for patients. The same neuro-
psychological tests were used during the study for the
recruitment of all patients and controls.

Neuropsychological Evaluation

The neuropsychological test battery included measures of learn-
ing and memory, orientation, abstract reasoning, language, at-
tention, and visuospatial ability.

Verbal list learning and memory were assessed with the 12-
item, 6-trial SRT.37 The total number of words learned in 6 trials
(total immediate recall), delayed recall (following a 15-
minute delay), and the percent savings from immediate to de-
layed recall were also examined. Nonverbal learning and memory
were assessed with the WMS-VR subtest.38 Nonverbal recog-
nition memory was also assessed using a multiple-choice ver-
sion of the Benton Visual Retention Test.44

Language tests included a 15-item version of the BNT (total
spontaneous responses),40 the ANT (60-second trial),41 and the
repetition of high-frequency phrases and complex ideational
material subtests of the Boston Diagnostic Aphasia Evaluation
(BDAE repetition and BDAE comprehension, respectively).41

Tests of attention included the digit span subtest from the
WMS (forward plus reverse digits) and cancellation tests that
featured a diamond-shaped stimulus (cancellation-shape) and
a group of letters (cancellation-letter).
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Tests of visuospatial ability included the block design and
object assembly subtests of the WAIS-R,39 the 5-item Rosen
Drawing Test,45 and the matching subtest of the Benton Visual
Retention Test.44

The battery did not include specific tests of executive func-
tion (eg, Wisconsin Card-Sorting Test, Stroop Color-Word In-
terference Test, or Trail Making Test part B). Instead, the fol-
lowing tests were used as indicators of executive function (eg,
verbal and nonverbal abstract reasoning, establishing and main-
taining set, set shifting, and self-monitoring): the similarities sub-
test of the WAIS-R,39 the identities and oddities subtest of the
Mattis Dementia Rating Scale (Mattis identities and oddities),46

the CFL version of the Controlled Oral Word Association Test
(COWAT-CFL),47 and WAIS-R Digit Symbol Test.39

STATISTICAL ANALYSES

Demographic and Clinical Features
and Neuropsychological Performance

Two-sample t tests and �2 tests were used to compare patients
with controls and to compare MCI patients who converted to
AD on follow-up evaluation with MCI patients who did not
(hereafter referred to as MCI converters and MCI nonconvert-
ers, respectively).

MCI Subtype Classification

Although data for the current longitudinal study were col-
lected prospectively, the baseline MCI subtype for each pa-
tient was determined post hoc on the basis of current Peterson
criteria.1 This retrospective reclassification used the following
cognitive domains and measures: (1) memory: SRT total and
delayed recall and WMS-VR immediate and delayed recall;
(2) executive function: WAIS-R similarities, WAIS-R Digit Sym-
bol Test, and COWAT-CFL; (3) language: BNT, ANT, BDAE
repetition, and BDAE comprehension; and (4) visuospatial abil-
ity: Rosen Drawing Test, WAIS-R block design, and WAIS-R
object assembly.

Regression-based norms adjusted for demographic vari-
ables were calculated for the 83 controls.48,49 Each neuropsy-
chological measure used to classify MCI subtypes was in-
cluded as a dependent variable. Continuous predictors were age
and years of education. The categorical predictor was sex. From
the multiple linear regression equations, only demographic vari-
ables significant at P�.05 were retained. The intercept and un-
standardized regression coefficients estimated from the con-
trols were used to calculate predicted scores for each
neuropsychological measure. The predicted scores for each pa-
tient (based on their demographic characteristics) were then
used to calculate residuals that were transformed into demo-
graphically corrected T scores (normative mean [SD] of 50 [10]).

Based on these demographically corrected T scores from the
baseline evaluation, the “pure” amnestic subtype of MCI
[MCI-A] was diagnosed if scores on any 1 of the 4 memory mea-
sures were lower than 1.5 SDs below the normative mean and
performance on measures from the other cognitive domains was
greater than or equal to 1.5 SDs below the demographically cor-
rected mean. The multiple cognitive domain amnestic sub-
type (md-MCI�a) was defined as impaired memory with im-
pairment (�1.5 SDs below norms) in 1 or more tests from
another cognitive domain. Impairment in only a single non-
memory domain led to the following classification: MCI–
executive function (MCI-E), MCI-language (MCI-L), and MCI-
visuospatial (MCI-V). Finally, impairment on tests from 2 or
more of the 3 nonmemory domains with normal scores within
the memory domain was classified as MCI–multiple cognitive

domain deficits without memory impairment (md-MCI−a).
Classification into the 6 subtypes, derived from the baseline
evaluation, was mutually exclusive. Conversion rates to AD on
follow-up evaluation were calculated for the entire cohort and
for specific baseline MCI subtypes.

Evaluating the Predictive Utility
of Neuropsychological Test Measures

With the use of the same linear regression procedures, scores
from all neuropsychological measures for all 148 patients were
transformed to create demographically adjusted T scores (ie, nor-
mative mean [SD] of 50 [10]). The T scores for each patient were
then used as continuous predictors of conversion to AD in sub-
sequent analyses. Because the follow-up duration varied across
subjects and the hazards of AD conversion varied by baseline age,
age-stratified Cox discrete time-regression models were used to
examine the effect of the T score–transformed baseline neuro-
psychological measures on the development of AD. Cox sur-
vival analyses were conducted in 2 stages.

Five A Priori Neuropsychological Measures. In the first stage,
we used separate Cox survival models to assess the individual
effect of each of the 5 T score–transformed a priori neuropsy-
chological predictors on AD conversion. We also used a single
Cox model that included all 5 predictors to assess their simul-
taneous effect on AD conversion.

Identifying a Subset of “Optimal” Neuropsychological
Predictors. In the second stage, we evaluated all neuropsycho-
logical measures from the larger battery of tests. In initial screen-
ing analyses, separate Cox models were applied to each T score–
transformed neuropsychological measure from the
comprehensive battery. The P values were calculated from
1-sided Wald tests, which tested whether decreased perfor-
mance on a measure was associated with a concomitant in-
crease in the hazard of conversion to AD. The method of Ben-
jamini and Yekutieli50 was then used to control the false discovery
rate in the multiple tests conducted (false discovery rate, �0.10).
Because some measures may be redundant in predicting AD con-
version owing to clustering, the individually significant mea-
sures were next collectively submitted to a stepwise selection
procedure in age-stratified Cox regression analysis with a pre-
set significance level of P�.10. Variables were entered into and
removed from the model such that 1 or more backward elimi-
nation steps could follow each forward selection step. Hence,
the variables already in the model did not necessarily remain.
The stepwise selection process terminated if no further vari-
able could be added to the model or if the variable just entered
into the model was the only variable removed in the subse-
quent backward elimination.The goal of the initial screening
and the stepwise analyses was to identify a subset of measures
from the larger battery of tests that in combination contrib-
uted the most unique variance among the neuropsychological
measures in predicting time to AD conversion. To aid inter-
pretation, we calculated the odds ratios (ORs) of AD conver-
sion in this sample of patients during a 1-year period for each
5-point T score decrease (ie, 0.5 SD of the normative sample)
on each predictor retained in the final Cox model.

Prediction for 3-Year Follow-up Sample. To evaluate clini-
cally relevant prediction for a fixed follow-up duration, logis-
tic regression analysis was used to test the predictive accuracy
of the final predictor model selected by the stepwise selection
procedure, restricting the sample to those who had completed
3 years of follow-up (or were diagnosed as having AD by 3 years)
and including age as a predictor. For this model, we calcu-
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lated sensitivity (percentage of patients with predicted risk of
AD conversion �0.5 among MCI converters within 3 years),
specificity (percentage of patients with predicted risk �0.5
among MCI nonconverters), predictive accuracy (percentage
of patients correctly classified), positive predictive value (per-
centage of MCI converters among patients with a predicted risk
�0.5), and negative predictive value (percentage of MCI non-
converters among patients with a predicted risk �0.5).

RESULTS

DESCRIPTIVE DATA FOR CONTROLS
AND PATIENTS

Demographic and Clinical Features

At baseline, controls and patients showed no significant
demographic and clinical group differences with regard
to age, sex distribution, and apolipoprotein E ε4 status
(Table 1). Patients were less educated and had lower
MMSE scores than controls (Table 1). The mean (SD) du-
ration of follow-up was 52.2 (28.4) months in controls and
46.6 (24.6) months in patients. (Follow-up was shorter
in patients because MCI converters exited the protocol af-
ter 2 consecutive annual diagnoses of AD.) Of the 148 pa-
tients enrolled in the longitudinal study, 8 died before the
3-year follow-up. Of the remaining 140 patients, 10 (7.1%)
dropped out by the third follow-up visit: 5 (3.6%) re-
fused further follow-up, 2 (1.4%) discontinued owing to
serious medical illness, and 3 (2.1%) lost contact. Of the
63 controls enrolled in the longitudinal study, 2 (3%) died
before the 3-year follow-up. Of the remaining 61 con-
trols, 5 (8%) dropped out during the same period: 1 (2%)
refused further follow-up, 1 (2%) discontinued owing to
serious medical illness, and 3 (5%) lost contact.

Patients with MCI who did and did not convert to AD
on follow-up did not differ in the distribution of sex, years
of education, and apolipoprotein E ε4 status (Table 1). The
MCI converters were older and scored lower on the MMSE
at baseline. During the 3-year follow-up, compared with
MCI nonconverters, converters had greater decline on
MMSE scores (mean [SD] difference in scores [year 3 visit
minus baseline visit]: MCI converters, –1.5 [2.8] vs non-
converters, –0.07 [1.8], P=.05; WAIS-R full-scale IQ: MCI
converters, –3.2 [7.5] vs nonconverters, 3.2 [7.2], P=.005;
and WMS memory quotient: MCI converters, −12.8 [10.5]
vs nonconverters, 2.7 [11.6], P�.001).

Neuropsychological Test Performance

The WAIS–Third Edition (WAIS-III) was administered
to 16 patients. For these patients, WAIS-R equivalent
scores were assigned by converting raw WAIS-III scores
that were uncorrected for demographic factors to scaled
scores for the WAIS-R standardization sample.51

On baseline testing, patients had mean scores that were
significantly lower than controls (P�.05) on all neuro-
psychological measures except for the WMS digit span test,
the Mattis identities and oddities subtest, and the Rosen
Drawing Test (Table 2). Moreover, within the patient
group, after restricting the sample to patients with 3 years
of follow-up (or those diagnosed as having AD by 3 years),
MCI converters scored lower than nonconverters on all
measures of verbal and nonverbal memory and executive
function abilities. Differences between MCI converters and
nonconverters were also observed on some tests of lan-
guage (BNT and ANT) and visuospatial ability (WAIS-R
block design), but not on tests of attention (WMS digit
span total, cancellation-shape, and cancellation-letter).

Table 1. Baseline Features of Healthy Control Subjects and MCI Patients (Converters and Nonconverters to AD)

Characteristic

Controls vs Patients MCI Patients (n = 148)† MCI Patients (n = 115)‡

Controls
(n = 83)

MCI Patients
(n = 148)

P
Value*

Nonconverters
(n = 109)

Converters
(n = 39)

P
Value*

Nonconverters
(n = 80)

Converters
(n = 35)

P
Value*

Age, mean (SD), y 66.9 (9.1) 67.0 (9.9) .94 65.0 (10.0) 72.6 (7.2) �.001 64.4 (9.8) 72.7 (7.2) �.001
Sex, No. (%) F 49 (59.4) 81 (55.0) .58 60 (55.0) 22 (56.4) .85 41 (51.3) 21 (60.0) .42
Education completed,

mean (SD), y
16.5 (2.6) 15.0 (4.3) .001 15.4 (4.2) 14.1 (4.4) .11 15.7 (3.6) 13.9 (4.5) .03

Race/ethnicity, No. (%)§
White non-Hispanic 70 (84.3) 108 (73.0) .04 82 (75.2) 26 (66.7) .45 62 (77.5) 23 (65.7) .39
Black non-Hispanic 7 (8.4) 8 (5.4) 4 (3.7) 4 (10.3) 3 (3.8) 4 (11.4)
Hispanic 5 (6.0) 28 (18.9) 20 (18.3) 8 (20.5) 13 (16.3) 7 (20.0)
Other 1 (1.2) 4 (2.7) 3 (2.8) 1 (2.6) 2 (2.5) 1 (2.9)

Apolipoprotein E ε4 status,
No. (%) positive

13 (22.4)
(n = 58)

37 (26.2)
(n = 141)

.72 25 (23.6)
(n = 106)

12 (33.3)
(n = 36)

.18 19 (24.4)
(n = 78)

11 (34.4)
(n = 32)

.35

Folstein MMSE score,
mean (SD)

29.3 (0.8) 27.5 (2.2) �.001 28.0 (1.9) 26.1 (2.2) �.001 28.1 (2.0) 26.1 (2.1) �.001

Abbreviations: AD, Alzheimer disease; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; NS, not significant (P�.05).
*To detect group differences on categorical and continuous variables, �2 and independent-samples t tests, 2-tailed, were used, as appropriate.
†Includes only those subjects with at least 1 follow-up visit. The baseline features for 6 subjects who lost contact after the baseline evaluation or refused follow-up

were similar to those of the rest of the sample (mean [SD] age, 69 [8.6] years; sex, 4 [67%] female; mean [SD] education completed, 15 [3.5] years; ethnicity, 4 [67%]
white and 2 [33%] Hispanic; mean [SD] Folstein MMSE score, 28 [3.3]).

‡The patient sample was restricted to 3 years of follow-up (patients who had completed 3 years of follow-up or were diagnosed as having AD by 3 years).
§At baseline, ethnic group was documented by self-report. All subjects were first asked to report their racial group (ie, American Indian–Alaskan Native, Asian, Native

Hawaiian or other Pacific Islander, black, or white); in a second question they were asked whether they were of Hispanic origin.
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CLASSIFICATION OF MCI SUBTYPES AND
CONVERSION RATES ON FOLLOW-UP

The MCI Subtype Distribution at Baseline

For the entire sample of patients, the MCI subtype dis-
tribution was as follows: MCI-A (amnestic single do-
main), n=21; md-MCI�a (multiple-domain deficits plus
memory), n=87; MCI-E (executive function), n=3; MCI-L
(language), n=12; MCI-V (visuospatial), n=2; md-
MCI−a (multiple-domain deficits without memory), n=3;
and non-MCI (cognitively impaired but not meeting the
1.5-SD cutoff threshold), n=20.

Conversion Rates to AD on Follow-up Evaluation

Thirty-nine of 148 MCI patients converted to AD on follow-
up. The mean (SD) time to AD diagnosis was 21 (15)
months. Thirty-eight of the 39 MCI converters were clas-
sified at baseline as having amnestic MCI (MCI-A plus md-
MCI�a) and 1 as having multiple-domain nonamnestic
MCI (md-MCI−a). When the sample was restricted to 3
years of follow-up (see Table 1 for the baseline character-
istics of this restricted sample), the conversion rate was
30.4% (35/115), with 50.0% (32/64) of the patients with
md-MCI�a and 10.0% (2/20) of the patients with MCI-A
converting to AD (Fisher’s exact test [2-sided], P=.001).

Table 2. Baseline Neuropsychological Performance of Healthy Control Subjects and MCI Patients
(Converters and Nonconverters to AD)*

Domain, Cognitive Measure
Controls
(n = 83)

MCI Patients
(n = 148) P Value†

MCI
Nonconverters

(n = 80)‡

MCI
Converters

(n = 35) P Value†

Verbal memory
SRT immediate recall 53.0 (6.8) 42.6 (9.3)

(n = 147)
�.001 46.5 (7.8) 34.3 (7.4)

(n = 34)
�.001

SRT delayed recall 8.7 (2.3) 5.5 (3.0)
(n = 147)

�.001 6.5 (2.8) 2.3 (2.9)
(n = 34)

�.001

SRT percent savings 85.3 (18.8) 60.7 (28.7)
(n = 147)

�.001 69.2 (24.2) 38.2 (27.1)
(n = 34)

�.001

Nonverbal memory
WMS-VR immediate recall 8.8 (3.1)

(n = 65)
7.6 (3.4)
(n = 147)

.02 8.1 (3.4)
(n = 79)

6.2 (3.1) .005

WMS-VR delayed recall 7.8 (3.4)
(n = 65)

5.6 (3.8)
(n = 147)

�.001 6.9 (3.8)
(n = 79)

3.0 (2.7) �.001

WMS-VR percent savings 87.1 (25.5)
(n = 65)

68.8 (35.9)
(n = 147)

�.001 80.1 (27.7)
(n = 79)

51.1 (45.0) .001

BVRT recognition 9.3 (0.9) 8.4 (1.5) �.001 8.7 (1.3) 7.9 (1.6) .004
Language

15-Item BNT 14.8 (0.5) 14.4 (1.1) .001 14.6 (0.9) 13.9 (1.3) .01
ANT 22.2 (5.6) 18.0 (5.9)

(n = 147)
�.001 19.4 (5.6)

(n = 79)
16.0 (6.0) .004

BDAE repetition 7.9 (0.3) 7.8 (0.5) .04 7.8 (0.6) 7.8 (0.4) .92
BDAE comprehension 5.9 (0.2) 5.8 (0.6)

(n = 145)
.02 5.9 (0.4)

(n = 79)
5.7 (0.7)
(n = 38)

.12

Attention
WMS digit span total 11.8 (2.3) 11.4 (2.4) .28 11.7 (2.5) 11.1 (2.3) .26
Cancellation-shape (omission errors) 3.41 (3.0) 4.47 (3.61) .02 4.2 (3.7) 5.3 (3.6) .18
Cancellation-letter (omission errors) 0.43 (0.9) 0.74 (1.4) .04 0.5 (0.9) 1.0 (1.7) .18

Visuospatial ability
WAIS-R block design 26.9 (8.1)

(n = 65)
22.5 (10.6) .001 24.2 (11.4) 18.7 (10.3) .02

WAIS-R object assembly 26.5 (6.7)
(n = 65)

24.3 (7.2)
(n = 139)

.04 25.4 (7.7)
(n = 77)

22.1 (6.1)
(n = 34)

.03

5-Item RDT 3.7 (1.0) 3.5 (0.9) .08 3.5 (0.9) 3.2 (1.1) .20
BVRT matching 9.8 (0.5) 9.5 (0.9) .005 9.6 (0.8) 9.4 (1.0) .29

Executive function
WAIS-R similarities 21.7 (3.8) 19.7 (5.3) .001 20.6 (4.1) 17.9 (6.7) .03
Mattis identities and oddities 15.5 (0.9) 15.5 (1.1) .49 15.6 (1.0) 15.0 (1.4) .02
COWAT-CFL 48.0 (12.9) 42.2 (13.9) .002 46.5 (13.6) 36.5 (14.0) �.001
WAIS-R Digit Symbol Test 50.2 (11.2)

(n = 65)
40.8 (12.7) �.001 45.2 (12.2) 32.5 (10.7) �.001

Abbreviations: AD, Alzheimer disease; ANT, Animal Naming Test; BDAE, Boston Diagnostic Aphasia Examination; BNT, Boston Naming Test; BVRT, Benton
Visual Reproduction Test; COWAT-CFL, Controlled Oral Word Association Test (CFL letters used); MCI, mild cognitive impairment; RDT, Rosen Drawing Test;
SRT, Selective Reminding Test; WAIS-R, Wechsler Adult Intelligence Scale–Revised; WMS, Wechsler Memory Scale; WMS-VR, WMS visual reproduction.

*Data are expressed as the mean (SD) score unless otherwise indicated.
†Two-tailed t tests (for continuous variables) were conducted as appropriate.
‡For comparisons between MCI nonconverters (n = 80) and converters (n = 35), the sample was restricted to patients who had completed 3 years of follow-up

(or were diagnosed as having AD by 3 years).
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EVALUATING THE PREDICTIVE UTILITY
OF NEUROPSYCHOLOGICAL TEST MEASURES

Five A Priori Neuropsychological Measures

In the separate age-stratified Cox predictor models ap-
plied to 148 patients, 4 of the 5 a priori measures sig-
nificantly predicted time to conversion: (1) SRT percent
savings from immediate to delayed recall (OR per 1-point
decrease, 1.05; 95% confidence interval [CI], 1.03-1.08;
P�.001); (2) WAIS-R Digit Symbol Test (OR, 1.09; 95%
CI, 1.04-1.14; P=.001); (3) ANT (OR, 1.04; 95% CI, 1.01-
1.08; P=.02); and (4) BNT (OR, 1.01; 95% CI, 1.00-
1.03; P= .04). Moreover, for verbal memory as mea-
sured by the SRT, both immediate recall (OR, 1.10; 95%
CI, 1.06-1.14; P�.001) and delayed recall (OR, 1.09; 95%
CI, 1.05-1.12; P�.001) were strong predictors of time
to conversion. Delayed recall on the WMS-VR test of non-
verbal memory was a significant predictor of time to con-
version (OR, 1.03; 95% CI, 1.01-1.06; P=.03).

When all 5 a priori measures were entered as predic-
tors into a single Cox model, only the SRT percent sav-
ings (P�.001) and the WAIS-R Digit Symbol Test (P=.002)
were significant predictors of time to AD conversion.

Identifying a Subset of “Optimal”
Neuropsychological Predictors

Initial screening analyses, in which separate age-
stratified Cox models were applied to the demographi-
cally adjusted T scores for the measures from the larger
battery of tests, yielded 10 measures that were associated
with outcome (with multiple tests–adjusted P values �.10;
a liberal criterion was used for these initial analyses to en-
sure that all measures associated with risk of conversion
would be included in the stepwise procedure): (1) SRT
total immediate recall (P�.001), (2) SRT delayed recall
(P�.001), (3) WAIS-R Digit Symbol Test (P= .001),
(4) BDAE comprehension (P=.004), (5) COWAT-CFL
(P=.02), (6) ANT (P=.02), (7) WMS-VR delayed recall
(P=.02), (8) BNT (P=.04), (9) Mattis identities and oddi-
ties (P=.07), and (10) WAIS-R similarities (P=.09). Cor-
relation coefficients between each of these 10 select mea-
sures ranged from 0.003 to 0.65, with the highest
correlation (r =0.65) occurring between SRT immediate
and delayed recall.

When these 10 measures were submitted to the step-
wise selection procedure with a preset significance level
of P�.10, only SRT total immediate recall (OR, 1.10; 95%
CI, 1.05-1.14; P�.001) and the WAIS-R Digit Symbol Test
(OR, 1.06; 95% CI, 1.01-1.11; P=.01) remained in the
final model and were thus selected as the most predic-
tive of time to AD conversion.

Table 2 demonstrates that in addition to SRT imme-
diate recall and WAIS-R Digit Symbol Test (r=0.05 be-
tween these 2 measures), SRT delayed recall and SRT per-
cent savings from immediate to delayed recall also strongly
discriminated between MCI nonconverters and convert-
ers (P�.001). The intercorrelation matrix between these
3 SRT measures of verbal recall showed correlation co-
efficients of 0.65 between SRT immediate and SRT de-
layed recall, 0.49 between SRT immediate recall and SRT

percent savings, and 0.92 between SRT delayed recall and
SRT percent savings. When all 3 measures were entered
as predictors into a single Cox model, only SRT imme-
diate recall was a significant predictor of time to AD con-
version (P�.001; SRT delayed recall and SRT percent sav-
ings, P=.55).

Prediction for the 3-Year Follow-up Sample

In a logistic regression model of AD conversion in 3 years
(n=114) that included both predictors selected by the
stepwise procedure (SRT total immediate recall and
WAIS-R Digit Symbol Test), the overall sensitivity, speci-
ficity, predictive accuracy, positive predictive value, and
negative predictive value were 76%, 90%, 86%, 76%, and
90%, respectively.

COMMENT

In this study, 39 (26.4%) of 148 MCI patients converted
to AD during a mean of 46.6 months. Of the 39 MCI
converters, 38 (97.4%) were classified at baseline as
amnestic MCI; 36 (41.4%) of 87 multiple-domain am-
nestic patients (md-MCI�a) and 2 (9.5%) of 21 pure
amnestic patients (MCI-A) converted to AD on follow-
up. When the sample was restricted to 3 years of follow-
up, the conversion rate was 30.4% (35/115), with
50.0% (32/64) of multiple-domain amnestic patients
and 10.0% (2/20) of pure amnestic patients converting
to AD. These results are consistent with reports from
other groups indicating that 12% to 15% of amnestic
MCI patients convert annually to AD1 (40.5% within 3
years in our sample).

These findings support other data52-54 showing that con-
version rates to AD are considerably greater for amnes-
tic MCI patients with multiple cognitive domain defi-
cits than for those with pure memory impairment. This
raises the intriguing possibility that these amnestic-
“plus” patients constitute a group at high risk for con-
version to AD, whereas the pure amnestic MCI patients
may not be at such a high risk. However, with longer fol-
low-up the pure amnestic MCI patients may develop mul-
tiple cognitive domain deficits and eventually convert to
AD. These findings also suggest that testing for deficits
in multiple cognitive domains in addition to those in
memory will improve the predictive value of neuropsy-
chological testing in MCI patients.5,32

Four of the 5 a priori predictors significantly pre-
dicted time to conversion to AD. Percent savings from
immediate to delayed recall on the SRT, an index of ver-
bal learning and memory, was the strongest predictor.
In addition, poor performance on WAIS-R digit symbol
coding, animal naming, and confrontational naming also
strongly predicted time to conversion. When all 5 pre-
dictors were entered into a single model, however, only
SRT percent savings and WAIS-R digit symbol coding re-
mained significant predictors.

Based on the stepwise selection procedure, SRT total
immediate recall across 6 trials and WAIS-R digit symbol
coding were the measures that contributed the most unique
variance to prediction. For the 3-year follow-up sample,
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sensitivity (76%), specificity (90%), predictive accuracy
(86%), positive predictive value (76%), and negative pre-
dictive value (90%) were strong, suggesting potential clini-
cal applicability. However, these indicators of prediction
were not robust enough for these measures to be used as
the sole early markers of conversion from MCI to AD.

The increase in odds of AD conversion during a 1-year
period associated with each 5-point T score decrease on
SRT total immediate recall, after adjusting for WAIS-R
digit symbol coding, and vice versa, was considerable.
Table 3 shows that patients with a T score of 35 (1.5
SDs below the normative mean) on either of these mea-
sures had an approximately 3-fold increase in the odds
of AD conversion during the next year. For a given pa-
tient, this table provides an initial model that can be used
to transform raw scores from either of these 2 measures
into T scores and to estimate the corresponding in-
crease in odds of AD conversion during the first 1-year
follow-up period (see the example in the footnote to
Table 3).

Previous studies7,15,18,55 have consistently shown that the
ability to acquire and recall new verbal information over
several consecutive trials is the best and possibly the ear-
liest neuropsychological predictor of who will convert to
AD. Hence, it is not surprising that SRT total immediate

recall was a strong predictor that contributed the most
unique variance to prediction based on stepwise regres-
sion analyses. However, SRT delayed recall and SRT per-
cent savings from immediate to delayed recall also strongly
discriminated between MCI nonconverters and convert-
ers (P�.001), indicating that these measures of verbal
memory are also useful predictors of AD conversion.

Studies11,24,30,31,56-58 have also shown that WAIS-R digit
symbol coding is strongly associated with AD conver-
sion. This task requires efficient performance in several
cognitive domains, including psychomotor speed, atten-
tion, and executive function.39 In the present study, other
measures of attention and psychomotor speed (ie, digit
span and timed cancellation tasks) did not discriminate
MCI nonconverters from converters. This indirectly sug-
gests that specific processing components related to ex-
ecutive function abilities (eg, self-monitoring, set shift-
ing, and working memory) most likely accounted for the
predictive value of the WAIS-R Digit Symbol Test. To-
gether, these findings corroborate those of other groups7

reporting that episodic memory and executive function
deficits are among the most robust and earliest predic-
tors of AD.

The present study had a number of limitations. First,
the results from this study can be applied to outpatient
clinic settings in which patients present to the psychia-
try or neurology department because of memory and cog-
nitive difficulties, but may not be generalizable to other
settings. Second, our neuropsychological test battery did
not include tests specifically designed to assess execu-
tive function, although we were able to draw on a range
of tests that incorporate executive function abilities. Third,
the neuropsychological scores that were included in the
diagnostic process were also used to predict time to AD
conversion, raising the issue of circularity. However, ex-
pert raters made diagnoses on the basis of all the clinical
research information and not solely on the neuropsy-
chological tests. Critically, there were marked differ-
ences between MCI converters and nonconverters in pro-
gression on several global measures of cognitive
functioning (MMSE, WAIS-R full-scale IQ, and WMS
memory quotient) over time, thereby validating the di-
agnostic outcome. Fourth, the primary outcome (con-
version to AD) contained some error because some pa-
tients classified as MCI nonconverters may convert to AD
with longer follow-up.

In conclusion, this study confirms that amnestic MCI
patients with additional deficits in other cognitive do-
mains are the ones most likely to convert to AD within 3
years of follow-up. Although SRT total immediate recall
across 6 trials and WAIS-R digit symbol coding were op-
timal predictors on the basis of stepwise regression analy-
ses, SRT delayed recall and SRT percent savings from im-
mediate to delayed recall were also robust predictors
(Table 2). These findings corroborate those of other
groups7 reporting that episodic memory and executive
function deficits are among the most robust and earliest
predictors of AD. Future studies need to replicate these
findings and further validate the relationship between
memory and specific executive function abilities in MCI,
and to evaluate these measures in conjunction with other
putative clinical and neurobiological markers in an ef-

Table 3. Increase in Odds of AD Conversion Within 1 Year
Associated With Each 5-Point T Score Decrease
on 2 Neuropsychological Measures*

5-Point
T Score

Decreases†

Odds Ratio (95% CI)

T Score SD

SRT Total
Immediate Recall

(Adjusting for
WAIS-R Digit
Symbol Test)

WAIS-R Digit Symbol
Test Coding

(Adjusting for
SRT Total

Immediate Recall)

45 0.5 1.56 (1.30-1.88) 1.36 (1.11-1.81)
40 1.0 2.43 (1.69-3.53) 1.85 (1.23-3.28)
35 1.5 3.80 (2.20-6.65) 2.52 (1.37-5.93)
30 2.0 5.92 (2.86-12.49) 3.42 (1.51-10.73)

Abbreviations: AD, Alzheimer disease; CI, confidence interval;
SRT, Selective Reminding Test; WAIS-R, Wechsler Adult Intelligence
Scale–Revised.

*The 2 measures were elected as the best predictors of outcome (see
“Evaluating the Predictive Utility of Neuropsychological Test Measures”
section for details). Odds are relative to patients with a mean T score of 50.

†Demographically adjusted T scores for each patient were derived from 83
normal controls (mean [SD] normative T score, 50 [10]) using the following
regression equations (only significant demographic predictors were
included). Predicted T scores for SRT total immediate recall = 63.824 �
(sex � 3.658) � (age � −0.194), where female is coded as 1 and male as 0,
and WAIS-R digit symbol coding = 18.96 � (years of education � 1.877).
One can use the following 2 regression equations to calculate a patient’s
T score on SRT immediate recall and/or WAIS-R digit symbol coding: SRT
total immediate recall = 50 � {10[(SRT immediate recall score – predicted
score)/6.329]} and WAIS-R digit symbol coding = 50 � {10[(Digit Symbol
Test score – predicted score)/10.132]}. The table can then be used to obtain
an estimate of the patient’s odds of AD conversion during the next year. Take,
for example, a 65-year-old woman with 18 years of education who scores 46
on SRT total immediate recall. The predicted score for this patient is:
63.824 � (1 � 3.658) � (65 � −0.194) = 54.87. The corresponding T score
is 50 � {10[(46 – 54.87)/6.329]} = 35.99. Table 3 shows that, based on a
decrease in SRT immediate recall alone, this patient has approximately a
3.80-fold increase in the odds of converting to AD during the next year
relative to a patient with a T score of 50. A similar calculation can be
conducted for WAIS-R digit symbol coding.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, AUG 2006 WWW.ARCHGENPSYCHIATRY.COM
922

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a Columbia University User  on 01/28/2016



fort to derive an optimal predictive algorithm for early
detection of AD.
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