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Objective: This study examined the validity of a computer-based cognitive test that was recently designed to
screen the elderly for cognitive impairment.

Design: Criterion-related validity was examined by comparing test scores of impaired patients and normal con-

ity of 0.96. Using a prevalence estimate of 10%, predictive values, positive and negative, were 0.70 and 0.96,

respectively. Computer-based subtests correlated significantly with conventional neuropsychological tests measuring similar cognitive domains. Thirteen (17.8%) of 73

subjects. Construct-related validity was computed
through correlations between computer-based subtests
and related conventional neuropsychological subtests.

volunteers with normal medical histories were excluded
from the control group, with unsuspected abnormalities
on standard neuropsychological tests, electroencephalograms, or magnetic resonance imaging scans.

Setting: University center for memory disorders.

Conclusions:

trol

Participants: Fifty-two patients with mild cognitive impairment by strict clinical criteria and 50 unimpaired, age\x=eow-\

and education-matched control subjects. Control subjects
rigorously screened by neurological, neuropsychological, imaging, and electrophysiological criteria to identify and exclude individuals with occult abnormalities.

were

Results: Using a cut-off total score of 126, this computer\x=req-\
based instrument had a sensitivity of 0.83 and a specific-
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Computer-based testing is a valid screening methodology for the detection of mild cognitive impairment in the elderly, although this particular test has
important limitations. Broader applications of computer\x=req-\
based testing will require extensive population-based validation. Future studies should recognize that normal con-

trol subjects without a history of disease who are typically
used in validation studies may have a high incidence of
unsuspected abnormalities on neurodiagnostic studies.

deficits in

(Arch Neurol. 1994;51:779-786)

cognitive

function among older indi¬
viduals are common, and
many older persons func¬
tion in the community with
unrecognized difficulties of attention,
memory, and judgment.1"4 Individuals with
cognitive impairment who remain unevaluated cannot benefit from current or
future treatments or from other interven¬
tions that might reduce disability and post¬
pone the need for institutional care.3 The
early detection of currently irreversible
neurodegenerative disorders is likely to as¬
sume

great importance

plications of unrecognized dementia such

the increased risk of motor vehicle ac¬
cidents among cognitively impaired driv¬
ers.13"15 Since the prevalence of cognitive
impairment increases dramatically after age
60 years,3·416 older physicians, airline pi¬
lots, and members of other occupations are
at higher risk of subtle cognitive impair¬
ments that threaten the safety of others in
as

society.

as new treatment

modalities are developed and tested6"11 in
an effort to slow progression.12
As older individuals continue to work
past the previous traditional age for re-
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tirement, it also becomes increasingly im¬
portant to consider the public health im¬
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SUBJECTS

AND METHODS

SUBJECTS

Fifty-two impaired subjects (mean age, 71.2± 10.1 years
t±SD]; mean education, 14.7±2.3 years) and 50 age- and
education-matched, highly screened control subjects (mean
age, 68.7±5.0 years; mean education, 15.4±2.3 years) were
enrolled. General information gathered from all subjects
included a detailed medical history, with particular em¬
phasis on neurologic, psychiatric, or visual problems.
The impaired subjects were drawn from the most mildly
affected of approximately 375 patients referred for evalu¬
ation to the Emory University/Wesley Woods Memory As¬
sessment Clinic in Atlanta, Ga. For each of the impaired
subjects, the history supported a decline in cognitive abili¬
ties, and a Global Dementia Rating Scale37 score of 2, 3, or
4 was obtained. Each patient within the impaired group was
also required to score below the published age-based "nor¬
on one or more of the following neuropsycho¬
logical tests: Verbal IQ of the Wechsler Adult Intelligence

mal" range

Test-Revised (WAIS-R),38 Performance IQ of the WAIS-R,
the California Verbal Learning Test,39 the Logical Memory
Subtest from the Wechsler Memory Scale-Revised (WMSR),40 or the Visual Reproduction Subtest from the WMS-R.
Normal was defined as performance within 1 SD of the mean,
using age-scaled norms. For subjects older than the upper
limit of available age norms, normal was defined as within
1.5 SDs of the mean for the oldest age norms. Patients with
clinically significant depression by the Diagnostic and Sta¬
tistical Manual of Mental Disorders, Revised Third Edition
(DSM-III-R) criteria4' were not included in the impaired
group. All of the 52 impaired patients had some form of
dementia: 47 patients were diagnosed with probable Alz¬
heimer's disease by standard criteria,42 and five patients were
diagnosed with multi-infarct or vascular dementia.

Despite the increased prevalence of cognitive im¬
pairment among the elderly, there is a decline in referral
and treatment rates for mental impairments in persons

65 years old.5 While neuropsychological assess¬
ment is the most rigorous criterion standard for detect¬
ing and quantifying cognitive deficits, it is time inten¬
sive and expensive, requiring an average of 6.5 hours to
interview, test, score, and report on a single patient, at
an average cost of over $700.17 Brief screening tech¬
niques that can be applied in the context of providing
over

primary care are needed,

as

recommended in

"Healthy

screening tests for cog¬
nitive impairment would permit clinicians to direct at-

People

2000."la

Rapid,

accurate

complete neuropsycho¬
logical testing, diagnostic neuromedicai evaluation, and,
if necessary, away from responsibilities that require full
risk individuals toward

more

cognitive competency.

Although

many conventional examiner-adminis-
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The control subjects were selected from volunteers
solicited by word-of-mouth and by newspaper advertise¬
ment. Potential control subjects were rejected if they had
any history of psychiatric illness requiring medication or
of any central nervous system disease, including prior
head trauma. Since an unknown and potentially sub¬
stantial proportion of the elderly who consider them¬
selves "normal" may actually have significant cognitive
impairments, volunteers were intensively screened using
all routinely available diagnostic procedures as described
below.
Each control subject received a neurological exami¬
nation and was excluded if there were any findings sug¬
gestive of cerebral disease. Control subjects were required
to score within the normal range for age on the Verbal IQ
and Performance IQ from the WAIS-R, the Logical Memory
and Visual Reproduction subtests from the WMS-R, and
to exhibit unimpaired performance on the Wisconsin Card
Sorting Test.43-44
Individuals who met these criteria then underwent a
routine 32-lead electroencephalogram read by a boardcertified electroencephalographer. Subjects with abnor¬
mal electroencephalographic findings were excluded from
further study (mild unilateral or bilateral temporal slow¬
ing was accepted). Finally, all remaining potential control
subjects underwent brain magnetic resonance imaging on
a 1.5-Tesla system (Philips, Best, the Netherlands). Axial
Tr and coronal T2-weighted images were obtained and read
by a neuroradiologist. Subjects were excluded if they had
significant focal abnormality, although isolated small white
matter hyperintensities were accepted. Atrophy varied widely
among the control subjects and was statistically corre¬
lated with aging.45
Of 96 persons who volunteered to be control sub¬
jects excluded were 23 based on telephone interview re¬
vealing prior cerebral disease or psychoactive medication,
six by neuropsychological scores below criteria, five by ab-

tered screening instruments have been proposed and
tested,19"24 computer-based testing has several potential
advantages as a screening tool.25"31 Self-administered, com¬
puter-based tests require minimal technical skill on the
part of the administrator yet provide highly reproducible
testing conditions. Test items can be generated randomly
when necessary, or presented in creative audiovisual for¬
mats. Raw data may be scored quickly and accurately, and
response latencies are easily recorded. Immediate feed¬
back can be provided to subjects, and results can be rap¬
idly reported to those interpreting the test. All of these
features can maximize efficiency of use while minimizing
the time investment of staff members, thus increasing the
likelihood that such tests would actually be used in the
offices of primary care providers if they were available and
valid.
There are also disadvantages of computer-based test¬
is a strong emphasis on visual presentation
There
ing.

normal electroencephalographic findings of uncertain sig¬
nificance,46 and two by occult strokes on magnetic reso¬
nance imaging scan. Two others could not complete the

magnetic resonance imaging owing to claustrophobia. Five
subjects dropped out of the testing protocol owing to per¬
sonal or family illness, and three subjects dropped out with¬
out

explanation.

TESTING PROCEDURE

The ACS is a computer-based, self-administered, multiplechoice test programmed in BASIC and designed for the MSDOS environment. Minimum computer requirements are
512 kilobytes of memory, a hard disk, and a color graph¬
ics display monitor. The ACS begins with instruction and
practice questions to determine that the subject is capable
of responses using the keyboard. The ACS presents subtests that have been modeled after published neuropsycho¬
logical tests, although they do not include specific items
from these tests. Like many screening tests, the ACS is de¬
signed to cover major functional domains of intact adult
cognition such as attention, verbal ability, visuospatial abil¬
ity, and memory (Table 1 ). Keyboard response using only
the numeric keypad, backspace, and enter keys is re¬
quired. The ACS takes approximately 60 minutes in un¬
impaired individuals. Additional data on ACS design, ra¬
tionale for subtest selection, and test-retest reliability are
available on request from Powell Associates, a private con¬
sulting firm in Cambridge, Mass.
In this study, the test was explained by a geriatric nursepractitioner (J.M.H.) who started the examination and was
present nearby (but not in the same room) to offer assis¬
tance. Prior to starting the test, visual acuity was mea¬
sured with a near card and corrected visual acuity of at least
Jaeger 5 was documented in each subject. Conventional neu¬
ropsychological tests commonly used in the community to
assess the cognitive domains tested by the ACS were ad-

of stimuli, and patient response modes are limited. In most
available tests, there is a heavy reliance on multiplechoice formats, and responses are indicated by a simple
manual response, such as a keyboard, which may be un¬
familiar or uncomfortable for older or less welleducated persons. Instructions are generally presented
in the form of text material on a visual display, offering
disadvantages to those with impaired visual acuity or lower
reading ability. Many individuals are unfamiliar with com¬
puters and inexperienced in their use, and the anxiety
of such individuals could diminish their test perfor¬
mance. However, appropriate orientation of patients to
computer use as well as the development of more "userfriendly" computer-based tests is likely to alleviate this
problem. Even among individuals with little exposure to
computers, it has been shown that minimal practice pe¬
riods can overcome initial differences in anxiety and me¬
chanical facility.32·33
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all subjects within 10 days to measure con¬
validity of individual ACS subtests (Table 1). The
conventional neuropsychological tests were administered
prior to the ACS in most cases, but occasionally the order
was reversed.
Development of the ACS was funded by the Risk Man¬
agement Foundation of the Harvard Medical Institutions
through a contract with Powell Associates. We were sub¬
contracted to quantify the validity of the test with written
assurance that our data would be published indepen¬
dently. Funding was not implicitly or explicitly linked to
results of the study or endorsement of the test. No one in
our Program is insured by the Risk Management Founda¬
tion or is professionally affiliated with any of the test de¬

ministered

to

struct

velopers.

Scores on the computer-based test are automatically
calculated for each subtest and for the total score, which
is the sum of all subtest scores. Prior to analysis, fre¬
quency plots of the total score and of each subtest score
were graphed to check the validity of a gaussian (normal)
distribution assumption (histogram of total scores is pre¬
sented in the Figure). To examine criterion-related valid¬
ity,47 scores were analyzed to determine how accurately the
ACS distinguished the impaired from the control group.
Construct validity was assessed by correlation of ACS subtest scores with domain-related conventional neuropsy¬
chological test scores. Threshold analysis of ACS total scores
was performed to determine the cut-off score that opti¬
mized sensitivity and specificity.
Group differences in sex and keyboard experience were
compared using 2 tests. The ACS scores between impaired
and control subjects were compared using a two-tailed Stu¬
dent ( test. Logistic regression analysis was used to predict
impairment using the ACS score and controlling for sex and
keyboard experience. Correlations between ACS subtests and
conventional neuropsychological tests were obtained using
Pearson

product-moment estimates.

Recently, the Risk Management Foundation of
the Harvard Medical Institutions, which offers mal¬
practice insurance to over 5000 physicians and 14
institutions, funded the development of a computerbased neuropsychological screening instrument, origi¬
nally designed to screen older physicians for cognitive
impairments and their presumed consequent increase
in malpractice vulnerability. Normative data on this
test, designated the Assessment of Cognitive Skills
(ACS), has been gathered in 1100 physician volun¬
teers,34"36 and the test is now being considered for use
as a screening instrument in the general population.
This article describes an independent validation study
of the ACS involving carefully selected samples of
impaired and unimpaired elderly nonphysicians. This
study does not endorse the ACS, but it seeks to
describe its advantages and limitations as a screening
test. The methods employed in this evaluation may

Table 1. Correlation Coefficients Between ACS Subtests and Conventional Neuropsychological Tests*

Cognitive

Conventional Test Measuring
Similar Cognitive Attributes

ACS Subtestsf
Mathematics
Continuous performance
Digits forward

Domain

Attention

Digits
Executive Function
Verbal Function
Visuospatial Function

WAIS-R Mental Arithmetic
WAIS-R Mental Arithmetic
WAIS-R Digit Span
WAIS-R Mental Arithmetic
WAIS-R Digit Span
WAIS-R Mental Arithmetic
Wisconsin Card Sort
WAIS-R Similarities
WAIS-R Block Design
WAIS-R Block Design
WAIS-R Picture Completion
WMS-R Logical Memory, Immediate
WMS-R Logical Memory, Delayed
WMS-R Logical Memory, Immediate
WMS-R Logical memory, Delayed
WMS-R Visual Reproduction, Immediate

reverse

Rule identification

Analogies
Cubes
Clocks
Visual matching
Story recall-immediate

Verbal Memory

Story recall-delayed
Word recognition
Address recall

Visuospatial Memory

Tic-tac-toe

Correlations of CNT With
Relevant ACS Subtests!

62§
.36

•43§
.34§
.56
.58
.43
.41
.49

41§
.50§
.63
.63
.68

.48
.50

*ACS indicates Assessment of Cognitive Skills; CNTs, conventional neuropsychological tests; WAIS-R, Wechsler Adult Intelligence Test-Revised; and
WMS-R, Wechsler Memory Scale-Revised.
i An additional ACS subtest measuring Reaction Time is not listed here since this test was not performed by any "conventional" method that would permit
validation. Some ACS subtests were presented in two forms, and, in those cases, only the tirst presentation is listed here and used in the correlational

analysis.
XFor all correlations, P<.001.
%Value represents the highest correlation between this ACS subtest and any of the CNTs.

Histogram of the Assessment of Cognitive Skills (ACS)

scores.

provide a starting point for rigorous validation of com¬
puterized cognitive tests among older persons.
RESULTS

ACCURACY AND PREDICTIVE VALUE
OF THE ACS
Means of the ACS total

scores

obtained

by the control

subjects (160.7± 16.8) and the impaired patients
(107.7±26.1) were significantly different (P<.001).
There were also significant group differences (all at
least P<.01) for each of the ACS subtests and each of
the conventional

neuropsychological

tests
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(CNTs),

with the impaired group performing more poorly.
Table 2 shows the sensitivity and specificity of the
ACS total score for accurate discrimination of impair¬
ment in the 102 subjects tested. The minimum num¬
ber of misclassifications occurred using a cut-off score
of 126 and above to designate "normal." As shown in
Table 2, in actual practice, the cut-off score may be
raised to increase the sensitivity of the test or lowered
to decrease the number of false-positives.
Although matched for age and education, the con¬
trol group had significantly more females (P<.04) and
prior keyboard experience (P<.001) than the impaired
group. However, logistic regression analysis revealed that
neither sex nor prior keyboard experience significantly
altered the predictive power of the scores.
Current estimates of the prevalence of dementing
illness among the elderly range from 2% to 47%, depend¬
ing on the investigator and the age group.1'3-4·48 We con¬
servatively estimated a prevalence of 10% and used this
figure to calculate a predictive value positive and nega¬
tive for each ACS score (Table 2).
The correlation coefficients between scores ob¬
tained on each ACS subtest and its domain-specific con¬
ventional neuropsychological test were also calculated
(Table 1). The correlations ranged between .34 and .68,
all of which were statistically significant (P<.00f ). How¬
ever, for 11 of 16 of the ACS subtests, the correlation with
the CNT designated as measuring similar cognitive at¬
tributes was not the highest correlation. For example, al¬
though tic-tac-toe, a test of immediate visual memory,

Table 2. Sensitivities,

Specificities,

and Predictive Values of the ACS With Various Cut-off Scores*

Total ACS
Cut-off Score

Sensitivity

Specificity

Misclassifications

<121

0.71

<126

0.83
0.85

1.00
0.96
0.92
0.86
0.78
0.56
0.42

15/102=0.15
11/102=0.11
12/102=0.12
12/102=0.12
14/102=0.14
23/102=0.22
29/102=0.28

<132
<141

0.90
0.94
0.98
1.00

<147

<159
<163

PV

(+)t

1.0
0.70
0.54

0.42
0.32
0.20
0.16

PV

(-)t

0.97
0.98
0.98
0.99
0.99
0.99
1.0

*ACS Indicates Assessment of Cognitive Skills; PV, predictive value positive (+) and negative (-), respectively.
^Predictive values are based on an estimated dementia prevalence of 10%.

had

a

correlation of .50 with WMS-R Visual

Reproduc¬

tion, Immediate, tic-tac-toe also showed a correlation of
.52 with WAfS-R Block Design, .50 with WAIS-R Pic¬
Completion, .52 with WMS-R Logical Memory, Im¬
mediate, and .54 with WMS-R Logical Memory, De¬
layed. In this case, tic-tac-toe correlated highly with a
variety of tests, all of which depended on visuospatial abil¬
ity and memory. In other cases, however, ACS subtests
were significantly correlated with CNTs that seemed less
functionally related. For example, Cubes had a correla¬
tion of .49 with its similar CNT, WAIS-R Block Design,
but also had a correlation of .51 with WAIS-R Similari¬
ture

ties, a verbal

test

of inferential

ability.

COMMENT

ACS VALIDATION

These data suggest that the total

score

of the ACS

computer-based screening test accurately distinguished
patients with mild-to-moderate cognitive impairment from

age- and education-matched normal control subjects, ie,
that the ACS has criterion-related validity in the sub¬
groups that are examined in this study. The choice of cut¬
off score is important since raising the cut-off score de¬
creases the number of false-negatives but increases the
number of false-positives. For example, using a cut-off
score of 126, the ACS had a sensitivity of 0.83 and a speci¬
ficity of 0.96. Based on a hypothetical 10% prevalence
of cognitive impairment among the elderly, the esti¬
mated predictive value positive of the ACS for this cut¬
off score was 0.70, suggesting that of every 100 persons
scoring lower than the cut-off, 70 would be correctly iden¬
tified as impaired. The estimated predictive value nega¬
tive of the ACS for the same cut-off score was 0.96, in¬
dicating that of f 00 people scoring higher than the cut¬
off, only four will be incorrectly labeled as normal. The
actual predictive value positive of this test would prob¬
ably be lower among individuals under 65 years of age
in whom the prevalence of cognitive impairment is
thought to be less than 5%.
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The correlations between ACS subtests and

desig¬

nated, similar conventional neuropsychological tests were

significant. However, convergent-divergent construct va¬
lidity was not supported in that most of the ACS subtests were related at least as strongly to other, less simi¬
lar CNTs as they were to the CNT designated as most
similar. This raises questions about the specificity of neu¬
ropsychological functions tapped by particular ACS suband cautions against the use of individual subtests
make inferences about specific intellectual abilities.
Moreover, it is generally agreed that screening tests with
excellent efficiency when applied to highly selected in¬
dividuals can perform much more poorly in an unse¬
lected population.24 Thus, even with favorable sensitiv¬
ity and specificity, the validation of this test must be
considered preliminary. Racial and socioeconomic het¬
erogeneity, limited education, test anxiety, lifelong learn¬
tests
to

ing disabilities,

static

neurologic impairment, depres¬

medication effects are far more common in the
general population than in this study sample and would
almost certainly increase the error variance of the ACS.
Additional validation studies based on a representative
sample of community-dwelling elderly would certainly
be necessary before the ACS or any new screening test
could be accepted for general clinical use.
The definition of normal control groups in cogni¬
tive studies of aging is controversial49 and, to our knowl¬
edge, ours is the first neuropsychological test validation
study to apply such rigorous standards to the selection
of the normal control population. In our population, even
after telephone screening of volunteers, 13 (17.8%) of
73 potential "normal" control subjects were excluded by
unsuspected abnormalities on cognitive testing, electro¬

sion,

or

encephalograms, or magnetic resonance imaging scans.
Many conventional neuropsychological instruments do
have

for older age groups, and, even when
available, their validity may be questionable
since their "normal" populations are not fully evaluated
to rule out unsuspected abnormalities that might cause
subtle cognitive impairment. The control data in this ar¬
ticle were not gathered from a representative populanot

norms

norms are

tion of older individuals but, rather, from a population
of volunteers. Nevertheless, these results suggest that in
older age groups in which the prevalence of cognitive im¬
pairments is high,3·416 potential subjects must have ex¬
tensive evaluation before being included in a "normal"
control group that is being used to validate clinical in¬
struments or to establish norms.

APPLICATIONS OF
COMPUTER-BASED SCREENING

large number of examiner-administered instru¬
currently used to screen the elderly for cog¬
nitive impairment.19·50 32 The most popular of these, such
A

ments

are

the Folstein Mini-Mental State Examination,33 and the
Short Portable Mental Status Questionnaire,54 are brief
and require little training to administer but are insensi¬
tive to mild impairments or to fluctuations in perfor¬
mance.3560 Other notable brief instruments, such as the
Mattis Dementia Rating Scale61 ·62 and the recently devel¬
oped CERAD (Consortium to Establish a Registry for Alz¬
heimer's Disease) battery,63 are designed to measure a wide
range of cognitive performance in identified patients rather
than screen for cognitive impairments within the com¬
as

munity.

Computer-based neurobehavioral tests have been
vigorously applied to studies of cognitive and
human performance measures associated with unusual
most

environmental conditions3064"66 and exposure to neurotoxins.26·67"73 Despite the potential advantages of computerbased administration, there have been only a few
systematic applications of automated testing, scoring, or
diagnosis in the elderly.21·74·73 Brief computer-based tests
have been administered to both demented patients25,69·76
and minimally screened, presumably normal older sub¬
jects,27 but evaluation of test validity was limited in these
cases. An innovative computer-based testing system with
particular emphasis on ecologie or "face" validity of the
memory tasks has been designed to investigate the con¬
troversial phenomenon of age-associated, nonpathological memory impairments.77·78 This test has been stan¬
dardized in thousands of apparently normal older persons
in several countries,79"82 but in these studies the presum¬
ably normal control subjects were also not stringently
screened to detect those with subtle dementia. A recent
review83 describes many of the available computerbased neuropsychological tests.
Despite the encouraging evidence of validity in this
preliminary study, a number of important concerns may
be raised about the ACS. This version of the ACS re¬
quired 1 hour for most unimpaired subjects and much
longer for some patients; thus, it was not an optimal length
for a screening tool. Patients with cognitive impairments
had some difficulties learning the keyboard input despite
the practice items provided at the start of the test, and their
frequent expressions of anxiety and frustration made it clear
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that the test was an unpleasant experience for them. The
heavy reliance ofthe test on reading skills is consistent with
the original design of the test for use in physician popu¬
lations, but this feature makes the test less useful in edu¬

cationally disadvantaged populations.
In our study, analysis of the data using keyboard ex¬
perience as a covariant did not alter the predictive accu¬

racy of the test, and this is consistent with prior stud¬
ies33 showing that brief keyboard practice can overcome
errors due to unfamiliarity. However, keyboard input is
also likely to introduce much more variance among edu¬
cationally and culturally less homogeneous popula¬
tions.80·84"87 We believe that some of these limitations may
be overcome by creating shorter computer-based test¬
ing instruments that use touch-screens, verbal re¬
sponses, or that monitor movements of the head, eyes,
or

limbs.28·80·88
SCREENING THE AGING PROFESSIONAL
FOR COGNITIVE IMPAIRMENTS

The ACS is unique among computer-based tests in
that its original development was funded by a malprac¬
tice insurance company to screen aging physicians for
cognitive impairments that might signal risk for medi¬
cal malpractice. Several logical links remain unsup¬
ported in this particular rationale that illustrate the prob¬
lematic nature of attempting to screen aging professionals
for diminished competency. For example, there are no
data to suggest that aging physicians as a whole are at
increased risk for physician errors, that malpractice suits
against elderly physicians are related to cognitive im¬
pairments, or that practicing physicians with mild cog¬
nitive impairments make more physician errors. Nei¬
ther the ACS nor any other neuropsychological instrument
has been validated in impaired physicians, although norms
for a large population of presumed normal older physi¬
cians have been gathered.34
In the absence of meaningful data of this type, dis¬
cussion of even voluntary use of a cognitive screening
test will arouse legitimate resistance among physicians
or any other occupational group. Any notion of manda¬
tory physician testing with such an instrument by the in¬
surance industry would evoke profound legal and ethi¬
cal questions: Should screening of only aged physicians
be considered age discrimination? If so, should physi¬
cian screening for cognitive impairment extend into
younger age groups and be broadened to detect cogni¬
tive impairments associated with alcoholism, drug abuse,

depression, acquired immunodeficiency syndrome, or
head trauma? Should the privilege of malpractice insur¬
ance coverage (and indirectly the privilege of medical prac¬
tice) depend on screening by an industry that is inher¬
ently more interested in sensitivity than specificity? If
physicians at risk do need to be screened in some way,
what should be the role of current licensing boards?

In our society, military commanders89 and airline pi¬
lots9091 undergo mandatory retirement or demotion af¬
ter a certain age, despite allegations and that such poli¬
cies violate the rights and squander the skills of the elderly.
Protecting the rights of older individuals to continue work¬
ing in responsible positions, while at the same time pro¬

tecting society from errors due to cognitive impairment,
is a difficult task. It could be argued that physicians; pi¬
lots; military, political, and business leaders; and per¬

haps anyone who drives must be held to a high standard
of cognitive competency regardless of age. ff so, then the
issue of screening among the elderly becomes urgent since
the prevalence of cognitive impairment increases so dra¬
matically between the sixth and eighth decades.416
The American Medical Association, Chicago, 111, re¬
ports that there are 90 406 practicing physicians over the
age of 60 years.92 Older physicians typically remove them¬
selves from high-risk activities toward the end of their
careers, but even if the prevalence of cognitive impair¬
ment is only 5% in this age group, it may be estimated
that there are over 4500 practicing physicians with some
degree of cognitive impairment in the United States. While
competent medical practice is surely too complex to be
policed by cognitive fiat, as the demographic profile of
our society changes into one in which those over 65 years
old will represent 13.9% of the American population by

the year 2010,93 the issue of screening for cognitive com¬
promise must be addressed, not just in medicine but

throughout our society.

Accepted for publication January 8, 1994.
This research was supported by the Harvard Risk Man¬
agement Foundation, the Emory Research Fund, the Ag¬

Branch of the Centers for Disease Con¬
trol and Prevention, and the Emory University Alzheimer's
Disease Center Core (NIA Grant P30AG10130).
We are indebted to James Hoffman, MD, and Charles
Epstein, MD, for diagnostic expertise; Blake Ross, Bruce
Ellett, and Judy OJilefor technical assistance; Donna Brogan, PhD, and Brooke Fielding, MA, for statistical sup¬
port; and Paul Seavey, MD, Glenn Larrabee, PhD, Howard
Frumkin, MD, and Robin Morris, PhD, for helpful com¬

ing and Statistics

ments.
to Emory Neurobehavioral Pro¬
Woods
Center, 1841 Clifton Rd NE, At¬
gram, Wesley
G
A
30329
R.
(Dr Green).
lanta,

Reprint requests

REFERENCES
1. Rocca W, Amaducci L, Schoenberg B. Epidemiology of clinically diagnosed
Alzheimer's disease. Ann Neurol. 1986;19:415-424.
2. Schoenberg B, Kokmen E, Okazaki H. Alzheimer's disease and other dementing illnesses in a defined United States community: incidence rates and clinical features. Ann Neurol. 1987;22:724-729.
3. Katzman R, Aronson M, Fuld P, et al. Development of dementing illnesses in
an 80-year-old volunteer cohort. Ann Neurol. 1989;25:317-324.
4. Evans DA, Funkenstein H, Albert M, et al. Prevalence of Alzheimer's disease in

Downloaded From: by a Harvard University User on 10/12/2018

community population of older persons. JAMA. 1989;262:2551-2556.
Cooper B, Bickel H. Population screening and the early detection of dementing
disorders in old age: a review. Psychol Med. 1984;14:81-95.
Whalley L. Drug treatments of dementia. Br J Psychiatry. 1989;155:595-611.
Hefti F, Hartikka J, Knusel B. Function of neurotrophic factors in the adult and
aging brain and their possible use in the treatment of neurodegenerative diseases. Neurobiol Aging. 1989;10:515-533.
Harbaugh R. Novel CNS-directed drug delivery systems in Alzheimer's disease
and other neurological disorders. Neurobiol Aging. 1989;10:623-629.
Harbaugh R. Nerve growth factor as a potential treatment in Alzheimer's dis-

a

5.
6.
7.

8.
9.

ease.

10.

Biomed Pharmacother. 1989;43:483-485.

Cooper J. Drug treatment of Alzheimer's disease. Arch Intern Med. 1991 ;151:

245-249.
11. Merlini L, Pinza M. Trends in searching for new cognition enhancing drugs.
Prog Neuropsychopharmacol Biol Psychiatry. 1989;13:S61-S75.
12. Khachaturian Z. The five-five, ten-ten plan for Alzheimer's disease. Neurobiol

Aging. 1992;13:197-198.
13. Lucas-Blaustein M, Filipp L, Dungang C, Tune L. Driving in patients with dementia. JAm Geriatr Soc. 1988;36:1087-1091.
14. Friedland R, Koss E, Kumar A, et al. Motor vehicle crashes in dementia of the
Alzheimer type. Ann Neurol. 1988;24:782-786.
15. Reuben DB, Silliman RA, Traines M. The aging driver: medicine, policy, and
ethics. JAm Geriatr Soc. 1988;36:1135-1142.
16. Jorm A, Korten A, Henderson A. The prevalence of dementia: a quantitative
integration of the literature. Acta Psychiatr Scand. 1987;76:465-479.
17. Putnam S, DeLuca J. The TCN Professional Practice Survey, I: general practices of neuropsychologists in primary employment and private practice settings. Clin Neuropsychol. 1990;4:199-244.
18. Department of Health and Human Services. Healthy People 2000. Bethesda,
Md: Public Health Services; 1991:465. Public Health Services publication No.
91-50212.
19. Eslinger P, Damasio A, Benton A, Van Allen M. Neuropsychologic detection of
abnormal mental decline in older persons. JAMA. 1985;253:670-674.
20. Kiernan R, Mueller J, Langston J, Van Dyke C. The Neurobehavioral Cognitive
Status Examination: a brief but differentiated approach to cognitive assessment. Ann Intern Med. 1987;107:481-485.
21. Rogers RL, Meyer JS. Computerized history and self-assessment questionnaire for diagnostic screening among patients with dementia. J Am Geriatr
Soc. 1983;36:13-21.
22. Ritchie K, Hallerman E. Cross-validation of a dementia screening test in a heterogeneous population. Int J Epidemiol. 1989;18:717-719.
23. Fillenbaum G, Heyman A, Williams K, Burchett B. Sensitivity and specificity of
standardized screens of cognitive impairment and dementia among elderly black
and white community residents. J Clin Epidemiol. 1990;43:651-660.
24. Albert M, Smith LA, Scherr PA, et al. Use of brief cognitive tests to identify
individuals in the community with clinically diagnosed Alzheimer's disease. Int
J Neurosci. 1991;57:167-178.
25. Carr A, Wilson S, Ghosh A, Ancill R, Woods R. Automated testing of geriatric
patients using a microcomputer-based system. Int J Man-Machine Stud. 1982;
17:297-300.
26. Baker E, Letz R, Fidler A, et al. A computer-based neurobehavioral evaluation
system for occupational and environmental epidemiology: methodology and
validation studies. Neurobehav Toxicol Teratol. 1985;7:369-377.
27. Kane R, Kiersch M, Yates F, et al. Dynamic assessment of cognitive and
cardiovascular performance in the elderly. Isr J Med Sci. 1986;22:225-230.
28. Maulucci R, Eckhouse RJ, Herman R. A microcomputer workstation for assessing function. Psychopharmacol Bull. 1987;23:294-297.
29. Larrabee G, Crook T. Assessment of drug effects in age-related memory disorders: clinical, theoretical, and psychometric considerations. Psychopharmacol Bull. 1988;24:515-522.
30. Kennedy R, Baltzley D, Wilkes R, Kuntz L. Psychology of computer use, IX: a
menu of self-administered microcomputer-based neurotoxicology tests. Percept Mot Skills. 1989;68:1255-1272.
31. Federico P. Measuring recognition performance using computer-based and
paper-based methods. Behav Res Methods Instrum Comput. 1991:23:341\x=req-\
347.
32. Johnson D, White C. Effects of training on computerized test performance in
the elderly. J Appl Psychol. 1980;65:357-358.
33. Lee J. The effects of past computer experience on computerized aptitude test
performance. Educ Psychol Meas. 1986;46:727-733.
34. Weintraub S, Bernstein F, Catlin R, et al. Development of a neuropsychological
screening test. Clin Neuropsychol. 1990;4:286-287.
35. Whitla D, Bernstein F, Catlin R, et al. Statistical properties of the ACS: norms,
correlational structure and reliability. Clin Neuropsychol. 1990:4:287.

36. Weintraub S, Powell D, Catlin R, et al. The 'Assessment of Cognitive Skills'
(ACS): mental status screening. J Clin Exp Neuropsychol. 1991:13:106.
37. Reisberg B, Ferris S, De Leon M, Crook T. The Global Deterioration Scale for
the assessment of primary degenerative dementia. Am J Psychiatry. 1982;
139:1136-1139.
38. Wechsler D. WAIS-R Manual. New York, NY: Psychological Corp; 1981.
39. Delis D, Kramer J, Kaplan E. The California Verbal Learning Test. San Antonio,
Tex: Psychological Corp; 1986.
40. Wechsler D. Wechsler Memory Scale\p=m-\Revised.New York, NY: Psychological
Corp; 1987.
41. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Revised Third Edition. Washington, DC: American Psychiatric Association; 1987.
42. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of Alzheimer's
disease: report of the NINCDS-ADRDA work group. Neurology. 1984;34:939\x=req-\
944.
43. Grant D, Berg E. A behavioral analysis of degree of reinforcement and ease of
shifting to new responses in a Weigl-type card-sorting problem. J Exp Psychol. 1948:38:404.
44. Haaland KY, Vranes LF, Goodwin JS, Garry PJ. Wisconsin Card Sort Test performance in a healthy elderly population. J Gerontol. 1987;42:345-346.
45. Malko J, Hoffman J, Green R. Volumetric MRI measurement of intracranial
CSF volumes: elderly normal volunteers. AJNR Am J Neuroradiol. 1991;12:
371-374.
46. Epstein C, Green R, Green J, Hoffman J, Karp H. EEG in the normal elderly: an
update. Neurophysiol Clin. 1990:20:13.
47. Anastasi A. Validity: basic concepts. In: Psychological Testing. 5th ed. New
York, NY: Macmillan Publishing Co Inc; 1982:134-161.
48. Erkinjuntti T, Autio L, Wikstrom J. Dementia in medical wards. J Clin Epidemiol. 1988;41:123-126.
49. Calne D, Eisen A, Meneilly G. Normal aging of the nervous system. Ann Neurol. 1991;30:206-207.
50. Hughes C, Berg L, Danziger W, Coben L, Martin R. A new clinical scale for the
staging of dementia. Br J Psychiatry. 1982;140:566-572.
51. Israel L, Waintraub L, Fillenbaum G. Assessing the dementia(s) in clinical practice and population surveys: review of the literature since 1965. In: Bes A, ed.
Senile Dementias: Early Detection. London, England: John Libbey Eurotext; 1986:
592-603.
52. Applegate W, Blass J, Williams T. Instruments for the functional assessment
of older patients. N Engl J Med. 1990;322:1207-1214.
53. Folstein M, Folstein S, McHugh P. 'Mini-Mental State': a practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975;
12:189-198.
54. Pfeiffer E. A short portable mental status questionnaire for the assessment of
organic brain deficit in elderly patients. J Am Geriatr Soc. 1975;23:433-441.
55. Pfeffer R, Kurosaki T, Harrah C, et al. A survey diagnostic tool for senile dementia. Am J Epidemiol. 1981;114:515-527.
56. Anthony J, LeResche L, Unaiza N, VonKoroff M, Folstein M. Limits of the 'Mini\x=req-\
Mental State' as a screening test for dementia and delirium among hospital
patients. Psychol Med. 1982;12:397-408.
57. Nelson A, Fogel B, Faust D. Bedside cognitive screening instruments. J Nerv
Ment Dis. 1986:174:73-83.
58. Dalton J, Pederson S, Blom B, Holmes N. Diagnostic errors using the Short
Portable Mental Status Questionnaire with a mixed clinical population. J Gerontol. 1987;42:512-514.
59. Faustman W, Moses J, Csernasnsky J. Limitations of the Mini-Mental State
Examination in predicting neuropsychological functioning in a psychiatric sample.
Acta Psychiatr Scand. 1990;81:126-131.
60. Giordani B, Boivin M, Hall A, et al. The utility and generality of Mini-Mental
State Examination scores in Alzheimer's disease. Neurology. 1990;40:1894\x=req-\
1896.
61. Mattis S. Dementia Rating Scale Professional Manual. Odessa, Fla: Psychological Assessment Resources Inc; 1973.
62. Mattis S. Mental status examination for organic mental syndrome in the elderly patient. In: Bellak L, Karasu T, eds. Geriatric Psychiatry: A Handbook for
Psychiatrists and Primary Care Physicians. New York, NY: Grune & Stratton;
1976:77-121.
63. Morris J, Heyman A, Mohs R, et al. The consortium to establish a registry for
Alzheimer's disease (CERAD), I: clinical and neuropsychological assessment
of Alzheimer's disease. Neurology. 1989;39:1159-1165.
64. Harbeson M, Bittner A, Kennedy R, Carter R, Krause M. Performance evaluation tests for environmental research (PETER): bibliography. Percept Mot Skills.

1983;57:283-293.

Downloaded From: by a Harvard University User on 10/12/2018

65. Irons R, Rose P. Naval biodynamics laboratory computerized cognitive testing. Neurobehav Toxicol Teratol. 1985;7:395-397.
66. Bittner AJ, Carter R, Kennedy R, Harbeson M, Krause M. Performance evaluation tests for environmental research (PETER): evaluation of 114 measures.
Percept Mot Skills. 1986;63:683-708.
67. Baker E, Letz R, Fidler A, et al. Computer-based neurobehavioral testing for
occupational and environmental epidemiology. Neurobehav Toxicol Teratol. 1985;
7:369-377.
68. Thorne D, Genser S, Sing H, Hegge F. The Walter Reed performance battery.
Neurobehav Toxicol Teratol. 1985;7:415-418.
69. Branconnier R. Dementia in human populations exposed to neurologic agents:
a portable microcomputerized dementia screening battery. Neurobehav Toxicol Teratol. 1985;7:379-386.
70. Letz R, Baker E. Computer-administered neurobehavioral testing in occupational health. Semin Occup Med. 1986;1:197-203.
71. Letz R. Occupational screening for neurotoxicity: automated techniques. Toxi-

cology. 1988;49:417-424.

72. Cassitto M, Gilioli R, Camerino D. Experiences with the Milan Automated robehavioral
robehavioral System (MANS) in occupational neurotoxic exposure. Neurotoxicol Teratol. 1989;11:571-574.
73. Letz R. Quantitative neurobehavioral testing in humans for assessing potential
effects of occupational exposure. J Am Coll Toxicol. 1989;8:303-309.
74. Wedgwood J. The automated pictorial paired and associate learning task. Int
J Man-Machine Stud. 1982:17:241-246.
75. McWilliam J, Copeland J, Dewey M, Wood N. The Geriatric Mental State Examination as a case finding instrument in the community. Br J Psychiatry.

1988;152:205-208.

76. Sahakian B, Morris R, Evenden J, et al. A comparative study of visuospatial
memory and learning in Alzheimer-type dementia and Parkinson's disease. Brain.

1988;111:695-718.

77. Larrabee G, Levin H, High W. Senescent forgetfulness: a quantitative study.
Dev Neuropsychol. 1986;2:373-385.
78. Crook T, Bartus R, Ferris S, et al. Age-associated memory impairment: proposed diagnostic criteria and measures of clinical change: report of a National
Institute of Mental Health Work Group. Dev Neuropsychol. 1986;2:261-276.
79. Crook T, Salama M, Gobert J. A computerized test battery for detecting and
assessing memory disorders. In: Bes A, Cahn J, Cahn R, Hoyer S, MarcVernes J, Wisniewski H, eds. Senile Dementias: Early Detection. London, England: John Libbey Eurotext; 1986:79-85.
80. Crook T, Larrabee G. Interrelationships among everyday memory tests: stability of factor structure with age. Neuropsychology. 1988;2:1-12.
81. Crook T. Diagnosis and treatment of normal and pathologic memory impairment in later life. Semin Neurol. 1989;9:20-30.
82. Larrabee G, Crook T. Performance subtypes of everyday memory function. Dev

Neuropsychol. 1989;5:267-283.

83. Kane R, Kay G. Computerized assessment in neuropsychology: a review of
tests and test batteries. Neuropsychol Rev. 1992;3:1-117.
84. Acker W. A computerized approach to psychological screening: the Bexley\x=req-\
Maudsley automated psychological screening and the Bexley-Maudsley Category Sorting test. Int J Man-Machine Stud. 1983;18:361-369.
85. Rappaport EB, Graham DJ. Pituitary growth hormone from human cadavers:
neurologic disease in 10 recipients. Neurology. 1987;37:1211-1213.
86. Carr A, Woods R, Moore B. Automated cognitive assessment of elderly patients: a comparison of two types of response device. Br J Clin Psychol. 1986;
25:305-306.
87. Carr A, Woods R, Moore B. Developing a microcomputer based automated
testing system for use with psychogeriatric patients. Bull R Coll Psychiatry.

1986;10:309-312.
Kennedy R, Wilkes R, Dunlap W, Kuntz L. Development of an automated performance test system for environmental and behavioral toxicology studies. Percept Mot Skills. 1987,65:947-962.
89. US Air Force. Mandatory retirement. In: Air Force Regulations 35-7. Washington, DC: Headquarters Air Force Military Personnel Center; 1991:28.
90. Rezendes V, Barchi T, Shideler R, Chow M, Butler S. Aviation safety: information on FAA's age 60 rule for pilots. In:. Fact Sheet for the Chairman, Select
Committee on Aging, House of Representatives. Gaithersburg, Md: US General Accounting Office; 1989:1-22.
91. Banich M, Stokes A, Elledge V. Neuropsychological screening of aviators: a
review. Aviat Space Environ Med. 1989;60:361-366.
88.

92. American Medical Association. Physician Characteristics and Distribution. Chicago, III: American Medical Association; 1990:47.
93. Bureau of the Census. Statistical Abstract of the United States. 119th ed. Washington, DC: US Government Printing Office; 1990:16.

