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Abstract. Early detection of Alzheimer’s disease and related disorders (ADRD) is important, especially in primary care settings.
We compared performances of two common screening tests, the Mini-Mental State Exam (MMSE) and Clock Drawing Test
(CDT), with that of the MCI Screen (MCIS) in 254 patients over 65. None had previous diagnosis of ADRD, and 81% were
asymptomatic by Functional Assessment Staging Test (FAST) (FAST= 1). 215 patients completed all screening tests – 141 had
�1 abnormal result, 121/141 completed standardized diagnostic assessment, and the remaining 74/215 (34%) screened entirely
normally and weren’t further evaluated. Potential bias due to unevaluated cases was statistically adjusted. Among diagnosed
cases: AD= 43%, cerebrovascular disease= 36%, other causes= 21%. Bias-adjusted MCI prevalence for FAST stages 1 and
1–3 were 13.9–20.3% and 23.0–28.3%. Bias-adjusted results for the CDT, MMSE and MCIS were: clinical diagnosis validity
(kappa statistic)= {−0.02 (p = 0.61), 0.06 (p = 0.23), 0.92 (p < 0.0001)}; sensitivity= {59%, 71%, 94%}; specificity= {39%,
36%, 97%}; overall accuracy= {54%, 62%, 96%}; positive predictive value= {16%, 17%, 86%}; and negative predictive value
= {83%, 87%, 96%}.
The MMSE and CDT were not valid for early detection, while the MCIS had high validity and accuracy in the primary care
cohort.

Keywords: Normal aging, mild cognitive impairment, Alzheimer’s disease, prevalence, sensitivity, accuracy, early detection,
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INTRODUCTION

Postmortem studies of persons with either normal
aging or mild cognitive impairment (MCI), particular-
ly the amnestic type [4,10,13,17,31,47,53,62,67,68],
have demonstrated the presence of several types of
neuropathology – most often in the medial tempo-
ral lobe [49] but also described in the visual associa-
tion cortex [37] – including neurofibrillary changes of
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Alzheimer’s disease (AD), Lewy bodies, cerebral in-
farcts, and hippocampal sclerosis [7,49]. These stud-
ies support a transition of AD and related disorders
(ADRD) from normal aging to MCI to dementia. De-
tecting AD earlier means treatment can begin when
there is less neuropathology [36], offering greater po-
tential to improve symptoms and/or delay disease pro-
gression [11,19,34,55,59,70,74]. Earlier AD detection
also allows non-pharmacological interventions that can
delay institutionalization [39,56], plus give patients and
families adequate time to make future plans.

Currently,> 2/3 of ADRD patients in primary care
settings are moderate-to-severely demented when first
diagnosed [7,23,63,69], which corresponds to 9–11

ISSN 1387-2877/07/$17.00 2007 – IOS Press and the authors. All rights reserved



324 D.L. Trenkle et al. / Screening in Primary Care

years after symptom onset [51]. Such delayed detection
is partly due to lack of sensitive and specific screening
tools that can be easily incorporated into a physician’s
practice [2].

The most commonly used screening tools are the Mi-
ni Mental Status Exam (MMSE) and the Clock Drawing
Test (CDT). The MMSE tests mainly left hemisphere
function, including repetition, naming, orientation, at-
tention, recall and comprehension. The CDT measures
attentiveness, visual-spatial ability and constructional
praxis but does not specifically measure episodic mem-
ory. Although these tests help monitor dementia, their
sensitivities for detecting MCI have not been well es-
tablished in primary care settings.

The MCI Screen (MCIS) is an examiner-admi-
nistered test of executive function, working and episod-
ic memory, and language, derived from the National
Institute of Aging CERAD (Consortium to Establish a
Registry for AD) battery. Overall accuracy in differen-
tiating normal aging from MCI and mild dementia is
97.3% and 99%, respectively [61].

This article reports the screening performance of the
CDT, MMSE and MCIS in a primary care practice
cohort, staged by the Functional Assessment Staging
Test (FAST) [58]. Patients had not been previously
detected to have MCI or dementia, and were part of
Maine’s Hancock County Aging Project, established in
2004.

METHODS

Study design and cohort

Participants of this study were chosen from a cohort
of 254 patients seen at a primary care practice in Han-
cock, Maine during 2004–2006. Eligibility criteria in-
cluded a) no prior diagnosis or detection of cognitive
impairment or dementia; and b)� 65 years old or sub-
jective decline in cognition or cognitively related func-
tion. In compliance with the Helsinki guidelines for
human subject research, all patients were legally com-
petent to provide informed consent, and were informed
of the following: a) study’s purpose, aims, potential
risks and benefits; b) the confidential manner in which
the data would be collected and handled to protect pri-
vacy; c) they could abstain or withdraw at any time
from the study without affecting their physician-patient
relationship; and d) they would not be identified by any
published results.

Of 254 patients, 39 did not complete all screening
tests (incompletely screened) – 14 (36%) had no sub-
jective or objective difficulties (FAST stage 1); 8 (21%)
had subjective complaints (FAST stage 2); 2 (5%) had
objective complex functional impairment (FAST stage
3); 2 (5%) had mild dementia (FAST stage 4); and 13
(33%) were not FAST staged. The remaining 215 pa-
tients were staged using the FAST, and completed the
CDT, MMSE, and MCIS screening tests (completely
screened).

Screening instruments

The MMSE is the most widely used examiner-
administered test to detect dementia in primary
care [21]. The MMSE has a 30 point scale (30= per-
fect score), and has published data for normal aging,
MCI and dementia. Among published studies of MCI
vs. normal aging, an MMSE score of> 28 for normals
gave the highest sensitivity when the specificity was
fixed at 90% or higher [5,24].

The CDT, another widely used examiner-admi-
nistered test, has a 15 point scale (15= perfect
score) [65,66]. The CDT measures abilities that are
largely untested by the MMSE. A CDT score of> 12
for normals gave the highest sensitivity when the speci-
ficity was fixed at 90% or higher [18].

The MCIS, an online based examiner-administered
test, was developed based on the 10-word recall test
from National Institute of Aging ADRD CERAD neu-
ropsychological test battery [72,73] combined with so-
phisticated scoring algorithms that analyze the pattern
of words recalled by each subject. The MCIS con-
sists of three 10-word learning trials followed by an
immediate recall task at each trial, self-evaluation of
subject’s ability to recall, distraction task using triadic
comparison of animal names, delayed free- and cued-
recall tasks and free untrained recall of animal names
from the triadic comparison task. It takes about 10 min-
utes to administer, and receiver operating characteristic
(ROC) analysis has shown that the MCIS has overall
classification accuracy of 97.3% and 99 % in differ-
entiating normals from MCI and from mild dementia,
respectively [61]. See Appendix A for further details.

Staging of functional and AD severity: The FAST

The FAST is a well validated, brief AD staging tool
that reflects progressive, cognitively dependent, func-
tional decline [3,51,58]. Patients with amnestic or non-
amnestic definitions of MCI can be functionally sub-
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classified as either FAST stages 1, 2 or 3. FAST stages
1-3 are characterized as follows: FAST 1: no subjec-
tive decline and no objective impairment in cognitively
related function; FAST 2: subjective decline in cogni-
tively related function without no objective evidence;
and FAST 3: objective evidence of decline in cogni-
tively related function (e.g., performance of complex
tasks at work, home or socially) but no decline in instru-
mental activities of daily living (e.g. handling finances,
shopping, preparing meals). FAST stages 4, 5, 6 and
7 correspond to mild, moderate, moderately severe and
severe dementia. Normally aging individuals are func-
tionally classified as FAST stage 1 or 2 depending upon
the absence or presence of subjective functional decline
plus the absence of objective, cognitively related func-
tional decline. Normally aging individuals should al-
so have no progressive cause of cognitive impairment.
The mean duration of FAST stage 1 is not well charac-
terized; that of FAST stage 2 is 15 years [52]; and that
of FAST stage 3 is 7 years [51]. This functional subdi-
vision of MCI using FAST staging helps characterize
MCI more precisely.

Screening test validation: Clinical diagnosis

A standardized diagnostic assessment was per-
formed on 141completely screened patients with� 1
abnormal screening result to identify underlying causes
that would validate the screening result of cognitive im-
pairment (i.e., a true positive result). If no underlying
cause could be identified, the impaired screening test
result was classified as afalse positive. Clinical diag-
nosis of an identifiable cause of cognitive impairment
was therefore the reference standard for determining
screening test validity. To date, no patients have been
autopsied for pathologic confirmation.

Clinical practice restrictions typical for community
settings precluded diagnostically assessing the 74 pa-
tients who screened normally on all three tests (uncon-
firmed normal). Also among 141completely screened
patients with� 1 abnormal screening results, 20 of
them failed to comply in completing their diagnostic
assessment (unconfirmed impaired). Theunconfirmed
impaired patients were excluded from further analysis
because they had both normal and abnormal screening
test outcomes, thus requiring diagnosis to distinguish
true from false positive cases. Of the 121 complete-
ly screened and diagnostically assessed patients (con-
firmed diagnosis), clinical diagnosis wasconfirmed im-
paired in 51 andconfirmed normal in 70. Standard-
ized diagnostic assessment consisted of MRI, labora-

tory studies (B12, folate and thyroid deficiencies, ho-
mocysteine, lipids, C-reactive protein, metabolic and
hematologic disorders), family history of a dementing
disorder and risk factor assessment history. NINDS-
ADRDA criteria for AD [29,38], ADDTC criteria for
vascular dementia [12], and DSM-IV criteria for other
dementing disorders [1], were applied to these data to
determine etiologic diagnosis. The requirement of de-
mentia was relaxed because> 90% of the diagnostical-
ly assessed patients were not demented. For thecon-
firmed impaired patient group, clinical diagnosis was
approximately distributed as follows: possible AD=
43%, cerebrovascular disease= 36%, cerebrovascu-
lar disease+ AD =1%, alcohol abuse=9%, traumat-
ic brain injury= 4%, depressive pseudodementia=3%,
metabolic disorders=2%, Parkinson’s disease= 1%,
and other causes=1%. For screening test validation,
clinical diagnosis was classified as eitherconfirmed im-
paired (N = 51) orconfirmed normal (N = 70). The
validation results for each screening test are shown in
Table 2.

STATISTICAL ANALYSES

To test for demographic differences among clinical
diagnosis groups (incompletely screened, confirmed
normal, confirmed impaired, unconfirmed normal, and
unconfirmed impaired), we performed a multinomial
logistic regression using clinical diagnosis group as the
dependent variable, and using age, gender and educa-
tion as the independent variables (Stata 9.0, ologit).
ANOVA and chi-square tests were performed to iden-
tify age, gender, and educational differences across the
clinical diagnosis groups. Significant group differences
in age or education were evaluated by pair-wise one-
way ANOVA comparisons with Bonferroni adjustment
for multiple comparisons (Stata 9.0, oneway). Signifi-
cant gender differences between groups were evaluat-
ed by subtracting their chi-square values and assessing
significance with 1 degree of freedom.

Validity was determined by measuring agreement
(kappa coefficient) between each screening test and
clinical diagnosis group with and without adjusting for
selection bias (seeAdjustment for Potential Selection
Bias section).

Screening performance was evaluated by computing
sensitivity, specificity, positive and negative predictive
values between each screening test and clinical diag-
nosis group. In addition, non-parametric ROC curves
were generated to measure the 95% confidence inter-
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vals of overall accuracy of each screening test relative
to clinical diagnosis (Stata 9.0, roctab). The area under
an ROC curve is an unbiased estimate of a screening
test’s overall accuracy.

Adjustment for potential selection bias

We used two strategies to adjust for possible selection
bias among the 74unconfirmed normal FAST stage 1
patients (not diagnostically assessed due to practice re-
strictions), then computed the upper and lower bounds
of the screening test performance statistics on the full
sample of 195 patients (74unconfirmed normal + 121
confirmed diagnosis patients). For Strategy 1, we ap-
plied the highest reported MCI prevalence over 65 years
old (0.20) [20,?,28,32]) to the FAST stage 1 patient
group (N = 158), which gave a maximum of 32 false
negatives. As there were 22 FAST stage 1confirmed
impaired patients, 10unconfirmed normal patients with
the lowest screening test scores were assigned a clini-
cal diagnosis ofimpaired, and the remaining 64 were
assigned a clinical diagnosis ofnormal. For Strategy 2,
all 74unconfirmed normals were assigned a clinical di-
agnosis of normal because of the very low prevalence of
MCI among FAST stage 1 individuals. The results from
Strategies 1 and 2 were then combined with those of
the 121confirmed diagnosis patients, and the upper and
lower bounds of the screening test performance statis-
tics were computed. To compute positive and negative
predictive values (PPV, NPV), a mid-range prevalence
of 16% for MCI—mild dementia�65 years old was
used. To estimate the lower and upper bounds of MCI
prevalence in this cohort (impaired patients in FAST
stages 1–3), we used the total number of impaired cases
estimated by Strategies 2 and 1 respectively, and divid-
ed by the total number of FAST stages 1–3 patients in
the sample.

Instrument reliability

MMSE test-retest reliabilities range from 0.54 for
community dwelling elderly subjects with a high school
education to 0.65 among those without one [30]. CDT
test-retest reliability when administered in a hospital-
based geriatric outpatient clinic was 0.82 [71].

The MCIS test-retest reliability was assessed on an
independent sample of 30 normal aging-to-moderately
demented subjects, who were retested within six
months and had not undergone a change in treatment. A
neuropsychologist administered the pencil-and-paper
CERAD Wordlist (from which part of the MCIS was

derived). On a separate occasion, an office assistant
administered the online MCIS to the same patients.
Test administrator order was randomized. The within-
subject differences were computed for the CERAD
Wordlist sub-scores (immediate and delayed free re-
call trials). Test-retest reliability was evaluated us-
ing the hypothesis of no within-subject differences be-
tween test sub-scores on the two occasions (paired t-
tests with Bonferroni adjustment for multiple compar-
isons). Within-subject test-retest correlation for each
sub-score was also computed. Mean within-subject
differences on immediate free recall trials 1–3 and de-
layed free recall were 0.23, 0.80, 0.30, and 0.33 words.
Paired t-tests showed that these differences did not sig-
nificantly differ from zero (allp > 0.027 based on the
Bonferoni-adjusted significance level= 0.013). Test-
retest correlations for immediate and delayed free recall
trials were 0.79, 0.59, 0.75 and 0.90, and for all trials
combined was 0.83. The MCIS test-retest reliability
was therefore better than both the MMSE and CDT.

Comparison with more contemporary screening tests

While the present study compares the MCIS to the
most widely used tests in clinical practice, other recent-
ly developed screening tests may also be useful once
they have been properly validated. An unbiased bench-
mark for screening test performance is the area under
the ROC curve, which measures overall accuracy. For
reference, Appendix B lists the overall ROC accuracies
in discriminating normal aging from MCI for all peer-
reviewed studies listed in PubMed on or before January
15, 2007, that provided such data. This review found
that the MCIS had the highest overall ROC accuracy
plus the largest validation sample.

RESULTS

For the 39incompletely screened patients, ANOVA
and chi-square tests showed that their age, gender and
education did not significantly differ from any of the
completely screened groups (p > 0.31), except that
theincompletely screened were more educated than the
confirmed impaired (p = 0.014, mean (SD)= 13.8
(3.2) vs. 11.7 (3.2) years education). While the overall
chi square comparing the proportions ofincomplete-
ly vs. completely screened patients across the FAST
stages was marginallysignificant (p = 0.043), no group
differences were found in any single FAST stage (p >
0.05, Bonferroni adjusted). Theincompletely and com-
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Fig. 1. Process for Screening and Clinical Diagnosis.

pletely screened groups therefore did not substantively
differ demographically or by level of cognitively relat-
ed functional impairment.

Figure 1 shows that the 215completely screened pa-
tients were sub-classified asunconfirmed normal (N =
74), unconfirmed impaired (N = 20), confirmed im-
paired (N = 51) andconfirmed normal (N = 70).
After excluding the 20unconfirmed impaired patients
(see Methods), screening performance statistics were
computed on theconfirmed diagnosis (CDx) sample
(N = 121), and on theconfirmed diagnosis plusuncon-
firmed normal sample (N = 195) using bias adjustment
Strategies 1 and 2.

Table 1 shows the sample characteristics of the 215
completely screened patients. Multinomial logistic re-
gression found that age and gender did not differ across
clinical diagnosis groups, and that, while education sig-
nificantly differed across them (p < 0.001), the magni-
tude of the effect was small (only 3% of total variance
explained). One-way ANOVA plus chi-square tests
for demographicdifferences between clinical diagnosis

groups found: a)unconfirmed normals were younger
and more educated than all other groups (p < 0.004);
and b)confirmed normals were more educated than
theconfirmed impaired (p=0.012). One-way ANOVA
of CDT scores across clinical diagnosis groups found:
a) confirmed normals did not differ from eithercon-
firmed orunconfirmed impaired groups (p > 0.33); and
b) unconfirmed normals scored higher than all other
groups (p < 0.02). One-way ANOVA of MMSE scores
across clinical diagnosis groups found: a)confirmed
normals scored higher thanconfirmed impaired patients
(p=0.008), did not differ fromunconfirmed impaired
patients (p = 0.32), and scored lower thanunconfirmed
normals (p < 0.001); and b)unconfirmed normals
scored higher than all other groups (p < 0.001). One-
way ANOVA of MCIS scores across clinical diagnosis
groups found: a) no differences betweenconfirmed and
unconfirmed normals (p=0.49); and b) bothconfirmed
andunconfirmed normals scored higher than thecon-
firmed andunconfirmed impaired groups (p < 0.001).
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Table 1
Patient Demographic, Screening Test, and FAST Staging Characteristics and Bias-Adjusted Numbers
of Normal and Impaired Patients from Non-Diagnosed Patients Stratified by Clinical Diagnosis Group

Measure Clinical diagnosis Group (n = 215)∗ p§
Unconfirmed Confirmed Unconfirmed Confirmed

Normal Normal Impaired Impaired
(n =74) (n = 70) (n = 20) (n = 51)

Age (years) 68.5± 8.4a 73.4± 11.4b 77.6± 5.7b 75.0± 9.9b < 0.0001
Gender: Female 40 (54.1%)a 29 (41.4%)a 6 (30.0%)a 24 (47.1%)a 0.20
Education (years) 14.9± 2.9a 13.2± 3.3b 12.7± 2.4b,c 11.7± 3.2c < 0.0001
CDT (#/15) 14.3± 0.8a 11.4± 3.0b 12.5± 2.1b 10.8± 3.4b < 0.0001
MMSE (#/30) 29.5± 0.5a 27.7± 1.8b 26.7± 3.4b,c 26.5± 2.9c < 0.0001
MCIS (−1 to 4) 2.4± 0.7a 2.2± 0.7a 0.4± 0.6b 0.4± 0.8b < 0.0001
FAST Stage 1 74 (100.0%)a 62 (88.6%)a 14 (70.0%)a 22 (43.1%)b < 0.004
FAST Stage 2 0 (0.0%)a 8 (11.4%)b 6 (30.0%)b 11 (21.6%)b < 0.0003
FAST Stage 3 0 (0.0%)a 0 (0.0%)a 0 (0.0%)a 10 (19.6%)b < 0.0001
FAST Stage 4 0 (0.0%)a 0 (0.0%)a 0 (0.0%)a 8 (15.7%)b < 0.0001
CDx: NL/IMP – 70/0 – 0/51 N/A
Strategy 1: NL/IMP 55/19 70/0 – 0/51 N/A
Strategy 2: NL/IMP 74/0 70/0 – 0/51 N/A

Note: Continuous variables are summarized as mean± standard deviation; discrete variables are
summarized as frequency and column percentage.
§p-values were obtained from tests for overall clinical diagnosis group differences (chi-square for
discrete and one-way ANOVA for continuous variables). Means and percentages with different letters
(a,b,c,. . . ) are significantly different, according to pairwise comparisons with Bonferroni corrections
for multiple comparisons.
∗Unconfirmed normal category consists of those who screened entirely normally and did not have a
diagnostic assessment due to clinical practice restrictions.Unconfirmed impaired category consists
of patients who screened abnormally on� 1 test and did not complete diagnostic assessment.Con-
firmed normal and confirmed impaired categories are those who screened abnormally on� 1 test and
completed their diagnostic assessment.
CDx = Confirmed diagnosis sample (N = 121= 51 confirmed impaired + 70 confirmed normal).
NL/IMP = numbers of patients assigned a clinical diagnosis ofnormal andimpaired, respectively.
‘–’ = categories not used for analysis.
N/A = not applicable.

Table 2 summarizes, overall, for FAST stage 1 and
for FAST stages 1–3, the validity (kappa coefficient)
of the CDT, MMSE and MCIS tests in predicting clin-
ical diagnosis group with and without bias adjustment
strategies. The lower and upper bounds of the kappa
values of the CDT, MMSE and MCIS for FAST stage
1 were respectively−0.06–0.16 (p < 0.74),−0.04–
0.19 (p < 0.67), and 0.68–0.89 (p < 0.0001); for
FAST stages 1–3, the corresponding kappa values were
−0.07–0.20 (p < 0.80), 0.007–0.27 (p < 0.46), and
0.79–0.92 (p < 0.0001); and for FAST stages 1–4 the
corresponding kappa values were−0.02–0.25 (p <
0.61), 0.06–0.33 (p < 0.23), and 0.82–0.93 (p <
0.0001). The CDT and MMSE therefore had zero to
low validity for early detection within any FAST stage,
while the MCIS had high validity for early detection
within all FAST stages.

Table 3 shows the performance of each screening
test with and without bias adjustment. The lower and
upper bounds of sensitivity (Sn) for the CDT, MMSE
and MCIS were respectively 49–59%, 59–71%, and

79–94%, while those for specificity (Sp) were 39–70%,
36–69%, and 97–99%. At a mid-range prevalence for
MCI–mild dementia of 0.16, the corresponding values
for PPV were respectively 16–27%, 17–30%, and 86–
95%, while those for NPV were respectively 83–90%,
87–93%, and 96–99%. For the unbiased estimate,over-
all accuracy using ROC methods, the widest 95% con-
fidence intervals for the CDT, MMSE and MCIS were
respectively 43–78%, 51–83%, and 91–100%. The up-
per and lower bounds of the mean overall accuracies for
the CDT, MMSE and MCIS were respectively 53.7–
69.4%, 61.5–75.8%, and 95.5–96.2%. The MCIS had
a significantly higher overall accuracy than both the
CDT and MMSE (p < 0.00001), while the accuracies
of the CDT and MMSE did not significantly differ (p =
0.22) (Stata 9.0, roccomp). A point estimate of screen-
ing performance was obtained by holding specificity
constant at 95.0%, and comparing the lower and upper
bound sensitivities of the CDT, MMSE and MCIS tests,
which were respectively 8.8–13.6%, 21.9–26.6%, and
86.0–94.1%. After bias adjustment (see Methods), the
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Table 2
Validity of the CDT, MMSE and MCIS Stratified by FAST Staging and Adjusted For
Possible Selection Bias from Non-Diagnosed Patients

Kappa Coefficient± Standard Error

FAST Staging Strategy N CDT§ MMSE∗∗ MCIS§§

FAST Stages 1–4 CDx 121 −0.02± 0.09 0.06± 0.08 0.92± 0.09
(p = 0.61) (p = 0.23) (p < 0.0001)

FAST Stages 1–4 1 195 0.16± 0.07 0.23± 0.07 0.82± 0.07
(p = 0.01) (p = 0.0004) (p < 0.0001)

FAST Stages 1–4 2 195 0.25± 0.07 0.33± 0.07 0.93± 0.07
(p = 0.0001) (p < 0.0001) (p < 0.0001)

FAST Stages 1–3 CDx 113 −0.07± 0.09 0.007± 0.08 0.91± 0.09
(p = 0.80) (p = 0.46) (p < 0.0001)

FAST Stages 1-3 1 187 0.11± 0.07 0.17± 0.07 0.79± 0.07
(p = 0.07) (p = 0.008) (p < 0.0001)

FAST Stages 1–3 2 187 0.20± 0.07 0.27± 0.07 0.92± 0.07
(p = 0.002) (p < 0.0001) (p < 0.0001)

FAST Stage 1 CDx 84 −0.06± 0.09 −0.04± 0.08 0.87± 0.11
(p = 0.74) (p = 0.67) (p < 0.0001)

FAST Stage 1 1 158 0.04± 0.08 0.07± 0.08 0.68± 0.08
(p = 0.26) (p = 0.17) (p < 0.0001)

FAST Stage 1 2 158 0.16± 0.07 0.19± 0.07 0.89± 0.08
(p = 0.01) (p = 0.003) (p < 0.0001)

Note: Strategy= bias adjustment strategy to account for possible diagnostic bias due to the
74 unconfirmed normal patients.
§CDT: Clock Drawing Test.
∗∗MMSE: Mini-Mental Status Exam.
§§MCIS: MCI Screen.
CDx = Confirmed diagnosis sample (N = 121: 51confirmed impaired + 70 confirmed
normal).
Strategy 1: bias adjustment used a maximum published MCI prevalence of 0.20 to estimate
maximum false negatives among FAST stage 1 patients. This adjustment assigned 10
unconfirmed normals a diagnosis ofimpaired.
Strategy 2: bias adjustment assuming no false negatives among theunconfirmed normals.

lower and upper bounds of MCI prevalence for FAST
stages 1 and 1–3 were respectively 13.9–20.3% and
23.0–28.3%.

DISCUSSION

Major findings

The MCIS results of this study independently vali-
date its previously reported overall accuracies of 97%
and 99%, respectively, in discriminating MCI and mild
dementia from normal aging [61]. Both with and with-
out bias adjustment, the MCIS had high validity, sen-
sitivity, specificity, overall accuracy, PPV and NPV
for MCI and mild dementia at all levels of functional
severity (FAST staging). In contrast, the corresponding
measures for the CDT and MMSE were uniformly poor
except for that of NPV, and indicate that the MMSE
and CDT are not valid for early detection of ADRD
in primary care. These findings are noteworthy given
that the proportions of the cohort without symptoms

(FAST stage 1) or without objective functional impair-
ment (FAST stages 1–2) were 81% and 91% respec-
tively, and that 43–50% of theimpaired patients were
asymptomatic.

The absence of symptoms in about half of theim-
paired patients means that the criterion of subjective de-
cline – required for some definitions of MCI [47–49] –
would have excluded 50% of the MCI patients in this
primary care sample. In this regard, our findings agree
with those of the Iowa EPESE study, a population-
based, longitudinal, 10 year cohort of 3,673 persons�
65 years old [50]. They found that 69% of subjects
objectively classified as having MCI had no subjective
complaints. These data support the conclusion that sub-
jective cognitive complaints, when present, may help
identify MCI, but that they are not necessarily present
in MCI patients.

Age, gender and education did not appear to signifi-
cantly influence the MCIS screening results. In previ-
ous analysis of the MCIS, the total variance in normal
vs. MCI patients explained by these demographics was
17%. However, once the optimal score of the MCIS
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Table 3
Screening Test Performance Statistics Adjusted for Possible Selection Bias from Non-Diagnosed
Patients

Sample CDT MMSE MCIS
Strategy N Sn Sp Sn Sp Sn Sp

CDx 121 59% 39% 71% 36% 94% 97%
1 195 49% 68% 59% 66% 79% 99%
2 195 59% 70% 71% 69% 94% 99%

All – 49–59% 39–70% 59–71% 36–69% 79–94% 97–99%

Strategy N PPV NPV PPV NPV PPV NPV

CDx 121 16% 83% 17% 87% 86% 99%
1 195 23% 88% 25% 89% 94% 96%
2 195 27% 90% 30% 93% 95% 99%

All – 16–27% 83–90% 17–30% 87–93% 86–95% 96–99%

Sample 95% Confidence Interval of Overall ROC Curve Accuracy
Strategy N CDT MMSE MCIS

CDx 121 43% 64% 51% 72% 91% 100%
1 195 56% 73% 61% 77% 92% 99%
2 195 61% 78% 68% 83% 92% 100%

All – 43–61% 64–78% 51–68% 72–83% 91–92% 99–100%

CDT = Clock Drawing Test; MMSE= Mini-Mental Status Exam; MCIS= MCI Screen; Sn=
sensitivity; Sp= specificity; PPV= positive predictive value; NPV= negative predictive value.
CDx = Confirmed diagnosis sample (N = 121: 51confirmed impaired + 70confirmed normal).
Strategy 1: bias adjustment used a maximum published MCI prevalence of 0.20 to estimate
maximum false negatives among FAST stage 1 patients. This adjustment assigned 10unconfirmed
normals a diagnosis ofimpaired.
Strategy 2: bias adjustment assuming no false negatives among theunconfirmed normals.

(derived from correspondence analysis of each patient’s
item response pattern on the CERAD Wordlist) was
added to the logistic regression equation, gender and
education no longer accounted for any of the variance,
and age only accounted for 1% [61]. The optimal score
of the MCIS therefore accounts for almost all of the
variance explained by age, gender and education.

In this primary care cohort, and in our previous
study [61], the MCIS detected a variety of disorders
causing MCI, including AD, cerebrovascular disease,
alcohol abuse, traumatic brain injury, metabolic disor-
ders, depressive pseudo-dementia and Parkinson’s dis-
ease (see Methods for proportional breakdown). The
high PPV and NPV of the MCIS therefore allow it to
be used to screen a broad spectrum of disorders that
can cause MCI or dementia.

The mean duration of FAST stages 2 and 3 for AD are
15 and 7 years respectively [52,58], which implies that
the MCI patients in our study were detected anywhere
from 1 to 22 or more years before their dementia will
develop. These large differences in time to dementia
for MCI patients in different FAST stages may explain
the wide range of MCI prevalence values reported, as
well as explain why “time to dementia” may be an
unreliable measure for detecting differences between
placebo and treated groups in clinical trials.

The relatively high prevalence of MCI found here
reflects: a) the use of an unselected primary care co-

hort; and b) detection of very early stages of MCI (i.e.,
FAST stage 1) [61]. Even our relatively high preva-
lence estimates may be low if recent data from the Re-
ligious Orders autopsy study approximate AD preva-
lence among the asymptomatic population (i.e. approx-
imately 50%) [7].

Given the use of routine screening in primary care for
disorders such as breast and colorectal cancer, which
have lower prevalence rates than those for MCI, we
think that screening high risk groups to detect ADRD
early will be more commonly done as better therapies
become available.

Historically, it has been difficult to detect all forms
of MCI with a single test [46]. The present study,
however, shows that almost all MCI cases were detect-
ed with the MCIS. Furthermore, an independent study
of the MCIS in a sample of 214 subjects found it to
be 97% accurate in discriminating normal aging from
both amnestic and mixed cognitive domain types of
MCI [61]. These MCIS results show that a single test,
appropriately designed and scored, can detect most pa-
tients with MCI.

Study strengths

Current findings are strengthened by the manner in
which the data were obtained – namely, in an unse-
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Table 4
Summary of the MCI Screen Component Tasks

Task Function To Tasks Instructions on the Screen Comments
Order Be Tested

1 Iconic memory The 10-word list –
Registration∗

“Repeat each word so I know
you heard it correctly.”

The examiner reads each word to the subject until
it is correctly repeated in order to eliminate recall
errors due to comprehension or hearing problems.

2 Working
memory

The 10-word list –
Immediate Free
Recall∗

“Recall as many of the 10 words
as you can.”

After each of the 10 words are correctly repeated,
the subject recalls as many of the 10 words as they
can, and the words are recorded in the order in which
they are recalled.

3 Meta-memory Judgment about one’s
ability to perform a
free recall task

“I would like you to guess or
estimate how many of the 10
words you will recall on your
own in about five minutes.”

The subject’s estimate of their own episodic mem-
ory ability is recorded and compared to their actual
performance.

4 Judgment Judged Triadic Com-
parison of Animals

“Which of these three animals
is most different from the other
two?”

The examiner reads three animals to the subject who
chooses the animal they consider to be most differ-
ent from the other two for whatever reason. The
subject’s response is recorded for 12 different sets
of three animals, which are arranged in a balanced
lambda-1 design. These judged comparisons are
largely independent of culture and language

5 Episodic
Memory

Rehearsed Delayed
Free Recall

“Do you remember that earlier,
I asked you to remember a list
of 10 words? Recall as many
of them as you can.”

If the subject remembers the task, they then recall
as many of the 10 words as they can, and the words
are recorded in the order in which they are recalled.

6 Episodic
Memory

Delayed Cued Recall “I will read you a list of words.
After each word, tell me if
it was one of the words from
the list that you were asked to
remember.”

20 words are presented including those from the 10-
word list randomly interspersed with 10 distractor
words. The examiner records the subject’s response
to each word.

7 Episodic
Memory

Unrehearsed Delayed
Free Recall

“Do you remember the task
where I asked you to compare
three animals? Now I would
like you to recall as many of
those animals as you can.”

The examiner records the subject’s responses in the
order in which they are recalled. Since the subject
was not asked to learn the animals for recall later,
test anxiety due to intentional learning does not oc-
cur. Test anxiety may have impaired performance
when the delayed free recall score for animals is
much higher than that for the 10-word list.

∗The registration and immediate free recall tasks are consecutively repeated three times to learn the 10-word list.

lected primary care sample of all previously undetected
patients over 65 years old. The resulting screening test
performance statistics are therefore more likely to re-
semble those found in primary care settings than would
have been obtained otherwise. An additional strength
of this cohort is minimal study dropouts due to low
migration rates for Hancock County, Maine.

Study limitations

Excluding the 20unconfirmed impaired patients
could have biased results. However, the data from Ta-
ble 1 show that theunconfirmed impaired and con-
firmed impaired patients were quantitatively similar in
all respects. Another potential bias arises from lack
of diagnostic assessment for the 74unconfirmed nor-
mal (FAST stage 1). Bias adjustment strategy 1 pro-
vided worst case lower bounds for all measures report-

ed by applying the highest published MCI prevalence
to the least impaired group (Table 1 shows that they
were quantitatively more normal than theconfirmed
normal patients in terms of younger age, higher educa-
tion, higher CDT, MMSE, and MCIS scores, and lower
FAST stage). These potential biases are therefore un-
likely to have altered the screening performanceresults.
Further validation will come from ongoing longitudinal
follow-up of this cohort.

CONCULSIONS

The present study’s findings independently replicate
the previously reported screening performance of the
MCIS, and support its validity and accuracy in a prima-
ry care setting for early ADRD detection due to a vari-
ety of disorders among patients over 65 years old. To
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Table 5
The MCI Screen Sensitivity and Specificity for 471 community dwelling patients (adopted from
Shankle et al., PNAS, 2005 [39])

n ROC overall accuracy 95% CI Sensitivity Specificity

MCI vs. normal 214 97 (94, 99) 95 88
MCI/MD vs. normal 471 98 (97, 99) 97 88
MD vs. normal 376 99 (98, 100) 96 99

MD: mild dementia; CI: confidence interval.

date, the MCIS has the highest, published overall ROC
accuracy for discriminating normal aging from MCI.
In contrast, the most commonly used tests in clinical
practice, the MMSE and CDT, were not valid for early
ADRD detection. Provided that patients are adequately
informed of the risks and benefits of early ADRD detec-
tion, the MCIS permits accurate and practical screening
of at-risk patients.
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APPENDIX A

The MCIS is an online, examiner-administered test
of iconic, working and episodic memory, metamemory
(judgment about one’s own memory ability), judged
comparisons, comprehension and speech. It takes
about 10 minutes. For each task, the examiner reads
the instructions shown on the computer monitor to the
subject, and then enters the subject’s response into the
computer. The instructions for each task are given in
quotes, along with each task’s description (Table 4).

At the end of the test, the MCIS’s scoring algorithm
automatically analyzes the subject’s item responses and
generates an immediate result. The primary result is
“normal or impaired”. The scores for each task are
provided in a table along with age, gender, race and
education adjusted z-scores. The test results are sum-
marized in terms of cognitive localization, differential
diagnostic considerations, and suggestions for further
evaluation when appropriate.

The algorithm used in the MCIS was developed from
prior analysis of an independent sample of 471 well-
characterized normal aging (N = 119) vs. MCI (N =
95) (FAST 3) and mild dementia (N = 257) patients

who were given the National Institute of Aging ADRD
CERAD neuropsychological test battery [72,73]. The
wordlist portion of the CERAD battery,when combined
with correspondence analysis, logistic regression and
receiver operating characteristics (ROC) curve meth-
ods, gave overall classification accuracy of 97.3 % and
99 % in differentiatingnormal from MCI and from mild
dementia, respectively (Table 5) [61]. To classify a
patient’s MCIS results, the algorithm derived from this
analysis uses a point on the ROC curve corresponding
to 96% sensitivity for MCI–mild dementia and 91%
specificity for normal aging.

APPENDIX B

Summary of all published studies reporting the un-
biased measure of test performance, overall accuracy,
for discriminating normal aging from MCI using ROC
methods.

Test AUC (NL NL MCI Total
vs. MCI) Cases

MCI Screen (called “CWL with CA”
in article) [61]

97.3% 119 95 214

Alzheimer’s disease Cooperative
Study scale for ADL in MCI [44]

97.0% 30 45 75

MCI Screen (MCIS) [Present Study] 95.6% 130 53 183
Alzheimer’s disease Assessment
scale, cognitive subscale
(ADAS-Cog) [44]

93.0% 30 45 75

Wechsler Logical Memory Delayed
Recall (LM-II) [35]

91.7% 88 37 125

The Memory Screen [60] 89.0% 198 244 442
4-item Instrumental Activities of Dai-
ly Living Scale+Single-item infor-
mant report of memory problem [35]

87.2% 88 37 125

60 second verbal fluency task [14] 87.0% 46 45 91
MRI: Diffusion Tensor Left Hip-
pocampal High Mean Diffusivity [41]

87.0% 18 18 36

Wechsler Logical Memory Delayed
Recall:LM-II [35]

86.1% 88 37 125

AD8 Questionnaire [22] 84.7% 28 112 140
NeuroTrax Mindstreams [15] 82.3% 39 30 69
Wechsler Logical Memory Immed.
Recall (LM-I) [35]

81.2% 88 37 125
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Test AUC (NL NL MCI Total
vs. MCI) Cases

Single-item informant report of mem-
ory problem [35]

79.5% 88 37 125

Mini-Mental Status Exam (MMSE)
[8]

78.5% 25 26 51

NeuroTrax Mindstreams (Best Re-
ported Result) [16]

78.3% 39 30 69

18FDG PET Hippocampal Glucose
Metabolism [40]

78.0% 11 13 24

4-item Instrumental ADL Scale [35] 76.9% 88 37 125
Wechsler Logical Memory Immed.
Recall (LM-I) [14]

76.0% 46 45 91

CNS Vital Signs (Best Result) [26] 74.1% 89 36 125
MRI: Left Hippocampal Low Nor-
malized Volume [41]

72.0% 18 18 36

Mini-Mental Status Exam (MMSE)
[35]

67.6% 88 37 125

MRI: Hippocampal Atrophy [43] 65.9% 59 65 124
AB Cognitive Screen (Verbal Fluen-
cy) [64]

64.6% 174 166 340

Enhanced Delayed Cued Recall [54] 62.5% 33 40 73
AB Cognitive Screen (Standardized
MMSE) [64]

57.2% 174 166 340

Behavioral Dyscontrol Scale [6] 55.0% 40 40 80
California Verbal Learning Test [25] NR 65 65 130
Hopkins Verbal Learning Test [57] NR 54 19 73
Buschke Selective Reminding Test
[45]

NR 76 234 310

Montreal Cognitive Assessment (Mo-
CA) [42]

NR 39 49 88

Hopkins Verbal Learning Test+
Placing Test [33]

NR 51 29 80

NL = Normal; AUC= Area Under the Curve; NR= Not Reported.
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