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The increasing prevalence of Alzheimer’s disease (AD)
suggests that there is an increasing need for accurate and
easily administered screening instruments. The Seven-
Minute Screen is a neurocognitive screening battery

consisting of four brief tests (enhanced cued recall, tem-
poral orientation, verbal fluency, and clock drawing).
We studied 55 outpatients with probable AD, 40 healthy
volunteers of comparable age, sex, and education and 31
elderly patients with other neuropsychological disor-
ders. The aim of our study was to determine the validity
and reliability of this test. Differences on individual tests
were evaluated using the Student t test. (Recall: 6.4 ±
5.02/15.38 ± 0.95; Orientation: 48.76 ± 42.74/0.2 ±
0.52; Verbal: 8.2 ± 4.94/18.05 ± 4.63; Clock drawing:
2.07 ± 2.56/6.03 ± 11.25 for AD patients and control
subjects, respectively). Mean scores for patients with AD
and control subjects on all four individual tests were sig-
nificantly different (for each, p < 0.001). The mean time
to complete the test for healthy control subjects was nine
minutes and 18 seconds, for neuropsychological disor-
ders nine minutes and six seconds, and for AD patients
13 minutes and 32 seconds (p < 0,001). Logistic regres-
sion analysis was used to determine the degree to which
the battery discriminated between control subjects and
patients with AD (sensitivity 92.73 percent and specifici-
ty 97.50 percent). We then separated the patients with
MMSE > 20 and the same model of regression analysis
was used. Sensitivity was 81.25 percent and specificity
was 96.55 percent using 0.7 as the cutoff probability, and
93.75 and 96.55 percent, respectively, using 0.5 as the
cutoff probability. Neither age nor education and gen-
der had an effect on the results. The Seven-Minute
Screen appears highly sensitive to AD patients and may
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be useful in helping to make initial distinctions between
patients with early dementia and normal elderly.

Key words: dementia, screening, Seven-Minute Screen,
validation
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Dementia is a clinical and public health issue of grow-
ing importance as life expectancy increases across the
planet. Alzheimer’s disease (AD), which affects 10 per-
cent of the population from the age of 75 years old and
up, is the most common type of dementia. The incidence
of AD increases with age.1 Screening for dementia is
critical for secondary prevention, early diagnosis, and
treatment, as well as for disability limitation and preven-
tion of complications.2 There is an increasing need for
accurate and easily administered screening instruments.
Suggestions are given for further research on the current
measures and for the development of new screening tests
that would meet a broader range of clinical purposes.3

Several useful methods exist to screen for cognitive
impairments, and clinicians need to be familiar with the
strengths and limitations of their preferred screening
methods. The Mini-Mental State Examination (MMSE),4

the most widely used brief cognitive screening test5 for
mental status examination, was originally developed to
evaluate psychiatric patients and has been criticized both
for its level of sensitivity6 and specificity7,8 as well as the
influence that education and age have on perfor-
mance.9,10 Other batteries have also been shown to be
useful in diagnosing AD.11 The Seven-Minute Screening
Battery is used to identify patients with AD from healthy
elderly people. We selected this battery of tests based on
recent data published by Solomon et al.12

The purpose of this study is to examine the acceptance
and screening efficacy of a new screening test, the Seven-
Minute Screening Battery, in the Greek elderly popula-
tion and determine if we can distinguish patients with
early dementia from elderly control subjects, as well as
patients with mild cognitive impairment (MCI) and
other neuropsychological disorders from elderly control
subjects. 
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The Seven-Minute Screening Battery12 consists of
four brief tests representing four cognitive areas typical-
ly compromised in AD: 

1. Memory13 (enhanced cued recall): 16 items
that are presented four at a time on four individ-
ual cards. The subject is asked to free-recall as
many of the pictures as possible. This test was

initially described in a longer form by Grober
and colleagues.14

2. Verbal Fluency15 (category fluency): The task
has been shown to be sensitive to AD.16,17 The
test requires that the subject generate as many
words as possible from a semantic category in a
fixed time period. 

3. Orientation for Time18 (Benton Temporal Ori-
entation Test): Solomon et al. used the Benton
modification of this test19 to provide greater sen-
sitivity to AD.12 The maximum total error score
is 113.

4. Visuospatial and Visuoconstruction20 (clock
drawing): A number of investigators have
shown that clock drawing is sensitive to demen-
tia of the Alzheimer’s type,21 with low false neg-
ative and false positive rates.22 There are several
scoring methods.23 Solomon et al. have devel-
oped a simplified version of that used by
Freedman et al.24,25

The Seven-Minute Screening Battery was administered
to 106 elderly people, divided into three groups who
contacted the 3rd Department of Neurology of Aristotle
University of Thessaloniki. The first group consisted of
55 outpatients with probable AD as diagnosed by accept-
ed criteria such as DSM-IV26 and the National Institute
of Neurological and Communicative Disorders and Stroke–
Alzheimer’s Disease and Related Disorders Association
criteria (NINCDS-ADRDA).27 Forty healthy elderly
people were the second group (control group). None had
a history of psychiatric or neurological disorder and
none was taking antidepressant or other psychoactive
medication. In addition, we studied the validity of the
battery by administering the Seven-Minute Screen to 31
elderly subjects without dementia, but with coexisting
neurological or psychiatric disorders (19 with depres-
sion, five with MCI, three with stroke, three with psy-
chosis, and one with Parkinson’s disease) (third group).
We compared the scores of this group with the ones of
healthy control subjects as well as with AD patients. We
used the same statistical methods (student t test and
logistic regression analysis).

Subjects from all groups underwent neuropsychologi-
cal testing, including the MMSE, the Cambridge
Cognitive Examination for the Elderly (CAMCOG), and
the Functional Rating Scale for Symptoms of Dementia
(FRSSD). We also used, for assessment of depression,
the Hamilton Rating Scale (HRS) and the Geriatric
Depression Scale (GDS) for all subjects. 
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Differences on neuropsychological test scores, demo-
graphic variables and individual tests, which consist of
the Seven-Minute Screen, were evaluated using the stu-
dent t test. Logistic regression analysis was used to
determine the degree to which the battery discriminated
between control subjects and patients with AD or
patients with other neurological disorders. These statisti-
cal methods were used at first for all subjects, and we
then separated a group of patients with MMSE > 20
(fourth group). Logistic regression analysis was also
used to examine the effect of age, education, and gender
on the results.
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To determine the degree to which the battery discrimi-
nated between control subjects and patients with AD, a
logistic regression model was estimated using the four
tests from the screening battery as the predictor variables. 

Because of the clear non-normality of the data from
the battery, discriminant analysis was rejected as a possi-
ble alternative method. Specifically, the following model
was estimated where ECR indicates enhanced cued
recall; CF, category fluency; BTO, Benton Temporal
Orientation; and CD, clock drawing. 

The response,

can be viewed as the natural logarithm of the odds in
favor of having AD. For clarity, we then transformed
this response back to the probability of having the dis-
ease, pi. We classified someone as likely to have AD if
pi > 0.7 and unlikely to have AD if pi < 0.3. We catego-
rized patients with 0.3 < pi < 0.7 (pi indicating proba-
bility of AD) as requiring further testing (diagnosis
deferred).

Estimating the model on the 95 subjects (55 patients
with AD and 40 control subjects) gave the following
model, with SEs of the estimated coefficients given
within parentheses.  
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There were no significant differences in mean age and
education (years of education) between patients with AD
and control subjects (t = -1.96, p > 0.05 and t =1.93, p >
0.05, respectively).There was also no significant differ-
ence between the two groups (A and B) in the ratio of
male-female subjects (�2 < 1 and p > 0.05) (Table 1).

We separated a group of patients with MMSE > 20
and an age-matched control group from the groups A and
B, respectively. The demographic data of these groups
are shown in Table 2. There was also no significant dif-
ference between these two new groups in the ratio of
male-female subjects (�2 < 1 and p > 0.05).

There were no significant differences in mean age and
education between patients with AD and MMSE > 20
and control subjects (Table 2). 

�
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��

Tables 3, 4, and 5 summarize the neuropsychological
data from patients with AD, patients with other neu-
ropsychological disorders, patients with AD and MMSE
> 20, and control subjects. Statistical analysis (t tests) on
MMSE, CAMGOG, and FRSSD indicated that the
patients with AD performed significantly worse than
control subjects. There was no significant difference in
the HRS and GDS scales for depression between these
two groups. There was a significant difference only in
MMSE between nondemented patients with neurologi-
cal disorders and healthy control subjects, which means
that these patients had only MCI (Table 4).

There was a significant difference only in MMSE and
CAMCOG without any difference in the FRSSD. That
means that the group of patients with MMSE > 20 had a
very mild dementia with a mild impairment in Activities
of Daily Living (ADLs) (Table 5).

����������
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To determine if patients with AD and control subjects
differed significantly on individual tests in the Seven-
Minute Screen, we performed t tests between the mean
test scores. Mean scores and t values are shown in Tables
6, 7, and 8. As the tables show, there were significant dif-
ferences on all measures (p < 0.001) in the groups with
patients with AD (Table 6). 

Figure 1 shows the distribution of scores for each of the
individual tests for patients with AD and control subjects. 

It is very interesting that, although in the other cognitive
or functional scales there was no significant difference
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Figure 1. Frequency distributions of individual test scores for patients with AD and healthy control subjects. 
ECR indicates Enhanced Cued Recall.

Figure 2. Frequency distribution of probabilities for patients with AD and healthy control subjects. 



except for MMSE, in the individual tests there is a signif-
icant difference with the exception of the Benton Temporal
Orientation Test (Table 7). 

There is also a significant difference in all tests
between the patients with AD and MMSE > 20 and
healthy age-matched controls (Table 8).

The model of regression analysis that was used result-
ed in a sensitivity of 92.73 percent and a specificity of
97.5 percent using 0.7 as a cutoff probability. In fact, 38
of the 40 control subjects had pi < 0.3 and 51 of the 55
patients with AD had pi > 0.7. We also calculated the
positive and negative predictive values (Table 9).

Figure 2 shows the distribution of probabilities for
patients with AD and control subjects.

Two of the predictors (clock drawing and category
fluency) in the model in the first equation were not statis-
tically significant at the � = 0.05 level using the t statis-
tic. A stepwise procedure resulted in a model dropping
the clock drawing and the Benton Temporal Orientation
Test score with the two remaining predictors statistically
significant.

A model using age, years of education, and sex of
patient was also considered. 

Since sex showed no predictive ability, a second
model with only age and years of education was estimat-
ed. Using a probability of disease of only 0.5 as a cutoff
probability for diagnosis, the model had a sensitivity of
only 79.63 percent (43/54) and a specificity of 50 per-
cent (20/20). Probabilities for the patients with AD
ranged from 0.24 to 0.82 (mean 0.62), while the control
subjects ranged from 0.19 to 0.82 (mean 0.52). Thus,
while age and years of education have some ability to
predict AD, it is a weak mean of estimation. Ad-
ditionally, when these terms were added to the model
above as covariates, neither age, education, nor sex was
statistically significant.

In Tables 10 and 11 one can see the high sensitivity
and specificity of this test in patients with AD and
MMSE > 20. 

In patients with other neurological diseases and cogni-
tive decline, age and education did not have a prognostic
value (� = 0.05). Analysis of the neuropsychological data
from nondemented patients with neurological disorder
and control subjects showed that this group performed
significantly worse on MMSE (mean 24.5 ± 3.07 and
mean 27.15 ± 1.95, respectively). There was no significant
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Table 1. Demographic characteristics

Characteristics
Patients with 

Alzheimer’s disease 
(n = 55) (group A)

Healthy control subjects
(n = 40) (group B)

Nondemented patients
with neurological disorder

(n = 31) (group C)

Education (mean years) 6.75 8.5 7.15

Educational level range 0 – 16 0 – 18 0 – 16

Mean age in years (range) 70.67 (51 – 86) 67.75 (52 – 82) 63.71 (48 – 81)

Sex (M/F) 21/34 16/24 3/28

Table 2. Demographic characteristics of patients with AD with MMSE > 20

Characteristics Patients with Alzheimer’s disease (n = 16) Healthy control subjects (n = 29)

Education (mean years) 6.75 8.80

Educational level, range 3 – 12 0 – 18

Mean age in years (range) 72.69 (59 – 86) 68.28 (54 – 82)

Sex (M/F) 5/11 12/17



difference in the other scales (CAMGOG, FRSSD, HRS,
GDS). On individual tests in the Seven-Minute Screen,
we also performed t tests between the mean test scores.
There were significant differences on the enhanced cued
recall, the verbal fluency, and the clock drawing task. ( p
< 0.05). The sensitivity and specificity given from logis-
tic regression were 58.06 percent and 80 percent, respec-
tively.

Nondemented patients with neurological disorders,
when compared with patients with AD, showed a signifi-
cant difference in all other scales but FRSSD and GDS (for
each p > 0.05). On individual tests in the Seven-Minute
Screen, t tests between the mean test scores indicated
that there were significant differences on all measures
(p < 0,001). Logistic regression gave sensitivity and speci-
ficity of 89.09 percent and 93.55 percent, respectively. 
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Table 3. Neuropsychological test results of patients with AD and controls

Tests
Patients with Alzheimer’s disease

Mean (SD) (n = 55)
Healthy control subjects

Mean (SD) (n = 40)
t

MMSE 16.52 (5.73) 27.16 (1.95) 12.276*

CAMCOG 50.67 (18.53) 89.38 (7.65) 11.522*

FRSSD 11.50 (7.11) 3.33 (3.06) -3.809**

GDS 4.67 (3.49) 5.45 (3.05) 0.674

HRS 11.37 (5.13) 14.54 (6.23) 1.627

*For each, p < 0.001; ** p < 0.05.

Table 4. Neuropsychological test results of nondemented patients

Tests
Nondemented patients with neurological disorder

Mean (SD) (n = 31)
Healthy control subjects

Mean (SD) (n = 40)
t

MMSE 24.50 (3.08) 27.15 (1.99) 3.997*

CAMCOG 82.87 (10.52) 89.37 (7.65) 1.979

FRSSD 6.00 (4.76) 3.34 (3.05) -0.839

GDS 5.57 (2.76) 5.45 (3.04) -0.100

HRS 17.29 (7.61) 14.54 (6.23) -0.998

*For each, p < 0.001.
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The mean time to complete the test for control sub-
jects was nine minutes and 18 seconds (range: six to 20
minutes) and for patients with AD it was 13 minutes and
32 seconds (range: nine to 20 minutes). There was a sig-
nificant difference in the mean administration time
between the two groups (p < 0.001). The mean time to
complete the test for patients with AD and MMSE > 20
is 10 minutes and two seconds. Finally, the mean time to
complete the test for patients with other neuropsycho-
logical disorders is nine minutes and six seconds.
Education had no effect on the administration time. In

our study of Greek elderly people, the mean time admin-
istration for this battery was 10 minutes and 38 seconds. 

!���������

No single instrument for cognitive screening is suit-
able for global use.28 Objective cognitive testing appears
to be the most logical approach to screening for demen-
tia. The limitations of screening should be recog-
nized.29 Recent investigations have suggested the
utility of brief, psychometric screening batteries in
the early detection of abnormal mental decline.2 This
study extended the investigation of one of these batteries
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Table 5. Neuropsychological test results of patients with AD with MMSE > 20

Tests
Patients with Alzheimer’s disease

Mean (SD) (n = 16)
Healthy control subjects

Mean (SD) (n = 29)
t

MMSE 22.68 (2.21) 27.24 (1.99) 7.055*

CAMCOG 68.28 (8.74) 90.14 (7.27) 7.339*

FRSSD 7.23 (5.13) 3.34 (3.05) -1.244

GDS 3.19 (3.40) 5.45 (3.05) 1.651

HRS 9.20 (6.46) 13.90 (6.17) 1.663

* For each, p < 0.001.

Table 6. Results of individual tests of patients with AD

Tests
Patients with Alzheimer’s disease

Mean (SD) (n = 55)
Healthy control subjects

Mean (SD) (n = 44)
t

Enhanced cued recall 6.40 (5.02) 15.38 (0.95) 12.950*

Category fluency 8.20 (4.94) 18.05 (4.63) 9.848*

Benton Temporal Orientation Test 48.76 (42.74) 0.20 (0.52) -8.427*

Clock drawing 2.07 (2.56) 6.03 (1.25) 9.937*

*For each, p < 0.001.



(Seven-Minute Screen) to identify patients with AD.
This study provides initial validity data for this brief

screening battery to identify patients with AD. The data
from the present study suggest that the battery is sensi-
tive (92.73 percent) in detecting patients with AD and
shows a degree of specificity of 97.50 percent in detect-
ing healthy subjects. The sensitivity and specificity lev-
els of the present battery seem to compare favorably with
the most commonly used tests of mental status in elderly
patients. A review of the MMSE30 found that the majority
(about 75 percent) of studies using the 23/24 cutoff points
reported sensitivity in the 80 percent to 90 percent range.
However, this range decreases substantially (44 percent
to 68 percent) when the group with dementia is less

impaired (i.e., mean MMSE score > 20). The present
battery was well within the range of the MMSE for sen-
sitivity and specificity for the entire sample. The battery
was able to detect four out of four patients with MMSE
scores above 23, a group of patients who would generally
be considered to be mildly demented. These patients would
have been classified as within normal limits by the MMSE
using the 23/24 cutoff criterion.

A particular problem is posed by elderly populations
with low educational levels, as performance on most
cognitive tests is affected by education. Thus, a healthy
but poorly educated population may obtain test scores in
the range considered impaired in the clinical setting.31

The MMSE and the Mattis Dementia Rating Scale are
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Table 7. Results of individual tests of nondemented patients with other neurological disorders

Tests
Nondemented patients

with neurological disorder
Mean (SD) (n = 55)

Healthy control subjects
Mean (SD) (n = 44)

t

Enhanced cued recall 14.42 (1.84) 15.37 (0.95) 2.632*

Category fluency 15.71 (4.32) 18.05 (4.63) 2.173*

Benton Temporal Orientation Test 0.42 (1.15) 0.20 (0.52) -1.077

Clock drawing 5.16 (1.89) 6.02 (1.25) 2.305*

* For each, p < 0.05.

Table 8. Results of individual tests of patients with AD and MMSE > 20

Tests
Patients with Alzheimer’s disease

Mean (SD) (n = 16)
Healthy control subjects

Mean (SD) (n = 29)
t

Enhanced cued recall 10.35 (3.65) 15.48 (0.83) 5.521*

Category fluency 10.69 (4.10) 18.38 (5.03) 5.232*

Benton Temporal Orientation Test 14.75 (26.05) 0.21 (0.56) -2.231**

Clock drawing 2.81 (2.84) 6.21 (1.15) 4.589*

* For each, p < 0.001; ** For each, p < 0.05.



among the most commonly used screening tests for
dementia. There is a relationship between dementia test
scores and both age and educational level.32

One ongoing criticism of the MMSE is its sensitivity
to education. For example, Anthony et al.33 found that
for patients with less than an eighth-grade education,

specificity decreased from 82 percent to 63 percent.
Similarly, O’Connor et al.7 reported that false negatives
are much more likely to occur in patients with high edu-
cational levels. The correlation between MMSE score
and reading skills is stronger than the correlation with
other sociodemographic variables. Proper interpretation
of MMSE scores requires knowledge of patients’ read-
ing levels.34 The present battery does not appear to be as
sensitive to education. Adding years of education to the
logistic regression analysis as a covariate did not signifi-
cantly affect the predictions. The MMSE has also been
shown to be sensitive to age. Most of the age-related
changes begin from 55 to 60 years, and dramatically
accelerate over the age of 75 to 80 years.30 The present
battery does not appear to show as much sensitivity to
age and gender. Adding age and gender to the logistic
regression analysis as a covariate did not significantly
affect the predictions. Though age and years of educa-
tion have some ability to predict AD, it is weak.
Additionally, when these terms were added to the model
above as covariates, neither age nor education was statis-
tically significant.

In our study, using a stepwise procedure in logistic
regression resulted in model dropping the clock drawing
and the Benton Temporal Orientation Test score with the
two remaining predictors statistically significant, while
in the study of Solomon et al. only the individual test of
clock drawing was dropped. 

It is very interesting that, although in the other cogni-
tive or functional scales (CAMCOG-FRSSD), there was
no significant difference except on the MMSE in
patients with AD and MMSE > 20, in the individual tests
there was a significant difference with the exception of
the Benton Temporal Orientation Test. That means that
the Seven-Minute Screen is a very useful instrument in
the screening of early dementia.

In our study, the mean time of administration for this
battery was longer than in the Solomon et al. study (10
minutes and 38 seconds). Perhaps this difference can be
explained by the difference in personnel who examined
the patients. In our study, trained psychologists exam-
ined the patients and controls, while in Solomon’s study
trained personnel carried out the exams.

Nondemented patients with neurological disorders,
when compared with patients with AD, showed a signif-
icant difference for all other scales but FRSSD and GDS
(for each, p > 0.05). On individual tests in the Seven-
Minute Screen, t tests between the mean test scores indi-
cated that there were significant differences on all
measures ( p < 0.001). Logistic regression gave sensitivity
and specificity, 89.09 percent and 93.55 percent, respec-
tively. That means that we can distinguish patients with
other neurological disorders and cognitive decline from
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92.73%

Table 9. Measures of validity of the Seven-Minute
Screening Battery (%) with cutoff probability 0.5

(in all patients with AD and control subjects)

Positive predictive value 98.10%

Negative predictive value 90.69%

Specificity 97.50%

Sensitivity

93.75%

Table 10. Measures of validity of the Seven-Minute
Screening Battery (%) with cutoff probability 0.5

(in patients with AD  and MMSE > 20
and age matched controls)

Positive predictive value 93.75%

Negative predictive value 96.55%

Specificity 96.55%

Sensitivity

81.25%

Table 11. Measures of validity of the Seven-Minute
Screening Battery (%) with cutoff probability 0.7

(in patients with AD and MMSE > 20
and age matched controls)

Positive predictive value 92.86%

Negative predictive value 90.33%

Specificity 96.55%

Sensitivity



patients with AD with the Seven-Minute Screen. How-
ever, we cannot distinguish them from normal controls
(sensitivity 58.06 percent and specificity 80 percent).

This study confirms the first data on the Seven-
Minute Screen by Solomon et al. and suggests that this
test can be used widely as a screening test with high sen-
sitivity and specificity. So that we can use it in preva-
lence and incidence studies, we have to examine whether
it can distinguish patients with MCI from normal elderly
people, and if it can differentiate AD from other types of
dementia such as vascular dementia, Lewy Body dis-
ease, frontal dementia, and frontotemporal dementia.
The next useful step is to correlate it with ADLs and
monitor elderly people every year.

In summary, the Seven-Minute Screen appears to be
highly sensitive and specific in its ability to discriminate
between patients with AD and healthy control subjects.
It can be rapidly administered, although in some centers
or countries the administration time may be longer than
in the English study. 
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