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Can a combination of two

neuropsychological tests screen for mild
neurocognitive disorder better than each
test alone? A cross-sectional study
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Abstract

Background: Early symptoms of dementia may not be apparent and are sometimes even concealed during short
office visits initiated for other complaints. The aim of the study is to find out if the combined use of VF/CDT, VF/
BNT, or CDT/BNT could improve the accuracy of detecting mild NCD in an outpatient setting, compared with either
test used alone.

Participants: Community-dwelling older adults, attending the outpatient Geriatrics Clinic at Ain Shams University
hospitals between June 1, 2017 and January 31, 2018. All participants received a comprehensive geriatric
assessment (CGA) which included the mini-mental state examination test. Participants with a score of less than 24
and fulfil DSM5 criteria for mild neurocognitive disorder (NCD) are considered cognitively impaired otherwise are
considered normal. Then participants were further examined by the Arabic versions of CDT, BNT, and VF animal
category.

Results: We recruited 143 male and female participants mean age 67.17 ± 5.41, females are 56.6%, and 48.9% of all
participants have mild NCD according to DSM5 criteria. AUC for individual neurocognitive tests in illiterates is 0.893
for clock drawing test, 0.907 for verbal fluency animal category, and 0.904 for Boston naming test, while AUC for
neurocognitive test combinations in illiterates is 0.932 for VF + CDT, 0.917 for VF + BNT, and 0.932 for BNT + CDT.
On the other hand, AUC for individual neurocognitive tests in educated participants is 0.925 for clock drawing test,
0.921 for verbal fluency animal category, and 0.907 for Boston naming test, whereas AUC for neurocognitive test
combinations in educated participants is 0.958 for VF + CDT, 0.963 for VF + BNT, and 0.953 for BNT + CDT.

Conclusion: From the current study, we can conclude that any of the studied combinations have better diagnostic
accuracy (although small) than individual test in both literate and illiterate older adults.
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Background
The early symptoms of dementia may not be apparent
and are sometimes even concealed during short office
visits initiated for other complaints. As a consequence, a
substantial proportion of participants with dementia re-
main undiagnosed until later stages [1]. There are differ-
ent ways for assessment of cognitive function either
through single neuropsychological tests or by more de-
tailed comprehensive neuropsychological packages. As-
sessment of cognitive function as part of the
comprehensive geriatric assessment can take a long time
in an outpatient clinic setting. Tests like mini-mental
state examination (MMSE) and similar tests can take up
to 10 min, while brief tests like Mini-Cog takes about 4
min.
One of the comprehensive neuropsychological pack-

ages for assessment of cognitive function is The Consor-
tium to Establish a Registry for Alzheimer’s disease
(CERAD) which has been translated into Arabic and
adapted and validated for the Egyptian language and cul-
ture [2]. Indeed, CERAD includes a group of simple and
quick to administer tests like the animal category test of
semantic verbal fluency (VF) [3], the fifteen-item short
version of the Boston naming test (BNT) [4], and the
clock drawing test (CDT) [5] which can be used alone or
in different combinations for detecting of cognitive im-
pairment in an outpatient setting
Diehl and colleagues compared CERAD data between

patients with frontotemporal dementia, semantic demen-
tia, and Alzheimer’s disease. They found that in the dif-
ferentiation between frontotemporal dementia and
Alzheimer’s disease, the combination of animal fluency
and Boston naming test correctly classified 90.5% of pa-
tients. While in segregating semantic dementia and Alz-
heimer’s disease, the combination of Boston naming test
and mini-mental state examination resulted in correct
classification of 96.3%. They concluded that their find-
ings demonstrate that the mini-mental state examination
and the language subtests of the CERAD are valuable
clinical instruments for the differential diagnosis be-
tween early frontotemporal dementia, semantic demen-
tia, and Alzheimer’s disease [6].
Knafelc et al. investigated the use of cognitive test and

informed report questionnaire to find out whether their
combined use could improve the accuracy of detecting
dementia in a memory clinic, compared with either test
used alone. They used the mini-mental state examin-
ation and the short form of the Informant Questionnaire
on Cognitive Decline in the Elderly was used. A method
of combining the test scores in 323 patients assessed at a
memory clinic. They concluded that the combination of
cognitive testing and an informant report according to a
weighted sum rule did not result in any advantage over
the use of the mini-mental state examination alone [7].
The importance of verbal fluency tasks as a corner-
stone in cognitive assessment is now well acknowledged,
as they provide fast, reliable tools for assessment of both
verbal and executive function abilities. This was studied
by Farghaly et al. They investigated the effect of age and
education on verbal fluency and developed a verbal flu-
ency task that is culture-oriented and non-education-
based to overcome the problem of illiteracy in Egypt.
They studied two groups of participants, a normal cogni-
tion control group (n = 79) and a clinically demented
group (n = 32), and found that animal, vegetable, and
name fluency tasks (unlike phonemic fluency and fruit)
were not related to age and education, and they had bet-
ter criterion validity (area under the receiver operating
characteristic curve [AUC] = 0.96, 0.91, and 0.92, re-
spectively) than did letters and fruits (AUC = 0.74 and
0.86, respectively). They suggested cutoff points of 11
for the animal fluency task (sensitivity = 94%, specificity
= 93%), 11 for vegetables (sensitivity = 84%, specificity =
88%), and 18 for names (sensitivity = 91%, specificity =
82%). They concluded that animals, vegetables, and
names are reliable and appropriate categories to be used
for culture-oriented and non-education-based verbal flu-
ency tests [8].
There are different ways for assessment of cognitive

function either through single neuropsychological tests
or by more detailed comprehensive neuropsychological
packages. Assessment of cognitive function as part of
the comprehensive geriatric assessment can take a long
time in an outpatient clinic setting. Therefore, there is
an obvious need for valid and less time-consuming cog-
nitive screening tests for accurate and rapid detection of
cognitive disorders in older adults. We hypothesized that
the combination of these instruments may yield higher
accuracy in the identification of cognitively impaired
participants than each test alone.
Aim
To find out if the combined use of VF/CDT, VF/BNT,
or CDT/BNT could improve the accuracy of detecting
mild NCD in an outpatient setting, compared with either
test used alone
Methods
Study type: a cross-sectional study
Participants
We recruited community-dwelling participants over a
period of 8 months starting June 1, 2017 till January 31,
2018, and were continuously enrolled for cognitive
evaluation. The sample size was calculated at a confi-
dence level of 95% and P value of 0.05. We assumed a
response and eligibility rates for all participants at 85%
and study power at 0.8. The calculated sample size was
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142. We sat clear inclusion and exclusion criteria as fol-
lows. Inclusion criteria

1) Age 60 years and above (older adult in this study is
operationally defined as 60 and above).

2) Attending the outpatient clinic of Geriatric and
Gerontology Department at Ain Shams University
hospitals during the period June 1, 2017 to January
31, 2018

3) Able to stay for further assessment
4) Consent to participate in the assessment
5) Both males and females are included.
6) Both literate and illiterate participants are included.

(Participants who are unable to read and write and
received less than 6 years of formal education were
operationally considered illiterate.)

Exclusion criteria

1. Refused to take part or to continue the full
assessment

2. Patients with major neurocognitive disorder or
delirium

3. History of another mental disorder or on treatment
with psychotropic medications

Patients and next of kin were provided with detailed
information regarding the study and the type of assess-
ment. All patients were given equal opportunity to take
part or decline participation and all were examined and
treated in an equal way. Attendees who fulfilled eligibil-
ity criteria were invited to participate, excluding those
who declined to take part and withdraw at any stage.
Out of 225 patients screened over the study period, we
successfully recruited 143 participants who represented
the study population.

Methods
Assessment of the cognitive function
Cognitive function assessment was done through com-
prehensive geriatric assessment which included the
Arabic version of the MMSE, the DSM-V criteria for
neurocognitive disorders, and CDR scale. Accordingly,
the 143 patients were divided into group 1 (70 partici-
pants) fulfilled the DSM-V criteria for mild neurocogni-
tive disorder and group 2 (73 participants) were without
the cognitive disorder.
For the purpose of the study, participants were further

assessed by the Arabic versions of CDT, BNT, and VF
animal category as part of the Arabic version of the
CERAD neuropsychological battery.
1- Verbal fluency: is a neuropsychological test in which

participants are asked to produce as many names for an-
imals as possible in 60 s. This category can be semantic,
including objects such as animals or fruits, or phonemic,
including words beginning with a specified letter, such
as p, for example [9]. Verbal fluency tests are used as a
measure of executive functions, language, and to evalu-
ate semantic memory. The category fluency test seems
to be more sensitive than the phonological test, even
during the initial course of Alzheimer’s disease, discrim-
inating between early Alzheimer’s disease and normal
controls. Verbal fluency tests have been validated as brief
cognitive assessments for the detection of cognitive im-
pairment and dementia in non-specialist clinical settings
[10, 11].
2- Boston naming test: is a widely used neuropsycho-

logical assessment tool to measure confrontational word
retrieval in individuals with aphasia or other language
disturbance caused by stroke, Alzheimer’s disease, or
other dementing disorder [12]. Patients with anomia
often have greater difficulties with the naming of not
only difficult and low-frequency objects but also easy-
and high-frequency objects [13].
The BNT stimuli are line drawings of objects with in-

creasing naming difficulty, ranging from simple, high-
frequency vocabulary to rare words. Administration re-
quires a spontaneous response within a 20-s period; if
such a response is not made, two kinds of prompting
cues (one phonemic, one semantic) may be given. Scor-
ing counts the number of spontaneously produced cor-
rect responses.
3- Clock drawing test: it is a very quick way to screen

a person for possible dementia. It often requires only a
minute or two for completion. It does not require much
training to administer. It is easier to complete than the
MMSE for people with short attention spans. It is freely
available and of low cost (costs only pen and paper).
The total score of CDT is 4 and that of BN is 15, while

that of VF is 10 animal names at least in 1 min.
Statistical method
The collected data were revised, coded, tabulated, and
entered into a PC using the Statistical Package for the
Social Sciences (IBM SPSS 10). Descriptive analysis and
frequencies generated means and standard deviations for
continuous variables and cross tabs for categorical vari-
ables. Missing data are deleted list-wise.
For the purpose of the study, we compared those with

normal cognitive function with those with mild neuro-
cognitive disorders and participants who are illiterate
compared with those with formal education. To study
differences between both groups, we conducted chi-
square test for gender differences and t test for age,
MMSE, CDT, VF, and BNT as continuous variables. For
further analysis, we conducted ANOVA with 3 layers in-
cluded mild neurocognitive disorder versus normal
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cognitive function, gender (males versus females), and
education level (literate versus illiterate)
To find out if different combinations of tests would

have a better prediction for cognitive disorder compared
to a single test, we ran the binary regression analysis
(WALD) test for the mild neurocognitive disorder as the
dependent variable and different combinations of VF/
CD/BN as covariates. This has yielded 3 different
probabilities.

1. Probability 1, verbal fluency and Boston naming
2. Probability 2, verbal fluency and clock drawing
3. Probability 3, clock drawing and Boston naming

The 3 outcomes from the binary regression were used
to generate ROC, sensitivity, and specificity for VF/BN,
VF/CD, and CD/BN combinations. This was done to all
study population and then according to education level.

Results
The total number of participants recruited is 143, 49%
have a mild neurocognitive disorder (n = 70) and 51%
had no neurocognitive disorder and were labeled as nor-
mal controls (n = 73). Females represented 56.6% of all
participants (n = 81) and males were 43.4% (n = 62). Of
the male participants, 41.9% (n = 26) have mild NCD,
while 54.3% of females have mild NCD (n = 44). Out of
the 143 participants, 50.3% were illiterate (n = 72) and
the rest have received formal education and were able to
read and write.
The age range of participants was 60 to 85 years with a

mean age of 67.17 ± 5.41 for all participants. For partici-
pants with mild NCD, the mean age was 67.73 ± 5.25,
while that for people without NCD was 66.62 ± 5.55 and
the difference is statistically significant (P < 0.05).
The group with mild NCD have a statistically signifi-

cantly lower mean (± SD) for MMSE, CDT, VF, and
BNT compared to the group without NCD. The mean
and SD for those tests are as follows: MMSE 17.5 ± 3.4,
CDT 1.03 ± 1.02, VF 8.5 ± 2.4, and BNT 9.6 ± 2.4
Table 1 Demographic and cognitive variables of all participants

Mild NCD, 49% (n = 70)

*Male (62) 41.9% (n = 26)

*Female (81) 54.3% (n = 44)

Age 67.73 ± 5.25

MMSE 17.51 ± 3.42

CDT 1.03 ± 1.02

VF 8.56 ± 2.41

BNT 9.64 ± 2.47

MMSE mini-mental state examination test, CDT clock drawing test, VF verbal fluency
*Chi-square test and Pearson’s chi-square = 2.15
P value more than 0.05 is not significant
compared to 26.24 ± 2.07, 3.07 ± 0.93, 12.8 ± 1.78, and
13.3 ± 1.7 in people without NCD respectively. This is
presented in Table 1 together with demographic data
where chi-square test was used for gender differences
between the 2 groups with Pearson’s chi square of 2.15,
and t test was used for the other continuous variables in-
cluding age, MMSE, CDT, VF, and BNT.
The performance in the neurocognitive tests according

to education level is presented in Table 2. We conducted
ANOVA with 3 layers including mild neurocognitive
disorder versus normal cognitive function, gender (males
versus females), and education level (literate versus
illiterate). As shown in Table 2, comparing illiterates to
those with formal education, the P value is above 0.05
for age, MMSE, VF, and CDT, indicating no statistically
significant difference between the groups and is less than
0.05 for Boston naming only.
Table 3 shows the binary logistic regression analysis

for different probabilities of combined tests for all par-
ticipants. The table also presents the AUC for different
combinations in all study population. Table 4 shows the
validity of different combination of neuropsychological
test and the positive and negative likelihood of different
combination in detecting mild NCD in all participants,
while Table 5 shows the sensitivity and specificity ac-
cording to education level in both single tests and differ-
ent combinations. Finally, Table 6 shows AUC for single
and combined tests in illiterate and literate participants.
Table 5 shows the sensitivity of individual neurocogni-

tive tests in the illiterate group which is 0.971, 0.941,
and 0.853 for CDT, VF, and BNT respectively, while spe-
cificity for those tests in illiterates is 0.316, 0.579, and
0.211 for CDT, VF, and BNT respectively. The sensitivity
of neurocognitive test combinations in illiterate group is
0.971, 0.941, and 0.971 for VF + CDT, VF + BNT, and
BNT + CDT respectively, and the specificity of those
combinations in illiterates is 0.632, 0.605, 0.421 for VF +
CDT, VF + BNT, and BNT + CDT respectively.
On the other side, the sensitivity of individual neuro-

cognitive tests in the educated group is 0.944, 0.972, and
Normal CF, 51% (n = 73) P value

58.1% (n = 36) 0.05

45.7% (n = 37) 0.04

66.62 ± 5.55 0.04

26.25 ± 2.07 0.001

3.07 ± 0.93 0.001

12.88 ± 1.78 0.001

13.37 ± 1.62 0.001

, BNT Boston naming test, NCD neurocognitive disorder, CF cognitive function



Table 2 Performance in neurocognitive tools according to education level

Illiterate, 50.3% (n = 72) Any formal education, 49.7% (n = 71) *f **P
value

Male, 36% (n = 26) Female, 64% (n = 46) Male, 51% (n = 36) Female, 49% (n = 35)

Mild NCD,
39% (n =
10)

No cog.
impairment,
61% (n = 16)

Mild NCD,
52% (n =

24)

No cog.
impairment,
48% (n = 22)

Mild NCD,
44% (n =

16)

No cog.
impairment,
56% (n = 20)

Mild NCD,
57% (n =
20)

No cog.
impairment,
43% (n = 15)

Age 66.3 ± 3.92 67.38 ± 6.0 70.42 ±
6.01

66.14 ± 4.61 67.62 ±
5.38

67.15 ± 5.37 65.30 ±
3.06

65.80 ± 6.75 1.05 >
0.05

MMSE 17.7 ± 2.87 26.12 ± 2.09 16.04 ±
3.63

25.09 ± 1.11 18.0 ± 4.07 27.45 ± 2.06 18.8 ± 2.19 26.47 ± 2.36 1.3 >
0.05

CD 0.9 ± 0.88 3 ± 1.03 1.04 ± 0.81 2.09 ± 1.01 0.81 ± 1.22 3.45 ± 0.81 1.25 ± 1.16 3.33 ± 0.72 1.7 >
0.05

VF 8.06 ± 2.71 12.6 ± 1.63 8.29 ± 2.79 13.09 ± 1.66 8.13 ± 1.67 12.65 ± 2.25 9.50 ± 2.16 13.13 ± 1.46 1.06 >
0.05

BN 9.20 ± 2.25 12.7 ± 2.29 8.79 ± 2.84 13.23 ± 1.34 10.12 ±
1.63

13.65 ± 1.42 10.50 ±
2.44

13.87 ± 1.25 3.9 <
0.05

MMSE mini-mental state examination test, CDT clock drawing test, VF verbal fluency, BNT Boston naming test, NCD neurocognitive disorder, CF cognitive function
*ANOVA f value
**P value more than 0.05 is not significant
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0.917 for CDT, VF, and BNT respectively, while specifi-
city for those tests in the educated group is 0.457, 0.343,
and 0.457 for CDT, VF, and BNT respectively. The sen-
sitivity of neurocognitive test combinations in educated
group is 0.972, 0.972, and 0.972 for VF + CDT, VF +
BNT, and BNT + CDT respectively, while specificity for
those combinations in educated group is 0.543, 0.629,
and 0.543 for VF + CDT, VF + BNT, and BNT + CDT
respectively.
Accordingly, in the educated group, the sensitivity of

BNT + CDT is better than BNT or CDT individually but
equal to the sensitivity of VF alone. Specificity, in the ed-
ucated group, for VF + CDT is better than the specificity
of VF or CDT individually and specificity for VF + BNT
is better than VF or BNT individually. The specificity of
BNT + CDT is better than the specificity of BNT or
CDT individually. Obviously, there is a better specificity
with combination VF + BNT in the educated group.
The AUC for individual neurocognitive tests in illiter-

ates is 0.893, 0.907, and 0.904 for CDT, VF animal cat-
egory, and BNT respectively, while that for
neurocognitive test combinations in illiterates is 0.932,
0.917, and 0.932 for VF + CDT, VF + BNT, and BNT +
CDT respectively as shown in Fig. 1.
Table 3 Binary logistic regression analysis for different
probabilities of combined tests

B S.E. Wald Sig. AUC

VF/BN − 0.556 0.215 6.698 0.010 0.940

CD/VF − 1.957 0.585 11.192 0.001 0.970

CD/BN − 2.629 0.712 13.648 0.000 0.960

Wald (t2) chi square distributed with df = 1
On the other hand, the AUC for individual neurocog-
nitive tests in educated subjects is as follows: 0.925,
0.921, and 0.907 for CDT, VF animal category, and BNT
respectively, whereas that for neurocognitive test combi-
nations in educated subjects is 0.958, 0.963, and 0.953
for VF + CDT, VF + BNT, and BNT + CDT respectively
as shown in Fig. 2.
Collectively, for illiterates, the best AUC, sensitivity,

and specificity are that of the combination of VF + CDT,
while for educated is that of the combination of VF +
BNT.
Figures 1 and 2 show ROC curve and specificity and

sensitivity for different neurocognitive test combinations
in illiterate and educated participants respectively.
Discussion
The older adults may have a mild neurocognitive dis-
order that can progress to dementia with the devastating
effects and consequences of dementia on patient, family,
and even the whole society. The screening for cognitive
disorders in outpatient clinics is an essential part of the
comprehensive geriatric assessment (CGA) which is
time-consuming. Accordingly, there is a need for short,
accurate, and easy to administer neuropsychological tests
to pick up cases with cognitive impairment.
This cross-sectional study includes 143 participants re-

cruited over 8 months from outpatient Geriatric Medi-
cine clinic at Faculty of Medicine, Ain Shams University
hospitals, Cairo, Egypt. We included males and females
with age range 60 to 85 years (mean and SD 67.17 ±
5.41) and almost half of participants have mild NCD ac-
cording to DSM-V criteria and the rest had a normal
cognitive function.



Table 4 Validity of different combinations of neuropsychological test for all participants

Combination Sensitivity Specificity Positive likelihood Negative likelihood

VF/BNT 0.91 (CI, 0.84–0.96) 0.61 (CI, 0.48–0.73) 2.37 (CI, 1.72–3.26) 7.43 (CI, 3.71–14.85)

VF/CDT 0.90 (CI, 0.83–0.95) 0.451 (CI, 0.32–0.58) 1.65 (CI, 1.30–2.09) 4.86 (CI, 2.46–9.60)

CDT/ BNT 0.98 ( CI, 0.94–0.99) 0.32 (CI, 0.20–0.45) 1.46 (CI, 1.22–1.73) 13.29 (CI, 4.30–22.29)

CI confidence interval at 95%
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The known verbal fluency animal category test (VF),
Boston naming test (BNT) short form, and clock draw-
ing test (CDT) are brief tests for cognitive screening and
they are translated, adapted, and validated in the Arabic
language. In the current study, we tested the diagnostic
performance of different combinations of those tests in
comparison to each individual test.
The area under the curve for any of the studied com-

bination is better than any individual test in both edu-
cated and illiterate participants. Individual tests and test
combinations have higher sensitivity and low specificity
in both groups. It was also noted that the combination
of VF and BNT has better sensitivity and specificity in
the educated group, while that was better with VF/CDT
in the illiterate group. In a study by de Noronha et al. to
determine the influence of education on the perform-
ance of healthy adults on the CDT found that CDT was
not strongly influenced by education in its application,
except for illiterate individuals, who attained statistically
significant lower scores [14]. Accordingly, it can be used
clinically for screening cognitive deficits irrespective of
education. The absence of difference among the groups
exposed to formal education on comparison of perform-
ance on the CDT according to different educational
levels suggests that the CDT can be used as a cognitive
screening task even in patients with low education.
Ladeira et al. evaluated combining cognitive screening

tests for the evaluation of mild cognitive impairment in
the elderly. They examined cognitive function in 247
older adults in Brazil. Their results showed that neither
test alone proved adequate for the correct separation of
patients with mild cognitive impairment from healthy
subjects and combining of the mini-mental state exam-
ination with the verbal fluency test and clock drawing
test did not improve diagnostic accuracy, as compared
Table 5 Sensitivity and specificity according to education level

CDT VF BN VF/CDT VF/BNT BNT/CDT

Illiterate

Sensitivity 0.971 0.941 0.853 0.971 0.941 0.971

Specificity 0.316 0.579 0.211 0.632 0.605 0.421

Literate

Sensitivity 0.944 0.972 0.917 0.972 0.972 0.972

Specificity 0.457 0.343 0.457 0.543 0.629 0.543
to the mini-mental state examination alone, in the iden-
tification of patients with mild cognitive impairment or
Alzheimer’s disease. And they concluded that the data
do not support the notion that the combination of test
scores is better than the use of mini-mental state exam-
ination scores alone in the screening for Alzheimer’s dis-
ease. In our study, we have not combined test score, we
rather did a binary regression analysis generated 3 prob-
abilities which then was used to generate AUC. We have
not used MMSE in any of the combinations and our aim
was also different in terms of finding short reliable and
valid test to be easily used in an outpatient setting [15].
In a recent study, Payton and colleagues investigated

the extent to which combining cognitive markers in-
creases the predictive value for future dementia when
compared to individual markers. As part of the Swedish
National Study on Aging and Care, they performed a
neuropsychological assessment for 2357 participants (60
+ years) without dementia, and found that category flu-
ency was the strongest individual predictor of dementia
6 years before diagnosis [area under the curve (AUC) =
.903]. The final model included tests of verbal fluency,
episodic memory, and perceptual speed (AUC = .913);
these three domains were found to be the most predict-
ive across a range of different subgroups. They con-
cluded that combining markers from different cognitive
domains leads to increased accuracy in predicting future
dementia 6 years later. Markers from the verbal fluency,
episodic memory, and perceptual speed domains consist-
ently showed high predictively across subgroups strati-
fied by age, sex, education, apolipoprotein E ϵ4 status,
and dementia type [16].
As a cross-sectional study, we can prove our assump-

tion regarding the use of those accessible neurocognitive
tests in different combinations; however, the limitations
of the study included the limited number of older adults
included and the lack of follow-up and repeated assess-
ment. From the current study, we can conclude that any
Table 6 AUC for single and combined tests in illiterate and
literate participants

CDT VF BN VF/CDT VF/BNT BNT/CDT

AUC illiterate 0.893 0.907 0.904 0.932 0.917 0.932

AUC literate 0.925 0.921 0.907 0.958 0.963 0.953



Fig. 1 ROC for different neurocognitive test combinations in illiterates
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of the studied combinations have better diagnostic ac-
curacy (although small) than individual test whether
in educated or illiterate older adults. So, despite the
high performance of any of studied tests when used
alone, it is better, whenever convenient, in busy out-
patient clinics to use the best combination of the
Fig. 2 ROC for different neurocognitive test combinations in educated sub
studied neuropsychological tests according to educa-
tion as combinations can improve detection of mild
NCD and help to exclude participants without mild
NCD. Such tests in combination can be administered
in a few minutes and they are handy and easy to
apply.
jects
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The differences between VF/CD and VF/BN are not sig-
nificantly high between illiterates and educated group;
hence, we find it more appropriate to recommend adding
CD to VF than adding BN. All needed is a sheet of paper
and a pen/pencil which can be found in outpatient clinics.
We would encourage using VF and CD as quick valid tools
for assessment of cognitive functions in outpatient clinics.
We can call this test model v.Clock (verbal fluency com-
bined with clock drawing) and recommend testing it in a
larger study.

Conclusion
From the current study, we can conclude that any of the
studied combinations have better diagnostic accuracy
(although small) than individual test in both literate and
illiterate older adults. The use of verbal fluency and
clock drawing combination (v.Clock) may be more ap-
propriate for use in the outpatient setting.

Recommendations
Further studies are needed on a larger number of older
adults using v.Clock model.
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