
Methods

• 82 memory clinic patients (55 women), aged 42–91 years (M=71.73, SD=9.87) underwent 
a formal neuropsychological evaluation in five cognitive domains: attention and 
concentration, memory, language, visuospatial abilities and executive functions. The 
measures were CANTAB Insight (Figure 1), the Memory Impairment Screen (MIS; Buschke
et al., 1999), the short forms of the Boston Naming Test (BNT; Kaplan, Goodglass, and 
Weintraub, 1983) and the Peabody Picture Vocabulary Test – Revised (PPVT-R; Dunn and 
Dunn, 1981), both standardized in Greek (Simos, Kasselimis, and Mouzaki, 2011a, 2011b), 
the Comprehension of Instructions in Greek (CIG; Simos et al., 2014), and a three-
category fluency test from the Cambridge Semantic Battery  (Adlam et al., 2010).

• Patients received a clinical diagnosis based on: clinical history, caregiver interview, 
neurological examination, radiologic-laboratory examinations, where available, (EEG, MRI-
CT, blood work), and neuropsychological assessment. 

• The clinical diagnosis served as a gold standard for the classification of the patients on the 
study groups. 65 patients were included in the final sample: 24 diagnosed with Alzheimer’s 
Disease (AD), 14 diagnosed with Mild Cognitive Impairment (MCI), and 27 well-worried 
subjects with no present concern (NC), based on gold-standard clinical diagnosis.

• In the present study, a differentiation between the MCI and NC groups was attempted. The 
relative discriminating value of each CANTAB Insight  test, verbal memory (MIS) and 
language (CIG, BNT, PPVT, semantic fluency) was assessed though discriminant function 
analysis. Age and education were included in the model by entry. We computed sensitivity 
and specificity indices for composite cognitive score (canonical variable), obtained on the 
basis of the discriminant equation using the ROC procedure.

• We repeated the analysis for a simpler model consisting of only the MIS and CANTAB PAL, 
and evaluated the generalizability of the model through bootstrapping. 
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Background

• Timely diagnosis of progressive cognitive decline and identification of the specific 
neurological entity producing the behavioral and psychological symptoms is essential for 
early the intervention, effective management and implementation of treatment strategies.

• However, in order to achieve such a diagnosis, clinicians usually need a comprehensive 
battery of various memory and cognitive tests, while they often have to face the practical 
question “how much is enough?” (Derrer et al., 2001). On the other hand, classic cognitive 
screening tests like the Mini Mental State Examination (MMSE) have been reported to be 
inadequate for assessing early or subtle changes (e.g. Robinson, 2015). 

• A thorough neuropsychological examination is usually a costly and time-consuming 
procedure, hence the need for sensitive, accurate, and brief batteries is obvious. 

• The aim of the present study is to explore the clinical-diagnostic value of a brief 
neuropsychological battery for dementia, consisting of fully automated computerized tasks 
and classical neuropsychological measures of memory and language.

References
Adlam, AL., Patterson, K., Bozeat, S. & Hodges, JR. (2010). The Cambridge Semantic Memory Test Battery: Detection of semantic deficits in semantic dementia and Alzheimer's disease, Neurocase, 16(3), 193-207.
Buschke, H., Kuslansky, G., Katz, M., Stewart, W. F., Sliwinski, M. J., Eckholdt, H. M., & Lipton, R. B. (1999). Screening for dementia with the memory impairment screen. Neurology, 52(2), 231-231.
Derrer, DS., Howieson, DB., Mueller, EA., Camicioli, RM., Sexton G., & Kaye, JA. (2000). Memory testing in dementia: how much is enough? Journal of Geriatric Psychiatry and Neurology, 14(1), 1-6.
Dunn, L. M. and Dunn, E. S. 1981. Peabody Picture Vocabulary Test – Revised, Circle Pines, MN: American Guidance Service.
Kaplan, E., Goodglass, H. and Weintraub, S. 1983. Boston Naming Test, Philadelphia: Lea & Febiger.
Robinson, L. (2015). Dementia: timely diagnosis and early intervention. BMJ, doi: 10.1136/bmj.h3029 (Published 16 June 2015)
Simos, P. G., Kasselimis, D., & Mouzaki, A. (2011a). Age, gender, and education effects on vocabulary measures in Greek. Aphasiology, 25(4), 475-491.
Simos, P. G., Kasselimis, D., & Mouzaki, A. (2011b). Effects of demographic variables and health status on brief vocabulary measures in Greek. Aphasiology, 25(4), 492-504.
Simos, P. G., Kasselimis, D., Potagas, C., & Evdokimidis, I. (2014). Verbal comprehension ability in aphasia: Demographic and lexical knowledge effects. Behavioural Neurology, 2014.

Conclusions

• Early identification of MCI patients, as well as differential diagnosis 
between MCI, AD, and subjective memory complaints in the absence of 
pathology, is considered to be among the most crucial goals in the field 
of clinical neuropsychology. However, time and cost constraints often 
limit comprehensive neuropsychological examination. 

• The present study proposes a brief model for differentiating between 
MCI and NC obtaining individual scores for two variables: MIS (verbal 
episodic memory) and PAL (non-verbal episodic memory). The proposed 
model has near perfect diagnostic sensitivity and specificity, while 
generalizability of findings can be inferred from bootstrap sampling. 

• In this context, our findings clearly demonstrate that a brief battery of 
tests can be of great clinical utility, with regard to discriminating 
pathological memory cognitive decline.  

Table 1. Discriminant analysis structure matrix 

for the complete battery

variables loadings

MIS .801

CANTAB_PAL -.494

Semantic fluency .345

Token .310

PPVT .302

Age -.273

CANTAB_processing -.225

BNT .222

CANTAB_working -.121

CANTAB_executive -.118

CANTAB_attention .094

Table 2. Discriminant analysis structure 

matrix for the brief model for MCI vs NC

variables loadings

MIS .963

CANTAB_PAL -.592

Figure 2. ROC curve for the canonical
variable scores of the brief model for MCI
vs NC

Table 3. Canonical discriminant function coefficients and BCa confidence 

intervals

Variables
coefficients Bias Std. 

Error

BCa 95% Confidence 

Interval

Lower Upper

MIS .687 .018 .331 -.488 1.301

CANTAB_PAL -.011 .004 .015 -.031 .040

(Constant) -3.865 -.217 2.014 -7.098 .888

Results and Discussion

Full Model 
• The discriminant function was significant, Wilk’s λ(11) = 0.211, 

p<0.001, with two out of eleven measures (CANTAB Paired Associates 
Learning and MIS) included in the canonical function having loadings > 
0.40 (Table 1). The canonical variable (raw score) was estimated using 
the following equation:

Y = -17.210 + (0.065) age + (-0.068) working + (0.054) 
executive + (0.000) processing + (0.015) attention + 
(0.033) episodic + (1.393) MIS + (0.153) BNT + (-0.170) 
token + (0.016) PPVT + (0.054) semantic_fluency.

• Individual scores on the canonical variable ensured a global correct 
classification rate of 100%. Area under the ROC curve (AUC) was 100% 
(p<0.0001) suggesting excellent differentiation between the patient 
groups using the composite score.

Brief Model
• Following through the full discriminant function analyses we tests a 

brief model was tested including only scores from MIS and PAL.  

• The discriminant function was significant, Wilk’s λ(3)=0.320, p<0.001. 
MIS and PAL participated in the canonical function with significant 
loadings >0.40 (Table 2). 93.2% of original grouped cases (88.6% 
cross-validated) were correctly classified.  

• The canonical variable (raw score) was estimated using the following 
equation:

Y =-.3865 + (.687) MIS + (-.011) PAL

• Scores on the canonical variable provided a global correct classification 
rate of 99%. Area under the ROC curve (AUC) was .989 (p<0.0001) 
suggesting good differentiation between the patient groups using the 
battery composite score (Figure 2). 

• In order to test the generalizability of brief model, we repeated the 
discriminant function with bootstrap sampling, across 1000 random 
samples. Table 3 shows that coefficients are inside BCa confidence 
intervals,  supporting the validity of the model.
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Figure 1. CANTAB Insight is a medical device which implements a brief (20 min) automated
neuropsychological test battery which provides indices of cognitive function across five
cognitive domain relative to age, education and gender matched norms.
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