
Cognitive 
Screening Instruments

A.J. Larner   
Editor

A Practical Approach

Second Edition

123



Cognitive Screening Instruments



A.J. Larner
Editor

Cognitive Screening 
Instruments

A Practical Approach

Second Edition



ISBN 978-3-319-44774-2    ISBN 978-3-319-44775-9 (eBook)
DOI 10.1007/978-3-319-44775-9

Library of Congress Control Number: 2016960297

© Springer International Publishing Switzerland 2017
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, 
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editor
A.J. Larner
Cognitive Function Clinic
Walton Centre for Neurology and Neurosurgery
Liverpool
United Kingdom



v

Preface to the Second Edition

It is extraordinary to think that it is only a little over 5 years ago that I first had the 
idea for this book (my Munich “epiphany” of 9 April 2011 at the Ludwig-
Maximilians University, described in the preface to the first edition), and now a 
second edition is going to press. The fact that the first edition, published in 2013, 
achieved nearly 18,000 chapter downloads to the end of 2015 suggests that it is 
meeting a need, hence justifying a new edition.

All the major sections of this book, which are now made explicit, have new chap-
ter additions from the first edition. In the introductory section, Terry Quinn and 
Yemisi Takwoingi have written on the critical topic of the assessment of the utility 
of cognitive screening instruments. In the section on patient performance-related 
tests, Rónán O’Caoimh and William Molloy have written on the Quick Mild 
Cognitive Impairment (Qmci) screen, and in the informant-related scales section 
James E Galvin and Mary Goodyear have written on brief informant interviews 
such as the AD8. These new authors extend the reach of the book both intellectually 
and geographically (spanning eight countries in four continents).

I am delighted that all the corresponding authors in the first edition have 
responded positively to the invitation to revise and update their chapters. Hence 
there continue to be accounts of the Mini-Mental State Examination (Alex Mitchell) 
and its variants; the Clock Drawing Test (Brian Mainland and Ken Shulman); the 
Montreal Cognitive Assessment (Parunyou Julayanont and Ziad Nasreddine); 
DemTect (Elke Kalbe and Josef Kessler); Test Your Memory (TYM) test (Jerry 
Brown); the General Practitioner Assessment of Cognition (GPCOG; Katrin Seeher 
and Henry Brodaty); the Six-Item Cognitive Impairment Test (6CIT; Tim Gale); and 
the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE; Nicolas 
Cherbuin and Tony Jorm). I am delighted that John Hodges has joined with me to 
write the revised chapter on the Addenbrooke’s Cognitive Examinations which he 
and his colleagues have developed, most recently the ACE-III and the Mini-
Addenbrooke’s Cognitive Examination (MACE).

Of course, a number of criticisms might be leveled at the project. First, the selec-
tion of screening instruments described in depth might potentially be seen as arbi-
trary, in light of the very large number of such instruments described in the literature, 
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but all are in sufficiently frequent use to be familiar to the editor, from either per-
sonal use (see authored or co-authored chapters, and references 1–5) or encountered 
in patient referrals (reference 6). Second, with the advent of disease biomarkers, 
based on a more sophisticated understanding of the heterogeneous clinical pheno-
types of cognitive impairment, pen and paper tests may seem old-fashioned, possi-
bly even obsolete, even when replaced by apps or computerized tests. However, 
facilities for biomarker investigation are not currently widespread, and this lack of 
availability will ensure that cognitive screening instruments retain a place in clinical 
practice for the foreseeable future.

Thanks are due to all the contributors for their timely production of chapters, and 
all at Springer, past and present, who have supported the production of this volume, 
particularly Joanna Renwick (née Bolesworth) and Andre Tournois.

Liverpool, UK A.J. Larner
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Chapter 1
Introduction to Cognitive Screening 
Instruments: Rationale and Desiderata

Andrew J. Larner

Abstract Cognitive disorders are common and likely to become more so as the 
world population ages. Pending the definition of reliable disease biomarkers, the 
identification of such disorders is likely to involve the use of cognitive screening 
instruments, as a prelude to effective management. The rationale and desiderata 
for effective cognitive screening instruments are considered in this chapter, prior 
to the description of methods for their assessment and in-depth analysis of spe-
cific instruments in subsequent chapters. The potential role of factors such as 
age, education, and culture on test performance and interpretation are also 
considered.

Keywords Cognitive screening instruments • Desiderata • Rationale
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1.1  Introduction

Cognitive screening instruments may be encountered by practitioners in many 
branches of clinical medicine, in both primary and secondary care. However, not all 
clinicians may feel themselves either familiar with or competent in the use of such 
instruments. This may stem in part from lack of appropriate training, or even frank 
neurophobia, perhaps exacerbated by the profusion of potential tests available.

Although there have been a number of publications in recent years reviewing the 
use of cognitive screening instruments in different clinical settings (e.g. [1–8]), and 
books which are partially devoted to their examination (e.g. [9, 10]), texts entirely 
devoted to this subject are few (e.g. [11]). This book aims to give practical advice 
on some of the most commonly used cognitive screening instruments which are 
suitable for day-to-day use in assessing patients with possible cognitive 
impairments.

The rationale for this use of cognitive screening instruments relates, at least in 
part, to the increasing numbers of individuals with cognitive impairment, related to 
the aging of the population, numbers which have been predicted to increase dra-
matically worldwide in the coming decades with significant societal and financial 
cost implications (e.g. [12–17]). Although some studies have suggested falling 
overall prevalence and incidence of dementia in the UK [18, 19], nevertheless the 
condition will continue to be a major public health issue.

Population screening for dementia has not been advocated hitherto, there being 
insufficient evidence of benefit to justify such an undertaking. However, this remains 
an issue in flux (e.g. [20–23]), not least because of a developing consensus regard-
ing the preventability of many cases of dementia through modification of risk fac-
tors (e.g. [24–26]). This may justify not only existing policies encouraging early 
diagnosis of dementia as a stated health goal (e.g. in the United Kingdom (UK) 
[27–29]), but also screening of at-risk groups, such as older people and individuals 
with subjective memory complaints, possibly as a prelude to global population 
screening.

Underdiagnosis of dementia and cognitive impairment certainly remains a sig-
nificant issue. In the UK, a comparison of estimated numbers of people with demen-
tia (based on applying prevalence rates to corresponding age groups) with the actual 
number of people with dementia recorded on the National Health Service (NHS) 
Quality Outcome Framework dementia register based in primary care have sug-
gested that only around 40–50 % of people with dementia have a diagnosis [30, 31]. 
Closing this “diagnostic gap” or “dementia gap” may be facilitated by appropriate 
use of cognitive screening instruments.

Conversely, current clinical practice indicates that many individuals who attend 
cognitive/memory clinics are found not to have dementia, but purely subjective 
memory complaint. Physiological cognitive decline may be evident in early middle 
age (45–49 years [32]). Although the UK National Institute for Health and Clinical 
Excellence (NICE) [33] suggested a memory clinic base rate for dementia of 54 %, 
this may greatly overestimate current clinical experience, where rates around 
20–25 % may be seen [34]. A report from 30 Alzheimer’s Centers in the USA 

A.J. Larner
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reported 50 % of patients seen were diagnosed as having normal cognition [35]. 
Identification and reassurance of those individuals with purely subjective memory 
complaint is an important function of such clinics, a task which may also be facili-
tated by use of cognitive screening instruments.

1.2  Rationale of Cognitive Screening

What is the purpose of cognitive screening? This issue may be addressed by consid-
ering the classic criteria for disease screening published under the auspices of the 
World Health Organization (WHO; see Box 1.1) [36, 37], and also published guide-
lines and criteria for developing screening programs [38] such as those from the UK 
National Screening Committee (www.nsc.nhs.uk).

Many of these conditions are fulfilled for dementia as a syndrome, and for 
 specific subtypes of dementia, most importantly Alzheimer’s disease (AD). For 
example, the public health implications of dementia and its huge economic costs are 
unequivocally established [12–17]. It is also evident that the natural history of most 
forms of dementia encompasses a presymptomatic phase, with disease evolution 
occurring over many years before clinical presentation. Longitudinal epidemiologi-
cal studies suggest almost 10 years of cognitive decline in AD preceding dementia 
[39]. Biomarker studies indicate that the neurobiological changes which underpin 

Box. 1.1 WHO Screening Criteria (After [36, 37])
• The disease/condition sought should be an important public health 

problem.
• There should be a recognizable latent or presymptomatic stage of the 

disease.
• The natural history of the disease should be adequately understood.
• There should be a treatment for the condition, which should be more ben-

eficial when applied at the presymptomatic stage compared to the later 
symptomatic stage.

• There should be a suitable test or examination to detect the disease with 
reasonable sensitivity and specificity.

• The test should be acceptable to the population.
• The healthcare system should have the capacity and policies in place to test 

for the condition and deal with the consequences.
• The cost of case finding, including diagnosis and treatment of patients 

diagnosed, should be economically balanced in relation to possible expen-
diture on medical care as a whole.

• Case finding should be a continuing process and not a “once and for all” 
project.

1 Introduction to Cognitive Screening Instruments: Rationale and Desiderata
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Alzheimer’s disease commence many years, indeed decades, before the emergence 
of clinical symptomatology [40–42]. This long presymptomatic phase presents a 
potential window of opportunity for disease identification, and intervention should 
disease modifying drugs become available.

Equally, many of these screening criteria are yet to be fulfilled for dementia. For 
example, it has yet to be established that any of the available pharmacotherapies for 
AD are more beneficial when applied at the presymptomatic stage compared to the 
later symptomatic stage. Application of pharmacotherapies in presymptomatic AD 
has, to my knowledge, yet to be reported but there is no evidence that cholinesterase 
inhibitors, a symptomatic treatment for AD, prevent conversion of prodromal AD 
(mild cognitive impairment) to AD in the long term [43–45]. It is not clear that 
healthcare systems have the capacity and policies to test for dementia and deal with 
the consequences, nor that the cost of case finding, including diagnosis and treat-
ment, would be economically balanced in relation to possible expenditure on medi-
cal care as a whole.

Putting aside these issues, which may possibly be resolved by ongoing research, 
the key screening criterion considered in this book is whether there are suitable tests 
or examinations available to detect dementia and its subtypes with reasonable sen-
sitivity and specificity, and which are acceptable to the population. The population 
in question needs careful definition in this context, since prevalence rates of demen-
tia may differ greatly in different populations. Hence, a cognitive screening instru-
ment to be applied at the whole population level might be very different to one 
applied to at-risk groups (e.g. older persons) or to the highly selected population 
attending cognitive/memory clinics. The latter, pretty much without exception, have 
at minimum subjective memory complaints. It is to the constituency of those pre-
senting to clinical attention with memory complaints that the current volume is 
addressed.

As with all medical activities, such as investigation and treatment, a screening 
process may be associated with both clinical benefits and risks, which should be 
recognized at the outset. Screening for dementia is not equivalent to diagnosis, 
which remains at least in part a clinical judgment made by those experienced in the 
diagnosis of these conditions, a process which needs to take into account the marked 
clinical and etiological heterogeneity of the dementia syndrome [34, 46–51] and the 
inadvisability of accepting “one size fits all” approaches [52, 53]. Screening can 
therefore never replace the clinical interview.

Because screening tests for dementia can never have perfect sensitivity and spec-
ificity (i.e. = 1), there will always be a risk of false positive and false negative 
 diagnoses (see Chap. 2). Highly sensitive tests, which are generally thought desir-
able for screening purposes, will ensure that early cases are not missed but at the 
risk of making false positive diagnoses (with all the attendant, and ultimately unnec-
essary, anxiety, treatment risks, etc., that false positive diagnosis may entail). Highly 
specific tests minimize incorrect diagnoses but may miss early cases (false nega-
tives). Screening tests that disclose abnormalities only when a disease is clinically 
obvious are of limited applicability, indeed measures of test performance may be 
inflated by using patients with established diagnoses.

A.J. Larner
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1.3  Desiderata for Cognitive Screening Instruments

What features would be desirable for the optimal cognitive screening instrument?
A number of criteria for such an instrument were enunciated nearly 20 years ago 

by the Research Committee of the American Neuropsychiatric Association [54]:

 1. Ideally it should take <15 min to administer by a clinician at any level of 
training.

 2. Ideally it should sample all major cognitive domains, including memory, atten-
tion/concentration, executive function, visual-spatial skills, language, and 
orientation.

 3. It should be reliable, with adequate test-retest and inter-rater validity.
 4. It should be able to detect cognitive disorders commonly encountered by 

neuropsychiatrists.

To these criteria one may add:

• Ease of test administration, i.e. not much equipment required beyond pencil and 
paper, or laptop computer.

• Ease of interpretation, i.e. clear test cut-offs, perhaps operationalized, e.g. a par-
ticular score on the test should lead to particular actions, such as patient reassur-
ance, continued monitoring of cognitive function over specified time periods, or 
immediate initiation of further investigations and/or treatment. This recommen-
dation stems in part from the fact that scores on cognitive screening instruments 
are non-linear (they have no specific units), some test items are more informa-
tive/better predictors than others (see Chap. 4, at Sect. 4.2.3), and tests are sub-
ject to ceiling and floor effects.

• Possibility for repeated, longitudinal use. Although classifications and older 
diagnostic criteria reify dementia as a binary condition (dementia/not dementia), 
it is in fact a dimensional construct which is unstable across time, a fact recog-
nized by delayed verification studies of test accuracy (see Chap. 2, at Sect. 2.3.2). 
Availability of variant forms of cognitive screening instruments may permit 
repeated testing over time whilst avoiding practice effects [55], and interpreta-
tion may be facilitated by provision of reliable change indices (RCI) from nor-
mative population studies [56], as for the Mini-Mental State Examination 
(MMSE; see Chap. 3) [57–60], Modified Mini-Mental State Examination (3MS; 
see Chap. 4, at Sect. 4.2.2) [58], and the Montreal Cognitive Assessment (MoCA; 
see Chap. 7) [60].

Other issues may also require consideration when selecting a cognitive screening 
instrument, for example the location in which testing is undertaken (primary or 
secondary care) and the suspected dementia diagnosis being screened for (see Chap. 
15, at Sects. 15.2.1 and 15.3 respectively). In primary care settings, briefer tests may 
be optimal [8, 61, 62]. If the suspected diagnosis being screened for is AD then tests 
which focus on the examination of episodic memory, to the relative exclusion of 
other cognitive domains, may be preferred.

1 Introduction to Cognitive Screening Instruments: Rationale and Desiderata
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Cognitive screening instruments are “noisy”, which is to say that a variety of 
factors may influence patient performance to obscure any signal of cognitive impair-
ment due to brain disease (i.e. factors unrelated to the construct the tests have been 
designed to assess). These include patient age, educational status, culture, language, 
the presence of primary psychiatric disorder (anxiety, depression), and presence of 
primary sensory deficits (visual or hearing impairment). For example, one study 
found that poor performance on the MMSE [63] due to causes other than dementia 
was recorded in around 10 % of an elderly population, increasing with age (>40 % 
in those ≥85 years), most commonly due to poor vision and hearing, deficient 
schooling, and the consequences of stroke [64].

It is well-recognized that test performance may vary with factors such as the 
environment in which testing is undertaken (e.g. the alien surroundings of an 
impersonal clinic room vs. the familiar location of the patient’s home) and tester 
(e.g. perceived to be sympathetic and encouraging vs. brusque and impatient).  
All these factors may need to be taken into account when using cognitive screening 
instruments, rather than relying solely on raw test scores. Corrections to test scores 
or revision of cut-offs may be applicable to allow for patient age and education 
[65–67].

Educational and cultural biases are evident in many typical screening test items 
[68]. For example, tests which rely heavily on literacy will be challenging for indi-
viduals with limited education or from cultures using a different language. Screening 
tests may thus need adaptation for these factors. Tests which may be characterized 
as tests of performance have a long history [69] and continue to be developed [70]. 
Similar considerations apply to patient ethnicity. Cultural modifications have been 
reported for a variety of cognitive screening instruments, including the MMSE, the 
Short Portable Mental Status Questionnaire, and the Short Orientation-Memory- 
Concentration Test [68]. Cultural factors may also affect willingness to be screened 
for cognitive impairment [71]. Ideally culture-free cognitive screening tests should 
be developed: claims for such status have been made for the Mini-Cog [72] and the 
Time and Change Test [73]. Patient assessment by means of informant reports (see 
Part III of this book) may be relatively culture-free, as may also be the case for 
functional assessments.

Cognitive screening instruments are not equivalent to a neuropsychological 
assessment administered by a clinical neuropsychologist, which remains the “gold” 
or reference standard for cognitive assessment. The tests used in neuropsychologi-
cal assessment are potentially many [10, 74–76] and tend to focus on function 
within individual cognitive domains or give a global measure of intelligence (ver-
bal, performance, and full-scale IQ). Requirement for a trained neuropsychologist 
to administer such tests means that access is not universal. The test battery adminis-
tered is often time-consuming (much greater than the 15 min suggested by the 
Research Committee of the American Neuropsychiatric Association [54]), fatiguing 
for patients, and may sometimes require multiple outpatient visits. Hence neuropsy-
chological assessment is not a plausible means for screening cognitive function, 
although it may be necessary to clarify diagnosis in those identified as cognitively 
impaired by screening instruments.

A.J. Larner
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1.4  Conclusion

In an age in which dementia biomarkers, based on the findings of sophisticated 
neuroimaging and biochemical testing, are beginning to be used to define disease 
entities even before the onset of dementia per se [77–79], it may be questioned what 
role there may be for cognitive screening instruments in dementia diagnosis. The 
interrelationships of cognitive screening instruments and biomarkers are only begin-
ning to be investigated [80].

Other investigations certainly play a role in the definition of the etiology of cog-
nitive impairment and dementia [34]. Since the dementia construct  
encompasses non-cognitive as well as cognitive impairments [81], assessment of 
other domains (functional, behavioral, neurovegetative, global) may also be required 
[34]. However, it has been reported that cognitive testing may be as good as, if not 
better than, neuroimaging and CSF tests in predicting conversion and decline in 
patients with mild cognitive impairment at risk of progressing to dementia [82]. 
Moreover, the newer diagnostic criteria incorporating biomarkers are more appli-
cable to research environments than to daily clinical practice, since many of the 
investigations recommended are not widely available. Hence, cognitive screening 
instruments are likely to remain an integral part of clinical assessment of cognitive 
complaints for the foreseeable future. Their appropriate application and interpreta-
tion are therefore of paramount importance to ensure early and correct diagnosis.

Having now established the rationale and desiderata of cognitive screening 
instruments, the methods available for the assessment of their utility, in other words 
their diagnostic accuracy, are next considered ([83–85]; see Chap. 2).
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Abstract There are a substantial and increasing variety of test instruments 
available to guide the clinician in making a diagnosis of dementia. An apprecia-
tion of the methods and outputs associated with test accuracy research is useful 
for all clinicians, not just academics. Test accuracy is best considered using a 
framework that clearly defines the index test, the gold standard (reference stan-
dard) used to define the condition of interest and the population in which testing 
will take place. By creation of a two by two table, cross classifying the results of 
the index test and the reference standard, we can derive various metrics describ-
ing the properties of the test. Test accuracy studies where the condition of inter-
est is dementia present particular challenges. Using best practice statements in 
the conduct, reporting and assessment of study validity can assist the interpreta-
tion of test accuracy research papers and also for planning future studies. 
Techniques for systematic review and meta-analysis of test accuracy studies 
have been developed and are being applied to certain commonly used cognitive 
screening tests.

Keywords Accuracy • Diagnosis • Sensitivity • Specificity • QUADAS • STARD

2.1  Importance of Measuring the Diagnostic Accuracy 
of Dementia Assessments

Studies of diagnostic test accuracy, sometimes abbreviated to DTA, describe how 
well a test(s) can correctly identify or exclude a condition of interest. In this chapter 
we consider DTA studies where the condition of interest is dementia or a related 
cognitive syndrome.

An understanding of the language, methodology and interpretation of DTA is 
important for any clinician working with people affected by dementia. There is 
increasing pressure to make an accurate diagnosis of dementia early in the clinical 
process [1]. Indeed in certain countries, routine screening of older adults for poten-
tial dementia has been proposed [2, 3]. Against this context, the variety and sophis-
tication of assessments for dementia is increasing [4]. Recent revisions of clinical 
diagnostic criteria for dementia make specific reference to novel technologies such 
as tissue biomarkers and quantitative neuroimaging [5]. Increasing the diagnostic 
toolkit available to clinicians is exciting but we should not make assumptions about 
the accuracy of these novel biomarkers.

The guidance presented in this chapter is based, in part, on an active program 
of work coordinated through the Cochrane Screening and Diagnostic Test 
Methods Group and the Cochrane Dementia and Cognitive Improvement Group 
(CDCIG). Together these groups have produced systematic review and 
 meta-analyses of cognitive assessment instruments and have taken a role in 
developing guidance and best practice statements for DTA work with a dementia 
focus [6, 7]. The DTA field is constantly evolving and this chapter aims to pro-
vide an overview of current guidance. We have included key papers in the refer-
ences, for the reader wishing a more detailed discussion of the science and 
methodology of DTA.

T.J. Quinn and Y. Takwoingi
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2.2  Statistical Methods for Comparing Tests

This chapter will focus on test accuracy metrics. Other statistics for comparing tests 
have been used in the literature. For example agreement between screening tests such 
as the Mini-Mental State Examination (MMSE; see Chap. 3) and the Montreal 
Cognitive Assessment (MoCA; see Chap. 7) could be assessed using kappa statistics; or 
could be described as correlation. Such analyses have value but they are not test accu-
racy and if the question of interest is around test accuracy then these analyses are not 
appropriate. It is difficult to make any clinical interpretation of agreement or correlation 
based analyses. Two poor screening tests that are unsuitable for clinical usage may still 
have excellent agreement and correlation. We will not describe association, correlation, 
agreement based medical statistics or other associated measures in this chapter.

2.3  Nomenclature of Test Accuracy

When designing or interpreting a primary test accuracy study, it is essential to under-
stand the research question. A DTA question can be described in four components: 
index test, target condition, reference standard, and population [7]. The research 
question informs study design, conduct and interpretation. The terminology for the 
four main components of the question are illustrated in Fig. 2.1 and explained below.

Index
test

For diagnosis of
Target

condition

As defined by
Reference
standard

In
Target

population

For diagnosis of
dementia

As defined by clinical
diagnosis

(ICD-10 or DSM-5)

As defined by clinical
diagnosis

(ICD-10 or DSM-5) at
more than one year
following index test 

In older adults
presenting to primary

care 

Mini Mental State
Examination  

Mini Mental State
Examination  

Mini Mental State
Examination  

For diagnosis of
Alzheimer’s disease

dementia

As defined by
neuropathological

diagnosis

In patients enrolled in
a brain banking study

For diagnosis of
Alzheimer’s disease
dementia or other

dementias

In older adults with
mild cognitive

impairment assessed
at a memory clinic

Fig. 2.1 Components of a basic test accuracy question with examples. The top row gives the ter-
minology used. Other rows give examples of varying complexity; these include both the traditional 
“cross-sectional” assessment and a delayed verification based study (bottom row)
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2.3.1  Index Test

The index test is the assessment or tool of interest. Index tests in dementia take 
many forms—examples include cognitive screening tests (e.g., MMSE [8]); tissue/
imaging based biomarkers (e.g., cerebrospinal fluid proteins) or clinical examina-
tion features (e.g., presence of anosmia for diagnosis of certain dementias).

The classical test accuracy paradigm requires binary classification of the index 
test. However, many tests used in clinical practice, particularly those used in demen-
tia, are not binary in nature. Taking MMSE as an example, the test can give a range 
of scores suggestive of cognitive decline. In this situation, criteria for determining 
test positivity are required to create a dichotomy (test positive and test negative). 
The score at which the test is considered positive or negative is often referred to as 
a cut-point or threshold. Thresholds may vary depending on the purpose and setting 
of the assessment. For example in many acute stroke units, the suggested threshold 
MMSE score is lower than that often used in memory clinic settings [9]. Sometimes, 
within a particular setting, a range of thresholds may be used in practice and test 
accuracy can be described for each threshold [6, 9].

In many fields there is more than one potential index test and the clinician will 
want to know which test has the best properties for a certain population. Ideally, the 
diagnostic accuracy of competing alternative index tests should be compared in the 
same study population. Such head-to-head evaluations may compare tests to identify 
the best performing test(s) or assess the incremental gain in accuracy of a combina-
tion of tests relative to the performance of one of the component tests [10]. Well-
designed comparative studies are invaluable for clinical decision making because 
they can facilitate evaluation of new tests against existing testing pathways and guide 
test selection [11]. However, many test evaluations have focused on the accuracy of 
a single test without addressing clinically important comparative questions [12, 13].

A DTA study can compare tests by either giving all patients all the tests (within- 
subject or paired design) or by randomly assigning a test to each subject (random-
ized design). In both designs, all patients are verified using the same gold or 
reference standard. As an example, Martinelli et al. [14] used the within-subject 
design to compare the accuracy of neuropsychological tests for differentiating 
Alzheimer’s disease from the syndrome of mild cognitive impairment (MCI). 
Although comparative accuracy studies are generally scarce, the within-subject 
design is more common than the randomized design [12]. Nevertheless, both designs 
are valid and relevant comparative studies should be more routinely conducted.

2.3.2  Target Condition

The target condition is the disease or syndrome or state that you wish to diagnose or 
differentiate. When considering a test accuracy study of cognitive assessment, the 
target condition would seem intuitive—diagnosis of dementia. However, dementia 
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is a syndrome and within the dementia rubric there are degrees of severity, patho-
logical diagnoses and clinical presentations [4]. The complexity is even greater if 
we consider the broader syndrome of cognitive impairment.

As a central characteristic of dementia is the progressive nature of the disorder, 
some have chosen to define an alternative target condition as development of 
dementia in a population free of dementia at point of assessment [15]. This para-
digm is based on the argument that evidence of cognitive and functional decline 
over time is a more clinically valid marker than a cross-sectional “snap shot”. For 
example, we may wish to evaluate the ability of detailed structural brain imaging to 
distinguish which patients from a population with MCI will develop frank demen-
tia. This study design is often used when assessing biomarkers that purport to define 
a pre-clinical stage of dementia progression [16]. The approach can be described as 
longitudinal, predictive or ‘delayed verification’ because it includes a necessary 
period of follow up.

In formulating a question or in reading a DTA paper it is important to be clear 
about the nature of the target condition. We should be cautious of extrapolating DTA 
results from a narrow to a broader target condition; interpretation of results is par-
ticularly difficult if the disease definition is ambiguous or simply not described. For 
example, the original derivation and validation work around the MoCA focused on 
community dwelling older adults with MCI [17]. Some have taken the favorable test 
accuracy reported in these studies and used this to endorse the use of MoCA for 
assessment of all cause dementia [18]. The ideal would be that MoCA is subject to 
further assessments of test accuracy for this new target condition.

2.3.3  Reference Standard

The gold or reference standard is the means of verifying the presence or absence of 
the target condition. There is no gold standard for many conditions, hence the use of 
the term reference standard. The reference standard is the best available test for 
determining the correct final diagnosis and may be a single test or a combination of 
multiple pieces of information (composite reference standard) [19]. The term gold 
standard is particularly misleading in studies with a dementia focus. There is no in- 
vivo, consensus standard for diagnosis of the dementias [20]. Historically, neuro-
pathological examination was considered the gold standard, however availability of 
subjects is limited and the validity of neuropathological labels for older adults with 
dementia has been questioned [21]. Thus we have no single or combination assess-
ment strategy that will perfectly classify “positive” and “negative” dementia status. 
This lack of a gold standard is not unique to cognitive test accuracy studies, but it is 
particularly relevant to dementia where there is ongoing debate regarding the opti-
mal diagnostic approach [22].

Rather than use a gold standard, many studies employ a reference standard that 
approximates to the (theoretical) gold standard as closely as possible. A common 
reference standard is clinical diagnosis of dementia using a recognized  classification 
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system such as International Classification of Disease (ICD) or Diagnostic and 
Statistical Manual of Mental Disorders (DSM). Validated and consensus diagnostic 
classifications are also available for dementia subtypes such as Alzheimer’s disease 
dementia and vascular dementia and these may be preferable where the focus is on 
a particular pathological type.

2.3.4  Target Population

The final, often forgotten, but crucial part of the test accuracy question is the popu-
lation that will be tested with the index test. It is known that test accuracy varies 
with the characteristics of the population (i.e., spectrum) being tested [23, 24]. 
Therefore, it is important to describe the clinical context in which testing takes 
place, presenting features and any tests received by participants prior to being 
referred for the index test (i.e., the referral filter). Cognitive assessment may be 
performed for different purposes in different settings. The prevalence, severity and 
case-mix of cognitive syndromes will differ accordingly and this will impact on test 
properties and interpretation of results. For example a multi-domain cognitive 
screening tool will perform differently when used by a General Practitioner assess-
ing someone with subjective memory problems compared to a tertiary specialist 
memory clinic assessing an inpatient referred from secondary care [25, 26]. In 
describing the context of testing it is useful to give some detail on the clinical path-
way in routine care; whether there will have been any prior cognitive testing; the 
background and experience of the assessor and the supplementary tools available.

2.4  Test Accuracy Metrics

The perfect index test will correctly classify all subjects assessed, i.e., no false nega-
tives and no false positives. However, in clinical practice such a test is unlikely to 
exist and so the ability of an index test to discriminate between those with and with-
out the target condition needs to be quantified. Different metrics are available for 
expressing test accuracy, and these may be paired or single descriptors of test per-
formance. Where a test is measured on a continuum, such as the MMSE, paired 
measures relate to test performance at a particular threshold. Some single measures 
are also threshold specific while others are global, assessing performance across all 
possible thresholds.

The foundation for all test accuracy measures is the two by two table, describing 
the results of the index test cross classified against those of the reference standard 
[27]. The four cells of the table give the number of true positives, false positives, 
true negatives and false negatives (Table 2.1). We have summarized some of the 
measures that can be derived from the table (Table 2.2). Paired measures such as 
sensitivity and specificity, positive and negative predictive values, and positive and 
negative likelihood ratios (LR+ and LR–), are typically used to quantify test perfor-
mance because of the need to distinguish between the presence and absence of the 
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target condition. We will focus our discussion below on two of these commonly 
used paired measures and one global measure derived from receiver operating char-
acteristic (ROC) curves.

2.4.1  Sensitivity and Specificity

Sensitivity and specificity are the most commonly reported measures [28]. Sensitivity 
is the probability that those with the target condition are correctly identified as hav-
ing the condition while specificity is the probability that those without the target 
condition are correctly identified as not having the condition. Sensitivity and 

Table 2.1 Cross classification of index test and reference standard results in a two by two table

Dementia present (or 
other target condition)

Dementia absent (or 
other target condition)

Index test 
positive

True positives (a) False positives (b) Positive predictive value =  
number of true positives ÷ 
number of test positives

Index test 
negative

False negatives (c) True negatives (d) Negative predictive 
value =  number of true 

negatives ÷ number of test 
negatives

Sensitivity =  number of 
true positives ÷ number 
with dementia

Specificity = number of 
true negatives ÷ number 
without dementia

Table 2.2 Some of the potential measures of test accuracy that can be derived from a two by two 
table

Test accuracy metric Formula

Paired measures of test performance
Sensitivity a/(a + c)
Specificity d/(b + d)
Positive predictive value (PPV) a/(a + b)
Negative predictive value (NPV) d/(c + d)
False positive rate 1 – specificity
False negative rate 1 – sensitivity
False alarm rate 1 – PPV
False reassurance rate 1 – NPV
Positive likelihood ratio (LR+) Sensitivity/(1 – specificity)
Negative likelihood ratio (LR−) (1 – sensitivity)/specificity
Clinical utility index (positive) Sensitivity × PPV (rule in)
Clinical utility index (negative) Specificity × NPV (rule out)
Single measures of test performance
Diagnostic odds ratio (DOR) ad/bc
Overall test accuracy (a + d)/(a + b + c + d)
Youden index Sensitivity + specificity – 1
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specificity are reported as percentages or proportions. Sensitivity and specificity are 
not conditional upon the prevalence of the condition of interest within the popula-
tion being tested. Sensitivity is also known as the true positive rate (TPR), true posi-
tive fraction (TPF) or detection rate, and specificity as the true negative rate (TNR) 
or true negative fraction (TNF). The false positive rate (FPR) or false positive frac-
tion (FPF), 1–specificity, is sometimes used instead of specificity. There is a trade- 
off between sensitivity and specificity (a negative correlation) induced by varying 
threshold. For example by increasing the threshold for defining test positivity on 
MMSE we decrease sensitivity (more false negatives) and increase specificity (fewer 
false positives) (Fig. 2.2). This is explained further in the section on ROC plots.

2.4.2  Predictive Values

The positive predictive value (PPV) is the probability that subjects with a positive 
test result truly have the disease while the negative predictive value (NPV) is the 
probability that subjects with a negative test result truly do not have the disease. 

Group 0
(Healthy)

Group 1
(Diseased)

Diagnostic variable, D

Threshold

DT

Test -

Test -

Test +
Test +

Group 1
diseased

TP

TP

FP

FN

FN

TN

TN

Group 0
healthy

FP

Fig. 2.2 Graphical illustration of test accuracy at a threshold (Used with permission of Professor 
Nicola Cooper and Professor Alex Sutton, University of Leicester)
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Thus, predictive values are conditional on test result unlike sensitivity and specific-
ity which are conditional on disease status. As discussed earlier, the spectrum of 
disease in a population is dependent on prevalence, disease severity, clinical setting 
and prior testing. While all measures are susceptible to disease spectrum, predictive 
values are directly related and mathematically dependent on prevalence as illus-
trated in Fig. 2.3. As predictive values tell us something about the probability of the 
presence or absence of the target condition for the individual patient given a particu-
lar test result, predictive values potentially have greater clinical utility than sensitiv-
ity and specificity [29]. However, because predictive values are directly dependent 
on prevalence, they are difficult to generalize even within the same setting and 
should not be derived from studies that artificially create prevalence such as in diag-
nostic case-control studies.

2.4.3  Receiver Operating Characteristic (ROC) Plots

A receiver operating characteristic (ROC) plot is a graphical illustration of the 
trade-off between sensitivity and specificity across a range of thresholds [30]. Thus, 
the ROC plot demonstrates the impact of changing threshold on the sensitivity and 
specificity of the index test. Traditionally, the ROC plot is a plot of sensitivity 
against 1-specificity. The position of the ROC curve depends on the discriminatory 
ability of the test, the more accurate the test, the closer the curve to the upper left 
hand corner of the plot. A test that performs no better than chance would have a 
ROC curve along the 45° axis (Fig. 2.4).
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Fig. 2.3 Impact of prevalence on predictive values. For a hypothetical cognitive screening test 
with a sensitivity of 85 % and a specificity of 80 %, the plot in (a) shows a positive relationship 
between positive predictive values and prevalence while the plot in (b) shows a negative relation-
ship between negative predictive values and prevalence
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The area under the curve (AUC) is a global measure of test accuracy commonly used 
to quantify the ROC curve. The AUC represents the probability that a randomly chosen 
diseased subject is (correctly) rated or ranked with greater suspicion than a randomly 
chosen non-diseased subject [31]. An AUC of 0.5, equivalent to a ROC curve along the 
45° axis, indicates that the test provides no additional information beyond chance; an 
AUC of 1 indicates perfect discrimination of the index test. A classical ROC curve 
includes a range of thresholds which may be clinically irrelevant; calculation of a partial 
AUC that is restricted to clinically meaningful thresholds is a potential solution [32].

ROC curves and AUCs are often described in medical papers [28]. However, in 
isolation, the clinical utility of the AUC is limited. AUCs are not unique; two tests—
one with high sensitivity and low specificity, and the other with high specificity and 
low sensitivity—may have the same AUC. Furthermore, the AUC does not provide 
any information about how patients are misclassified (i.e., false positive or false 
negative) and should therefore be reported alongside paired test accuracy measures 
that provide information about error rates. These error rates are important for judg-
ing the extent and likely impact of downstream consequences [33].

2.5  Interpreting Test Accuracy Results

It is often asked, what is an acceptable sensitivity and specificity for a test? There are 
broad rules of thumb, for example, if a test is used to rule out disease it must have 
high sensitivity, and if a test is used to rule in disease it must have high specificity. 
However, the truth is that there is no “optimal”, the best trade-off of sensitivity and 
specificity depends on the clinical context of testing and consequences of test errors 

(ROC curve of accurate test; AUC-0.99)

(ROC curve of an uninformative test; AUC-0.5)
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Fig. 2.4 ROC plot. AUC area under the curve. The ROC plot shows the ROC curve (solid line) for 
a hypothetical cognitive screening test with a high AUC of 0.99 and another ROC curve (dashed 
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[34]. In clinical practice there may be different implications for false positive and false 
 negative test results and so in some situations sensitivity may be preferred with a trade-
off of lower specificity or vice-versa. We can illustrate this using a real world example 
of a dementia biomarker. Cerebrospinal fluid based protein (amyloid, tau) levels are 
said to change in preclinical stages of Alzheimer’s disease and have been proposed as 
an early diagnostic test for this dementia type [35]. If the test gives a false negative 
result in a middle aged person with early stage Alzheimer’s disease, then the person 
will be misdiagnosed as normal. The effects of this misdiagnosis are debatable, but as 
the natural history of preclinical disease states is unknown and as we have no proven 
preventative treatment, the misdiagnosis is unlikely to cause substantial problems. If 
another person without early stage Alzheimer’s disease receives a false positive result, 
they will be misdiagnosed as having a progressive neurodegenerative condition with 
likely substantial negative effects on psychological health [36]. In this situation we 
would want the test to be highly specific and would accept a poorer sensitivity.

Test accuracy is a fundamental part of the evaluation of medical tests; but it is 
only part of the evaluation process. Test accuracy is not a measure of clinical effec-
tiveness and improved accuracy does not necessarily result in improved patient out-
comes. Although test accuracy can potentially be linked to the accuracy of clinical 
decision making through the downstream consequences of true positive, false posi-
tive, false negative and true negative test results, benefits and harms to patients may 
be driven by other factors too [37]. Testing represents the first step of a test-plus- 
treatment pathway and changes to components of this pathway following the intro-
duction of a new test could trigger changes in health outcomes [38]. Potential 
mechanisms have been described as resulting from direct effects of testing, changes 
to diagnostic and treatment decisions or timeframes, and alteration of patient and 
clinician perceptions [38]. Therefore, diagnostic testing can impact on the patient 
journey in ways that may not be predicted based on sensitivity and specificity alone.

In addition to the classical test accuracy metrics, measures that go beyond test accu-
racy to look at the clinical implications of a test strategy are available [37]. Important 
aspects will include feasibility of testing, interpretability of test data, acceptability of the 
test and clinician confidence in the test result. At present there are few studies looking at 
these measures for dementia tests [39]. Where a test impacts on clinical care, we can 
describe the proportion of people receiving an appropriate diagnosis (diagnostic yield) 
and the proportion that will go on to receive appropriate treatment (treatment yield) 
[40]. Where a test is added to an existing screening regime, we can describe the incre-
mental value of this additional test [41]. In a recent study looking at imaging and CSF 
biomarkers, the authors found reasonable test accuracy of the biomarkers, but when 
considered in the context of standard memory testing there was little additional value of 
these sophisticated tests (calculated using a net re-classification index) [42].

2.6  Issues in Cognitive Test Accuracy

While we have kept our discussion of DTA relevant to dementia assessment, many of the 
issues covered so far are generic and common to many test accuracy studies. Nevertheless, 
there are certain issues that are pertinent in the field of cognitive assessment [7, 43].
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2.6.1  Reference Standards for Dementia

We have previously alluded to the difficulty in defining an acceptable reference stan-
dard for dementia [20, 22]. Many of the reference standards used in published demen-
tia DTA studies (postmortem verification, scores on standardized neuropsychological 
assessment and progression from MCI to dementia due to Alzheimer’s disease) have 
limitations with attendant risk of disease misclassification [7, 21]. Clinical diagnosis 
made with reference to a validated classification system is probably the preferable 
option, but even this is operator dependant and has a degree of inter-observer variation 
[44, 45]. The issue is further complicated by the different classification criteria that are 
available, for example, agreement on what constitutes dementia varies between ICD 
and DSM [46]. For creating our two by two table, we require a clear distinction 
between target condition positive and negative. In clinical practice, dementia diagno-
sis is often more nuanced, particularly on initial assessments and we often qualify the 
diagnosis with descriptors like “possible” or “probable”. Incorporating this diagnostic 
uncertainty into classical test accuracy is challenging.

The use of detailed neuropsychological assessment is often employed as a refer-
ence standard and warrants some consideration. Testing across individual cognitive 
domains by a trained specialist provides a comprehensive overview of cognition. 
However, conducting the battery of tests is time consuming (much greater than the 
15 min suggested by the Research Committee of the American Neuropsychiatric 
Association) [47] and not always practical, economical or acceptable to patients. 
This can lead to biases in data from differential non-completion of the reference 
standard (see Sect. 2.6.2). Also, classical neuropsychological testing does not offer 
assessment of the functional impact of cognitive problems, a key criterion for mak-
ing the diagnosis of dementia [48]. In some DTA primary studies and systematic 
reviews, clinical diagnosis and neuropsychological testing are used interchangeably 
as reference standards but the two approaches are not synonymous. In general, to 
avoid bias when analyzing test accuracy, the same reference standard should be 
applied to the whole study population.

2.6.2  Partial Completion of Assessment

An issue that particularly applies to assessment questionnaires or pen and paper 
based index tests is that patients may not be able to complete the test. If we consider 
using the MoCA as a screen for cognitive problems in a stroke unit, patients may be 
unable to complete sections due to concomitant visual field deficits, motor weak-
ness, or communication impairments [49, 50]. Thus, impairments that are not nec-
essarily ‘cognitive’ may cause poor scoring and misclassification.

In test accuracy studies, all subjects who were assessed with the index test should 
also be assessed by the reference standard. Complete diagnostic assessment should 
not be assumed. For example, in practice, if the reference standard is based on an 
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invasive test such as lumbar puncture, it may be that only those considered moderate 
to high risk proceed to testing. In another example, if the reference standard is based 
on a detailed neuropsychological battery of tests, it may be that certain participants 
are unable to complete the lengthy testing required. The bias associated with such 
situations is known as partial verification bias, work-up bias, or referral bias [51].

The impact of index and/or reference standard non completion will depend on 
the “randomness” of those not completing the assessment. If partial or non- 
completers are systematically different to completers (a situation which is likely 
in the field of cognitive assessment) then test accuracy results need to be inter-
preted with caution [52]. Statistical approaches to dealing with missing data have 
been proposed but there is no consensus [52]. In some papers, authors have 
expanded on the two by two table adding a row for those not completing the index 
test and adding a column for those not completing the reference standard—a three 
by three table [53]. Regardless of approach taken, the method employed for han-
dling missing or incomplete tests in a DTA study should be described and justified 
in protocols and papers.

2.6.3  Incorporation Bias

In dementia test accuracy studies, there is a risk of circularity of assessment 
whereby the index test forms a part of the reference standard [54]. For example, 
consider a study comparing the Informant Questionnaire for Cognitive Decline in 
the Elderly (IQCODE; see Chap. 13) against clinical diagnosis of dementia [55]. 
As part of the reference standard clinical assessment, we interview family or car-
ers. As IQCODE is familiar to the tester, this interview may (consciously or 
subconsciously) use IQCODE question topics. Thus the IQCODE as an index test 
is being compared against a reference standard that is informed by the 
IQCODE. This incorporation bias may overestimate the accuracy of the index 
test. A degree of incorporation bias may be inevitable when the reference stan-
dard is a synthesis of lots of different pieces of information, such as is seen in 
clinical dementia assessment. If we are unable to completely exclude incorpora-
tion bias (or indeed any of the DTA bias discussed) then the risk of such bias 
should be explicitly acknowledged and reported.

2.7  Assessing Study Design and Study Reporting

The science of test accuracy research is constantly evolving and improving. 
Guidelines and resources describing best practice in the design, conduct, reporting 
and interpretation of DTA studies are available [56, 57]. These resources can aid 
clinicians who are reading DTA papers as well as acting as a resource for research 
groups embarking on a DTA study. The best known guidelines for reporting and for 
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the assessment of the internal and external validity of primary studies are the 
Standards for Reporting Diagnostic Accuracy statement (STARD) and the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS) tool, respectively [58, 59]. 
STARD and QUADAS share a number of items (and authors) but have differing, 
albeit complementary, purposes. We will focus our discussion on these two tools, 
but recognize that other useful resources are available, for example the Scottish 
Intercollegiate Guidelines Network (SIGN) also has a methodological checklist for 
diagnostic studies [60].

2.7.1  Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS)

We have alluded to some of the numerous sources of bias that can affect test accu-
racy in dementia studies. The QUADAS tool was originally published in 2003 as a 
standardized approach to the assessment of risk of bias (internal validity) [58]. 
However, the tool did not explicitly consider generalizability (external validity) and 
some of the items included in the tool were related to reporting instead of risk of 
bias. A refined and updated tool, QUADAS-2, was published in 2011 [61]. QUADAS 
is primarily used for the assessment of studies included in systematic reviews of test 
accuracy; however as a tool it has value in providing a template for the critical 
appraisal of a single paper by a clinician or researcher.

QUADAS-2 assesses risk of bias across domains concerning patient selection, 
index test, reference standard, and participant flow and timing. The tool also 
assesses generalizability and applicability across the first three of the four domains 
[62]. For each domain there are a series of signaling questions that provide a 
framework for making the overall judgment of risk of bias in each domain as high, 
low or unclear. QUADAS-2 provides generic guidance. In the CDCIG we recog-
nized that tailoring the tool to the complexities of dementia DTA has value. We 
have created core anchoring statements designed for use with the QUADAS-2 tool 
when assessing a reference standard used for detection of dementia or other cogni-
tive impairments [7].

2.7.2  Standards for Reporting Diagnostic Accuracy Statement 
(STARD)

To allow critical appraisal of a study, there are essential elements of study methods 
that need to be described. Quality assessment can only be completed if sufficient 
detail is given in the primary paper. Poor or inconsistent reporting limits the assess-
ment and interpretation of studies and also precludes synthesis of data across stud-
ies in systematic reviews and meta-analyses [62]. Historically in DTA research, 
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study methods have been poorly described and sometimes completely omitted [63]. 
Recognizing that guidance on study reporting, such as the Consolidated Standards 
of Reporting Trials (CONSORT) statement, has been effective in raising standards 
in the reporting of randomized controlled trials (RCTs) [64], a group of researchers, 
editors, and other stakeholders developed similar reporting guidance for DTA 
research. The first version of the STARD statement was published in 2003 [59]; the 
most recent revision was in 2015 [65].

The STARD checklist should be viewed as a minimum set of criteria, and a well 
reported DTA paper will offer more information than suggested by STARD. The 
mission statement of STARD is “to improve the accuracy and completeness of 
reporting of studies of diagnostic accuracy, to allow readers to assess the potential 
for bias in the study (internal validity) and to evaluate its generalizability (external 
validity).” There is an emerging literature suggesting that STARD adaptation has 
improved standards of reporting, but we wait to see if STARD will have the impact 
of guidance such as CONSORT [66, 67].

STARD offers generic guidance across clinical topics. The limitations of a 
STARD approach to reporting dementia test accuracy studies was highlighted in a 
systematic review of all dementia biomarker papers, where even in those journals 
that had adopted STARD as a mandatory requirement, fundamental aspects of study 
methodology were not reported in sufficient detail (blinding, handling missing data, 
sample selection and test reproducibility) [68]. To enhance the use and utility of 
STARD, a set of dementia-specific supplementary criteria were created. The STARD 
for dementia (STARDdem) extension to STARD was published in 2014 [69]. We 
strongly encourage dementia DTA researchers to consult STARDdem early in the 
process of reporting (and indeed designing) future studies.

2.8  Meta-analysis of Test Accuracy in Dementia

The landscape of dementia test accuracy research is evolving, with more original 
research and more sophisticated study designs. Researchers and clinicians now have 
a larger evidence base to work with, although the published evidence is often spread 
across disparate sources, including scientific journals with a medical, neurosciences 
or psychological readership. Single studies of test accuracy are characterized by small 
sample sizes and even if samples are large, numbers of cases may be limited resulting 
in insufficient statistical power to draw firm conclusions on test performance [70]. 
Given this scenario, a synthesis of all available data providing a quantitative summary 
of test accuracy for a particular research question is desirable. Methods for the sys-
tematic review and meta-analysis of test accuracy studies have been developed [71]. 
Diagnostic test accuracy meta-analysis may be used to estimate the accuracy of a 
single test or to compare the accuracy of multiple tests against a common reference 
standard. Meta-analysis allows for the variability of test performance between studies 
(heterogeneity) to be quantified and investigations of potential sources of heterogene-
ity can be performed to explain why results differ between studies [72].
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The methods employed for systematic searching of the literature for a test accu-
racy review are similar to those for other systematic reviews, albeit developing an 
efficient yet comprehensive search strategy is not trivial as searches often return a 
potentially unmanageable amount of hits and titles to screen [73]. This relates, at 
least in part, to the poor indexing of DTA papers compared to randomized con-
trolled trials [74]. The statistical methods used in meta-analysis of test accuracy 
data are different to methods commonly used in reviews of interventions or obser-
vational data. The hierarchical summary receiver operator characteristic (HSROC) 
and bivariate random effects models are considered the most appropriate for pool-
ing data on sensitivity and specificity from multiple studies [71]. Both approaches 
take into account the correlation that may exist between sensitivity and specificity 
as well as variability in estimates between studies. The choice of which method to 
use should ideally be driven by the research question and the focus of interest, and 
will reflect the pattern of thresholds used across the multiple studies available. The 
bivariate model focuses on estimation of a summary sensitivity and specificity at a 
common threshold while the HSROC model focuses on the estimation of a sum-
mary curve from studies that have used different thresholds [75]. Integral to the 
systematic assessment of multiple test accuracy studies is a description of the risk 
of bias and applicability of the included studies based on the QUADAS-2 tool.

Meta-analyses of diagnostic accuracy studies can provide answers to important 
clinical questions but the methods recommended are challenging and certain aspects 
still evolving [76]. Detailed reviews and guidance are available [57, 71, 72], but we 
would encourage review teams embarking on a test accuracy study to liaise with 
experienced statisticians. Members of the Cochrane Screening and Diagnostic Test 
Methods Group have produced macros and tutorial guides that can assist in DTA 
meta-analysis [57]. The CDCIG have created a generic protocol to provide a frame-
work for authors writing DTA protocols for evaluation of the accuracy of neuropsy-
chological tests in the diagnosis of dementias [7].

2.9  Conclusions

Through illustrations of how test accuracy study methods have been applied to 
cognitive assessment instruments, we have highlighted the importance and com-
plexity of this branch of research. Throughout this chapter we have emphasized 
that methods and the results of DTA studies should be examined in the context of 
the DTA question and clinical context. We encourage the use of a framework that 
is based on the index test, target condition, reference standard, and target popula-
tion. We have also highlighted some of the particular challenges of test accuracy 
studies in the field of cognitive assessment. Guidelines exist which can aid study 
design and reporting but they offer guidance rather than mandate a specific meth-
odology. All of this is not to discourage researchers from pursuing test accuracy 
research work but to raise awareness of the issues both for conducting and for 
interpreting research in order to improve study design. Cochrane and other 
research groups are producing high quality and hopefully clinically useful DTA 
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outputs around cognitive screening tests. While the number of systematic reviews 
of cognitive screening tests is increasing, the number of cognitive tests available 
is also increasing and we would encourage researchers to continue to study the 
accuracy of tests for dementia. Issues beyond test accuracy, such as feasibility and 
the handling of missing data [77], also need to be considered and reported when 
studying cognitive screening tools.
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Chapter 3
The Mini-Mental State Examination (MMSE): 
Update on Its Diagnostic Accuracy 
and Clinical Utility for Cognitive Disorders

Alex J. Mitchell

Abstract The Mini-Mental State Examination (MMSE) is the most commonly used 
brief cognitive tool in the assessment of a variety of cognitive disorders. The tool com-
prises a short battery of 20 individual tests covering 11 domains and totalling 30 points. 
Typical completion time is 8 min in cognitively unimpaired individuals, rising to 
15 min in those with dementia. Internal consistency appears to be moderate and test-
retest reliability good. However, the main psychometric issue concerns the MMSE’s 
diagnostic validity against dementia, mild cognitive impairment, and delirium. This 
chapter updates previous meta-analytic summary analyses for the performance of the 
MMSE in specialist and non-specialist settings. Summary sensitivity, specificity, 
 positive and negative predictive values are presented. Results suggest that MMSE does 
not perform well as a confirmatory (case-finding) tool for dementia, mild cognitive 
impairment, and delirium but it does perform adequately in a rule-out (screening) 
capacity. For those scoring below threshold (positive) on MMSE, a more extensive 
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neuropsychological and clinical evaluation should be  pursued. The MMSE is neither 
the most accurate nor most efficient tool with which to evaluate cognitive disorders but 
it has provided a benchmark against which all newer tools can be measured.

Keywords Mini-Mental State Examination (MMSE) • Dementia • Mild cognitive 
impairment • Delirium • Diagnostic accuracy • Reliability • Sensitivity and specific-
ity • Clinical utility

3.1  Background

The Mini-Mental State Examination (MMSE) was published in 1975 [1] as a rela-
tively simple practical method of grading cognitive impairment. Since then it has 
become the most commonly used cognitive screener [2]. Whilst the MMSE may 
never have been intended as a diagnostic (case-finding) tool, it has been extensively 
investigated as a diagnostic test of dementia and to a lesser extent as a diagnostic 
screen for mild cognitive impairment (MCI) and delirium. Many are attracted by the 
brevity of the instrument (typically taking 6–8 min in healthy individuals) and its 
initial royalty free distribution (since 2001 copyright was acquired by Psychological 
Assessment Resources: http://www.minimental.com/). In clinical practice common 
applications of the MMSE are to help clinicians grade the severity of cognitive change 
and to help with cognitive screening [3, 4]. The concept of screening as used here is 
an initial examination largely to rule-out (reassure) those without cognitive disorder 
with as few false negatives as possible. It is less clear whether the MMSE has a case-
finding role (that is, to confirm a clinical diagnosis with minimal false positives).

The MMSE has an internal structure of 20 individual tests covering 11 domains 
including orientation, registration, attention or calculation (serial sevens or  spelling), 
recall, naming, repetition, comprehension (verbal and written), writing, and con-
struction. Internal consistency appears to be moderate with Cronbach alpha scores 
reported between 0.6 and 0.9 [5, 6]. Test-retest reliability has been examined in 
several studies, and in those where re-examination took place within 24 h reliability 
by Pearson correlation was usually above 0.85. Scoring emphasises orientation 
(time – 5 points; place – 5 points); attention/concentration/calculation (5 points) 
with lower emphasis on registration memory (3 points) and recall (3 points). 
Relatively little weight is placed on naming (2 points), repetition (1 point), follow-
ing a three-stage command (3 points), reading (1 point), writing (1 point) or copying 
intersecting pentagons (1 point). Factor-analytic and item-response studies suggest 
up to five factors [7, 8]. Using Rasch analysis it is possible to grade the completion 
difficulty of each item on the MMSE. Relatively difficult items are the recall of 
three words, citing the correct date, copying the pentagon design and spelling 
WORLD backwards or completing serial sevens. Conversely, relatively simple 
items are  naming the correct country, registering three words, following the com-
mand, and naming an object. Acceptability is generally high but it falls in those with 
definite or suspected impairment who may be reluctant to expose perceived deficits 
[9]. All questions are designed to be asked in the order listed, with omissions scored 
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as errors giving a maximum score of 30. However there is some ambiguity in sev-
eral items leading to the structured MMSE (see Chap. 4 at Sect. 4.2.1).

Approximately 200 validation studies have been published using the MMSE as 
the principal tool or as a comparator tool but many are underpowered and/or lack an 
adequate criterion standard and hence can give a misleading impression of accuracy 
[10]. For example Folstein, Folstein, and McHugh validated the MMSE in only 38 
patients with dementia [1]. Yet this extensive evidence base means scores are fairly 
well understood by health professionals and can be adjusted on the basis of norma-
tive population data. For example Crum et al. tested an extensive group of 18,056 
participants in the U.S. Epidemiologic Catchment Area (ECA) study and presented 
distributions by age and educational levels [11]. Some groups have provided norms 
for each item on the MMSE by age group [12]. Yet there remains uncertainty regard-
ing optimal cut-off threshold for each condition under study [13–16]. A cut-off of 
<24 was recommended as significant by Folstein and colleagues in persons with at 
least 8 years of education [1]. Some individuals with MCI or early dementia and a 
background of extensive education may experience a ceiling effect with the MMSE 
(see early dementia, Sect. 3.3 below). In other words the MMSE may lack subtle 
tests necessary to detect early cognitive changes particularly regarding recall.

Here I will review the diagnostic accuracy of the MMSE in the detection of the 
common cognitive disorders in clinical practice namely: dementia, mild cognitive 
impairment (MCI), and delirium.

3.2  Diagnostic Validity in Dementia of Any Severity

The MMSE has been extensively investigated as a diagnostic test for current demen-
tia either on its own or against comparison scales. O’Connor et al. conducted one of 
the first adequately powered tests of the MMSE using a cut-off <24 in 586 patients 
who received a CAMDEX/CAMCOG interview as a reference standard [17]. 
O’Connor et al. found that sensitivity of the MMSE was 86 % and specificity 92 %. 
In 2009 Mitchell undertook a meta-analysis of 34 MMSE dementia studies [18] and 
this was revised to 45 studies in the previous edition of this chapter [19]. This 
included community studies, primary care studies. and studies in specialist settings 
where the prevalence of dementia is relatively high. The prevalence of each condi-
tion in each setting strongly influences the performance of a test (see Chap. 2 at 
Sect. 2.3.4). High prevalence settings favour case-finding with few false positives 
but at the expense of false negatives. Low prevalence settings favour screening with 
few false negatives but at the expense of frequent false positives. The most recent 
meta-analysis published in 2015 included 108 MMSE studies involving 36,080 sub-
jects (10,263 with dementia) [20]. The most common cut-off values to define 
dementia were <23 and <24. Across all studies, the prevalence was 28 % showing 
that the authors combined all settings: specialist and non-specialist.

Using bivariate random-effects model the sensitivity from this meta-analysis was 
81.3 % (95 % CI = 80.6–82.1 %) and specificity was 89.1 % (95 % CI = 88.7–89.5 %). 
Further analysis is shown in Table 3.1. PPV was calculated as 74.8 % (95 % 
CI = 74.0–75.6 %) and NPV was 92.3 % (95 % CI = 92.0–92.6 %). The positive 
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 clinical utility index (CUI) was 0.608 “fair” (95 % CI = 0.598–0.618) for case-find-
ing and negative CUI was 0.822 “excellent” (95 % CI = 0.819–0.825) for screening. 
No results were presented by setting but can be estimated using the Bayesian plot of 
conditional probabilities (Fig. 3.1) which illustrates the effect of changing 
prevalence.

It should be noted that overall performance deteriorates if patients with MCI are 
combined with healthy controls (see Sect. 3.4 below). Regarding broadly defined 
dementia, the MMSE would be most suitable as a screening test in specialist set-
tings, and in primary care provided instrument length was not problematic.

3.3  Diagnostic Validity in Early Dementia

One critical question is whether the MMSE retains sufficient accuracy when look-
ing for early dementia. People with early dementia are particularly at risk of being 
overlooked and undertreated [21]. Provisional evidence from three studies suggests 
a modest reduction in accuracy when attempting to diagnose those with mild 
dementia. For example, in specialist hospital or memory clinics, Heinik et al. found 
that the area under the ROC curve was 0.96 for all dementias but 0.89 for very mild 
dementia [22] and similarly Meulen and colleagues found that the area under the 
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Spering et al. 2012 [32]; MMSE+ score below the chosen MMSE cut-off indicating a positive test; 
MMSE– score above the chosen MMSE cut-off indicating a negative (normal) test
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ROC for the MMSE was 0.95 for all dementias but 0.87 for mild dementia [23]. 
Also a cut-off threshold higher than ≤23 is recommended when looking for mild 
dementia. Yoshida et al. [24] found 95 % sensitivity and 83 % specificity looking for 
mild dementia in a Japanese memory clinic at a threshold of ≤28 which would give 
“good” clinical utility for screening (CUI + = 0.789) and case-finding (CUI− = 0.786). 
At a lower threshold of ≤25 sensitivity fell to 76 % but specificity increased to 97 % 
which would also have “good” clinical utility for screening (CUI + = 0.800) and 
case-finding (CUI− = 0.727). In a sub-analysis of 88 people with mild Alzheimer’s 
scoring >20 on the MMSE, Kalbe and colleagues [25] found that the MMSE had a 
sensitivity of 92 % and a specificity of 86 % (PPV = 85.2 %, NPV = 92.2 %) which 
again would imply “good” clinical utility for case-finding (CUI + = 0.781) and 
screening (CUI− = 0.796). Regarding diagnosis of mild dementia in primary care, 
Kilada and colleagues found adjustment of the MMSE cut-off to ≤27 was required 
[26]. Grober et al. [27] examined the value of MMSE in 317 primary care attendees 
with mild dementia (CDR of 1.0 and 0.5 but without MCI). In this study, at a cut-off 
of ≤23 sensitivity was 53 % and specificity 90 % (PPV = 52.7 %, NPV = 90.1 %), but 
at a cut-off of ≤26 sensitivity was 73 % and specificity 73 % (PPV = 36.0 %, 
NPV = 92.7 %) suggesting only “fair” clinical utility. Further information on the 
diagnosis of early dementia comes from studies in which the comparator sample is 
a combination of healthy controls and those with MCI as this is more likely to be the 
situation clinically (see Sect. 3.4).

3.4  Diagnostic Accuracy in the Detection of MCI

There were only five studies published up to 2009 regarding MMSE for diagnosis 
of MCI [18] but by 2012 this had risen to 11 qualifying studies [19]. In 2015 a meta- 
analysis found 21 studies with a sensitivity estimate of 0.62 (95 % CI = 0.52–0.71) 
and specificity of 0.87 (95 % CI = 0.80–0.92) [20]. A new search for this chapter 
revealed 40 relevant studies (see Table 3.1 for summary findings). Most have used 
cross-sectional rather than longitudinal definitions of MCI and these criteria them-
selves remain somewhat controversial [28, 29]. These are essentially the combina-
tion of subjective memory complaints with objective impairment but no dementia 
and “minimal” functional decline. It is important to realise many patients with pre- 
dementia cognitive decline will not fulfil these rules largely because of measurable 
problems with activities of daily living or absence of recorded subjective memory 
complaints. Thus MCI should be considered as only one of several possible pre- 
dementia categories. Further, it is now recognised that many with MCI do not prog-
ress but remain stable or actually improve.

An overview of 40 studies shows that the majority used the Mayo Clinic diagnos-
tic criteria suggested by Petersen and colleagues [28, 30] but some use revised 
Winblad criteria [29] and a minority use a Clinical Dementia Rating score of 0.5 
(CDR) [31]. The vast majority were recruited from memory clinics or secondary 
care, only a handful claim to recruit directly from the community. Samples were not 
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matched demographically but instead recruited from convenience samples, which is 
nevertheless similar to clinical practice. Thus across these 40 studies, the mean age 
of those with MCI was 73.2 years whilst in healthy controls it was 71.0 years. The 
proportion of females in MCI studies was 44 % and in controls 46.9 %. Regarding 
education, the mean number of educated years in those with MCI was 9.79 vs 9.64 in 
controls. Perhaps the major question regards cut-off threshold on the MMSE: 12 
studies used <29; 9 studies used <28; 17 studies used <27; and 9 studies used <26.

Summary results are shown in Table 3.1. After weighting, the meta-analytic sen-
sitivity was found to be 59.7 % (95 % CI = 58.6–60.7 %) and specificity was 80.2 % 
(95 % CI = 79.4–81.0 %). PPV was 72.1 % (95 % CI = 71.1–73.2 %) and NPV 69.9 % 
(95 % CI = 69.0–70.7 %). The positive clinical utility was 0.431 “poor” (95 % 
CI = 0.418–0.444) for case-finding and negative CUI was 0.561 (95 % CI = 0.553–
0.568), that is qualitatively “fair”, for screening.

A related question is how the detection of dementia is influenced by the inclu-
sion of patients with MCI in the comparator group alongside healthy controls. 
This is a clinically useful question as attendees in memory clinics usually are 
mixed in type and severity. One very large study (n = 6843) provides the answer 
[32]. In comparison to detection of dementia against healthy controls alone, speci-
ficity falls as does PPV when using MMSE to detect dementia vs healthy controls 
and/or people with MCI. For example, at a cut-off of ≤26 whilst sensitivity 
remains at 71.6 % (95 % CI = 69.8–73.4 %), specificity falls from 97.9 to 93.5 % 
(95 % CI = 92.8–94.2 %) and PPV falls from 96.3 to 85.1 % (95 % CI = 83.5–
86.7 %). In this mixed comparison, overall the optimal threshold appears to be 
≤26 as clinical utility is “fair” for case- finding (CUI + = 0.609) and “very good” 
for screening (CUI− = 0.808) at this cut-point.

3.5  Diagnostic Validity in Delirium

Delirium is a mental disorder usually characterized by acute or sub-acute onset, 
impaired attention, an altered level of consciousness and a fluctuating course. 
Frequently there are widespread cognitive deficits in orientation, memory, attention, 
thinking, perception and insight. It occurs in approximately 10–30 % of vulnerable 
patients admitted to hospital. If unresolved, delirium is strongly associated with 
poor outcomes such as disability and death [33–35]. Randomized trials have shown 
multi-component preventive strategies to be effective in preventing and treating 
delirium [36]. However it remains under-recognized leaving a possible role for 
screening instruments [37]. A recent review of the accuracy of 11 instruments used 
in 25 studies highlighted potential value of the Global Attentiveness Rating (GAR), 
Memorial Delirium Assessment Scale (MDAS), Delirium Rating Scale Revised-98 
(DRS-R-98), Clinical Assessment of Confusion (CAC), Delirium Observation 
Screening Scale (DOSS) and Nursing Delirium Screening Scale (Nu-DESC) [37]. 
The Confusion Assessment Method (CAM) was the most thoroughly studied but the 
Mini-Mental State Examination (MMSE) was omitted from this review [37].
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The MMSE may not seem the ideal choice for delirium but nevertheless has the 
potential to be useful because of its broad cognitive remit. Indeed the accuracy of 
the MMSE in detecting delirium has been reported in a recent meta-analysis [38]. 
No more recent primary studies have been published to date. Thirteen studies were 
included in this meta-analysis representing 2017 patients in medical settings of 
whom 29.4 % had delirium. The meta-analysis revealed the MMSE had an overall 
sensitivity and specificity estimate of 84.1 and 73.0 %, but this was 81.1 and 82.8 % 
in a subgroup analysis involving robust high quality studies. Sensitivity was 
unchanged but specificity was 68.4 % (95 % CI = 50.9–83.5 %) in studies using a 
predefined cut-off of <24 to signify a case. Clinical utility was poor for confirmation 
(case-finding) of delirium but good for initial screening (minimizing false 
negatives).

3.6  Conclusion and Implementation

This chapter brings up to date the latest evidence concerning the application of the 
MMSE as a diagnostic test for dementia, MCI and delirium. It is worth acknowledg-
ing that the MMSE has a number of obvious limitations [4]. It has a floor effect 
(imprecise measurement in the very severe range) [39, 40] which is notable in 
advanced dementia, in those with little formal education, and in those with severe 
language problems. There is also a ceiling effect, meaning it may not perform well 
in people with very mild dementia or indeed MCI [41]. This is thought to relate to 
its relatively crude testing of recall based solely on three objects. This problem is 
likely to be amplified when testing highly educated individuals. That said, this cur-
rent analysis reveals that the MMSE is only marginally impaired in the detection of 
mild dementia as compared to the detection of moderate to severe dementia.

Most cognitive tests are influenced by age, education, and ethnicity and the 
MMSE is no exception [40]. Twelve percent of the variance in MMSE scores can be 
attributed to age and education alone [42]. Tables of adjustment by age and educa-
tion have been published but are often overlooked by busy clinicians [43]. However 
a useful rule of thumb when screening for dementia is to choose a cut-off threshold 
of <21 for those with a basic school education, <23 for those with a high school 
education, and <24 for those with graduate/university education. Another important 
limitation is its length, particularly when its intended use is in primary care [44, 45]. 
Whilst it can be completed and scored in 5–8 min in unimpaired healthy individuals, 
it often takes 15 min or more in patients with dementia [23].

The focus of this chapter has been on the accuracy of the MMSE when used to 
help in the diagnosis of a cognitive disorder. A cognitive test can be used as a screen-
ing tool to reassure those without cognitive impairment, or as a case-finding tool to 
confirm those that do have cognitive impairment. The MMSE performs differently 
for each purpose and does not perform well as a single tool used for all types of 
patient in all settings. Overall results from 108 studies suggest it performs best 
when separating dementia from healthy cognitively unimpaired individuals. Here 
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clinical utility was qualitatively “fair” (CUI + = 0.608) for case-finding and 
 “excellent” (CUI− = 0.822) for screening. Performance was slightly weaker in early 
dementia vs healthy unimpaired individuals but the MMSE still achieved a “good” 
clinical utility. For MCI, however, the MMSE had a poor positive clinical utility 
(0.431) for case-finding and the negative CUI was only “fair” (0.561) for screening, 
illustrating limited performance for MCI. In most memory clinics people are not 
simply divided into dementia or healthy, therefore the comparison of dementia vs 
healthy combined with MCI is of note. In the detection of dementia vs healthy con-
trols or MCI the clinical utility is no longer “poor” but “fair” for case-finding 
(CUI + = 0.609) but a “good” rating is preserved for screening (CUI− = 0.808). 
However an adjustment of cut-off threshold to ≤26 is necessary. Thus in specialist 
settings the MMSE is likely to be useful for initial reassurance in those who score 
27 or above. Regarding delirium the latest evidence shows clinical utility of the 
MMSE was fair for confirmation (case-finding) of delirium but again “good” for 
initial screening (minimizing false negatives).

The final decision whether to use the MMSE as a diagnostic tool will depend on 
the consequences of false positives and false negatives. The following examples are 
illustrative of screening yield. In the case of the MMSE for dementia vs healthy 
controls (sensitivity = 81.3 %, specificity = 89.1 %, prevalence = 28.4 %) out of 100 
people tested the MMSE would correctly identify 23 with dementia, missing 5; and 
it would correctly reassure 64, with 8 false positives. In the case of the MMSE for 
MCI vs healthy controls (sensitivity = 59.7 %, specificity = 80.2 %, preva-
lence = 46.2 %) out of 100 patients tested the MMSE would correctly identify 28 
with MCI, missing 18; and it would correctly reassure 43, with 11 false positives. If 
all those tests (i.e. including those with false negatives and positives) received fur-
ther evaluation then the adverse consequences of any initial erroneous results would 
be minimised, however if those with false negatives received no follow-up and those 
with false positives received incorrect treatment then the consequences of error 
could be serious. Further, one must consider uptake of follow-up testing. Past 
research has shown that the uptake of further diagnostic tests by individuals who 
screened positive for cognitive impairment is between 28 and 48 % [46, 47].

Some may argue that data on the accuracy of a tool does not prove that it is effec-
tive in clinical practice. Few studies have actually evaluated whether the MMSE (or 
indeed any cognitive tool) improves outcomes when implemented in a clinical set-
ting. Although one early study incorporating the MMSE showed no beneficial effect 
of delirium screening [48], a second larger randomized study of delirium screening 
and treatment was effective [49]. Regarding implementation of MMSE screening 
for dementia, in a non-randomized study Van Hout and colleagues [50] found gen-
eral practitioners opted to use the MMSE in only 18 out of 93 cases and use of the 
MMSE was not associated with better diagnostic accuracy. However in a 24-month 
cluster-randomized study, Fowler et al. [51] found those who received cognitive test 
results were more likely to order diagnostic tests and discuss memory problems 
with patients, and patients were more likely to be taking cognitive-enhancing medi-
cation at follow-up. Overall this lack of evidence from implementation studies has 
led some guidelines to advise against routine (and/or population based) screening 
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for cognitive impairment in asymptomatic individuals [52, 53]. In truth, evidence 
from implementation studies where clinicians are randomized to using or not using 
the MMSE is lacking across all cognitive disorders and all stages, whether people 
are symptomatic or asymptomatic. Further research should focus on this question of 
implementation effectiveness.

The MMSE has gained tremendous popularity as a relatively quick ‘bedside’ 
cognitive test but its diagnostic accuracy has been hitherto unclear. The best evi-
dence available to date suggests it is not an ideal tool for case-finding dementia and 
it is frankly poor at case-finding MCI and only fair for dementia and delirium. 
However it can have a role as a first step screener for dementia, MCI or delirium. In 
fact, for dementia vs healthy controls it has “excellent” screening accuracy (although 
this falls to “good” if the population is mixed healthy controls and MCI). As an 
initial first step screener for delirium it has good accuracy and for MCI only “fair” 
accuracy. If the MMSE is used in clinical practice then I recommend for those scor-
ing below threshold (positive) that a second step comprehensive clinical and neuro-
psychological evaluation is conducted.
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Chapter 4
MMSE Variants and Subscores

Andrew J. Larner

Abstract The Mini-Mental State Examination (MMSE) is long established as an 
instrument for the screening of cognitive complaints. Its utility has prompted the 
development of a number of variants and subscores. Of the MMSE variants, many 
are shorter than the original MMSE (e.g. Codex, Six Item Screener) to facilitate use 
in time-limited situations, such as primary care, but hopefully without loss of clini-
cal utility. In contrast, the Modified MMSE or 3MS is longer, assessing a broader 
range of cognitive functions. MMSE adaptations for those with hearing or visual 
impairment, for telephone use, and to identify cognitive problems specific to 
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Parkinson’s disease have been designed. MMSE subscores which may help to iden-
tify vascular dementia and dementia with Lewy bodies have also been described. 
These MMSE variants and subscores provide additional tools for the assessment of 
cognitive complaints, sometimes related to specific clinical situations. There are 
fewer data regarding their use than for the MMSE.

Keywords Mini-Mental State Examination (MMSE) • Variant • Subscore • Hearing 
impaired • Visually impaired • Telephone

4.1  Introduction

It is now over 40 years since the Mini-Mental State Examination (MMSE) was first 
published [1]. Over this time period, the MMSE has become the most widely used 
cognitive screening instrument, with many studies published examining its utility 
in identifying individuals with cognitive impairment and thousands of citations [2, 3] 
(see Chap. 3). It has also been translated into a variety of different languages  
(e.g. [4]) but these will not be discussed in this chapter, nor other reported cultural 
modifications [5].

Despite its ubiquity, shortcomings in the diagnostic utility of the MMSE have 
been noted (e.g. [6, 7]). It has limited ability to generate a cognitive profile [8] with 
only perfunctory testing of memory (cases of amnesia can be missed: [9]) and test-
ing of visuoperceptual function and executive function is largely eschewed. The 
MMSE is very much oriented to language in the verbal domain, but some of the 
language tests are of low sensitivity and correlate poorly with neuropsychological 
test scores [8]. Ideally, MMSE scores should be corrected for age and level of edu-
cation [10–12] although this is seldom done in clinical practice. Systematic review 
and meta-analysis of MMSE studies has suggested that it is not good as a case- 
finding tool for dementia or mild cognitive impairment (MCI) reflecting its low 
sensitivity, although it does have merit in ruling out dementia reflecting its higher 
specificity (see Chap. 3).

Further threats to the continuing hegemony of the MMSE have arisen from the 
enforcement of copyright on its use [13]. These considerations, along with the 
aforementioned neuropsychological issues, have led some to suggest that the 
MMSE is obsolete and should be retired [14–16] and to call for alternatives [17, 18].

Whilst the MMSE copyright issue will not go away, nevertheless theoreti-
cally motivated revisions of the MMSE which have tried to address its neuro-
psychological omissions and improve its screening performance have appeared, 
including the Addenbrooke’s Cognitive Examination (ACE) [19] and its further 
iterations, ACE-R [20], ACE-III [21], and M-ACE [22] (see Chap. 6). In addi-
tion, other MMSE variants have been reported which have aimed to improve test 

A.J. Larner



51

performance, as have subscores derived from elements of the MMSE which aim 
to help in the identification of specific pathological causes of cognitive decline. 
Such diagnostic subscores have also been described for the ACE and ACE-R 
(see Chap. 6) and the Montreal Cognitive Assessment [23] (see Chap. 7). This 
chapter summarizes reported MMSE variants and subscores and their clinical 
utility.

4.2  MMSE Variants

4.2.1  Standardized Mini-Mental State Examination (sMMSE)

Newly developed cognitive screening instruments now generally come with a 
scoring manual which operationalizes the test, but this was not normative when the 
MMSE was first described. There was therefore scope for inter- and intra-rater 
variance when performing the MMSE. Molloy and colleagues sought to redress 
this problem by providing specific instructions as to how the MMSE should be 
administered and scored, in the hope that such strict guidelines would improve 
reliability. Using this standardized MMSE (sMMSE), they found reduced inter- 
and intra-rater variance and improved intraclass correlation as compared to the 
original MMSE, changes characterized as resulting from reduced measurement 
noise. Of note, use of the standardized MMSE was found to take less time that the 
traditional MMSE [24, 25].

Baseline sMMSE scores have been reported to correlate with function in activi-
ties of daily living: scores between 30/30 and 26/30 are deemed in the normal range, 
whilst scores between 25/30 and 20/30 are found in patients with mild cognitive 
impairment, between 20/30 and 10/30 in moderate cognitive impairment, and 9/30 
or less in severe cognitive impairment [26]. Baseline sMMSE scores have also been 
reported to predict progression in Alzheimer’s disease (AD) [27]. It has also been 
suggested that analysis of the pattern of deficits in sMMSE can help to differentiate 
between AD, vascular dementia, and dementia with Lewy bodies [26].

sMMSE has also been compared with other short cognitive screening instru-
ments. It was found to be less sensitive than the AB Cognitive Screen in differentiat-
ing MCI from normal cognition [28]. Similarly the Quick mild cognitive impairment 
(Qmci) screen (see Chap. 12) was found to be more sensitive than sMMSE in dif-
ferentiating MCI and normal controls [29]. These findings may perhaps relate in part 
to the lack of sensitivity of sMMSE for memory deficits (as for MMSE [8, 9]): one 
study found moderate to severe memory impairment on the Hopkins Verbal Learning 
Test-Revised in nearly half of patients achieving perfect (30/30) or near perfect 
(29/30) scores on the sMMSE [30]. The combination of these studies suggests that 
sMMSE has low sensitivity and hence risks false negative categorization of patients.
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4.2.2  Long Forms of the MMSE, Including 3MS

Long forms of the MMSE extend the score range from the standard 0-30, and hence 
may reduce ceiling and floor effects of the test, at the cost of taking longer to per-
form. For example, the most commonly used Spanish translation of MMSE is a 
35-point version (Mini Examen Cognoscitivo, MEC-35), with added digit and 
abstraction tasks [31]. There is also a 37-item version of the MMSE [32] which not 
only extends the score range but also reduces the complexity of some of the tasks 
in order to avoid floor effects and to adapt the test for patients with a low educa-
tional level, thus avoiding false positive diagnoses. The items in a Spanish version 
of MMSE-37 which best discriminated between dementia and non-dementia 
patients were reported to be orientation, attention, and language (repetition and 
comprehension) [33].

The Modified Mini-Mental State Examination (3MS) was designed by Teng and 
Chui to sample a broader range of cognitive functions than the MMSE [34]. By add-
ing test items, making some changes in item content, and using graded scoring, a 
final score which ranged from 0 to 100 was generated. Despite these changes, 3MS 
was said to retain the brevity of the original MMSE [34].

Subsequent studies have confirmed the high correlation of MMSE and 3MS 
scores, as well as test-retest reliability [35]. In the Cardiovascular Health Study, an 
observational prospective cohort study of risk factors for coronary heart disease and 
stroke in individuals ≥65 years of age, a cross-sectional assessment found that users 
of certain anti-hypertensive medications (calcium channel blockers and loop 
 diuretics but not beta-blockers) had more severe hyperintense white matter signal 
changes seen on brain magnetic resonance (MR) imaging and worse performance 
on 3MS [36]. In the Women’s Health Initiative Memory Study (WHIMS), 3MS was 
administered to over 7000 women aged 65–80 years who had volunteered for the 
study. Mean 3MS scores decreased with age and increased with education, associa-
tions which varied among ethnic groups [37].

3MS has been used in community screening for dementia [38, 39], most notably 
in the Canadian Study of Health and Aging (e.g. [40, 41]). McDowell et al. found 
that 3MS had better internal consistency than the MMSE (Cronbach’s alpha 0.87 
and 0.78 respectively) and greater diagnostic accuracy in identifying dementia (area 
under the receiver operating characteristic [ROC] curve (see Chap. 2, at Sect. 2.4.3] 
0.93 and 0.89 respectively). The superiority of 3MS was attributed to the extended 
scoring system rather than to its additional questions per se [38]. Bland and Newman 
[39] found 3MS to be highly sensitive (0.88) and specific (0.90) for the identifica-
tion of mild dementia and cognitive impairment at a cutoff score of 77/78. Normative 
data have been published for 3MS in elderly individuals [42] and for elderly African- 
Americans [43].

A revised version of the Modified MMSE, 3MS-R, has been described [44].  
A German version of 3MS-R was found to be diagnostically superior to MMSE 
(area under the ROC curve 0.995 and 0.953 respectively) with a sensitivity and 
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specificity of 0.98 and 0.94 for the diagnosis of AD at the optimal cutoff of 88 [45]. 
It should be noted that not all reports of a “modified Mini-Mental State Examination” 
relate to 3MS (e.g. [46]).

4.2.3  Short Forms of the MMSE

One complaint sometimes leveled at the MMSE is that it takes too long to adminis-
ter [47], perhaps particularly in primary care and general medical and neurological 
settings where time available for cognitive assessment may be limited (i.e. less than 
5–10 min). The need for props (pieces of paper, writing implement, pre-written 
command and pre-drawn figure of intersecting pentagons for copying) has also 
prompted criticism [48]. Hence there has been comment upon and interest in devel-
oping abbreviated forms of the MMSE which can be applied in a shorter time, yet 
hopefully retain much of the sensitivity and specificity of the original [49].

One option to shorten administration time is to predict total MMSE performance 
based on performance of selected items only. For example, Magaziner et al. [50] 
found that seven items of the MMSE could predict total scores. Matthews et al. [51] 
found that, in a cohort of patients in whom cognitive impairment was rare, an 
11-item abbreviated version of the MMSE could be used to derive full-scale MMSE 
scores fairly accurately by assuming high functioning on excluded items.

Application of item response analysis to the MMSE showed that the most diffi-
cult items, those failed earliest in the progression of AD, were the three memory 
items and orientation to date [52]. Similarly, a logistic regression analysis showed 
that MMSE items discriminating normal controls from patients with mild AD were 
day, date, and recall of two words (“apple” and “penny”) [53].

Using logistic regression, Galasko et al. [54] showed that certain MMSE items 
were statistically significant predictors of the diagnosis of AD (especially recall 
memory and orientation to place, with, in decreasing order of significance, copying 
intersecting pentagons, failed serial 7s, and orientation to time) whilst other items 
(registration, naming, repetition, three-step verbal command, written command, 
writing a sentence) were only weak predictors. Based on their observations of the 
predictive power of individual MMSE components for the diagnosis of AD, Galasko 
et al. developed a two-item score (recall memory and orientation to place; score 
range 0–8) which, in a restricted sample of well-educated patients and controls, 
showed comparable sensitivity and only slightly decreased specificity to the com-
plete MMSE [54].

Six of the 20 MMSE variables (State/County, Town/City, naming “pencil” and 
“watch”, written command, and immediate repetition of three words) were shown to 
perform poorly regarding sensitivity for detection of cognitive impairment in elderly 
patients and thus added noise rather than discrimination to MMSE. The authors sug-
gested that 12 MMSE items could produce a sumscore which was equally as effec-
tive as the full MMSE for identifying cognitive impairment in elderly patients [55].
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Three-word recall and spatial orientation from the MMSE were incorporated 
into a decision tree, along with a simplified clock drawing test, called the cognitive 
disorders examination or Codex which had high sensitivity and specificity for 
dementia (0.92 and 0.85 respectively) in a validation study, a better sensitivity than 
the MMSE [56]. An independent, pragmatic, study of Codex found good sensitivity 
and specificity for the diagnosis of dementia (0.84, 0.82 respectively), whilst for all 
cognitive impairment (dementia and MCI) the sensitivity decreased (0.68) whilst 
specificity increased (0.91), suggesting that Codex may miss cases of MCI [57].

Other attempts to produce short MMSE derivatives include the study by Onishi 
et al. [58] who reported that the summed scores of time orientation and serial sevens 
was found to have high sensitivity (0.98) but lower specificity (0.69) for cognitive 
impairment in older adults using a cutoff of 7/7+. Paveza et al. [59] developed a 
“brief MMSE” using four items (orientation to time, orientation to place, memoriz-
ing and repeating three non-related items, spelling “world” backwards) with a score 
range of 0–18, with high sensitivity (0.98) with a cutoff of 14. The potential value 
of this brief MMSE in medically ill older people has been reported [60].

The Six-Item Screener (SIS) described by Callahan et al. [61] comprises the 
three-item recall and three of the temporal orientation items (day of week, month, 
and year) from the MMSE, with the score being the number of errors (range 0–6, 
normal to impaired). The negative scoring may explain the inadvertent confusion of 
SIS with the Six-item Cognitive Impairment Test (6CIT; see Chap. 11) in one review 
[62]. In a community-based sample of elderly African-Americans, using a cutoff of 
three or more errors gave sensitivity and specificity for a diagnosis of dementia of 
0.89 and 0.88 respectively. Performance on the SIS was found to be comparable to 
the MMSE (sensitivity 0.95, specificity 0.87 at cutoff 23/30). A study from a 
 memory clinic in China [63] found the SIS to have similar sensitivity (0.89) but 
lower specificity (0.78) for the detection of mild AD compared to the study of 
Callahan et al. [61], but limited ability to detect MCI. SIS has been used to identify 
cognitive impairment in older persons attending the emergency department [64], 
wherein its sensitivity (0.63) proved somewhat lower than in the index study [61]. 
SIS was reported to be superior to the caregiver- or patient-administered AD8 [65, 
66] (see Chap. 14) to identify cognitive dysfunction in this setting [67]. SIS was 
found to be less accurate than MMSE and the Clock Drawing Test (see Chap. 5) 
when used to screen for dementia in elderly patients resident in a care facility (area 
under the ROC curve 0.526 and >0.70 respectively) [68].

Similar to the SIS, summation of MMSE subscores for orientation to time and 
3-word recall has been suggested as a marker of episodic memory function, and 
was strongly associated with diagnosis of dementia and AD [69], moreso than 
scores on the Free and Cued Selective Reminding Test, another test of episodic 
memory [70]. By adding three object recall and orientation to time to the MMSE 
score, Commenges et al. [71] reported increased specificity of the MMSE without 
loss of sensitivity. Three-word recall and time orientation form part of the Memory 
Orientation Screening Test (MOST™), along with list memory and clock drawing, 
which is reported to be more sensitive and accurate than MMSE for identifying 
early dementia [72].
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Attempts have been made to apply Rasch modeling, one branch of modern test 
theory, to examine differential item functioning of MMSE components [73, 74]. For 
example, Schultz-Larsen et al. [74] used Rasch analysis to produce an abbreviated 
version of the MMSE (“D8-MMSE”) consisting of nine items and using a simpler 
(polytomous) scoring of three item recall. Items in D8-MMSE included those 
known to be important discriminators of dementia, such as orientation to place, 
recall memory, and copying. This version proved to have almost identical perfor-
mance values to the original MMSE, with slightly lower sensitivity and specificity 
but equal area under the ROC curve. Total scores were not affected by age, sex, or 
educational level. This methodology has been criticized as losing the information 
regarding the relative value of each different MMSE item for delineating where in 
the cognitive continuum an individual is likely to be [48]. As a modified design of 
the MMSE post hoc, this instrument has been excluded from a meta-analysis of 
multi-domain cognitive screening tests [62].

Haubois et al. [75] hypothesized that the six memory items of the MMSE could 
be used to build a short form of the MMSE, calculated using the formula [free recall 
of three words + cued recall of three words], with a score range of 0–6 (impaired to 
normal); the exact cueing technique was not specified in their publication. In some 
ways, this approach seems similar to that of the Free and Cued Selective Reminding 
Test, or five words test of Dubois et al. [70] which is said to test episodic memory 
(hippocampal amnesia) specifically. In a case control study examining patients 
diagnosed as demented or cognitively healthy (patients with mild cognitive impair-
ment were excluded), Haubois et al. [75] found a short MMSE cutoff score of ≤4/6 
had similar sensitivity to MMSE cutoff score ≤24/30 (0.90) and similar area under 
the ROC curve (0.93 versus 0.95). A validation study of this short form of the 
MMSE has reported excellent sensitivity (ca. 0.8) and specificity (ca. 0.9) [76].

Shortened forms of translated versions of the MMSE have also been reported 
(e.g. the Korean MMSE; [77]).

It is perhaps fair to say that none of these short forms of the MMSE has achieved 
widespread usage.

4.2.4  Severe MMSE

The severe MMSE was designed by Harrell et al. [78] to assess cognitive domains 
which remain relatively preserved in moderate to severe AD. The ten items exam-
ined orientation to person (name, birthdate), language (following verbal command, 
repeating three words, naming three objects, spelling a word, writing own name, 
category fluency for animals), and construction (copying a square, drawing a circle) 
generating a score of 0–30 (impaired to normal). Dedicated memory tests were 
omitted. It has been subsequently pointed out that there is little similarity between 
the original MMSE and the severe MMSE other than the score range [79].

Severe MMSE and MMSE performance in 182 patients with possible or proba-
ble AD was found to correlate significantly only when MMSE score fell below 9/30. 
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As MMSE performance approached floor levels, severe MMSE scores were still at 
half maximal levels. Severe MMSE performance also correlated with functional 
staging of AD using the Clinical Dementia Rating Scale and the Global Deterioration 
Scale [78]. Translated versions of the severe MMSE have appeared [80, 81].

4.2.5  MMSE for the Hearing Impaired

As MMSE is presented verbally, performance problems may be anticipated in those 
with hearing impairment, indeed poor hearing was one of the most common causes 
of poor performance on the MMSE in elderly patients without dementia [82].

A study of AD patients found lower MMSE scores in those who were hearing 
impaired compared to the hearing unimpaired [83]. Using a written version of the 
MMSE, scores were lower than using the original MMSE in the hearing impaired 
group, whilst in the hearing unimpaired patients written MMSE scores were slightly 
higher than original MMSE scores. Although these differences, which were con-
trary to expectations, did not reach statistical significance, they nonetheless sug-
gested that poor cognitive performance in the hearing impaired was not an artifact 
of the cognitive testing procedure [83]. Comparing original MMSE with a modified 
version using translation of English test items into a sign-based form in a population 
of culturally deaf patients, Dean et al. [84] found problems with some items such 
that there was an increased risk of false positive scores.

Using a written MMSE, De Silva et al. [85] found no significant difference 
between written and original MMSE scores in a hearing impaired group (although 
they expressed a preference for the former), but normal hearing individuals per-
formed slightly better on the original MMSE (contrary to findings of Uhlmann 
et al. [83]). Time to perform the two versions was similar. Hence, although hearing 
impaired individuals are impaired on original MMSE performance, using a writ-
ten version of the MMSE makes no difference. Nevertheless, written MMSE may 
be the only option for those with profound hearing loss if cognitive testing is 
required [85].

4.2.6  MMSE for the Vision Impaired

Primary sensory deficits, particularly visual, may be one of the factors which con-
tributes to impaired performance when cognitive screening instruments are admin-
istered (see Chap. 1). A number of MMSE items explicitly require vision for their 
performance: naming two visually presented objects, following a written command, 
writing a sentence, copying intersecting pentagons. Vision is also required for the 
praxis of the three stage command.

Removing these vision-dependent tasks from the MMSE to give a denominator of 
22, rather than 30, has been described as the “MMSE-blind” [86] or “MMblind” 
[87]. Age- and education-specific norms have been validated for this instrument [86]. 

A.J. Larner



57

A study of older individuals (>85 years) found no difference in MMblind scores 
between those registered sight impaired or severely sight impaired and those not 
registered, whereas standardized MMSE scores (see above, Sect. 4.2.1) did differ 
between these groups, with the former group scoring lower not only on the recog-
nized visual items but also on orientation and repetition of a phrase [87].

Adaptation of the standardized MMSE for use in blind people has been described 
(omitting the naming of objects, reading a command, writing a sentence, and copy-
ing a diagram) to give a denominator of 25 [26].

4.2.7  Telephone Adaptations of the MMSE

Administration of cognitive screening instruments by telephone may be a useful 
method for detecting individuals with cognitive impairment, particularly for com-
munity studies or where distances might preclude attendance at an outpatient facil-
ity. However, telephone administration of a cognitive screening instrument poses 
similar challenges to administration to visually impaired individuals. A number of 
telephone-based cognitive screening instruments are described [88, 89], including 
versions of the MMSE.

As part of the Adult Lifestyles and Function Interview (ALFI), Roccaforte et al. 
[90] developed a 22-point version of the MMSE (ALFI-MMSE) that omitted eight 
items from the original MMSE that could not be administered without visual cues 
or assessment. The validity of ALFI-MMSE administered by telephone was com-
pared with face-to-face administration to geriatric outpatients. There was excellent 
correlation of test scores for both cognitively impaired and intact individuals. 
Hearing impairment was associated with lower test scores [90]. A 26-point version, 
the Telephone MMSE (TMMSE), added a modified three-step command and recall 
of the individual’s telephone number to the ALFI-MMSE. TMMSE correlated 
highly with both ALFI-MMSE and the original MMSE but neither hearing impair-
ment nor education level significantly affected scores [91]. A further modification, 
the MMSE-Telephone (MMSET) shortened the naming task, resulting in a score 
range of 0–22 (impaired to normal). MMSET performed similarly to MMSE in 
diagnosing dementia (area under the ROC curve 0.73 and 0.70 respectively) [92].

Correlations across the spectrum of cognitive impairment were also found with 
an Italian telephone version of the MMSE, Itel-MMSE [sic] although this was 
weakest in severely demented patients [93]. In healthy elderly individuals, Itel- 
MMSE proved to be a useful screening instrument to identify poor cognitive perfor-
mance [94]. A Spanish translation of MMSE suitable for telephone use has also 
been reported to be useful to estimate MMSE scores [95].

As well as the original MMSE, telephone adaptations and administration have 
also been reported for the Modified MMSE or 3MS (see above, Sect. 4.2.2) [96] and 
the Six-Item Screener or SIS (see above, Sect. 4.2.3) [61].

MMSE may also be reliably administered via a telehealth link. A study found no 
differences between MMSE scores given by face-to-face and distant assessors when 
the test was administered by an interactive videoconferencing link [97].
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4.2.8  Mini-Mental Parkinson (MMP)

The Mini-Mental Parkinson (MMP) was specifically devised as a derivative of the 
MMSE which would detect cognitive impairment in patients with Parkinson’s dis-
ease (PD). Orientation and attention items from the MMSE were retained, but in 
order to examine the visual and executive cognitive functions which are recognized 
to be impaired in PD (e.g. [98]) the other MMSE items were substituted with tests 
of visual registration and recall, two set fluency, shifting, and concept processing, 
producing a test with a denominator score of 32 [99].

A number of studies indicating the utility of MMP in detecting cognitive impair-
ment in PD patients have appeared [100–105], and also for tracking cognitive 
change over time [100]. Caslake et al. [104] found that at a cutoff of 28/32 MMP 
had good sensitivity (0.87) and reasonable specificity (0.76) for cognitive impair-
ment in PD with similar diagnostic accuracy to MMSE (area under the ROC curve 
0.84 for both). Similarly Isella et al. [105] found no clear cut superiority of MMP 
over MMSE in detecting cognitive impairment in PD. MMP scores show no correla-
tion with PD duration or with disease severity as measured using modified Hoehn & 
Yahr score [103].

As the changes in MMP address many of the theoretical neuropsychological 
shortcomings of the MMSE, in a manner not dissimilar to the changes in the 
Addenbrooke’s Cognitive Examination (ACE) and its revisions (see Chap. 6), the 
utility of MMP has also been examined as a cognitive screening instrument in 
unselected consecutive patients referred to a general memory clinic [103, 106]. 
MMP scores showed a weak negative correlation with patient age. In a weighted 
comparison, MMP had a small net benefit versus MMSE, with an equivalent 
increase of an additional 13 patients identified per 1000 tested compared to 
MMSE [107].

Examining effect size (Cohen’s d), MMP had large effect sizes for the diagnosis 
of both dementia (1.78) and MCI (0.81) and compared favorably to MMSE (demen-
tia 1.59, large; MCI 0.69, medium) [108].

Other instruments for detection of cognitive impairment in PD are described (see 
Chap. 15, at Sect. 15.3.3).

4.3  MMSE Subscores

Subscores derived from elements of the MMSE have been suggested to help in 
the differential diagnosis of AD from multi-infarct dementia [109] and from 
dementia with Lewy bodies [110]. Examples of other MMSE subscores reported 
to facilitate diagnosis of cognitive impairment or dementia have been men-
tioned previously in the discussion of short forms of the MMSE (see above, 
Sect. 4.2.3).
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4.3.1  Vascular Dementia

Magni et al. [109] compared MMSE performance in patients with AD (n = 70) 
and multi-infarct dementia (MID; n = 31) using component factor analysis and 
found that a derived measure of episodic memory differed statistically between 
the two groups, being worse in the AD patients. Whether such a measure could 
be easily derived and used in day-to-day clinical practice remains open to 
question.

Compared to AD patients, vascular dementia patients generally score lower on 
MMSE items testing motor/constructional and working memory functions, whereas 
AD patients score lower on temporal orientation and declarative memory tests [98]. 
Whilst these findings may be pointers to guide more detailed examination of cogni-
tive function, they are insufficient of themselves to permit reliable discrimination 
between AD and vascular dementia. Moreover, considering the frequent overlap 
between vascular and neurodegenerative pathologies in neuropathological studies 
of elderly demented individuals, attempts at such categorization may be 
misplaced.

4.3.2  Dementia with Lewy Bodies: Ala Score

Dementia with Lewy bodies (DLB) is recognized to be associated with more marked 
impairments of attentional and visuospatial functions than AD but with relative 
preservation of orientation and memory function (e.g. [111–113]). Mindful of these 
distinctions, a weighted subscore derived from elements of the MMSE was reported 
by Ala et al. [110] to be helpful in the differential diagnosis of AD from DLB, given 
by the formula:

 
Attention Memory Construction- 5 3 5/ . .( )+ ( )  

The subscore therefore ranged from −5 to +10. In a series of patients with patho-
logically confirmed AD (n = 27) or DLB (n = 17), a subscore of <5 was associated 
with the diagnosis of DLB with high sensitivity (0.82) and specificity (0.81) in 
patients with an MMSE ≥13/30 [110]. A subsequent study of selected patients with 
diagnoses of probable AD and probable DLB also found that this MMSE subscore 
was helpful in discriminating the two conditions [114].

Encouraging as these results were, they came from proof-of-concept studies 
which do not necessarily reflect clinical practice since they involve pre-selection 
of groups according to established patient diagnosis. An attempt to evaluate the 
diagnostic utility of the Ala score in a pragmatic study, involving a prospective 
cohort of unselected consecutive patients (n = 271) seen in a cognitive clinic, 
found very few patients with a clinical diagnosis of DLB and so no meaningful 

4 MMSE Variants and Subscores



60

statement could be made as to the sensitivity of the Ala subscore, but the specific-
ity (0.51) did not encourage the view that prospective use of this subscore would 
be useful for clinical diagnosis of DLB [115, 116]. A modified Ala subscore 
derived from the Addenbrooke’s Cognitive Examination has also been examined 
(see Chap. 6, at 6.5.6).

Palmqvist et al. [117] reported that if the patient MMSE orientation score multi-
plied by 3 (i.e. maximum 30) was greater than or equal to the total MMSE score, 
then DLB was more likely than AD, likewise if there was impaired clock drawing 
or non 3D cube copying. This study involved matched groups of DLB and AD 
patients, and the outcomes have yet to be tested in prospective patient groups 
unselected by diagnosis.

4.4  Conclusion

The MMSE variants described in this chapter have not been as widely adopted 
as the original MMSE, with the possible exception of the 3MS. A number of 
reasons may account for this, including unfamiliarity with these variants 
amongst clinicians and possibly their lack of clinical utility. It is fair to say that 
many of the described variants have not been subjected to the extensive investi-
gation which the original MMSE has attracted. Likewise, MMSE subscores 
have found only limited application.

Shortened versions of the MMSE with good test metrics may be particularly 
attractive as cognitive screening instruments because of their brevity and ease of 
applicability, not only in clinic-based situations but also possibly at a population 
level. Likewise, telephone versions might facilitate more widespread population 
screening. However, other short performance-based cognitive screening instru-
ments are available (see for example Chaps. 6 [M-ACE], 8, 10, 11, and 12), provid-
ing serious competition for the MMSE and its variants, whose dominant position 
may be further undermined by the impact of the enforcement of copyright restric-
tions on MMSE use [13–18].
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Abstract The clock drawing test (CDT) has long been recognized as a useful com-
ponent for the screening of cognitive disorders. It provides a user-friendly visual 
representation of cognitive functioning that is simple and rapidly administered, 
making it appealing to clinicians and patients alike. The ease of use and wide range 
of cognitive abilities required to complete the CDT successfully have made this test 
an increasingly popular cognitive screening measure in both research and clinical 
settings. This chapter summarizes and compares the numerous CDT scoring meth-
ods that have been described in the literature. Also, psychometric properties are 
presented for the CDT when used for cognitive screening in a variety of neurologic 
conditions, including Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, vascular disease, schizophrenia, stroke, and traumatic brain injury. The poten-
tial for longitudinal monitoring, as well as cultural, ethnic, and educational 
considerations, for the CDT are also discussed.

Keywords Clock drawing test • Cognitive screening • Dementia

5.1  Introduction

The clock drawing test (CDT) is a widely used cognitive screening tool that is simple 
and quick to administer and has been well accepted by both clinicians and patients 
[1–3]. Its origins can be traced to neurology textbooks, which reported the usefulness 
of this test as a measure of attention in hemineglect patients [4]. More recently, it has 
been used to screen for cognitive impairment, primarily in elderly patients [3] but 
also in a wide range of other neurological and psychiatric disorders including: 
Alzheimer’s disease [5], Parkinson’s disease [6, 7], Huntington’s disease [8], vascular 
disease [9, 10], schizophrenia [11–13], stroke [14], and traumatic brain injury [15].

The CDT is a valuable cognitive screening test for both quantitative and/or quali-
tative assessments of many cognitive functions, including selective and sustained 
attention, auditory comprehension, verbal working memory, numerical knowledge, 
visual memory and reconstruction, visuospatial abilities, on-demand motor execu-
tion (praxis), and executive function [2, 16, 17]. The specific abilities falling under 
the category “executive function” that are assessed by the CDT include abstraction, 
complex motor sequencing, response inhibition (i.e., the frontal pull of the hands to 
the “10” in the instruction to set the time at “10 past 11”) and frustration tolerance 
[2]. Interpretation of the CDT necessitates consideration of the broad range of cog-
nitive functions that are assessed by this test [18]. The ease of use and wide range of 
cognitive abilities required to complete the CDT successfully have made this test an 
increasingly popular cognitive screening measure among researchers and clinicians. 
A review of recent literature published on the CDT using the PubMed/MEDLINE 
database, within the date range of December 2011 – February 2016, found a total of 
272 peer-reviewed publications when searching for articles containing the keywords 
“clock drawing test” and 41 articles when searching for articles containing “clock 
drawing test” in the article title.
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5.2  Popularity of CDT

The widespread use of the CDT among clinicians is also evidenced by a number of 
recent surveys that have investigated the frequency of use of currently available 
cognitive screening measures among practitioners across a variety of fields. In 2010, 
Iracleous and colleagues published a survey of the cognitive screening tools that are 
currently being used by Canadian family physicians [19]. Of the 249 surveys that 
were completed and returned by members of the College of Family Physicians of 
Canada (CFPC), the majority of respondents had been in practice for more than 5 
years and devoted 40–60 % of their practice to the care of the elderly. Their findings 
indicated an overwhelming agreement among practitioners that screening is impor-
tant within the primary care setting and should not be left to specialists. Furthermore, 
the most frequently used assessment tools were (i) the Mini-Mental State 
Examination (MMSE) and its variants (76 % of respondents reported using this 
measure “often” or “routinely”) (see Chaps. 3 and 4), (ii) the CDT (52 %), (iii) the 
delayed word recall test (52 %), (iv) alternating sequences (13 %), and (v) the 
Montreal Cognitive Assessment (MoCA; see Chap. 7) (5 %). Of note, however, is 
that the authors did not report the number of respondents who do not incorporate 
cognitive screening into their practice and, thus, do not use any of the above tools. 
As a result, the reported percentages reflect the sample of Canadian family physi-
cians as a whole, rather than just those who conduct cognitive screening on a regular 
basis. Nevertheless, the findings provide strong support that the CDT is a commonly 
used, and a well-accepted, cognitive screening measure among Canadian family 
practitioners.

Milne et al. [20] conducted a survey of primary care practices in South East 
England to determine what, if any, instruments were being used by clinicians to 
screen for dementia. Each participating practice was asked to mark which measures 
they used from a list of common screening tools with space provided to report 
unlisted measures. Data were obtained from a total of 138 practices. Of those, 79 % 
reported that they routinely used at least one dementia screening instrument, with 
21 % not using an instrument at all. Furthermore, of those who used an instrument, 
70 % of practices used one, 26 % used two and only 4 % used more than two instru-
ments. The breakdown of the screening instruments most commonly used was as 
follows: the MMSE and its variants (51 %), the abbreviated mental test (AMT) 
(11 %), MMSE and AMT (10 %), MMSE and CDT (8 %), MMSE and the 6-item 
cognitive impairment test (6-CIT; see Chap. 11) (6 %), and the CDT (5 %). Results 
from this survey suggest that the CDT is used less often by practitioners in the UK 
compared to usage rates of Canadian practitioners [19]. However, an earlier survey 
reported by Reilly, Challis, Burns, and Hughes [21] that sampled only practitioners 
who were working within old age psychiatry services in England and Northern 
Ireland found a much higher frequency of usage of the CDT. Their study found that 
an overwhelming majority (96 %) of the 331 respondents used standardized scales 
as part of the assessment process for older people with mental health problems in 
the community. Of the respondents that endorsed the use of standardized scales, the 
most frequently identified measures were the MMSE (95 %), the Geriatric 
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Depression Scale (52 %), and the CDT (50 %). Thirty-one percent of the respon-
dents used all three of these scales.

Shulman et al. [22] conducted an international survey of geriatric specialists on 
behalf of the International Psychogeriatric Association (IPA). With the goal of 
determining which screening tools were routinely used by clinicians with expertise 
in neuropsychiatric aspects of old age, the survey was mailed to all IPA members as 
well as members of the American and Canadian Associations of Geriatric Psychiatry. 
Of the 334 completed surveys, the majority of respondents were geriatric psychia-
trists (58 %), followed by general psychiatrists (14 %) and geriatricians (9 %). Just 
over 50 % of the respondents were from North America, and 62 % indicated that 
they devoted more than 75 % of their professional practice to the care of the elderly 
population. The results revealed that only a small number of tests were used by the 
vast majority of specialists, including MMSE and its variants (100 %), CDT (72 %), 
delayed word recall (56 %), the verbal fluency test (35 %), similarities (27 %), and 
the trail-making test (25 %).

The sequence of instruments reported by Shulman et al. [22] overlaps with that 
in the primary care setting [23] and suggests that the MMSE is the most frequently 
used cognitive screening instrument. However, a survey of 155 members of the 
Canadian Academy of Geriatric Psychiatry (CAGP) and attendees of the 2010 
Annual Scientific Meeting suggests that the CDT has increased in popularity in the 
past few years and may have surpassed the MMSE as the favored screening instru-
ment among Canadian psychogeriatric clinicians [24]. Results show that the six 
most frequently identified screening tools used “often” or “routinely” by clinicians 
were the CDT (92.9 %), the MMSE and its variants (91.4 %), the MoCA (80.2 %), 
delayed word recall (74.6 %), the trail-making test (43.6 %), and verbal fluency 
(42.9 %). The results of these surveys clearly suggest that the CDT is an increas-
ingly popular instrument among practitioners from a variety of clinical settings.

5.3  CDT Administration

The CDT provides a user-friendly visual representation of cognitive functioning 
that is appealing to busy clinicians. The test takes less than 1 min to conduct (com-
pared to 10 min for the MMSE) and appears to have a high level of acceptability by 
patients [2]. The scoring systems described in this chapter are not all comparable 
because of differing emphasis placed on visuospatial, executive, quantitative, and 
especially qualitative issues [25, 26]. Although each scoring system uses slightly 
different methodologies and instructions for clock drawing, most studies use a pre- 
drawn circle of approximately 4 in. (10 cm) in diameter [26]. However, some 
authors feel that there is value in observing patients perform free-drawn circles as 
this can indicate some degree of impairment [27]. The disadvantage of this method 
is that if the patient begins by drawing a poor-quality circle, at times merely due to 
age-related issues such as tremor or visual impairment, the remainder of the test 
may be compromised [28].

B.J. Mainland and K.I. Shulman



71

Generally, the test instructions presented verbally to the patient are “This circle 
represents a clock face. Please put in the numbers so that it looks like a clock and 
then set the time to 10 min past 11.” This method involves the abstract task of denot-
ing time in symbolic fashion using hands, and thus, the tester should not use the 
word “hands” in the instructions [2]. While other times such as 3:00, 8:05, and 2:45 
have been used, the 11:10 task is particularly useful because it includes both visual 
fields and requires that the patient inhibits the “frontal pull” towards the number ten, 
an error that is common in even mildly impaired patients [26]. The inclusion of 
copying and time setting or reading tests in addition to clock drawing tests by some 
authors [29] may help to improve the CDT’s predictive validity but also increases its 
time of administration and complexity, thereby reducing one of the key positive 
features of the CDT, its speed of completion [28].

5.4  CDT Scoring Systems

Table 5.1 presents the properties of the most common scoring methods as well as 
several measures that were reported in the studies by the authors that developed 
these scoring systems and in subsequent studies. Figures 5.1 and 5.2 provide exam-
ples of typical qualitative errors, and Fig. 5.3 indicates the clinical usefulness of 
clock drawing for demonstrating change in cognitive functioning. Characteristic 
errors on the CDT include perseveration; right-left confusion; concrete thinking, 
especially the tendency to “pull” the minute hand to “10”; and confusion about the 
concept of time [2].

In perhaps its first systematic use, Goodglass et al. [30] included the CDT as part 
of the Boston aphasia battery. Their procedure involved clock setting where the 
subject was given four pre-drawn clock faces that include short lines marked in the 
positions of the 12 numbers. The subject was asked to denote four different times: 
1:00, 3:00, 9:15, and 7:00. Points were awarded for each correct placement of a 
hand and 1 point each for correctly drawing the relative lengths of the minute and 
hour hands. A total of 3 points could be achieved for each clock for a maximum of 
12 points on the test. The authors reported that age and education appeared to be 
influential factors only for subjects who scored in the bottom range on the test.

Shulman et al. [31] compared the CDT to the MMSE [47] and the Short Mental 
Status Questionnaire (SMSQ) [48] in a sample of 75 older adults with a mean age 
of 75.5 years. Three groups were included in their study, including those with 
dementia, those with depression, and normal controls. The authors developed a 
5-point scale of severity of impairment, based on clinical experience. A score of 1 
denoted very minimal error while a score of 5 was assigned when the subject was 
unable to make any reasonable attempt to draw a clock. In a subsequent study, this 
scoring was reversed and 5 points were awarded to a perfectly drawn clock [43]. 
Shulman’s current practice (see Fig. 5.1) is to assign 5 points for a “perfect” clock, 
4 points for a clock with minor visuospatial errors, three for inaccurate representa-
tion of 10 past 11 when the visuospatial organization is done well, two for moderate 
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Table 5.1 Characteristics of Clock Drawing Test scoring systems

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Goodglass 
et al. [30]

Drawing Yes 1:00, 
3:00, 
9:15, 
7:00

Subject asked to denote 
four different times. For 
each clock, 2 points 
awarded for correct 
placement of each hand (1 
point each), and a third 
point is given for correct 
relative lengths of the hour 
and minute hands. A 
maximum of 3 points per 
clock, for a total of 12 
points across all four 
clocks. Lower scores 
indicate higher 
impairment

Not assessed

Shulman 
et al. [2, 
31]

Drawing Yes 11:10 5 points awarded for 
“perfect” clock, 4 points 
for clock containing minor 
visuospatial errors, 3 
points for acceptable 
visuospatial organization 
but inaccurate 
representation of 10 past 
11, 2 points for moderate 
visuospatial 
disorganization of 
numbers, 1 point for a 
severe level of visuospatial 
disorganization, and 0 
points for inability to 
make any reasonable 
attempt

MMSE = −0.65, 
SPMSQ = −0.66, 
GDS = −0.32

Morris 
et al. [32]

Drawing No 8:20 4-point scoring system 
that uses the CERAD 
scale (0 = normal clock, 
1 = mild impairment, 
2 = moderate impairment, 
3 = severe impairment). 
Assignment of scores is 
based on published clocks 
illustrating each level of 
impairment. A cutoff of 
greater than 0 (mild 
impairment or greater) 
used for classifying a 
clock as abnormal

MMSE (r = −.79, 
p < 0.001), CASI 
(r = −.80, p < 0.001)
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Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Sunderland 
et al. [33]

Drawing No 2:45 10-point scoring system 
with 1 as the lowest score 
and 10 as the highest 
score. Five points given 
for accurate drawing of a 
clock face with numbers 
placed correctly; 
remaining 6–10 points 
awarded for accuracy of 
hands denoting the time 
2:45. Cut-off score of 6/10 
indicates normal cognitive 
functioning

GDS (r = 0.56), DRS 
(r = 0.59), BDRS 
(r = 0.51), SPMSQ 
(r = 0.59, p < 0.001)

Wolf-Klein 
et al. [34]

Drawing Yes No 10-point system with 
scores corresponding to 10 
hierarchical clock patterns 
from a previous pilot 
study. Cutoff score of less 
than 7 indicating 
“abnormal”

Not assessed

Mendez 
et al. [16]

Drawing No 11:10 20-item scale with each 
clock attribute 
independently scored as a 
dichotomous variable. 
Attributes based on 
analysis of frequency of 
errors in clock drawing 
test

Rey complex 
figure = 0.66, symbol 
digit = 0.65, 
MMSE = 0.45, 
GDS = 0.40

Rouleau 
et al. [8]

Drawing 
and 
copying

No 11:10 10-point scale that 
independently assesses 
three subscales: (1) 
representation of clock 
face (maximum of 2 
points); (2) layout of 
numbers (maximum of 4 
points); position of hands 
(maximum of 4 points). 
Lower scores indicate 
greater impairment

Not assessed

(continued)
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Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Tuokko 
et al. [35]

Drawing, 
clock 
setting, 
clock 
reading

Yes 11:10 Errors on clock drawing 
categorized into the 
following classes: 
perseverations, omissions, 
rotations, misplacements, 
distortions, substitutions, 
and additions. Greater 
than two errors on clock 
drawing considered 
abnormal. Clock setting 
and clock reading achieve 
a maximum of 3 points. 
Greater than two errors is 
considered a positive 
(abnormal) result for clock 
drawing while the cut-off 
for the clock setting and 
clock reading tasks was a 
score of less than 13

Not assessed

Death et al. 
[36]

Drawing Yes No Clocks were classified 
according to 4 classes: (1) 
Bizarre – major spacing 
abnormality; (2) Major 
spacing abnormality; (3) 
Minor spacing 
abnormality or single 
missing or extra number; 
(4) Completely normal. 
Cognitive impairment 
indicated by classes 1 and 
2, while classes 3 and 4 
indicate no cognitive 
impairment

Ability of normal 
clock (class 3 or 4) 
to predict a normal 
MMSE score of 24 
or above was 90 %.
Ability of abnormal 
clock (class 1 or 2) 
to predict an 
abnormal MMSE 
score of 23 or below 
was 71 %.

Watson 
et al. [37]

Drawing Yes No Clock is divided into four 
quadrants with the greatest 
weight assigned to the 
fourth quadrant (numbers 
9–12). Each error falling 
into quadrants one, two 
and three contributes a 
score of 1, and each error 
in the fourth quadrant 
contributes a score of 4. 
Score of 0–3 indicates 
normality, while a score of 
4 or greater indicates 
abnormality

Not assessed
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Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Manos and 
Wu [38]

Drawing Yes 11:10 10-point system with a 
transparent circle divided 
into eighths that acts as a 
scoring tool for the drawn 
clock. Points are awarded 
based on the numbers 
falling into their proper 
section and accuracy of 
hands. Cutoff score of 
7/10 used by authors to 
indicate a “normal” clock

Trail making test 
part A (r = −0.48, 
p < 0.001), MMSE 
(r = 0.50, p <0.001), 
block design Test 
(r = 0.56, p < 0.001)

Royall 
et al. [17]

Drawing 
and 
copying

No 1:45 Maximum score on the 
drawing task (CLOX 1) is 
15 points. Maximum score 
on the copying task 
(CLOX 2) is 15 points. 
Lower scores indicate 
impairment. Cutoff scores 
of 10/15 (drawing task) 
and 12/15 (copying task) 
to indicate normal 
functioning. Points are 
awarded based on the 
answers to a set of 15 
questions (e.g., does figure 
resemble a clock? Outer 
circle present?)

EXIT25 (r = −0.78, 
p < 0.001), MMSE 
(r = 0.76, p < 0.001)

Lin et al. 
[39]

Drawing 
and 
copying

Yes 10:10 Maximum score of 16 for 
both the drawing and 
copying tasks, with higher 
scores indicating better 
performance. Clock face is 
divided into quadrants, 
and the placement of three 
numbers in a quadrant was 
considered correct. Points 
assigned based on the 
answers to 16 questions 
(yes = 1 point, no = 0 
points) (e.g., does the 
drawing resemble a 
clock?)

Drawing and 
copying tasks 
significantly 
correlated with 
scores on the CASI 
(Pearson’s r = 0.73 
and 0.67, p < 0.01), 
MMSE (Pearson’s 
r = 0.73 and 0.67, 
p < 0.01), and CDR 
(Spearman’s 
p = −0.47 and −0.37, 
p < 0.01)

(continued)
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Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Freund 
et al. [40]

Drawing No 11:10 7-point scale with three 
subscales: (1) Time (3 
points): two hands, one 
hand pointing to 2, 
absence of intrusive marks 
(e.g., tic marks, time 
written in text, incorrect 
time, etc.); (2) Numbers (2 
points): numbers inside 
circle, all numbers present 
with no duplicates; (3) 
Spacing (2 points): equal 
spacing between numbers 
and between numbers and 
edge of circle

Not assessed

Babins 
et al. [41]

Drawing No 11:10 18-point system where 
errors are grouped into 
five major categories: (1) 
Stimulus-bound errors 
(hands set for “10–11” or 
time is written beside the 
11 or beside the 11 and 
10); (2) Conceptual 
deficits (misrepresentation 
of clock itself); (3) 
Perseveration (number 
repetition or more than 
two hands); (4) 
Visuospatial organization 
(numbers outside circle or 
gaps in numbers); (5) 
planning deficits 
(additional or irrelevant 
marks and inappropriate 
spacing)

Pearson correlation 
between 18-point 
clock scoring system 
and MMSE (r = .476, 
p < .001)
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Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Lessig 
et al. [42]

Drawing No 8:20 or 
11:10

Analyzed three existing 
scoring systems (Mendez 
et al. [16], Tuokko et al. 
[35], Shulman et al. [43]) 
to isolate six specific 
errors that were best able 
to discriminate patients 
with dementia from those 
without. A final algorithm 
was created from these six 
errors: inaccurate time 
setting, missing hands, 
missing numbers, number 
substitutions or 
repetitions, and failure to 
attempt clock drawing. If 
any error was identified, 
the clock was classified as 
abnormal

Not assessed

Parsey and 
Schmitter- 
Edgecombe 
[44]

Drawing No 1:45 Modified scoring system 
based on qualitative error 
analysis of Rouleau et al. 
[8]. Sixteen-point scoring 
method, with a “perfect” 
clock indicated by the 
maximum 16 points. Each 
error deducts 1 point from 
this score. Errors grouped 
into the following six 
categories: perseveration, 
spatial or planning 
deficits, conceptual 
deficits, graphic 
difficulties, size of clock, 
and stimulus-bound 
responses

Shipley total 
score = .351, TICS 
total score = .663, 
SDMT oral 
total = .533, SDMT 
written total = .525, 
TMT part 
A = −.351/B = −.580, 
RAVLT trials 
1–5 = .465, BNT 
total correct = .466, 
WAIS-III L-N 
Seq. = .533, Design 
fluency = .518, Letter 
fluency = .398, 
Category 
fluency = .527

Jouk and 
Tuokko 
[45]

Drawing Yes 11:10 Further reduced the Lessig 
et al. [42] scoring system 
to include only five 
specific errors: repeated 
numbers, missing 
numbers, extra marks, 
number orientation, and 
number distance. If any 
error was identified, the 
clock was classified as 
abnormal

Not assessed

(continued)
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visuospatial disorganization of numbers such that accurate denotation of “ten past 
eleven” is not possible, one for a severe level of visuospatial disorganization, and 0 
for inability to make any reasonable representation of a clock [2].

Sunderland et al. [33] used a priori criteria to develop a 10-point scoring system 
with 10 as the highest score and 1 as the lowest score. Five points were awarded for 
drawing a clock face with numbers correctly placed, while 6–10 points were given for 
accuracy of drawing hands to denote the time 2:45. An arbitrary cut-off score of 6/10 
was considered within normal limits. The authors reported that three out of 83 con-
trols (3.6 %) scored less than 6, whereas 15 out of 67 patients with Alzheimer’s dis-
ease (22.4 %) scored more than 6. They also found high inter-rater reliability between 
clinicians and non-clinicians and high correlation of the CDT with other measures of 
dementia severity, including the Dementia Rating Scale. A later study by Kirby et al. 
[49] used this same scoring system while incorporating a more heterogeneous sample 
of community-dwelling participants. They found that the sensitivity of the CDT in the 
detection of dementia in the general community was 76 %. The specificities of the 
CDT against normal elderly and depressed elderly were 81 and 77 %, respectively.

Wolf-Klein et al. [34] compared their clock drawing test to the MMSE [47], 
Hachinski’s scale [50], and the Dementia Rating Scale [51] in a sample of outpa-
tients being screened for cognitive impairment. Their methods included a pre-
drawn circle and ten hierarchical clock patterns that were predetermined by a 
previous pilot study involving over 300 patients. Their patient groups included 
healthy normals, those with Alzheimer’s dementia and multi-infarct dementia, and 
others. A cut-off score of 7/10 reflected normal performance, and a score of less 
than seven was considered “abnormal.” With a focus on temporoparietal function, 
they found that scores of 1–6 were specific for Alzheimer’s disease as opposed to 
multi-infarct dementia or mixed cases.

Table 5.1 (continued)

References Test

Pre- 
drawn 
clock

Time 
setting Scoring criteria and range

Correlation with 
other measures

Nyborn 
et al. [46]

Drawing 
and 
copying

No 11:10 Drawings are assigned 
error scores (rather than 
correct scores) for 38 
qualitative features. 
Includes overall summary 
error score, as well as 
subscale error scores 
related to outline, numeral 
placement, center, 
time-setting, and “other”. 
Numerals (0–9 points) and 
time-setting (0–7 points) 
subscales constitute 
majority of possible error 
points (total possible error 
points is 20.5)

Not assessed
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A simple 4-point scoring system was developed by the Consortium to Establish 
a Registry for Alzheimer’s Disease (CERAD) [32]. In this method, subjects were 
instructed to draw a clock by first drawing a circle, then adding numbers and then 

Fig. 5.1 Severity scores from 5 to 0 (Reproduced from Shulman [2] with permission from John 
Wiley & Sons Ltd.)
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Example 1

Example 2

Example 3

Baseline 6 Months 12 Months

Fig. 5.3 Sensitivity to deterioration in dementia (Reproduced from Shulman [2] with permission 
from John Wiley & Sons Ltd.)

Fig. 5.2 Errors in denoting 3 o’clock (Reproduced from Shulman [2] with permission from John 
Wiley & Sons Ltd.)
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setting the time to show 8:20. The instructions could be repeated, and if necessary, 
the subject could be instructed to draw a larger circle. In this system, a score of 
“0” implied an intact clock, 2 = mild impairment, 3 = moderate impairment, 
4 = severe impairment. Thus, any score greater than 0 was considered abnormal 
for the purposes of classification [52]. The CERAD scoring method was later used 
by Borson et al. [52], who incorporated the CDT into the “Mini-Cog” battery, 
which also contains a simple three-word delayed recall memory test. The authors 
found the sensitivity and specificity for probable dementia were 82 and 92 %, 
respectively, for the CDT, compared to 92 and 92 % for the MMSE and 93 and 
97 % for the Cognitive Abilities Screening Instrument (CASI) [53]. However, the 
authors noted that in poorly educated non-English speakers, the CDT detected 
demented subjects with higher sensitivity than the two longer instruments (sensi-
tivity and specificity 85 and 94 % for the CDT, 46 and 100 % for the MMSE, and 
75 and 95 % for the CASI). Furthermore, less information was lost due to non-
completion of the CDT than the MMSE or CASI (severe dementia or refusal: 
CDT 8 %, MMSE 12 % and CASI 16 %).

Tuokko et al. [35] developed a unique procedure involving three empirically 
derived tasks that involved clock drawing, clock setting, and clock reading. The 
clock drawing component involved a pre-drawn circle in which the subject was 
asked to denote “ten past eleven.” Clock setting involved setting five different times, 
and clock reading involved the same clocks as in clock setting, but in a different 
order. Errors on clock drawing were classified into the following categories: omis-
sions, perseverations, rotations, misplacements, distortions, substitutions, and addi-
tions. Clock setting achieved a maximum of 3 points, as did clock reading. Making 
more than two errors was considered a positive (abnormal) result for clock drawing, 
while the cut-off for the clock setting and reading tasks was a score of less than 13. 
Interestingly, errors from four categories (omissions, distortions, misplacements, 
and additions) were found to contribute significantly to the difference between nor-
mal elderly and Alzheimer’s disease patients.

Rouleau et al.’s [8] version of the CDT instructed subjects to “draw a clock, put 
in all the numbers, and set the hands for ten after eleven.” The participants were also 
asked to copy a pre-drawn clock. This version was designed to identify the quantita-
tive and qualitative aspects of cognitive impairment in patients with Alzheimer’s 
disease. The test was scored is using a 10-point scale, with lower scores indicating 
greater cognitive impairment.

Death et al. [36] focused on elderly inpatients seen consecutively in surgical and 
medical wards at three hospitals in Newcastle, UK. Their CDT protocol involved 
giving the patient a piece of paper with a 10 cm heavy black circle with a dot in the 
center printed on it. They were asked to “imagine this is a clock face. Please fill in 
the numbers on the clock face.” If, while drawing, a patient spontaneously recog-
nized an error and requested to correct it, he or she was allowed to do so. For scor-
ing, clocks were classified as follows: bizarre (class 1), major spacing abnormality 
(class 2), minor spacing abnormality or single missing or extra number (class 3), 
and completely normal (class 4). Clocks class 1 and 2 indicated impairment, and 
class 3 and 4 indicated no cognitive impairment. The authors found that normal 
clock drawing ability reasonably excluded cognitive impairment or other causes of 
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an abnormal MMSE in elderly acute medical and surgical hospital admissions 
where cognitive impairment is often missed.

The clock completion test developed by Watson et al. [37] involved providing 
patients with a pre-drawn circle and asking them to draw in the numbers on a clock 
face. Interestingly, in this method, the patients were not asked to draw the hands on 
the clock, and scoring included only the positioning of the clock numbers. The scor-
ing system divided the pre-drawn circle into four quadrants, assigning greatest 
weight to the fourth quarter. An error made in quadrants one, two, or three received 
a score of 1, and any error in quadrant four (containing numbers 9–12) received a 
score of 4. A score of 0–3 was considered normal, and anything ≥4 was considered 
abnormal. In the original study, the authors studied a group of patients from a geri-
atric outpatient assessment clinic and found an excellent comparison with the 
Blessed Orientation-Memory-Concentration test [54].

Manos and Wu [38] developed a “10-point clock test” that included a scoring 
system utilizing a transparent circle divided into eighths that was applied to the 
clock drawn by the patient. A maximum of 10 points were awarded for numbers 
falling into their proper segment and for correctly drawn hands. A difficulty with 
this method is that some significant errors will not be scored, such as counterclock-
wise placement of numbers or numbers that are positioned outside the circle. The 
authors found that a cut-off score of 7 out of 10 identified 76 % of patients with 
dementia and 78 % of control patients. A later study using the same test attempted 
to identify mild AD patients (i.e., those with MMSE >23) among consecutive ambu-
latory patients. The author reported a sensitivity of 71 %, compared to 76 % for the 
original study that included patients with a mean MMSE score of 20 [55].

A “simple scoring system” (SSS) was developed by Shua Haim et al. [56]. The 
authors performed a retrospective chart analysis of a sample of elderly patients in an 
outpatient memory disorders clinic. Their scoring system was based largely on the 
visuospatial aspects of the task and the correct denotation of time by the hands for 
a maximum of 6 points. A formula was developed to relate clock scores with the 
MMSE using simple linear regression in the following way: MMSE = 2.4 × (the 
clock score) + 12.7. The authors reported that a clock score of zero predicts an 
MMSE score of <13, whereas a clock score of 6 predicts a MMSE score of ≥27.

Lin et al. [39] examined a comprehensive scoring system of the CDT in screen-
ing for Alzheimer’s disease in a Chinese population in order to derive a simplified 
scoring system. In this study, the clocks were first scored based on the systems 
described by Watson et al. [37], Wolf-Klein et al. [34], and Tuokko et al. [35], which 
involved first dividing the clocks into quadrants using two reference lines – one line 
through the center and the numeral 12, and then a second line perpendicular to the 
first one through the clock center. If a numeral was placed on the reference line, it 
was included in the quadrant clockwise to the line. Thirteen criteria were then 
scored as correct or incorrect for a maximum total score of 16 (item six received up 
to 4 points for correct placement of three numerals in each of the four quadrants). 
The authors then formulated a simple scoring system of only three items (hour 
hand, number 12, and difference between hands) using a stepwise discriminant 
analysis to select a minimal set of items from the comprehensive scoring system. 
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The simplified 3-item scoring, with a cut-off score of 2/3, was found to have a 
 sensitivity of 72.9 % and a specificity of 65.6 %. The authors suggest that this simple 
scoring method can be used as a quick test for AD screening.

Lessig et al. [42] analyzed the scoring systems of Shulman et al. [43], Mendez 
et al. [16] and Wolf-Klein et al. [34], as well as the CDT system used in the Mini- 
Cog [52] in order to identify an optimal subset of clock errors for dementia screen-
ing. The clock drawings of 364 ethnolinguistically and educationally diverse 
subjects with ≥5 years of education were analyzed. An algorithm using the six most 
commonly made errors of inaccurate time setting, no hands, missing numbers, num-
ber substitutions or repetitions, and failure to attempt clock drawing detected 
dementia with 88 % specificity and 71 % sensitivity. A stepwise logistic regression 
found the simplified scoring system to be more strongly predictive of dementia than 
the three other CDT scoring systems. Also, substituting the new CDT algorithm for 
that used in the original version of the Mini-Cog improved the test’s specificity from 
89 to 93 % with minimal change in sensitivity.

Babins et al. [41] developed “the 18-point clock-drawing scoring system” based 
on clinical intuition as well as a literature review. The goal of their system was to 
enhance the utility of the CDT for recognition and prognostication in mild cognitive 
impairment (MCI). In this system, errors were grouped into the following major 
categories: stimulus-bound errors, conceptual deficits, perseverations, visuospatial 
organization, and planning deficits. Using this scoring system with a sample of 123 
retrospectively assessed individuals from a memory clinic in Montreal, the authors 
found that there were three significant hand items that appeared to be possible early 
markers of progression to dementia. The items “clock has two hands,” “hour hand 
is towards correct number” and “size difference of hands is respected” all showed 
significant differences between progressors and non-progressors. The authors sug-
gested that the 18-point clock drawing scoring system may have advantages in iden-
tifying MCI individuals who are more likely to progress to dementia.

In an interesting twist on the standard administration and scoring of the CDT, 
Royall and colleagues [17] developed a variant of the clock drawing test (CLOX) 
designed to detect executive impairment and differentiate it from nonexecutive 
visuospatial failure. This version of the test is divided into two parts to distinguish 
the executive control of clock drawing from the constructional/visuospatial ability. 
For the first part of the test (CLOX 1), the subject is asked to “draw me a clock that 
says 1:45. Set the hands and numbers on the face so that a child could read them.” 
The notion underlying the method for CLOX 1 is that it reflects performance in a 
novel and ambiguous situation eliciting the executive skills of goal setting, plan-
ning, motor sequencing, selective attention and self-monitoring of a subject’s cur-
rent action plan. Some of the CLOX 1 instructions are deliberately designed to 
distract the subject. For example, use of the terms “hand” and “face” has the poten-
tial to elicit semantic intrusions because they are more commonly associated with 
body parts than with elements of a clock. The maximum score for CLOX 1 test is 
15. The second portion of the task (CLOX 2) involves a simple copying task of a 
pre-drawn clock already set at 1:45. Differences in scores on CLOX 1 and 2 are 
hypothesized to reflect executive contribution to the clock drawing test versus 
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visuospatial and constructional ability. The participant’s performance is rated on a 
15-point scale (lower scores indicate impairment) on both CLOX 1 and 2. Cut points 
of 10/15 (CLOX 1) and 12/15 (CLOX 2) represent the fifth percentile for young 
adult controls. A later study by the same authors found the CLOX test explained 
more variance in executive control function than other clock drawing tests [57].

Very recently, Jørgensen et al. [58] attempted to develop a reliable, short, and prac-
tical version of the CDT for clinical use. A main goal of their study was to produce a 
scoring method with high interrater reliability, which is a psychometric characteristic 
of the CDR that has been found to decline with increased scoring system complexity. 
Using a pilot study, the authors initially produced a 9-item scoring system that was 
developed based on Lin et al.’s [39] 13-item system. Four clinical neuropsychologists 
who were blind to diagnostic classification then scored clock drawings from 231 par-
ticipants. The interrater agreement of individual scoring  criteria was analyzed and 
items with poor or moderate reliability were excluded. This produced a 6-item CDT, 
which was examined to determine its classification accuracy. The authors found that, 
at a cutoff value of 5/6, the 6-item CDT had a sensitivity of 0.65 and a specificity of 
0.80. Furthermore, stepwise removal of up to three items reduced the sensitivity only 
slightly (i.e., from 0.65 to 0.59). Classification accuracy associated with a score of 4/6 
or less was reportedly very high (sensitivity = 0.63, specificity = 0.80).

5.5  Comparing CDT Scoring Systems

Table 5.2 shows the psychometric properties of the CDT scoring systems as deter-
mined by some of the comparison studies discussed in this section. Scanlan et al. 
[62] examined 80 clock drawings by subjects with known dementia status from four 
categories (i.e., normal, mild, moderate, and severe abnormality) as defined by the 
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). In order to 
compare dementia detection across scoring systems, an expert rater scored all clocks 
using published criteria for seven systems, including Shulman et al. [31], Morris 
et al. [32], Sunderland et al. [33], Wolf-Klein et al. [34], Mendez et al. [16], Manos 
and Wu [38], and Lam et al. [29]. Additionally, 20 naïve raters with no formal 
instruction judged each clock as either normal or abnormal. The authors found that 
when using categorical cut-off points published for each CDT scoring system, the 
overall concordance between the naïve scores and the different CDT systems was 
high (86–89 %), with the exception of the Sunderland (73 %) and Wolf-Klein (66 %) 
systems. When CDT classifications were compared against independent clinical 
dementia diagnoses, the Mendez system most accurately distinguished demented 
from non-demented individuals, followed closely by the CERAD system. Naïve 
raters did not differ from the Manos or Shulman systems but were significantly bet-
ter than the Lam, Sunderland, and Wolf-Klein systems. The CERAD and Mendez 
systems were found to be most sensitive in detecting mild and moderate dementia, 
however the Wolf-Klein system failed to detect some subjects who were presenting 
with severe dementia. Of note is that the Wolf-Klein system requires no time setting 
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and mild to moderate number spacing errors are disregarded, both factors that likely 
contributed to poor performance of this system. Interestingly, the authors reported 
that detection of both MCI and mildly demented subjects was minimally two to 
three times greater than physician recognition for all systems except the Sunderland 
and Wolf-Klein systems [62].

Van der Burg et al. [63] compared the dementia screening performance of two 
scoring systems, the CERAD system [32, 52] and the Shulman et al. [43] system, to 
determine whether a somewhat more complex system has clear advantages over a 
simpler and less time-consuming scoring system. The authors selected the simple 
4-item CERAD method because of its user-friendly qualities and the Shulman 
6-item system because of its proven diagnostic qualities. A total of 473 drawings 
was selected from a larger sample of 1199 elderly subjects for whom the presence 
or absence of dementia was known. Results showed that both scoring systems had 
good inter-system and inter-rater reliabilities and both correlated equally well with 
the true diagnosis of dementia. These findings are similar to earlier studies by 
Scanlan et al. [62] and Lin et al. [39], which also concluded that simpler systems 
were found to be accurate when compared to more complex systems. The authors 
concluded that primary care physicians and other health-care providers should be 
encouraged to use the simpler 4-item scoring checklist as it is easier to administer 
and requires less time than the 6-item method [63].

Matsuoka et al. [67] identified brain regions associated with performance on 
various measures of the CDT using magnetic resonance imaging (MRI) in 36 
patients with Alzheimer’s disease, eight with mild cognitive impairment and four 
healthy controls. Multiple regression analyses were used to identify relationships 
between each CDT scoring system (Shulman [2], Rouleau [8] and CLOX 1 [17]), 
and regional gray matter volume. The authors reported that the CDT scores of the 
three scoring systems were positively correlated with gray matter volume in various 
regions in the brain. Furthermore, some brain regions overlapped with the three dif-
ferent scoring systems, whereas other regions showed differences between tests. All 
three CDT scoring systems were positively correlated with gray matter volume in 
the right parietal lobe. Furthermore, the Shulman system was positively correlated 
with gray matter volume in the bilateral posterior temporal lobes, leading the authors 
to speculate that the Shulman CDT might be useful in detecting the impairment of 
semantic knowledge and comprehension. The Rouleau CDT score was positively 
correlated with gray matter volume in the right parietal lobe, right posterior inferior 
temporal lobe and right precuneus, suggesting that the Rouleau CDT may detect 
impairment of visuospatial ability and the retrieval of visual knowledge. Finally, the 
CLOX 1 score was positively correlated with gray matter volume in the right pari-
etal lobe and right posterior superior temporal lobe, suggesting that the CLOX 1 
system may detect impairment in visuospatial ability and sentence comprehension. 
The authors concluded that distinct brain regions might be associated with CDT 
performance using different scoring systems and that different scoring and adminis-
tration systems require different cognitive functions. Thus, rather than using only 
one scoring system, a combination of CDT scoring systems may cover a wider 
range of brain functions in dementia screening [67].
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Recently, Mainland et al. [68] conducted a literature review of studies published 
between 2000 and 2013 to synthesize the available evidence on CDT scoring 
 systems’ effectiveness and to recommend which system is best suited for use at the 
clinical frontlines. The authors found that, despite significant variations that empha-
size visuospatial and executive functions to varying degrees, the psychometric prop-
erties of most systems are remarkably similar. When used specifically as a dementia 
screening measure in clinical settings, this finding is important considering the 
increased time required for scoring more complex systems. The authors concluded 
that, based on their review of the literature, expert consensus appears to support the 
notion that “simpler is better” when selecting scoring systems for dementia screen-
ing because of their strong psychometric properties and ease of use. In fact, Scanlan 
et al. [62] reported that simple judgment of “normal” versus “abnormal” clock draw-
ings by naïve raters provides screening accuracy comparable with published scoring 
systems when distinguishing demented from non-demented individuals. Further 
support for the use of simpler scoring methods for the purpose of cognitive screen-
ing was provided by Kørner et al. [69], who examined five different scoring systems 
in a sample of Danish participants and found that, as the predictive values of each 
scoring system were nearly identical, the shortest scoring system was preferred.

5.6  Predictive Validity of CDT

5.6.1  Normal Aging

Bozikas et al. [70] administered Freedman et al.’s [27] version of the CDT to 223 
healthy community-dwelling adults in order to develop norms for the Greek popula-
tion and to explore the influence of demographic factors (i.e., sex, age, and level of 
education) on the performance of healthy individuals. The authors found no sex 
differences in performance but did find that age and level of education contributed 
to CDT scores. More specifically, they found that greater years of education were 
associated with better performance, while age had a negative contribution. Analysis 
revealed that the influence of age was due exclusively to the elderly group; for those 
patients under the age of 60 years, age did not influence CDT performance. However, 
there was a marked decline after 60 and another decline after 70 years of age. The 
authors suggest that performance on the CDT is resistant to the aging process, at 
least in the non-elderly. However, the authors note that future research should estab-
lish more reliable norms for the elderly by including more extensive sampling of 
elderly patients with varying levels of education.

Hershkovitz et al. [71] assessed the relationship between the CDT and rehabilita-
tion outcome in 142 elderly hip fracture patients who scored within the normal 
range of the MMSE (>23). This retrospective study was performed in a post-acute 
geriatric rehabilitation center, and patients were divided into two groups according 
to CDT performance (impaired versus intact) scored using the Watson method [37]. 
The differences between the two groups in relation to age, gender, education level, 
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living arrangement, pre-fracture functional level, and outcome measurements were 
compared. The patients’ functional status was assessed using the Functional 
Independent Measure (FIM) and the motor FIM [72]. The FIM is comprised of 18 
parameters, each assessed on a scale of 1–7 according to the degree of assistance the 
patient requires to perform a specific activity in three domains: basic activity of 
daily living, mobility level, and cognitive functioning. Patients’ rate of in-hospital 
improvement was calculated by comparing admission and discharge FIM scores. 
Discharge FIM scores were significantly lower for the impaired CDT group (89 vs. 
94.9, p = 0.007). Also, length of hospital stay was significantly longer (28.2 vs. 
25.3 days, p = 0.033), and rate of improvement in FIM was significantly slower 
(0.62 vs. 0.77, p = 0.036) for the impaired CDT group. The authors concluded that 
the CDT may assist the multidisciplinary team in identifying hip fracture patients 
whose MMSE scores are within the normal range but require a longer training 
period in order to extract their rehabilitation potential.

5.6.2  Mild Cognitive Impairment

Research examining the CDT’s ability to differentiate between subjects with and 
without mild cognitive impairment (MCI) is inconsistent [9, 28, 73]. For example, 
Yamamoto et al. [74] found that the CDT had positive utility for MCI screening, 
whereas Lee et al. [75] did not recommend the use of the CDT as a screening instru-
ment for MCI. Ehreke et al. [76] speculated that the inconsistent results might be 
due to the variety of versions of CDT administration and scoring, and thus they 
compared the utility of different CDT scoring systems for screening for MCI using 
a sample of German subjects aged 75 years and older. Diagnosis of MCI was estab-
lished according to the criteria proposed by the International Working Group on 
MCI [77]. These criteria include: (a) absence of dementia according to DSM-IV or 
ICD-10; (b) evidence of cognitive decline: subjective cognitive impairment (mea-
sured by self-rating or informant report) and impairment on objective cognitive 
tasks, and/or evidence of decline over time on objective cognitive tasks; and (c) 
preserved baseline activities of daily living or only minimal impairment in complex 
instrumental functions. The CDT scoring systems that were examined included 
Sunderland et al. [33], Shulman et al. [43], Mendez et al. [16], Rouleau et al. [8], 
Babins et al. [41], and Lin et al. [39]. The authors reported significant differences in 
CDT scores between participants with and without MCI for all scoring systems 
applied. Furthermore, receiver operating characteristics (ROC) analysis revealed a 
significant probability of correctly differentiating between subjects with and with-
out MCI for all scoring systems (a 64–69 % probability of MCI subjects achieving 
a different CDT score from subjects without MCI). However, an examination of 
screening utility indicators (sensitivity and specificity) showed that none of the 
scoring systems were able to screen reliably for MCI, as evidenced by the fact that 
no cut-off point in any system produced values of sensitivity higher than 80 % and 
values of specificity higher than 60 % (recommended values of sensitivity/specific-
ity outline by Blake et al. [78]). The scoring system that came closest to these 
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recommended values was that of Shulman et al., which produced 76 % sensitivity 
and 58 % specificity. The sensitivity and specificity values for the other systems 
were as follows: Sunderland et al. = 69 and 63 %; Rouleau et al. = 48 and 79 %; 
Babins et al. = 60 and 70 %; Mendez et al. = 64 and 70 %; Lin et al. = 76 and 49 %. 
The authors concluded that the CDT, as currently administered, is not a good screen-
ing instrument for MCI. However, they suggest that the CDT’s clinical utility in this 
population could be improved by being semi-quantitative, having a wider score 
range and focusing on the clock’s hands and numbers in more detail.

Similarly, Beinhoff et al. [79] employed the Shulman [2] scoring system to 
examine its usefulness in a sample of 232 patients with various degrees of dementia 
in an outpatient memory clinic in Germany. Using a cut-off point of >1, 86 % of AD 
patients and 40 % of MCI patients were detected. These authors also concluded that 
the CDT was useful for the detection of AD, but not for MCI.

Forti et al. [80] examined whether the CLOX [17], both alone and in combina-
tion with the MMSE, could be useful as a screening tool for MCI in a sample of 196 
elderly individuals seeking medical help for cognitive complaints. The CLOX is a 
CDT protocol that has been reported to be more sensitive to executive functioning 
impairment than either the MMSE or several other CDT tasks [57]. Forti et al. 
employed an extensive screening process in order to subdivide their MCI partici-
pants into the following subtypes: amnestic MCI (aMCI), if there was impairment 
in memory alone; multiple-domain MCI with memory impairment (mMCI), if there 
was impairment in memory and at least one other cognitive domain; non-amnestic 
MCI (naMCI), if there was impairment in one or more non-memory cognitive 
domain. The study found that, at standard cut-offs, both CLOX subtests had reason-
able specificity (CLOX 1 = 72 %, CLOX2 = 92 %) but unacceptably low values of 
sensitivity (CLOX 1 = 54 %, CLOX 2 = 28 %), as well as likelihood ratio (CLOX 
1 = 1.91, CLOX 2 = 3.59) for MCI. Furthermore, using different cut-off scores or 
combining the CLOX with the MMSE did not result in a statistically significant 
increase in diagnostic efficiency. Scores for both CLOX subtests were lower in sub-
jects with MCI than in controls, but neither subtest achieved efficacy enough to 
merit recommendation as a screening tool. As expected, the lowest CLOX scores 
were found for patients diagnosed with the mMCI subtype, which supports previous 
findings that, independent of the scoring system used, the greater the severity of 
cognitive impairment, the better the ability of a CDT task to detect it [28, 81]. The 
authors concluded that the CLOX, either alone or used in conjunction with the 
MMSE, is not a useful screening tool for MCI in a clinical setting.

A study by Parsey and Schmitter-Edgecombe [44] used both an established 
quantitative scoring system and a revised qualitative scoring method based on error 
criteria developed by Rouleau et al. [8] to demonstrate the sensitivity of the CDT to 
MCI. For the qualitative component, the authors converted the qualitative errors 
examined by Rouleau et al. [8] into a quantitative system to increase the speed and 
practicality of its use while maintaining the entirety of the scoring criteria. The 
authors hypothesized that by maintaining a greater number of qualitative errors and 
incorporating an efficient quantitative total score component, the modified scoring 
system would be both sensitive to MCI and practical for use in both clinical and 
research settings. The study found that MCI participants scored significantly 
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 differently than non-demented controls in terms of overall total score using the 
Modified Rouleau method, but not the original 10-point Rouleau system. 
Furthermore, sensitivity and specificity analyses revealed that the Modified Rouleau 
CDT scoring method demonstrated a moderate ability to detect early signs of cogni-
tive impairment. However, the Modified Rouleau system still exhibited significant 
numbers of false negative identifications. When compared to the original Rouleau 
scoring system, the modified version was more sensitive to MCI, which supports 
previous  studies demonstrating that more complex scoring systems are more sensi-
tive to the earliest stages of dementia [41, 62, 75]. The authors concluded that quali-
tative observations of clock drawing errors can help increase sensitivity of the CDT 
to MCI and that using a more detailed scoring system is necessary to differentiate 
individuals with MCI from cognitively healthy older adults.

A more recent study by Rubínová et al. [82] further supported the use of more 
complex scoring systems when attempting to diagnose amnestic MCI. In their study 
involving 48 patients with amnestic MCI and 48 age- and education-matched 
healthy controls, clock drawings were scored by three blinded raters using one sim-
ple, 6-point scale [43] and two complex 17- and 18-point scales [41, 83]. The study 
found that only the more complex scoring systems were significant predictors of the 
amnestic MCI diagnosis in logistic regression analysis. The 17-point scoring system 
of Cohen et al. [83] showed good sensitivity (87.5 %) that equaled that of the 
MMSE; however, the MMSE showed superior specificity (31.3 %) compared to the 
CDT (12.5 %). The authors found that the combination of the CDT and MMSE 
scores increased the area under the ROC curve (0.72; p < .001) and increased speci-
ficity (43.8 %), but not enough to be deemed an acceptable level (i.e., >60 %; [78]). 
The authors concluded that the simple 6-point scoring system for the CDT did not 
differentiate between healthy elderly and patients with amnestic MCI and although 
more complex scoring systems were slightly more efficient they were still charac-
terized by high rates of false positive results.

5.7  CDT and Specific Neurologic Conditions

The value of the CDT has been assessed in a wide variety of neurologic conditions 
including dementia, delirium, Huntington’s disease, Parkinson’s disease, stroke, 
traumatic brain injury, and schizophrenia.

5.7.1  Vascular Dementia and Alzheimer’s Disease

An interesting observation on CDT strategy was reported by Meier [84], who 
observed that patients with vascular dementia commonly begin the task by dividing 
the circle with radial lines into segments. When comparing the frequency of seg-
mentation patterns in clock drawings of patients with Alzheimer’s disease and those 
with vascular dementia, the vascular patients used the strategy at twice the rate. 
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Specifically, almost half of all impaired drawings of patients with vascular dementia 
showed segmentation compared with only one-quarter of the impaired drawings of 
Alzheimer’s patients. Moreover, patients using segmentation had a higher score on 
the MMSE than patients with other strategies.

Kitabayashi et al. [85] used quantitative analyses of clock drawings to demon-
strate differences in the neuropsychological profiles of Alzheimer’s disease 
 compared to vascular dementia. Using Rouleau et al.’s [8] CDT protocol, the authors 
found that Alzheimer’s disease patients’ error patterns tended to be stable and inde-
pendent of disease severity. However, patients with vascular dementia showed 
increased frequency of graphic difficulties and conceptual deficits with increasing 
severity of the disease. However, the frequency of visuospatial or planning deficits 
decreased with dementia severity. In mild dementia groups, the frequency of spatial 
and/or planning deficit was higher in vascular dementia. In moderate dementia 
groups, the frequency of graphic difficulties was significantly higher in vascular 
dementia and the difference in the frequency of spatial and/or planning deficit that 
was seen in mild dementia disappeared [85].

The finding of increased spatial and planning deficits in mild vascular dementia 
suggests that frontal-subcortical disturbances are operative. However, at the moder-
ate stage, patients experience conceptual deficits and graphic difficulties more 
prominently, while the spatial and conceptual deficits decrease. This suggests that 
the impairment of memory and motor function masks the frontal executive dysfunc-
tion as dementia severity increases [85]. The authors concluded that the cognitive 
profiles of patients are significantly different between Alzheimer’s disease and vas-
cular dementia at the mild and moderate levels and it may be possible to discrimi-
nate between these profiles using qualitative analyses of clock drawings [85].

Wiechmann et al. [86] examined the sensitivity and specificity of Borson et al.’s 
[52] 4-point scoring system for the CDT in discriminating Alzheimer’s disease and 
vascular dementia. Receiver operating characteristic (ROC) analysis revealed that the 
CDT was able to distinguish between normal elderly control participants and those 
with a dementia diagnosis (Alzheimer’s disease and vascular dementia combined). 
The authors reported that the optimal cut-off score for normal controls was 4, which 
produced 100 % sensitivity and 70 % specificity. The cut-off score for differentiating 
Alzheimer’s disease from vascular dementia was 3, which produced a sensitivity of 
55 % and a specificity of 22 %. Similarly, the cut-off score for discriminating vascular 
disease from vascular dementia was 3, which produced a sensitivity of 69 % and a 
specificity of 33 %. Thus, since the optimal cut-off scores for both Alzheimer’s dis-
ease and vascular dementia were the same, it was impossible to predict one diagnosis 
from the other solely based on the 4-point total score. Wiechmann et al. concluded 
that Borson et al.’s [52] 4-point system demonstrated good sensitivity and specificity 
for identifying cognitive dysfunction associated with dementia, but the system did not 
adequately discriminate between Alzheimer’s disease and vascular dementia [86].

Cacho et al. [5] examined the effect of presenting the CDT instructions with a 
verbal command versus asking participants to copy a clock model presented visu-
ally. Their sample included patients with early Alzheimer’s disease against a control 
group of healthy control subjects. Patients in the early Alzheimer’s disease group 
obtained significantly higher scores on the copy command version of the task 
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 compared to the verbal command version (z = −7.129, p < 0.001), whereas no statis-
tically significant differences were found for the healthy control group (z = −2.001, 
p < 0.080). In other words, early Alzheimer’s disease patients showed a significantly 
better performance and score on the CDT when copying a clock model than when 
the clock was drawn in response to verbal command. The authors referred to this 
difference in performance as the “performance pattern.” This is similar to the pat-
tern of response seen in the CLOX test for executive function [57]. Thus, the study 
found that patients with early Alzheimer’s disease showed an improvement pattern 
in the execution of the CDT copy command in comparison with the execution of the 
CDT verbal command that is not seen in healthy controls. Such results may be asso-
ciated with a greater deterioration of memory functions compared to visual- 
construction functions in patients with early Alzheimer’s disease [5].

Recently, Tan et al. [87] published a review of research examining the ability of 
the CDT to differentiate Alzheimer’s disease from other dementia types. The results 
of the review suggest that qualitative analyses of CDT performance may be useful 
in differentiating Alzheimer’s disease from other dementias, such as vascular 
dementia, Parkinson’s disease with dementia, dementia with Lewy bodies and fron-
totemporal dementia. Also, CDT cut scores were generally found to be helpful in 
differentiating Alzheimer’s disease from frontotemporal dementia; however, regard-
less of the scoring system used, quantitative scores in general were not useful for 
differentiating Alzheimer’s disease from all other forms of dementia. The authors 
speculated that this is due to the intrinsic nature of the CDT assessing several cogni-
tive skills at the same time and, although a single overall score is able to demon-
strate the presence of cognitive impairment, it is limited in delineating specific 
domains of cognitive impairment. The authors concluded that an examination of 
CDT error types may be useful in localizing the domain of cognitive dysfunction 
and assisting with differential diagnosis of dementia types.

5.7.2  Delirium

Fisher and Flowerdew [88] examined older patients who were undergoing elective 
orthopedic surgery to assess whether the CDT could predict postoperative delirium. 
The authors suggested that identifying high-risk patients for delirium may assist 
clinicians in decreasing the morbidity associated with delirium by providing timely 
interventions. In their study, patients undergoing elective hip and knee surgery were 
examined pre- and postoperatively, using a modified Confusion Assessment Method 
(CAM) questionnaire [89]. Using a stepwise multiple logistic regression, the authors 
identified two significant risk factors for postoperative delirium. The first risk factor 
was male gender, and the second was a CDT score of ≤6 based on the modified 
clock drawing scoring system of Sunderland et al. [33] and Wolf-Klein et al. [34]. 
Interestingly, abnormal MMSE scores did not predict delirium in the authors’ 
model. Thus, the authors speculated that the CDT measures non-dominant parietal 
functions better than the MMSE and therefore may be indirectly detecting an 
increased predisposition to the development of delirium.
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Manos [90] reported a case of an 80-year-old man who underwent a decompres-
sion lumbar laminectomy and later developed a wound infection and other compli-
cations, necessitating a second surgery. He developed a delirium the night after his 
second operation. The CDT was used to document recovery from the delirium up to 
14 days postoperatively. By postoperative day 10, the delirium had cleared from a 
clinical perspective, but cognitive impairment was still evident on the CDT, with 
minor impairment lasting until day 14. This case study provided further evidence of 
the usefulness of the CDT in the monitoring of delirium.

Recently, Bryson et al. [91] evaluated the accuracy of the CDT in a sample of 
patients undergoing surgery for aortic repair. Their study was a subcomponent of a 
trial whose primary purpose was to explore the relationships among delirium, post-
operative cognitive dysfunction, and the apolipoprotein ε (epsilon) 4 genotype. 
Delirium was assessed using the Confusion Assessment Method [89] on postopera-
tive days 2 and 4 and at discharge. Cognitive functioning was assessed with neuro- 
psychometric tests before surgery and at discharge. Postoperative cognitive 
dysfunction was determined using the reliable change index method [92], and the 
CDT was administered at all time points. Delirium was noted in 36 % of patients 
during their hospital stay, while postoperative cognitive dysfunction was noted in 
60 % of patients at discharge. Agreement between the CDT and the test for delirium 
or postoperative cognitive dementia was assessed with Cohen’s kappa statistic. The 
authors found that agreement between the CDT and Confusion Assessment Method 
was poor at 2 and 4 days postoperatively, as well as at discharge, with kappa consis-
tently <0.3. For the purpose of their study, the authors assumed that the Confusion 
Assessment Method is diagnostic of delirium and reported the sensitivity of the CDT 
in identifying delirium ranges from 0.33 at discharge to 0.59 at the day 4 assessment. 
Specificity ranged from 0.65 at 2 days postoperatively to 0.83 at discharge. The 
results of this study suggested that the sensitivity of the CDT for delirium and post-
operative cognitive dysfunction was poor, and thus the CDT is not recommended for 
bedside screening of delirium or postoperative cognitive dysfunction. However, the 
authors acknowledge that their study was limited by the absence of an agreed stan-
dard of reference on which to base their diagnoses of delirium and postoperative 
cognitive dysfunction, as well as by a highly selected patient sample that does not 
reflect the variety of patients presenting for elective non-cardiac surgery [91].

5.7.3  Huntington’s Disease

Rouleau et al. [8] applied both quantitative and qualitative analyses of the CDT to 
distinguish characteristics associated with Huntington’s disease and Alzheimer’s 
disease. The authors used a CDT protocol adapted from the Boston Parietal Lobe 
Battery [30] with added qualitative analysis assessing: (a) graphic difficulties to 
stimulus-bound responses, e.g., for 11:10, hand pointing to “10” rather than “2”; (b) 
conceptual deficits; (c) spatial or planning deficits; (d) perseveration. The study also 
included a copy task in which Alzheimer’s disease patients showed significant 
improvement compared to Huntington’s disease patients. The authors suggested 
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that the primary cause of drawing problems is not graphic, motor, or visual percep-
tual difficulties, but rather they are due to the loss of semantic associations with the 
word “clock.” Huntington’s versus Alzheimer’s patients demonstrated moderate to 
severe graphic and planning deficits. Such planning difficulties may be related to 
frontostriatal dysfunction associated with Huntington’s disease. Moreover, since 
cognitive impairment was equal between Alzheimer’s and Huntington’s patients, 
qualitative differences between groups appear to be due to differential involvement 
of the limbic cortical regions in Alzheimer’s disease compared to the basal ganglia 
and corticostriatal dysfunction associated with Huntington’s disease.

5.7.4  Parkinson’s Disease

Saka and Elibol [93] examined the utility of practical neuropsychological tests, 
including the CDT, in differentiating Parkinson’s disease with dementia (PD-D) and 
Alzheimer’s disease, as well as Parkinson’s disease with mild cognitive impairment 
(PD-MCI) and amnestic MCI (aMCI). The authors evaluated consecutive cases with 
mild to moderate Alzheimer’s disease (n = 32) and PD-D (n = 26), as well as aMCI 
(n = 34) and PD-MCI (n = 19). The study found that the CDT was more impaired in 
patients with PD-D than Alzheimer’s disease. For differentiation of PD-D from 
Alzheimer’s disease, the CDT was found to be valuable with moderately high sen-
sitivity (85.7 %) and specificity (69.6 %). In differentiation of aMCI and PD-MCI, 
the CDT was again found to be helpful with a sensitivity of 75.0 % and a specificity 
of 62.5 %. By applying stepwise linear discrimination function analysis, the authors 
found that a combination of the CDT with an enhanced cued recall task correctly 
classified 70.7 % of the overall study population; specifically, 71.4 % of Alzheimer’s 
disease, 71.9 % of aMCI, 69.6 % of PD-D, and 68.8 % of PD-MCI patients were 
correctly identified. These results suggest that the CDT can supplement clinical 
diagnostic criteria in differentiation of dementia or MCI associated with Parkinson’s 
disease from Alzheimer’s disease and aMCI. The authors note, however, that while 
the CDT measures visuospatial impairment, it also involves frontal lobe functions 
such as planning, which is more impaired in PD-D than Alzheimer’s disease. 
Moreover, impairment of visuospatial function occurred more frequently in PD-MCI 
than aMCI cases, and thus, it may predict the developing state of PD-D.

5.7.5  Stroke

The utility of the CDT for localizing vascular brain lesions was explored by Suhr et al. 
[94] in a sample of 76 stroke patients and 71 normal controls. In addition to compar-
ing six quantitative scoring systems, the study also assessed the discriminative ability 
of a number of qualitative aspects of CDT performance using Rouleau et al.’s scoring 
protocol [8]. The authors hypothesized that the qualitative aspects of the CDT would 
be more useful than quantitative scores in discriminating among patients with respect 
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to lesion location. The results found that, indeed, no significant differences emerged 
between various lesion groups when using quantitative scoring techniques in assess-
ing localization of function. However, qualitative features of the CDT were found to 
discriminate between lesion locations. Specifically, right- hemisphere stroke patients 
displayed more graphic errors and impaired spatial planning compared to left-hemi-
sphere stroke patients. This pattern of performance is consistent with the impaired 
visuospatial/visuoconstructional difficulties seen after right-hemisphere strokes. 
Also, subcortical patients showed more graphic errors compared to cortical patients, 
while cortical patients demonstrated more perseveration on qualitative assessments. 
This pattern of performance is similar to the findings of Rouleau et al. [8], who found 
graphic difficulties were more common in the subcortical dementia associated with 
Huntington’s disease. The authors concluded that scoring the CDT qualitatively might 
provide useful additional information about the location of brain dysfunction, while 
adding little time and effort to the evaluation process.

Cooke et al. [95] explored the relationships between CDT performance follow-
ing stroke and key clinical variables, including cognition, lateralization, and type of 
stroke. Their sample included 197 patients with stroke from 12 hospital and reha-
bilitation facilities. The results showed that MMSE [47] performance was strongly 
associated with performance on the CDT. The authors suggested that this relation-
ship provided further corroboration of the validity and sensitivity of the CDT as a 
quick screening tool of cognitive impairment in the stroke population. As hypothe-
sized by the authors, the location of the stroke (left or right cerebral hemisphere) 
demonstrated a significant relationship with the CDT. Approximately half of the 
patients with a right-hemisphere stroke had impaired clock drawings (54 %), 
whereas less than half of those with left-hemisphere stroke had impaired clock 
drawings (35.6 %). The right hemisphere controls the majority of cognitive and per-
ceptual functions that are responsible for executing the CDT [96], and visuospatial 
and visuoconstructional skills are predominantly affected following lesions to the 
right hemisphere [26]. Thus, it is expected that those with right-hemisphere stroke 
would have impaired CDT performance [95].

Freedman et al. [27] describe how the CDT can be used to assess and diagnose 
perceptual and cognitive impairments post-stroke due to the organization of the 
brain. For example, if all elements of the clock (circle, hands, and numbers) are 
present but distorted, then the lesion is more likely to be found in the right hemi-
sphere and may be further localized to the posterior area of the right hemisphere 
where spatial organization skills are located. In contrast, a lesion in the left hemi-
sphere may be indicated by sequential errors, such as writing the numbers in the 
correct sequence but in the counterclockwise direction [27].

5.7.6  Traumatic Brain Injury

De Guise et al. [15] examined the neuroanatomical correlates of the CDT in patients 
with different types and sites of injury sustained after traumatic brain injury (TBI). 
Patients were assessed in the context of a level 1 trauma center, and different types 
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of injuries (epidural hematoma, subdural hematoma, subarachnoid hemorrhage, 
intraparenchymal hematoma, and brain edema) in different sites (frontal, temporal, 
parietal, occipital lobes, bilateral, and right or left hemisphere) were included. The 
authors anticipated that more impaired performance on the CDT would be associ-
ated with parietal injuries. The results showed that patients who sustained a trau-
matic subarachnoid hemorrhage, brain edema, and bilateral injury showed more 
deficits on the CDT. Errors made by these patients included difficulty producing the 
clock face and correctly placing the hands and in numbering the clock accurately. 
The authors found that traumatic subarachnoid hemorrhage, brain edema, and bilat-
eral injuries interfere with CDT performance, likely because they are more diffuse 
and involve a combination of cerebral areas. Further analyses based on the sites of 
lesions confirmed the involvement of the parietal lobe in performance on the 
CDT. Specifically, a higher percentage of patients who sustained parietal lesions 
presented with more deficits in the drawing of the clock and in accurately producing 
numbers and hands. The authors concluded that the CDT can be used as a sensitive 
and reliable screening tool for detecting cognitive impairment in patients with TBI.

In response to the study by De Guise et al. [15], Frey and Arciniegas [18] noted 
that most (72.9 %) of the subjects in the De Guise study had frontal injuries. As a 
result, it is likely that performance problems in their sample are at least partially 
reflective of the effects of injury to the frontal and/or frontal white matter elements of 
CDT-relevant frontoparietal networks. Frey and Arciniegas suggested that, while pari-
etal lesions might exert an additional adverse effect on the function of those networks, 
confirming the presence of such an effect necessitates controlling for the effects of 
frontal and/or white matter lesions on CDT performance. After reanalyzing the data 
presented by De Guise et al. using one-tailed hypothesis testing, Frey and Arciniegas 
demonstrated that significant effects on CDT performance are not limited to parietal 
injuries. Moreover, Frey and Arciniegas stressed that any predictive model of CDT 
total score using neuroanatomical variables requires the inclusion of frontal, temporal, 
and parietal lesions [18]. Thus, while it is clear that the CDT may be a viable tool for 
discriminating between lesion locations in TBI patients, there remains a need for addi-
tional research with greater refinement of the concepts and methods employed.

The executive clock drawing tasks (CLOX 1 and 2) were examined by Writer 
et al. [97] for their ability to predict functional impairment in a sample of patients 
with combat-related mild traumatic brain injury and comorbid post-traumatic stress 
disorder (PTSD). Functional impairment was assessed using the structured assess-
ment of independent living skills (SAILS). The SAILS assesses instrumental activi-
ties of daily living and measures both competency (performance ability and 
accuracy) and efficiency (time to completion) [98]. Pilot findings reported by the 
authors found CLOX 1-defined executive functioning correlated well with SAILS- 
defined functional competency and efficiency. Moreover, CLOX 1 performance 
contributed variance independent of comorbid PTSD anxiety symptom burden or 
other potentially confounding subject and injury characteristics. These findings sug-
gest that the CLOX can discriminate between those with high versus low 
performance- based functional status scores in patients with mild TBI. However, the 
authors acknowledge that these results need to be interpreted with caution due to the 
low sample size used (n = 15) [97].
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5.7.7  Schizophrenia

Herrmann et al. [99] compared 24 patients with schizophrenia to 24 healthy, age- 
matched controls on clock drawing, copying, and reading. Patients all met DSM-IV 
[100] criteria for schizophrenia with diagnoses made by a psychiatrist. Participants’ 
cognition was assessed using the MMSE [47], and symptom severity was docu-
mented with the Brief Psychiatric Rating Scale (BPRS) [101]. Clock tasks were 
scored according to the method described by Freedman et al. [27]. The authors 
found that schizophrenic patients performed worse than controls on clock drawing 
and copying, but showed no differences on the reading task, even though both 
groups had similar scores on the MMSE. They speculated that the CDT may be 
more sensitive to cognitive impairment in schizophrenics than the MMSE, given the 
latter’s lack of sensitivity to frontal system dysfunction. Furthermore, since perfor-
mance on the CDT was significantly affected by scores on the BPRS, it has been 
suggested that the clock tasks might be measuring state-associated impairment 
(related to symptom severity) rather than trait-associated changes (related to the 
inherent neurocognitive deficit of the illness per se) [99]. The authors also suggested 
that the examination of specific errors made on the CDT may shed some light on the 
deficits displayed. Specifically, compared with controls, the patients with schizo-
phrenia made most errors on placing and spacing the numbers on the free-drawn 
and pre-drawn clocks. These errors may reflect impairment in frontal visual-spatial 
function as these errors may be related to attention and strategy formation rather 
than to vision and topography. The relatively normal clock reading in schizophrenic 
patients may reflect sparing of the posterior regions that mediate reading in general 
[99]. The authors concluded that, while the role of clock drawing and copying in 
schizophrenia requires further study, the easily administered CDT may prove useful 
in monitoring changes in cognition, possibly associated with symptom severity. The 
CDT may also help to document positive or negative changes in cognition associ-
ated with the use of antipsychotic medications.

5.7.8  Metabolic Syndrome

Metabolic syndrome is a constellation of health risk factors that includes hyperten-
sion, atherogenic dyslipidemia, impaired glucose homeostasis and abdominal obe-
sity [102]. Metabolic syndrome is associated with greater occurrence of subcortical 
white matter hyperintensities, which are associated with cognitive decline, late- 
onset depression and functional disability [103]. Viscogliosi et al. [104] sought to 
determine whether the presence of metabolic syndrome predicted longitudinal 
changes in cognitive functioning, as assessed by the CDT, over a 1-year period. 
Their sample included 104 stroke- and dementia-free older hypertensive partici-
pants. They found that the presence of metabolic syndrome predicted 1-year cogni-
tive decline independent of participants’ age, neuroimaging findings, and initial 
cognitive performance. In this study, the authors used the Sunderland CDT scoring 
method [33] and found that participants who met criteria for metabolic syndrome in 
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their sample (n = 31) scored significantly lower at follow up, with an average score 
of 6.8 versus 8.3 in participants without a diagnosis of metabolic syndrome. 
Interestingly, in a follow up study by the same research group [103], metabolic 
syndrome was found to be inversely associated with CDT scores but had no impact 
on measures of episodic memory. Also, when the individual risk factors comprising 
metabolic syndrome (e.g., hypertension, atherogenic dyslipidemia, etc.) were exam-
ined alone, none of these individual components of metabolic syndrome predicted 
poorer cognitive performance independently.

5.8  Longitudinal Monitoring Using the CDT

A cognitive screening instrument that can accurately and reliably discriminate 
between neurological conditions is certainly a useful tool in clinical and research 
settings. The above-mentioned studies suggest that the CDT can indeed assist clini-
cians in screening for a variety of disorders. In addition to discriminating between 
neurological conditions, another potentially effective use of the CDT is related to 
longitudinal monitoring of cognitive decline. Recently, Amodeo et al. [105] con-
ducted a literature review examining the ability of the CDT to monitor longitudinal 
decline in cognitive function. The authors found that preliminary results of the lim-
ited number of studies examining the predictive value of the CDT suggest that it is 
useful for the longitudinal assessment of cognitive impairment and may be helpful 
for predicting conversion to dementia. In considering longitudinal monitoring, the 
authors found that the CDT appears to be sensitive to the cognitive decline associ-
ated with progression to dementia.

Studies by Rouleau et al. [106] and Lee et al. [107] found that patients with 
Alzheimer’s disease demonstrated an increase in conceptual errors over time, sug-
gesting that this type of error in particular may be most sensitive to the cognitive 
decline typical of Alzheimer’s disease. Conceptual errors are broadly defined as 
errors “reflecting a loss or a deficit in accessing knowledge of the attributes, features 
and meaning of a clock” and can manifest as a misrepresentation of time on the 
clock or a misrepresentation of the clock itself [107]. Interestingly, conditions 
requiring the patient to produce the clock on their own (as opposed to copying a 
clock) appear to be superior in detecting cognitive decline in dementia. Rouleau 
et al. suggest that this finding implies a decline in the mental representation of a 
clock, given that this mental representation is necessary in the drawing condition 
but less so in the copy condition [106]. Overall, this research suggests that the CDT 
is sensitive to the cognitive decline associated with dementia or the development of 
dementia and it is the subject’s mental representation or meaning of a clock that 
displays the most marked degradation.

In their review of the literature, Amodeo et al. [105] concluded that the CDT 
appears sensitive to cognitive decline over time and may be able to predict which 
cognitively intact older adults and MCI patients will eventually develop dementia. 
Although the accuracy of discrimination is not sufficient to recommend the CDT 
alone as the best measure of cognitive decline over time, it does have the advantage 
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of quick and easy administration and may best be applied in combination with other 
instruments. The CDT has already found its way into well-known tests such as the 
Mini-cog [108], the Montreal Cognitive Assessment (MoCA) [109] (see Chap. 7), 
and the Addenbrooke’s Cognitive Examinations (Chap. 6), as well as the Test Your 
Memory (TYM) test (Chap. 9) and the Quick Mild Cognitive Impairment screen 
(Qmci; Chap. 12). As demonstrated by the studies exploring predictive validity, an 
abnormal CDT may serve as a flag for further assessment, even if the patient appears 
intact. In addition to predicting cognitive decline, repeated administration of the 
CDT may be useful for monitoring this decline. Amodeo et al. [105] suggest that 
future research should focus on methods to improve predictive validity of the CDT, 
including the determination of which aspects of clock drawing are most sensitive 
and specific, and with which supplementary tests it should be administered.

5.9  Cultural, Ethnic, and Educational Considerations

As with any cognitive screening tool, the characteristics of the subject population 
(i.e., language, cultural background, level of education) can influence the validity of 
the CDT. Numerous studies have examined the effect of such variables, with par-
ticular attention being paid to the influence of level of education. To date, the results 
have been contradictory, with some studies finding a link between such variables 
and CDT performance and others finding no correlation.

Sugawara et al. [3] sought to develop normative data for the CDT for the Japanese 
community-dwelling population using Freedman’s scoring protocol [27]. The CDT 
and MMSE were administered to 873 volunteers aged 30–79 years old (36.8 % 
males) who participated in the Iwaki Health Promotion Project in 2008. The authors 
found gender differences in the free-drawn condition in both nonparametric and 
multiple regression analyses. Specifically, female CDT scores were higher than 
those of males. The authors noted, however, that the results of previous research 
examining gender differences in CDT performance were controversial, with some 
supporting an influence of gender [110, 111] and others finding no differences [70]. 
In all conditions that were tested in this study, subjects 60 years of age and older 
showed either significant decreases in CDT scores or a decreasing trend in perfor-
mance. Interestingly, the authors only found an influence of education on CDT 
scores in females 60 years of age and older in the free-drawn condition. This finding 
is in contrast to results published by Yamamoto et al. [74], who also studied CDT 
performance in the Japanese population but found CDT scores to be independent of 
years of education. The authors noted, however, that most participants included in 
the study (96.8 %) had received 9 or more years of education. Thus, it is possible 
that the high level of literacy in their subjects may have precluded their study from 
finding strong educational differences in CDT scores [3].

Kim and Chey [1] investigated CDT performance of 240 non-demented elderly 
Korean individuals with a wide range of education levels and 28 patients with mild 
dementia of the Alzheimer’s type (DAT). They found that literacy and education of 

B.J. Mainland and K.I. Shulman



101

patients significantly influenced the CDT performance in the sample, in that older peo-
ple with lower education had lower CDT scores and wider range of performance. These 
effects were most dramatic in the illiterate individuals. Moreover, illiterate and/or uned-
ucated older persons made conceptual errors similar to those of the DAT patients. 
Conceptual deficits observed in the DAT patients have been interpreted as stemming 
from the loss of semantic association evoked by the word “clock” and the graphic rep-
resentation of a clock [8]. However, Kim and Chey [1] found that misrepresentation of 
the clock was mostly observed in the uneducated participants from both the normative 
groups and the DAT group. The authors speculated that the conceptual errors made by 
an uneducated normal individual are likely to be due to poor development of the repre-
sentation of a clock or time on a clock face, which are based on numeracy and abstract 
thinking. Thus, even though semantic association or representation may be intact, the 
necessary constructional skills may be poorly developed in uneducated people as well. 
The authors concluded that the CDT performance in older people who are either illiter-
ate or with 6 or less years of education should be interpreted with caution [1].

The correlation of the MMSE and the CDT was explored by Fuzikawa et al. 
[112] using Shulman’s method [2] in a sample of elderly Brazilian adults with very 
low levels of formal education. Participants were recruited from Bambui, a town of 
15,000 inhabitants in southeast Brazil. The median schooling level of the sample 
was 2 years. The authors found that the correlation between the MMSE and CDT 
was moderate (ρ (rho) = 0.64) in the sample of older adults with very low formal 
education, and no differences were found according to gender, age, or schooling 
level. Specifically, higher CDT scores were associated with higher MMSE scores, 
whereas lower CDT scores corresponded to a wider range of MMSE scores. Thus, 
it appears that in this population with very low education, the majority of subjects 
who perform well on the CDT could be expected to obtain a high MMSE score. 
Therefore, if an individual was able to draw a good clock despite having a low level 
of education, this could indicate adequate cognitive function that is reflected by high 
scores on the MMSE. In contrast, a low CDT score in this population would not 
allow suppositions about the MMSE score but would suggest the need for further 
assessment and/or investigations. The results of this study suggest that the CDT 
may be very practical in developing counties, where resources are limited and low 
education among the elderly is common.

Borson et al. [108] proposed that telling time by clock face is familiar across 
all major cultures and civilizations, whereas the more abstract figure copying 
seen in the MMSE intersecting pentagons task is a skill that is more familiar to 
those educated in developed countries. They argued that the task of drawing a 
clock “from scratch” requires the use of multiple cognitive abilities from a wide 
range of cerebral regions. While this feature is ideal for a cognitive screening 
instrument, it is not common across all screening and visuospatial copying tasks. 
The “diffuse” CDT task is thus ideal for cognitive screening purposes as it elicits 
a number of cognitive abilities, including long-term memory and information 
retrieval, auditory comprehension, visuospatial representation, visual perceptive 
and visual motor skills, global and hemispheric attention, simultaneous process-
ing, and executive functions [52].
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In an earlier study, Silverstone et al. [113] described the usefulness of the CDT 
in a sample of 18 Russian immigrants who were unable to speak English. CDT 
screening identified abnormal scores in four of the participants, and follow-up with 
these patients’ families confirmed a diagnosis of progressive cognitive loss and 
dementia. The authors suggested that the CDT is a useful screening tool when lan-
guage is a serious barrier to cognitive testing.

5.10  Conclusion

In this chapter, a wide range of CDT scoring and administration methods were pre-
sented, and it appears as though the simpler the scoring system, the better for most 
clinical settings as the more complicated and lengthy scoring systems do not appear 
to add significant value to the clinical utility of the test when being used as cognitive 
screening measure. In terms of simplicity, the 4-point system used by the Consortium 
to Establish a Registry for Alzheimer’s Disease (CERAD) seems optimal [108]. 
However, when examining the utility of the CDT scoring systems for screening for 
MCI, Ehreke et al. [76] found that while significant differences were observed 
between MCI subjects and normal controls, no scoring method produced sensitivity 
and specificity values high enough to conclude that the CDT, as currently adminis-
tered, is a good screening instrument for MCI. However, they suggested that the 
clinical utility could be improved by including a semi-quantitative and wider scor-
ing range that places more focus on the clock’s hands and number placement. Thus, 
it appears that in some situations, an overly simplified scoring system may limit the 
utility of the CDT. With this in mind, it falls to the clinician to decide what level of 
detail they wish to extract when deciding which scoring protocol to apply.

The CDT appears to have achieved widespread clinical utilization, albeit with incon-
sistent approaches to scoring and interpretation. The CDT is well accepted by clinicians 
and patients due to its ease of use and short administration time. The recent literature 
reflects increasing interest and focus on this test as a quick screening tool for cognitive 
impairment. Moreover, conclusions from studies examining its utility in various popula-
tions of patients are predominantly positive. As a screening instrument, it can also pro-
vide an easy to administer and valuable baseline from which to monitor cognition over 
time. Available evidence suggests that the CDT, used in conjunction with other brief 
validated cognitive tests and informant reports, such as the MMSE [47], or as a compo-
nent of a brief cognitive screening battery, such as the MoCA [109] or Mini-Cog [108], 
should provide a significant advance in the early detection of dementia.
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Abstract The Addenbrooke’s Cognitive Examination (ACE) was originally devel-
oped as a theoretically motivated extension of the Mini-Mental State Examination 
(MMSE) which attempted to address the neuropsychological omissions and improve 
the screening performance of the latter. Though taking longer to administer than the 
MMSE, and therefore best suited to specialist settings, ACE and its subsequent 
iterations, ACE-R and ACE-III, have proved easy to use, acceptable to patients, and 
have shown excellent diagnostic utility in identifying dementia and cognitive 
impairment in a variety of clinical situations (Alzheimer’s disease, frontotemporal 
lobar degenerations, Parkinsonian syndromes, stroke and vascular dementia, brain 
injury). The most recent development, the Mini-Addenbrooke’s Cognitive 
Examination (M-ACE), takes no more time to administer than the MMSE but, like 
the longer versions, is superior to MMSE in diagnostic utility. The utility of ACE/
ACE-R has prompted translation into various languages, and this trend is antici-
pated to continue for ACE-III and M-ACE.

Keywords Addenbrooke’s Cognitive Examination • Cognitive Screening • Dementia 
• Diagnosis • Alzheimer’s disease • Mild cognitive impairment • Frontotemporal 
lobar degenerations

6.1  Introduction

For many years following its first publication in 1975, the Folstein Mini-Mental 
State Examination (MMSE; [1]) was the best known and the most widely used cog-
nitive screening instrument (CSI) globally. Nevertheless, MMSE was noted to have 
certain shortcomings (see Chaps. 3 and 4). From the neuropsychological viewpoint, 
MMSE was recognized to be deficient in its coverage of certain cognitive domains, 
specifically memory, visuoperceptual function, and executive function, despite such 
coverage being amongst the recommendations for the optimal CSI enunciated by 
the Research Committee of the American Neuropsychiatric Association [2] (see 
Chap. 1, at Sect. 1.3). Developments of the MMSE to try to address these shortcom-
ings have been attempted, such as the Modified Mini-Mental State Examination or 
3MS [3] (see Chap. 4, at Sect. 4.2.2).
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A theoretically motivated cognitive screening test which attempted to address the 
neuropsychological omissions of the MMSE and to bridge the gap between very 
brief screening instruments and a full neuropsychological assessment for use in 
memory clinics was developed by Hodges and colleagues at Addenbrooke’s 
Hospital, Cambridge, UK, in the 1990s. Another guiding principal was to develop a 
test that could be readily translated and was freely available. The Addenbrooke’s 
Cognitive Examination (ACE) [4] and its subsequent iterations, the Addenbrooke’s 
Cognitive Examination-Revised (ACE-R) [5], ACE-III [6] and ACEapp (acemob-
ileorg@gmail.com), and the Mini-Addenbrooke’s Cognitive Examination (M-ACE) 
[7], have gained widespread acceptance and use over the past 15 years. Collectively 
these may be referred to as the Addenbrooke’s Cognitive Examinations (ACEs).

6.2  Development and Index Studies

6.2.1  Addenbrooke’s Cognitive Examination (ACE)

The Addenbrooke’s Cognitive Examination (ACE) [4] encompassed tests of atten-
tion/orientation, memory, language, visual perceptual and visuospatial skills, and 
executive function, with a total score out of 100 (Box 6.1). Reliability of the ACE 
was evident from its high internal consistency (Cronbach’s alpha coefficient = 0.78). 
ACE also incorporated the MMSE, such that this score (out of 30) might also be 
generated. There was also a clock drawing test (see Chap. 5), the scoring of which 
was comparable to other standardized scoring methods [8]. The design of the ACE 
aimed to allow sensitivity to the early stages of Alzheimer’s disease (AD) and fron-
totemporal dementia (FTD).

Box 6.1 Item Content of ACE, ACE-R, ACE-III and M-ACE, Compared 
to MMSE

ACE ACE-R ACE-III M-ACE MMSE

Orientation: time 5 5 5 4 5
Orientation: place 5 5 5 5
Registration 3 3 3 3
Attention/concentration 
(serial 7 s, DLROW)

5 (best 
performed 
task)

5 (best 
performed 
task)

5 (serial 
7 s only)

5

Memory: recall 3 3 3 3
Memory: anterograde 
memory (name and 
address)

28 19 19 14

6 Addenbrooke’s Cognitive Examinations



112

In the index study [4], ACE proved acceptable to patients and relatively quick to 
administer (ca. 15 min). A patient group (n = 139, of 210 screened, excluding 
patients with dual pathology, depression, and non-degenerative, non-vascular 
pathology) was examined, of whom most had dementia (115; non-dementia = 24), 
along with a control group (n = 127; education-matched individuals attending ortho-
pedic or gynecology clinics and their spouses, and members of the Medical Research 
Council subject panel).

At cut-off scores of 88/100 and 83/100, ACE was reported to have good sensitiv-
ity and specificity for identifying dementia (0.93 and 0.71; 0.82 and 0.96, respec-
tively), figures which compared favorably to the MMSE at a cut-off of 24/30 (0.52 
and 0.96, respectively).

Mathuranath et al. [4] observed that patients with AD and FTD showed signifi-
cant differences on performance of different components of the ACE: orientation, 
attention and memory were worse in AD patients, whilst letter fluency, language 
and naming were worse in FTD patients. This scoring pattern was translated into an 
index reported to be useful for the differentiation of AD and FTD, the (V + L)/
(O + M) or the VLOM ratio, given by the formula:

ACE ACE-R ACE-III M-ACE MMSE

Memory: retrograde 
memory

4 4 4

Verbal fluency: letters and 
Animals in 1 min

14 14 14 7 (letters 
or 
animals 
in 
different 
versions)

Language: naming 12 12 12 2
Language: comprehension 8 8 7 4
Language: repetition 5 4 4 1
Language: reading 2 1 1
Language: writing 1 1 2 1
Visuospatial abilities: 
intersecting pentagons

1 1 1 
(intersecting 
lemnisci)

1

Visuospatial abilities: wire 
(Necker) cube

1 2 2

Visuospatial abilities: 
clock drawing

3 5 5 5

Perceptual abilities: dot 
counting

– 4 4

Perceptual abilities: 
fragmented letters

– 4 4

Total score 100 100 100 30 30
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VLOMratio verbalfluency language orientation delayedreca= +( ) +/ lll( )  

For the ACE, the maximum scores for each of these components gave a ratio of 
42/17. A VLOM ratio >3.2 showed sensitivity of 0.75 and specificity of 0.84 for the 
diagnosis of AD compared to non-AD. A VLOM ratio <2.2 showed sensitivity of 
0.58 and specificity of 0.97 for the diagnosis of FTD versus non-FTD [4].

6.2.2  Addenbrooke’s Cognitive Examination-Revised (ACE-R)

The Addenbrooke’s Cognitive Examination-Revised (ACE-R) [5] was a develop-
ment of the earlier ACE which also incorporated the MMSE, but had clearly defined 
subdomain scores. Like the ACE, the overall ACE-R score was 100 (Box 6.1), from 
which domain scores for attention and orientation, memory, fluency, language and 
visuospatial abilities could be generated (Box 6.2). Test reliability was very good as 
judged by its internal consistency (Cronbach alpha coefficient = 0.8).

In the index study [5], ACE-R proved acceptable to patients and relatively quick 
to administer (ca. 15 min). The cohort examined (n = 241; dementia 142, mild cog-
nitive impairment [MCI] 36, controls 63) was selected using exclusion criteria as 
for the ACE study (psychiatric disorder, mixed pathology, non- neurodegenerative 
disease process). At cut-off scores of 88/100 and 82/100, ACE-R was reported to 
have good sensitivity and specificity for identifying dementia (0.94 and 0.79; 0.84 
and 1.00, respectively). MCI group performance fell between that of controls and 
AD patients.

As with the ACE, a subscore was derived from the ACE-R, the VLOM ratio, 
which was reported to be helpful in differentiating AD from FTD. The same criteria 
were applied for calculating the VLOM ratio (although not explicitly stated, the 
maximum score for each of these components in the ACE-R gives a ratio of 40/17). 
ACE-R VLOM ratio >3.2 showed sensitivity of 0.74 and specificity of 0.85 for the 
diagnosis of AD compared to non-AD; whilst VLOM ratio <2.2 showed sensitivity 
of 0.58 and specificity of 0.95 for the diagnosis of FTD versus non-FTD [5]. The 
findings were therefore similar to those with the VLOM ratio derived from the ACE.

Box 6.2 Domain Scores of ACE-R and ACE-III

Attention and orientation 18
Memory 26
Fluency 14
Language 26
Visuospatial 16
Total score 100
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6.2.3  ACE-III, ACEapp

ACE-III [6] was developed to expunge the MMSE items in ACE and ACE-R 
(Box 6.1). Up until 2001, MMSE was freely available, but in that year the copyright 
was acquired by Psychological Assessment Resources which terminated the free 
availability of MMSE [9, 10], hence the necessity to remove MMSE items. In ACE- 
III, these MMSE items were substituted like for like as far as possible, for example 
the intersecting pentagons were replaced with intersecting lemnisci, resulting in the 
same domain scores as for ACE-R (Box 6.2). Internal reliability was high (Cronbach 
alpha coefficient = 0.88).

In the index study [6], the cohort examined (n = 86; AD 28, FTD 33, controls 25) 
found ACE-III to be acceptable and it was relatively quick to administer (ca. 
15 min). ACE-III and ACE-R were highly correlated (r = 0.99), and at the previously 
recommended cut-off scores ACE-III was both highly sensitive and specific (at 
88/100: 1.00 and 0.96 respectively; at 82/100: 0.93 and 1.00 respectively). ACE-III 
cognitive domains correlated significantly with standard neuropsychological tests.

ACE-III has also been made available as an i-pad based app, which is available 
cost-free via iTunes and at acemobileorg@gmail.com. The automated scoring and 
the clear instructions are designed to reduce errors in administration and scoring.

6.2.4  Mini-Addenbrooke’s Cognitive Examination (M-ACE)

The Mini-Addenbrooke’s Cognitive Examination (M-ACE) [7] was developed from 
the longer ACE-R and ACE-III instruments by using Mokken scaling analysis in 117 
dementia patients. The resultant M-ACE comprises tests of attention, memory (7-item 
name and address), letter fluency, clock drawing, and memory recall, scored out of 30 
(Box 6.1). Internal reliability was high (Cronbach alpha coefficient = 0.83).

In the index study [7], the cohort examined (n = 242) was heterogeneous with 
respect to diagnosis (AD 28, behavioral variant FTD 23, primary progressive apha-
sia 82, corticobasal syndrome 21, controls 78). Two cut-offs were identified: 
≤25/30 had high sensitivity (0.85) and high specificity (0.87); and ≤21/30 had high 
specificity (1.00) and hence a score almost certain to have come from a dementia 
patient. M-ACE was more sensitive than the MMSE, and less likely to have ceiling 
effects [7].

6.3  ACE Translations

The excellent performance of the various iterations of the ACE has prompted trans-
lation into a number of languages [11–55] (Table 6.1). These translations have facil-
itated the examination of ACE performance in a large number of independent 
patient cohorts.
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Table 6.1 Reported translations of the various Addenbrooke’s Cognitive Examinations (ACEs)

Language ACE ACE-R ACE-III M-ACE

Arabic Al Salman et al. [11]
Cantonese Wong et al. [12]
Chinese Fang et al. [13] Wang et al. 

[submitted]
Czech Hummelová-Fanfrdlová 

et al. [14]; Bartoš et al. 
[15]; Berankova et al. [16]

Danish Stokholm et al. 
[17]

Dutch Robben et al. [18]
French Bier et al. [19, 

20]
Bastide et al. [21]

German Alexopoulos 
et al. [22]

Alexopoulos et al. [23]

Greek Konstantinopoulou et al. 
[24]

Hebrew Newman [25]
Hungarian Kaszas et al. [26]
Italian Pigliautile et al. [27]; 

Siciliano et al. [28]
Japanese Yoshida et al. 

[29]
Yoshida et al. [30]; Dos 
Santos Kawata et al. [31]

Korean Heo et al. [32] Kwak et al. [33]
Lithuanian Margevičiūtė et al. [34]; 

Rotomskis et al. [35]
Malayalam Mathuranath 

et al. [36, 37]; 
Menon et al. 
[38]

Persian Pouretemad 
et al. [39]

Portuguese Carvalho et al. [40]; 
Amaral-Carvalho and 
Caramelli [41]; Ferreira 
et al. [42]; Goncalves et al. 
[43]; Sobreira et al. [44]

Spanish Sarasola et al. 
[45, 46]; 
Garcia- 
Caballero et al. 
[47]; Roca et al. 
[48]; Custodio 
et al. [49]; 
Herrera-Perez 
et al. [50]

Torralva et al. [51]; 
Raimondi et al. [52]; 
Munoz-Neira et al. [53]

Matias-Guiu 
et al. [54]

Matias-Guiu 
and Fernandez- 
Bobadilla [55]
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6.4  Systematic Reviews, Meta-analysis,  
and Independent Cohort Studies

A systematic review of studies of both ACE and ACE-R published up to April 2010 
[56] identified 45 studies in all, of which 9 [4, 5, 57–63] were deemed suitable for 
review following the authors inclusion/exclusion criteria (translated versions were 
excluded). It was concluded that both ACE and ACE-R were capable of differentiat-
ing between patients with and without cognitive impairment, but that the evidence 
base on distinguishing dementia subtypes and MCI was lacking [56].

6.4.1  ACE

A meta-analysis of the accuracy of ACE in the detection of dementia and mild cog-
nitive impairment [64] identified 29 studies published up to May 2013, 13 using the 
English version [4, 57–62, 65–70] and 16 using translated versions [8, 17, 19, 20, 
22, 25, 26, 29, 32, 36, 37, 39, 45–48], of which 5 studies met the authors’ specified 
inclusion/exclusion criteria [4, 17, 29, 47, 60] for meta-analysis.

The sensitivity and specificity of the ACE to identify dementia compared with 
mixed subjects without dementia were 0.969 (95 % CI = 0.927–0.994) and 0.774 
(95 % CI = 0.583–0.918) respectively. In a setting where the prevalence of dementia 
may be approximately 25 %, such as primary care or general hospital settings, the 
overall accuracy of the ACE would be 0.823, with a positive predictive value of 
0.589. Thus ACE was not recommended for use in low prevalence settings. In the 
setting of a dedicated memory clinic where the prevalence of dementia may be 
approximately 50 %, the overall accuracy of the ACE would be 0.872, with a posi-
tive predictive value of 0.811. Thus ACE was recommended for use in high preva-
lence settings [64].

6.4.2  ACE-R

A meta-analysis of the accuracy of ACE-R in the detection of dementia and mild 
cognitive impairment [64] identified 31 studies published up to May 2013, 16 using 
the English version [5, 63, 71–84] and 15 using translated versions [11, 18, 21, 23, 
24, 30, 31, 33, 40–42, 49 (included in error), 51–53], of which 5 studies met the 
authors’ specified inclusion/exclusion criteria [5, 23, 30, 31, 72, 73] for 
meta-analysis.

The sensitivity and specificity of the ACE-R to identify dementia compared with 
mixed subjects without dementia were 0.957 (95 % CI = 0.922–0.982) and 0.875 
(95 % CI = 0.638–0.994) respectively. In low dementia prevalence settings (25 %), 
the overall accuracy of the ACE-R would be 0.895, with a positive predictive value 
of 0.719. In high dementia prevalence settings (50 %), the figures for ACE-R accu-
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racy and positive predictive value would be 0.916 and 0.885 respectively. Thus the 
ACE-R would have good utility at 25 % prevalence and excellent properties at 50 % 
prevalence [64].

A systematic review and meta-analysis of cognitive tests to detect dementia [85] 
included 12 studies of ACE-R [5, 12, 13, 21, 23, 24, 27, 31, 33, 40, 51, 75] and 
found a pooled sensitivity of 0.92 (95 % CI = 0.90–0.94) and pooled specificity of 
0.89 (95 % CI = 0.84–0.93). Of the 11 screening tests reviewed in this meta-analysis, 
ACE-R was the best alternative to MMSE, along with the Mini-Cog [85].

6.4.3  ACE-III

Aside from the index study [6], few studies of ACE-III have been published at time 
of writing [54, 86, 87], but all confirm its utility for the identification of dementia.

In a cohort (n = 59) of elderly patients (age 75–85 years) attending a memory 
clinic, Jubb and Evans found excellent accuracy for the detection of dementia, but 
suggested a lower cut-off (<81/100) was preferable to the published cut-offs at 
medium and low prevalence rates, with sensitivity of 0.79 and specificity of 0.96 in 
their patient group [86].

In a study of ACE-III for the diagnosis of early-onset dementia (<65 years), a 
patient group (n = 71: AD 31, primary progressive aphasia 11, behavioral variant 
FTD 18, posterior cortical atrophy 11) was compared with healthy controls (28) and 
subjective memory impairment (15). At the specified ACE-III cut-off of 88/100 
ACE-III distinguished early-onset dementia from healthy controls with high sensi-
tivity (0.915) and specificity (0.964), and also from subjective memory impairment 
with high sensitivity (0.915) and specificity (0.867) [87].

In patients assessed in an in-patient stroke rehabilitation setting, median time to 
complete ACE-III was found to be 18 min (range 10–35 min) [88].

6.4.4  M-ACE

Aside from the index study [7], few other studies of M-ACE have been published to 
date.

Using a Spanish translation in a cohort of mixed dementia patients and controls 
(n = 175) with relatively low educational experience, Matias-Guiu and Fernandez- 
Bobadilla [55] found that a cut-off of 16/17 had optimal sensitivity (0.867) and 
specificity (0.870) for the diagnosis of dementia.

In pragmatic studies in a dedicated secondary care cognitive disorders clinic, 
M-ACE cut-off of ≤25/30 had excellent sensitivity for diagnosis of dementia (1.00) 
and MCI (1.00) but with limited specificity (0.28, 0.43 respectively), whereas at the 
lower cut-off of ≤21/30 sensitivity was reduced (0.92, 0.77) but with improved 
specificity (0.61, 0.82 respectively) [89]. These findings were reproducible in an 
independent cohort [90].
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6.5  Diagnostic Utility

6.5.1  Normative Studies

A few studies of ACE in normal populations have been reported to try to define 
normal ranges by age and education in defined populations [28, 37, 41]. More 
recently, normative data for the ACE-III have been presented [91].

6.5.2  Dementia and Cognitive Impairment

Perhaps the first objective in any clinical assessment of patients with cognitive 
complaints is to determine whether they suffer from dementia or from lesser 
degrees of cognitive impairment which may be variously denoted as mild cognitive 
disorder, cognitive impairment no dementia, or mild cognitive impairment. 
Although the latter term may be used broadly for any etiology of cognitive impair-
ment not meeting criteria for dementia, some authorities reserve it for a more 
restrictive sense, specifically a precursor state for AD (henceforward designated 
MCI; see below, at Sect. 6.5.4). Hence, the performance of ACEs on this diagnos-
tic question is examined first, prior to differential diagnosis from depression 
(below, at Sect. 6.5.3) and diagnostic utility for various dementia subtypes. 
Generally, the idiom of clinical practice revolves around the assessment of patients 
with cognitive complaints of unknown etiology, rather than groups preselected by 
diagnosis with or without a control group, as occurs in initial “proof-of-concept” 
diagnostic test accuracy studies [92]. Hence, pragmatic studies of the ACEs are 
considered first.

A pragmatic prospective study of the ACE conducted in consecutive new patient 
referrals to a cognitive function clinic (n = 285; dementia prevalence = 0.49) over a 
period of 42 months found ACE to be easy to use with very few patients failing to 
complete the test [60, 65]. ACE scores and MMSE scores were highly correlated 
(r = 0.92) [65]. Using the ACE cut-offs specified in the index paper (88/100 and 
83/100) [4], test sensitivity for the diagnosis of dementia was high (1.00 and 0.96 
at 88/100 and 83/100 respectively) but specificity was less good (0.43 and 0.63 
respectively), considerably less impressive than those documented in the index 
study (see above, at Sect. 6.2.1). Using an arbitrarily chosen lower ACE cut-off of 
75/100 [66], justified on the basis that, unlike the index study, this pragmatic study 
did not include a normal control group and hence was more representative of day-
to-day clinical practice, ACE sensitivity and specificity were both greater than 0.8, 
as was positive predictive value (PPV; Table 6.2). Area under the receiver operating 
characteristic curve (AUC ROC), a measure of diagnostic accuracy (see Chap. 2, at 
Sect. 2.4.3), was 0.93 (95 % confidence intervals 0.90–0.96) [60].

Although changing test cut-offs from those defined in index studies is frowned 
upon as a potential source of bias [93], nevertheless other studies have also found 
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lower ACE cut-offs to be necessary to maximize diagnostic utility, for example in a 
rural Spanish patient cohort with low educational level [47].

A pragmatic prospective study of the ACE-R conducted over 36 months (n = 243; 
dementia prevalence = 0.35) found ACE-R easy to administer, with very few 
patients failing to complete the test [63, 72]. ACE-R scores and MMSE scores were 
highly correlated (r = 0.90). Initial results using the ACE-R cut-offs specified in the 
index paper (88/100 and 82/100) [5] showed excellent sensitivity for dementia 
(1.00 and 0.96 at 88/100 and 82/100 respectively) but poor specificity (0.48 and 
0.72 respectively), much poorer values than those documented in the index study 
(see above, at Sect. 6.2.2). Using a lower ACE-R cut-off of 75/100, as previously 
used with ACE [60], sensitivity and specificity were both greater than 0.9 and PPV 
approached this value (Table 6.3) [63].

Table 6.2 Diagnostic accuracy of ACE for diagnosis of dementia: summary of results (with 95 % 
confidence intervals) at various ACE cut-off scores

ACE cut-off <88/100 <83/100 <75/100

Test accuracy 0.71 
(0.66–0.76)

0.79 
(0.75–0.84)

0.84 
(0.80–0.88)

Sensitivity 1.00 0.96 
(0.93–0.99)

0.85 
(0.79–0.91)

False positive rate 0.57 
(0.48–0.65)

0.37 
(0.29–0.45)

0.17 
(0.11–0.23)

Specificity 0.43 
(0.35–0.42)

0.63 
(0.55–0.71)

0.83 
(0.77–0.89)

Youden index (Y) 0.43 0.59 0.68
False negative rate 0 0.04 

(0.01–0.07)
0.15 
(0.09–0.21)

Positive predictive value (PPV) 0.63 
(0.57–0.69)

0.71 
(0.65–0.78)

0.83 
(0.77–0.89)

False alarm rate 0.37 
(0.31–0.43)

0.29 
(0.22–0.35)

0.17 
(0.11–0.23)

Negative predictive value (NPV) 1 0.95 
(0.90–0.99)

0.85 
(0.79–0.91)

Predictive summary index (PSI) 0.63 0.66 0.68
False reassurance rate 0 0.05 

(0.01–0.09)
0.15 
(0.09–0.21)

Positive likelihood ratio (LR+) 1.77 
(1.53–2.04)

2.59 
(2.10–3.21)

5.14 
(3.54–7.45)

Negative likelihood ratio (LR−) 0 0.06 
(0.05–0.07)

0.18 
(0.12–0.26)

Diagnostic odds ratio (DOR) ∞ 45.5 28.6
Positive utility index (UI+) 0.63 adequate 0.68 good 0.71 good
Negative utility index (UI−) 0.43 poor 0.60 adequate 0.71 good
Area under the receiver operating 
characteristic curve (AUC ROC)

0.93 (0.90–0.96)

Adapted from Larner [60]
n = 285
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Subsequently sensitivity and specificity of ACE-R was examined at all cut-off 
values and an optimal cut-off defined by maximal correct classification accuracy for 
the differential diagnosis of dementia/not dementia (=73/100). At this cut-off, 
results were similar to those in the initial analysis with cut-off 75/100 (Table 6.4, 
left hand column). Area under the ACE-R ROC curve was 0.94 (95 % confidence 
intervals 0.91–0.97) [72, 73].

A prospective study of 122 patients referred to a cognitive clinic (dementia prev-
alence = 0.67) found sensitivity and specificity for dementia diagnosis of 0.85 and 
0.80 at ACE-R cut-off of 84/100. Misclassification was noted in individuals with 
high levels of education, focal executive dysfunction, significant vascular disease, 
medical comorbidities and polypharmacy [75].

Longitudinal, as opposed to cross sectional, use of the ACE and ACE-R for the 
diagnosis of dementia has been relatively little examined. In individuals adjudged by 
clinical assessment to have “questionable dementia” (some of whom presumably 
had MCI), ACE was helpful in predicting conversion to AD, based on baseline ACE 
score (80/100) and measures of episodic and semantic memory (category fluency 
and naming) [59]. A longitudinal study of 23 patients with cognitive complaints 
who were tested with the ACE on more than one occasion over periods of follow-up 
ranging from 7 to 36 months found that ACE scores declined in all those who were 
adjudged to have progressed clinically [66]. Monitoring of change in cognitive func-
tion using the ACE and ACE-R has also been documented following immunological 
treatment in non-paraneoplastic limbic encephalitis associated with antibodies to 
voltage-gated potassium channels [94] and in patients with intracranial dural arterio-
venous malformations treated by endovascular ablation [95].

Table 6.3 Diagnostic accuracy of ACE-R for diagnosis of dementia: summary of results (with 
95 % confidence intervals) at various ACE-R cut-off scores

ACE-R cut-off <88/100 <82/100 <75/100

Test accuracy 0.72 (0.63–0.81) 0.83 (0.76–0.90) 0.91 (0.85–0.97)
Sensitivity 1 0.96 (0.90–1.0) 0.91 (0.83–0.99)
False positive rate 0.52 (0.39–0.65) 0.28 (0.16–0.40) 0.09 (0.02–0.17)
Specificity 0.48 (0.35–0.61) 0.72 (0.60–0.84) 0.91 (0.83–0.98)
Youden index (Y) 0.48 0.68 0.82
False negative rate 0 0.04 (−0.02–0.1) 0.09 (0.01–0.17)
Positive predictive value (PPV) 0.62 (0.51–0.73) 0.75 (0.63–0.86) 0.89 (0.81–0.98)
False alarm rate 0.38 (0.27–0.48) 0.25 (0.14–0.37) 0.11 (0.02–0.19)
Negative predictive value (NPV) 1 0.95 (0.89–1.02) 0.92 (0.85–0.99)
Predictive summary index (PSI) 0.62 0.70 0.81
False reassurance rate 0 0.05 (−0.02–0.1) 0.08 (0.01–0.15)
Positive likelihood ratio (LR+) 1.93 (1.49–2.49) 3.44 (2.23–5.32) 9.86 (4.26–22.8)
Negative likelihood ratio (LR−) 0 0.06 (0.04–0.09) 0.09 (0.04–0.22)
Diagnostic odds ratio (DOR) ∞ 57.2 102.9
Positive utility index (UI+) 0.62 adequate 0.72 good 0.81 excellent
Negative utility index (UI−) 0.48 poor 0.68 good 0.84 excellent

Adapted from Larner [63]
n = 100
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6.5.3  Depression

Depression remains an important differential diagnosis of dementia and cognitive 
impairment in patients presenting with cognitive complaints. The utility of ACEs in 
differentiating depression from dementia is therefore of clinical importance.

ACE scores have been reported to discriminate cognitive decline due to depres-
sion from that due to dementia [58]. Examining patients preselected by diagnosis, 
either dementia (AD and FTD), “pure affective disorder” (major depression or 
affective symptoms not meeting criteria for major depression), mixed affective dis-
order and organic dementia, and healthy controls, ACE scores were lower in all the 
groups compared to controls. Total ACE scores were significantly lower in the AD 
and FTLD groups than either of the “pure affective disorder” groups. It was con-
cluded that a score of <88/100 was strongly predictive of underlying organic demen-
tia in suspected dementia patients with affective symptoms. ACE profile was also 
discriminative, with low scores on memory and letter fluency tasks with normal 
category fluency being indicative of affective pathology [58].

Different findings were reported by Roca et al. using the Spanish ACE [48]. 
Examining patients selected by diagnosis, they found patients with AD and FTD to 
score lower than those with major depression, and that the scores of the depressed 
patients did not differ significantly from those of a control group. The version of ACE 
used in Peru was reported to discriminate well between patients with cognitive 

Table 6.4 Diagnostic accuracy of ACE-R and MMSE for dementia: summary of results (with 
95 % confidence intervals) of ACE-R and MMSE assessments

Cut-off ACE-R ≥73/100 MMSE ≥24/30

Test accuracy 0.89 (0.85–0.93) 0.82 (0.77–0.87)
Sensitivity 0.87 (0.80–0.94) 0.70 (0.60–0.80)
Specificity 0.91 (0.86–0.95) 0.89 (0.84–0.94)
Youden index (Y) 0.78 0.69
Positive predictive value (PPV) 0.83 (0.75–0.91) 0.77 (0.67–0.86)
Negative predictive value (NPV) 0.93 (0.89–0.97) 0.85 (0.79–0.90)
Predictive summary index (PSI) 0.76 0.62
Positive likelihood ratio (LR+) 9.21 

(5.65–
15.0) = moderate

6.17 
(3.91–9.73) = moderate

Negative likelihood ratio (LR−) 0.14 
(0.09–
0.24) = moderate

0.34 
(0.21–0.53) = small

Diagnostic odds ratio (DOR) 63.7 (39.1–103.9) 18.4 (11.6–29.0)
Positive utility index (UI+) 0.72 good 0.54 adequate
Negative utility index (UI−) 0.85 excellent 0.76 good
Area under the receiver operating 
characteristic curve (AUC ROC)

0.94 (0.91–0.97) 0.91 (0.88–0.95)

Adapted from Larner [72, 73]
n = 243
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impairment due to either primary neurodegenerative disorders or secondary to depres-
sion (AUC ROC = 0.997) [50]. However, in an evaluation of the Danish ACE marked 
overlap in test scores was noted for demented and depressed patients indicating the 
need for caution when interpreting scores for the purpose of this differential diagnosis 
[17].

ACE-R showed low correlations with two depression rating instruments, the 
Patient Health Questionnaire-9 (PHQ-9; r = 0.12, t = 1.19, p > 0.1) [96] and the 
Cornell Scale for Depression in Dementia (CSDD; r = 0.26) [97]. However, in an 
exploratory study ACE-R scores were found to differ between patients with demen-
tia and pure affective disorder (see [98] at p. 168–9). In a proof-of-concept study 
using the Lithuanian ACE-R, Rotomskis et al. [35] found that patients with severe 
depression performed worse than controls but better than AD patients. On sub-
scores, depressed patients had mild memory impairment and greater deficit in letter 
than semantic fluency, whereas AD patients had severe impairment on attention and 
orientation, memory and language subtests but only moderate impairment on verbal 
fluency [35].

6.5.4  Alzheimer’s Disease (AD) and Mild Cognitive 
Impairment (MCI)

Some proof-of concept studies have looked at groups of patients with Alzheimer’s 
disease in comparison with controls. For example, examining patients preselected 
by diagnosis, Alexopoulos et al. found the optimal cut-off score for detection of AD 
using the German ACE to be 85/86 with sensitivity 0.93 and specificity of 0.86 [22] 
For ACE-R the optimal cut-off score for detection of AD was 82/83 [23]. In this 
study, ACE-R was found to be no more accurate than the MMSE for identifying 
AD, but a ratio of the scores for the memory and verbal fluency subtests permitted 
discrimination between AD and FTD.

The utility of the VLOM ratio, as derived from ACE by Mathuranath et al. [4], 
for the diagnosis of AD was largely confirmed in subsequent studies of the ACE in 
independent patient cohorts. For example, Bier et al. [19], using a French version of 
the ACE, found VLOM ratio >3.2 to have sensitivity and specificity of 0.72 and 0.69 
for detection of AD. Similar findings were reported from a prospective study of 
ACE in consecutive cognitive clinic attenders [60, 65] (Table 6.5, left hand 
column).

Using a Spanish translation of the ACE, Garcia-Caballero et al. [47] found a 
VLOM ratio of >2.80 correctly classified 91 % of AD patients.

ACE scores have also been reported to help predict conversion of amnestic MCI 
to dementia [70]: in a small group (n = 44) of amnestic MCI patients followed up for 
an average of 4.33 years, significant differences were found in baseline ACE perfor-
mance between convertors (mean ACE 86.6) and non-convertors (mean ACE 91.3). 
Different (lower) test cut-offs may be required to optimize diagnostic accuracy for 
MCI. One study of patients with MCI suggested that an ACE cut-off of 80/100 dis-
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tinguished very well between convertors and non-convertors [59]. Examining 
patients preselected by diagnosis, Alexopoulos et al. [23] found the optimal cut-off 
score for detection of MCI using the German ACE-R to be 86/87. The ACE-R was 
found to be no more accurate than the MMSE for identifying MCI.

6.5.5  Frontotemporal Lobar Degenerations

Because of its clinical heterogeneity, with both behavioral and linguistic variants, 
frontotemporal lobar degeneration causing dementia and lesser degrees of cognitive 
impairment may present a significant diagnostic challenge. In addition to the index 
studies [4–7], a number of independent studies of ACEs for the detection of cogni-
tive impairment in FTD and its differentiation from AD have been reported [19, 23, 
45–47, 49, 61, 69, 78, 83].

Examining patients preselected by diagnosis, Alexopoulos et al. [23] found the 
optimal cut-off score for detection of FTD using the German ACE-R to be 83/84. 
Unlike the situation with AD and MCI, in this study ACE-R was found to be more 
accurate than the MMSE for identifying FTD (AUC ROC 0.97 vs 0.92). A ratio of 
the scores for the ACE-R memory and verbal fluency subtests permitted discrimina-
tion between AD and FTD.

Table 6.5 Diagnostic accuracy of ACE VLOM ratios for diagnosis of AD and FTD: summary of 
results (with 95 % confidence intervals)

VLOM ratio
>3.2 (for 
diagnosis of AD)

<2.2 (for diagnosis 
of FTD)

Test accuracy 0.76 (0.71–0.81) 0.87 (0.83–0.91)
Sensitivity 0.76 (0.69–0.84) 0.31 (0.09–0.54)
False positive rate 0.24 (0.17–0.30) 0.10 (0.06–0.13)
Specificity 0.76 (0.69–0.84) 0.90 (0.87–0.94)
Youden index (Y) 0.52 0.21
False negative rate 0.24 (0.16–0.31) 0.69 (0.46–0.91)
Positive predictive value (PPV) 0.69 (0.60–0.77) 0.16 (0.03–0.29)
False alarm rate 0.31 (0.23–0.40) 0.84 (0.71–0.97)
Negative predictive value (NPV) 0.83 (0.77–0.89) 0.96 (0.93–0.98)
Predictive summary index (PSI) 0.52 0.12
False reassurance rate 0.17 (0.11–0.23) 0.04 (0.02–0.07)
Positive likelihood ratio (LR+) 3.21 (2.40–4.28) 3.20 (1.42–7.21)
Negative likelihood ratio (LR−) 0.31 (0.23–0.42) 0.76 (0.34–1.72)
Diagnostic odds ratio (DOR) 10.3 4.2
Positive utility index (UI+) 0.52 adequate 0.05 very poor
Negative utility index (UI−) 0.63 adequate 0.86 excellent
Area under the receiver operating characteristic 
curve (AUC ROC) AD vs FTD

0.80 (0.64–0.96)

Adapted from Larner [60]
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The utility of the VLOM ratio, as derived from ACE by Mathuranath et al. [4], 
for the diagnosis of FTD was not entirely confirmed in subsequent studies of the 
ACE in independent patient cohorts. Bier et al. [19] reported that VLOM ratio <2.2 
showed good specificity for the diagnosis of FTD (0.88) but a much lower sensitiv-
ity for this diagnosis (0.11), particularly the behavioral variant of FTD. These find-
ings were confirmed in a study of consecutive cognitive clinic attenders [60, 65] 
(Table 6.5, right hand column). Other instruments with high sensitivity for behav-
ioral variant FTD may therefore be required if this diagnosis is suspected, such as 
the Frontal Assessment Battery [99] (see Chap. 15, at Sect. 15.3.4).

Using a Spanish translation of the ACE, Garcia-Caballero et al. [47] found a 
VLOM ratio of <2.80 correctly classified 77 % of FTD patients.

It has been reported that linguistic variants of FTD, either fluent (semantic 
dementia; semantic variant of primary progressive aphasia) or nonfluent (progres-
sive nonfluent aphasia, PNFA; agrammatic variant of primary progressive aphasia), 
may be detected and tracked using ACE [69]. Mathew et al. [78] found that 82.6 % 
of a group of PNFA patients were impaired on ACE-R, similar to corticobasal syn-
drome patients (see below, at Sect. 6.5.6) but with less dysfunction in the  visuospatial 
domain. The annualized rate of change on ACE-R scores was greater in the linguis-
tic variants of FTD compared to AD patients [83].

A subscore of the ACE, the semantic index (SI), has been reported by Davies 
et al. [61] to differentiate AD from semantic dementia, according to the formula:

 
SI naming reading serial s orientationin time drawing= +( ) + +( )- 7

 

Hence SI scores ranged from +14 to −15. SI cut-off score of zero was reported to 
differentiate AD cases (SI = 3.8 ± 3.6) from semantic dementia cases (SI = −6.7 ± 4.7) 
[61]. Individual case studies appear to confirm the utility of the SI (see [98] at 
p. 98–9).

6.5.6  Parkinsonian Syndromes

A number of studies of ACEs for the detection of cognitive impairment in Parkinson’s 
disease (PD) have been reported [16, 18, 26, 44, 62, 77, 82, 84]. In a group of 44 PD 
patients, ACE was reported to be a valid tool for dementia evaluation, its scores cor-
relating with the Mattis Dementia Rating Scale (r = 0.91) and the MMSE (r = 0.84) 
[62]. Robben et al. [18] used the ACE-R as one component in a three-step diagnos-
tic pathway for dementia in PD. Numbers were small, but in older (>65 years) sub-
jects (n = 19, 10 with dementia), an ACE-R cut-off of 75/100 gave only two false 
positive results, and in younger (≤65 years) subjects (n = 22, 5 with dementia), an 
ACE-R cut-off of 83/100 gave three false positive results.

ACE-R has also been reported to be of use in the detection of PD-MCI. In one 
study, ACE-R had a reported sensitivity and specificity of 0.61 and 0.64 at a cut-off 
of 93/100, influenced largely by the fluency domain score. This cut-off was found to 
be of particular use in individuals with lower levels of education [77]. Another study 
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found that a cut-off of 89/100 had sensitivity of 0.69 and specificity of 0.84 with 
AUC ROC of 0.91 [82]. ACE-R may therefore be a useful screening tool for 
PD-MCI, and may be used to monitor disease progression in PD [84].

Dementia with Lewy bodies (DLB) shares pathological characteristics with PD 
but with a different distribution of pathology and a clinical picture in which cogni-
tive and neuropsychiatric features predominate over motor features. However the 
cognitive features (disproportionate impairments of visual and executive functions 
with relative preservation of orientation in time and place [100]) are similar to those 
seen in PD and different from those typically seen in AD. A subscore derived from 
the MMSE (see Chap. 4, at Sect. 4.3.2) was reported by Ala et al. [101] to differenti-
ate AD and DLB. This subscore may also be derived, in a modified form, from the 
ACE, according to the formula:

 
Attention Memory Construction- 1

2 102. ( ) + ( ) [ ]
 

Like the original Ala subscore, this modified subscore may range from −5 to +10. 
In a series of patients with pathologically confirmed AD (n = 27) or DLB (n = 17), an 
Ala subscore of <5 was associated with the diagnosis of DLB with sensitivity of 
0.82 and specificity 0.81 in patients with an MMSE ≥13/30 [101]. The modified Ala 
score was evaluated in a prospective study of clinically diagnosed patients [102, 
103]. Because of the very small number of DLB cases seen, only specificity and 
false positive rates (with 95 % CI) could be calculated. The results were similar to 
those found for the Ala score (see Chap. 4, at Sect. 4.3.2): specificity 0.47 (0.41–
0.53) and false positive rate 0.53 (0.47–0.59), with a diagnostic odds ratio of 0. 
These figures did not encourage the view that the modified Ala score might be use-
ful prospectively for the clinical diagnosis of DLB [102, 103].

Bak et al. [57] reported on the utility of ACE in detecting cognitive impairment 
in atypical parkinsonian syndromes, namely progressive supranuclear palsy (PSP), 
corticobasal degeneration (CBD), and multiple system atrophy (MSA). In a subse-
quent study of patients with corticobasal syndrome (n = 21), ACE-R was reported to 
have a sensitivity and specificity for cognitive impairment of 0.91 and 0.98 at a cut- 
off of 88/100 [78]. Rittman et al. [84] suggested that ACE-R subscores may be use-
ful in the differential diagnosis of parkinsonian syndromes, with verbal fluency 
scores distinguishing PD and PSP with sensitivity 0.92 and specificity 0.87, and 
visusopatial subscore distinguishing PD and CBD.

6.5.7  Stroke and Vascular Dementia

A number of studies of ACEs for the detection of cognitive impairment in stroke and 
for identification of vascular dementia have been reported [22, 33, 43, 52, 79–81, 88].

The German version of the ACE was reported to identify patients with mild vas-
cular dementia, the optimal cut-off (85/100) being the same as that for AD, with 
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sensitivity and specificity of 0.93 and 1.00 [22]. Using the Korean version of the 
ACE-R, Kwak et al. [33] found that although domain scores could be useful in dif-
ferentiating subcortical ischemic vascular dementia (SIVD) from AD, test sensitiv-
ity and specificity were less accurate than when screening for dementia.

In a series of acute stroke patients, ACE-R was found to have inadequate diag-
nostic validity for the detection of overall cognitive impairment, but the ACE-R 
subscales did predict impairment in specific cognitive domains, namely visuospa-
tial, fluency, and attention and orientation [80].

In a post-acute stroke unit, the language component of the ACE-R was found to 
have satisfactory sensitivity and specificity for the detection of stroke-related apha-
sia [79]. However, this aphasia, as well as motor deficits, may hinder the completion 
of cognitive screening instruments in a stroke rehabilitation setting, and how miss-
ing items are accounted for may influence tests results [88].

6.5.8  Brain Injury

ACE-R has also been evaluated in the setting of brain injury rehabilitation [74]. In 
a cohort of patients with chronic brain injury with cognitive impairment sufficient 
to prevent them working or studying, ACE-R had a sensitivity of 0.72 for cognitive 
impairment at a cut-off of 88/100, whereas the MMSE sensitivity was only 0.36 at 
a cut-off of 27/30. The study suggested that ACE-R is a sensitive test for detecting 
cognitive impairment in chronic brain injury patients [74].

6.5.9  Other Uses

Evaluation of cognitive abilities is often recommended as part of fitness to drive 
assessments. In a study of elderly drivers who also underwent an on-road driving 
test, ACE-R was found to have better classification accuracy than MMSE for detect-
ing unsafe drivers. The visuospatial and executive function components of ACE-R, 
not present in MMSE (see Box 6.1), had incremental value in this prediction [42]. 
ACEs might therefore find a role in assessing fitness to drive.

6.6  Comparison and Combination with Other Screening 
Instruments

Comparison of cognitive screening instruments to assess which is most accurate for 
diagnosis is a logical undertaking. As with trials of therapeutic agents, this is best 
undertaken in head-to-head studies, but there are also a variety of ways to compare 
test outcomes in historical cohorts [92].
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Combination of screening instruments takes its rationale from the fact that the 
dementia syndrome is a multidimensional construct encompassing not only cogni-
tive but also behavioral, functional, and global changes. Therefore, combining a 
cognitive scale such as one of the ACEs with other screening instruments which 
examine different domains might enhance diagnostic capability.

6.6.1  Comparing ACE, ACE-R and ACE-III with MMSE

The index study of ACE [4] found it to compare favorably with the MMSE in terms 
of sensitivity, with comparable specificity. This was also the outcome of a pragmatic 
study of the ACE in consecutive patients attending a memory disorders clinic [60, 
65]. Likewise, ACE-R was both more sensitive and specific than MMSE in consecu-
tive memory clinic attenders when the cut-offs for both tests were adjusted for opti-
mal test accuracy [72, 73] (Table 6.4). In a similar pragmatic study encompassing 
two memory clinics, one based in an old age psychiatry setting and one in a neurol-
ogy center, hence a cohort with an older median age, the same pattern of findings in 
favor of ACE-R over MMSE was recorded [76]. Data from a national dementia 
research register in Scotland found that in over 500 patients with established AD, 
most of whom were receiving cognitive enhancing treatment, ACE-R and MMSE 
scores were highly correlated (r = 0.92) and non-MMSE components of ACE-R 
improved MMSE estimates of cognitive ability by 16 %. The authors suggested that 
although ACE-R was more appropriate than MMSE as an estimate of general cogni-
tive function, once MMSE score was <24/30 there was little to be gained by com-
pleting the remainder of the ACE-R, since it added little once AD diagnosis was 
established [104].

Of course, the additional information provided by ACE/ACE-R comes with a 
cost, namely the longer duration of administration, estimated to be around 
15–20 min versus about 5–10 min for the MMSE. Few studies have actually mea-
sured time of administration, but one study of stroke survivors on rehabilitation 
wards found these approximate timings were confirmed: median time to complete 
MMSE was 5 min and for ACE-III 18 min [88]. Examining various cognitive 
screening instruments and using surrogate markers of time (namely total test score 
and total number of questions), correlations were found between these and mea-
sures of test accuracy (correct classification accuracy and AUC ROC), suggesting 
that investing more time in test administration may improve diagnostic accuracy 
[105, 106].

Indirect comparisons between ACE/ACE-R and MMSE may be made using uni-
tary parameters of test accuracy such as AUC ROC, which favor ACE [60] and 
ACE-R [73] (Table 6.4, bottom row). However, AUC ROC has been criticized since 
it combines test accuracy over a range of thresholds which may be both clinically 
relevant and clinically nonsensical. Other comparative parameters have therefore 
been sought. These include weighted comparison, effect size (Cohen’s d), and the Q* 
index.
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Weighted comparison (WC) gives weighting to the difference in sensitivity and 
specificity of two tests and also attempts to take into account the relative clinical 
misclassification costs of true positive and false positive diagnosis as well as disease 
prevalence. Positive WC values indicate a net test benefit, whereas negative values 
indicate a net loss. In addition, interpretation may be aided by calculation of another 
parameter, the equivalent increase (EI = WC × prevalence × 1000) which gives the 
increase in true positive patients detected per 1000 tested in the specific population 
[107]. Using this methodology, a number of pragmatic diagnostic test accuracy 
studies of different cognitive screening instruments were examined [108] which 
showed, using the original study data [73], a net benefit (WC = 0.17) for ACE-R 
versus MMSE, with EI of +61 [108]. A dataset from a patient cohort seen in an old 
age psychiatry memory clinic [97] permitted a further weighted comparison of 
MMSE and ACE-R in an independent cohort (n = 181) to be undertaken, with simi-
lar results: net benefit for ACE-R (WC = 0.18) with EI of +51 [109].

Cohen’s d is probably the most commonly used measure of effect size to be 
reported in the medical literature, calculated as the difference of the means of two 
groups divided by the weighted pooled standard deviations of the groups [110]. 
Based on data from pragmatic diagnostic accuracy studies, Cohen’s d effect size 
was calculated for dementia versus no dementia and for mild cognitive impairment 
versus no dementia [111]. Data for ACE-R [109] showed values of 1.87 (large) for 
dementia versus no dementia, and 0.73 (medium) for mild cognitive impairment 
versus no dementia [111]. Figures for MMSE [112] were similar, respectively 1.59 
(large) and 0.69 (medium) [111].

Another potentially useful summary measure denoting the diagnostic value of a 
test is the Q* index [113]. Q* index is derived from the ROC curve, defined as the 
“point of indifference”, where the sensitivity and specificity are equal, or, in other 
words, where the probabilities of incorrect test results are equal for disease cases 
and non-cases (i.e. indifference between false positive and false negative diagnostic 
errors, with both assumed to be of equal value; cf. weighted comparison where the 
value placed on false positives and false negatives may be varied, but is generally 
fixed to favor sensitivity so that false positives are given less value than false nega-
tives [107–109]). Q* index was derived empirically from ROC curves based on data 
from a number of pragmatic diagnostic test accuracy studies [114]. Data for ACE-R 
and MMSE [73] produced a Q* index of 0.88 and 0.82 respectively [114].

In a study of patients who were 1 year or more from a transient ischemic attack 
or stroke ACE-R was superior to MMSE for detection of amnestic MCI [81].

A Spanish translation of ACE-III was found to have higher diagnostic accuracy 
than MMSE, particularly for those with the highest educational level [54].

6.6.2  Comparing ACE-R with Other Instruments: MoCA, TYM

The Montreal Cognitive Assessment (MoCA) is another brief cognitive screening 
instrument which has become increasingly popular in recent years (see Chap. 7).
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Only one head-to-head comparison of MoCA with ACE-R has been found [81], 
in which 100 patients ≥1 year post transient ischemic attack or stroke were admin-
istered MoCA, ACE-R and MMSE to detect MCI. Both ACE-R (cut-off 94/100) 
and MoCA (cut-off 25/30) had good sensitivity (0.83 and 0.77 respectively) and 
specificity (0.73, 0.83 respectively) for MCI.

As regards indirect comparisons of MoCA and ACEs, a study calculating 
Cohen’s d effect size for various cognitive screening instruments [111] gave figures 
for MoCA [115] which were comparable to ACE-R [109] for diagnosis of dementia 
versus no dementia (1.80 and 1.87 respectively, both large), but MoCA proved supe-
rior to ACE-R for diagnosis of MCI versus no dementia (1.45 and 0.73, large and 
medium respectively) [111]. Since MoCA was specifically designed to detect cases 
of MCI [116] this outcome is perhaps not surprising.

The Test Your Memory (TYM) test (see Chap. 9) is a cognitive screening instru-
ment which patients can self-administer with medical supervision. From a study 
examining both TYM and ACE-R [76], a weighted comparison showed a net loss 
for TYM (WC = −0.07) with EI of −26, suggesting ACE-R was marginally better 
(see [98] at p. 135–7).

Q* index was lower for MoCA [115] (0.79) and TYM [76] (0.80) than for ACE-R 
(0.88) [114].

6.6.3  Comparing M-ACE with MMSE and MoCA

In two patient cohorts, M-ACE was found to be more sensitive than MMSE for 
diagnosis of both dementia and mild cognitive impairment [89, 90]. Cohen’s d 
effect sizes for M-ACE were large (1.53) for diagnosis of dementia versus no 
dementia and large (1.59) for diagnosis of MCI versus no cognitive impairment. 
Corresponding figures for MMSE were 1.56 (large) and 1.26 (large) [89].

A weighted comparison showed a small net loss (WC = −0.13) for M-ACE ver-
sus MMSE (at cut-off ≤24/30) for dementia diagnosis, with an equivalent increase 
of −22 cases of dementia detected per 1000 tested. However, there was a large net 
benefit for M-ACE for MCI diagnosis (WC = 0.38) with an equivalent increase of 
133 cases of MCI detected per 1000 tested [89].

In a study comparing M-ACE and MoCA [116], weighted comparison suggested 
a very small net loss for M-ACE versus MoCA for dementia diagnosis, which com-
puted to EI <5 extra patients diagnosed with dementia per 1000 screened by MoCA 
compared to M-ACE. There was a very small net benefit for M-ACE versus MoCA 
for MCI diagnosis, with EI <5 extra patients diagnosed with MCI per 1000 screened 
by M-ACE compared to MoCA. Cohen’s d was large for both tests for dementia 
diagnosis (M-ACE 1.62; MoCA 1.91) and MCI diagnosis (1.12 and 1.31 respec-
tively) [117]. M-ACE and MoCA appear to be comparable and effective instru-
ments for screening for MCI, and in an indirect comparison using historical cohorts 
appeared superior to MMSE, TYM, 6CIT (see Chap. 11) and AD8 (see Chap. 14) 
for this purpose [118].
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6.6.4  Combining ACE-R with an Informant Scale: IQCODE

In a study of consecutive referrals to two memory clinics, one in a regional neuro-
science center and one in an old age psychiatry unit, patients were administered the 
ACE-R (n = 114) at the same time that an informant completed the Informant 
Questionnaire on Cognitive Decline in the Elderly (IQCODE [119]; see Chap. 13) 
[120]. The correlation between IQCODE and ACE-R scores was low negative 
(r = −0.46) although this reached high statistical significance (t = 5.46, df = 112, 
p < 0.001), and the test of agreement (kappa statistic) showed fair agreement 
(k = 0.29; 95 % CI = 0.11–0.46).

Using IQCODE in combination with ACE-R in series or in parallel, as per the 
method of Flicker et al. [121], showed the expected improvement in diagnostic 
specificity in the series paradigm (“And” rule: both tests required to be positive 
before a diagnosis of dementia is made) with some reduction in sensitivity but with 
improved overall correct classification accuracy, whilst in the parallel paradigm 
(“Or” rule: either test positive sufficient for a diagnosis of dementia to be made) 
there was the expected improvement in sensitivity, but with no change in correct 
classification accuracy or specificity [120].

6.6.5  Combining ACE-R with a Functional Scale: IADL Scale

In a study of consecutive referrals to two memory clinics [122], some patients [123] 
were administered the ACE-R (n = 79) at the same time that an informant completed 
the Instrumental Activities of Daily Living (IADL) Scale [124]. IADL Scale scores 
and ACE-R scores were moderately correlated (r = 0.58), which reached high statis-
tical significance (t = 6.25, df = 77, p < 0.001), and the test of diagnostic agreement 
was similarly moderate (k = 0.38, 95 % CI 0.18–0.58).

Results of using IADL in combination with ACE-R in series or in parallel, as per 
the method of Flicker et al. [121], showed the expected improvement in specificity 
in the series (“And” rule) paradigm but with loss of sensitivity. In the parallel (“Or” 
rule) paradigm, there was the expected improvement in sensitivity but with loss of 
specificity. Parallel use of ACE-R and IADL might therefore be of possible advan-
tage for increased sensitivity (case finding) [123].

6.7  Conclusion

The various ACE iterations, particularly ACE and ACE-R, have become widely 
established throughout the world since their initial description, largely because of 
their ease of use, acceptability to patients, excellent diagnostic performance in clini-
cal practice and the fact that the tests are free to use. Systematic reviews and 
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meta- analyses [56, 64, 85] have suggested that these instruments are capable of 
differentiating patients with and without cognitive impairment, and there is also 
evidence for the detection of dementia and lesser degrees of cognitive impairment 
in a wide variety of conditions including AD, MCI, FTD, Parkinsonian syndromes, 
stroke and vascular dementia, and brain injury. The ability to differentiate brain 
disease from depression is less clearcut. Since both the ACE and ACE-R incorpo-
rated the MMSE, they were rendered obsolete by enforcement of copyright restric-
tions on use of the MMSE. The availability of ACE-III and M-ACE obviates this 
problem, and hence it is anticipated that these latter instruments will find increasing 
use in future years. The very high correlation between ACE-R and ACE-III scores 
[6] suggests that findings on diagnostic utility will be similar.

Some adjustments of test cut-offs have been found desirable in pragmatic studies 
and in populations with low educational attainment compared to the index studies. 
Slavish adherence to or overreliance on the initially reported test cut-offs may not 
be justified because of the particular casemix examined in index studies, risking 
poor specificity.

Comparing ACEs with other cognitive screening instruments has consistently 
suggested diagnostic superiority to MMSE, the benchmark for cognitive screening 
instruments, but there are fewer data comparing other tests, such as the MoCA, and 
hence no conclusion on relative test utility can yet be made. Combination of ACEs 
with an informant scale or with a scale examining functional abilities may improve 
overall test sensitivity or specificity, depending on whether tests are combined in 
parallel or in series, respectively.

Acknowledgment Thanks to Dr Lauren Fratalia for help translating reference [55].
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Abstract The Montreal Cognitive Assessment (MoCA) is a cognitive screening 
instrument developed to detect mild cognitive impairment (MCI). It is a simple 
10 min paper and pencil test that assesses multiple cognitive domains including 
memory, language, executive functions, visuospatial skills, calculation, abstraction, 
attention, concentration, and orientation. Its validity has been established to detect 
mild cognitive impairment in patients with Alzheimer’s disease and other patholo-
gies in cognitively impaired subjects who scored in the normal range on the 
MMSE. MoCA’s sensitivity and specificity to detect subjects with MCI due to 
Alzheimer’s disease and distinguish them from healthy controls are excellent. 
MoCA is also sensitive to detect cognitive impairment in cerebrovascular disease 
and Parkinson’s disease, Huntington’s disease, brain tumors, systemic lupus erythe-
matosus, substance use disorders, idiopathic rapid eye movement sleep behavior 
disorder, obstructive sleep apnea, risk of falling, rehabilitation outcome, epilepsy, 
chronic obstructive pulmonary disease and human immunodeficiency virus infec-
tion. There are several features in MoCA’s design that likely explain its superior 
sensitivity for detecting MCI. MoCA’s memory testing involves more words, fewer 
learning trials, and a longer delay before recall than the MMSE. Executive func-
tions, higher-level language abilities, and complex visuospatial processing can also 
be mildly impaired in MCI participants of various etiologies and are assessed by the 
MoCA with more numerous and demanding tasks than the MMSE. MoCA was 
developed in a memory clinic setting and normed in a highly educated population. 
A new version of the MoCA called MoCA-Basic (MoCA-B) was developed to 
 fulfill the limitation of the MoCA among the low educated and illiterate population. 
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MoCA Memory Index Score is a newly devised score that can help clinicians better 
predict which patients with MCI are most likely to convert to dementia. The MoCA 
is freely accessible for clinical and educational purposes (www.mocatest.org), and 
is available in 56 languages and dialects.

Keywords Montreal Cognitive Assessment (MoCA) • Alzheimer’s disease • Mild 
cognitive impairment • Vascular cognitive impairment • Dementia

7.1  Introduction

The Montreal Cognitive Assessment (MoCA) was developed as a brief screening 
instrument to detect Mild Cognitive Impairment [1]. It is a paper-and-pencil tool that 
requires approximately 10 min to administer, and is scored out of 30 points. The MoCA 
assesses multiple cognitive domains including attention, concentration, executive func-
tions, memory, language, visuospatial skills, abstraction, calculation and orientation. 
The MoCA demonstrates good correlation with neuropsychological tests and structural 
brain imaging [2, 3]. It is widely used around the world and is translated to 56 lan-
guages and dialects. The test and instructions are freely available on the MoCA official 
website at www.mocatest.org. No permission is required for clinical or educational use.

This chapter will describe how each MoCA sub-test/domain, assesses various 
neuro-anatomical areas, and often overlapping cognitive functions. A comprehen-
sive review of studies using the MoCA in multiple clinical settings and populations 
is provided. An algorithm for using the MoCA in clinical practice is suggested. In 
conclusion, MoCA limitations, future research and developments are discussed.

7.2  Cognitive Domains Assessed by the MoCA

7.2.1  Visuospatial/Executive

7.2.1.1  Modified Trail Making Test

Beside visuomotor and visuoperceptual skills, the trail making test-B (TMT-B) requires 
mental flexibility to shift between numbers and letters which mainly rely on frontal 
lobe function [4–7]. In functional Magnetic Resonance Imaging (fMRI) studies, shift-
ing ability in the TMT-B revealed greater activation relative to the trail making test A 
in the left dorsolateral and medial frontal cortices, right inferior and middle frontal 
cortices, right precentral gyrus, left angular and middle temporal gyri, bilateral intrapa-
rietal sulci [8–10]. A study of patients with frontal and non-frontal lobe lesions reported 
that all patients who had more than one error in the TMT-B had frontal lobe lesions. 
Specifically, patients with damage in the dorsolateral frontal area were mostly impaired 
[11]. Left frontal damage tended to cause more impairment than controls and right 
frontal damage groups, either for execution time or number of errors [12]. Nonetheless, 
specificity of the TMT-B to frontal lobe lesions is debated as one study reported com-
parable performance between frontal and non-frontal stroke patients [13].
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7.2.1.2  Copy of the Cube

To copy a cube, subjects have to initially convert a two-dimensional contour to a 
three-dimensional cube. This ability is enhanced by learning experiences [14, 15]. 
After spatial planning, visuomotor coordination also plays a role in copying the 
cube. Various brain areas are involved; visual perception in the parieto-occipital 
lobe, planning in the frontal lobe, and integration of visual and fine motor sequences 
in the fronto-parieto-occipital cortices.

The cognitive mechanisms underlying performance in copying a figure are dif-
ferent according to the underlying disease. Alzheimer’s disease (AD) patients with 
spatial perception/attention impairment had significant atrophy in the right parietal 
cortex. Complex two-dimensional figure copy were negatively associated with 
degree of right inferior temporal atrophy and reduction of cerebral blood flow in the 
right parietal cortex [16, 17]. Patients with behavioral variant fronto-temporal 
dementia with spatial planning and working memory dysfunction had significant 
atrophy in the right dorsolateral prefrontal cortex [18]. A correlation between neuro- 
imaging and cube copying specifically has not yet been reported.

Even though a high proportion of either normal subjects (40 %) or Alzheimer 
patients (76 %) performed poorly on cube drawing on verbal command, persistent 
failure to copy a cube from a previously drawn cube is highly discriminative to detect 
patients with Alzheimer’s disease [19]. Less educated, older age, female and depressed 
subjects performed poorly in drawing-to-command and copying conditions.

7.2.1.3  The Clock Drawing Test

The Clock Drawing Test (CDT) has been widely used and studied for detection of 
dementia and mild cognitive impairment (see Chap. 5). Planning, conceptualization, 
and symbolic representation are involved in drawing a clock’s face and in placing all 
the numbers correctly [20, 21]. Inhibitory response is required when placing each 
hand to tell the time of “ten past eleven”. Self-initiated-clock-drawing also requires 
intact visuoconstructive skills which are mainly represented in the parietal lobe.

In volunteers, fMRI demonstrated bilateral activation of the posterior parietal 
cortex and the dorsal premotor area during task performance suggesting the 
 contribution of the parieto-frontal cortical networks to integrate visuospatial ele-
ments and motor control in self-initiated clock drawing [22].

In AD patients, errors in CDT were mainly conceptual and due to semantic mem-
ory impairment [23–25]. This was supported by various neuroimaging studies that 
found negative correlation between CDT performance and atrophy of the right/left 
temporal cortices [26, 27], atrophy of the medial temporal lobe [25], reduction in the 
activation of the left superior parietal lobe [28], and hypometabolism of the right 
parietal cortex [29] in patients with cognitive impairment caused by AD pathology.

White matter hyperintensities (WMH) is also related to performance on CDT [25]. 
Patients with severe WMH and patients with Parkinson’s disease (PD) performed poorly 
and similarly on all subscales of CDT [30]. Even though both groups were different in 
terms of neuropathology, they both have disrupted subcortico- frontal pathways. PD 
affects the subcortical dopaminergic pathway projecting to the prefrontal cortex [30, 31].
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The scoring criteria for the CDT in the MoCA has been simplified to decrease 
scoring complexity, scoring time, and minimize inter rater variability.

Despite the simpler scoring instructions, suboptimal inter and intra-rater reliabil-
ity for MoCA’s CDT were recently reported [32]. CDT may be influenced by liter-
acy status and education level [23, 33, 34].

7.2.2  Naming

The three animals in the MoCA (Lion, Rhinoceros and Camel) are infrequently seen 
in Western and even in Asian countries. The failure to name these animals may point 
to various types of cognitive impairment. If subjects cannot name but can give con-
textual information about the animal, for example, “It lives in the desert (Camel)”, 
this could suggest either word finding difficulty or semantic memory impairment. If 
subjects cannot tell both the name and the context, they may have impaired visuoper-
ceptual skills with inability to recognize the animal (failure in the cube copy and the 
CDT can support this possibility). They may also be impaired in both visuoperception 
and semantic memory such as in moderate to severe AD or advanced PD with demen-
tia. Low education or cultural exposition to such animals can also be responsible.

In AD, impairment tends to reflect a breakdown in semantic processes which is dif-
ferent from visuoperceptual deficits caused by subcortical dementia such as Huntington’s 
disease (HD) [35, 36] Some studies have shown that semantic dysfunction is the pri-
mary cause of misnaming in both cortical or subcortical dementia [37, 38].

The neuronal network involved in naming is category-dependent [39–43]. In 
healthy subjects, the commonly activated regions were bilateral occipital lobes 
including the fusiform gyri, and pars triangularis of the left inferior frontal gyrus 
[40–42]. This activation pattern may be explained by processing of visual features 
and shape analysis in the primary visual cortex and fusiform gyri, and the  subsequent 
retrieval process from semantic and conceptual knowledge of animals mediated by 
the pars triangularis of the left inferior frontal gyrus [42, 44]. Interestingly, animal 
naming was also associated with activation of the frontal regions linked to the limbic 
emotional system, namely the left supplementary motor area and the anterior cingu-
late gyrus [40, 41]. It has also been shown that animal naming is more associated with 
primary visual cortex activation than naming of tools which is associated with frontal 
and parietal lobe activation (premotor cortex and postcentral parietal cortex) [40].

7.2.3  Attention

7.2.3.1  The Digit Span

Digit Span Forward (DSF) measures retention of auditory stimuli and articulatory 
rehearsal. Digit span backward (DSB) requires working memory, and a more 
demanding ability in transforming digits into a reversed order before articulating. 
This extra-step requires central executive processing [45].
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Neuronal networks involved in digit span processing have been shown in many 
neuroimaging studies. In healthy subjects, using near-infrared spectroscopy (NIRS) 
a relationship between activation of the right dorsolateral prefrontal cortex and per-
formance on DSB was observed [46]. Other studies have shown greater activation 
of the bilateral dorsolateral prefrontal cortices, prefrontal cortex and left occipital 
visual regions for DSB compared to DSF [45–48]. These findings confirm the need 
for executive function to complete the DSB task. Activation of the visual cortex 
during DSB supports the hypothesis that visuospatial processing may be involved 
during mental reversal imaging of digit sequences [46, 47].

Amnestic Mild Cognitive Impairment (MCI) and AD patients performed poorly 
on both tasks compared with normal controls [49–51]. PD patients with amnestic 
MCI had some impairment in DSB, but not DSF [52]. Early impairment of executive 
function caused by subcortico-frontal dopaminergic dysfunction explains the iso-
lated poor performance on DSB among PD patients. At the cutoff <3 digits, the 
sensitivity and specificity of DSB in detection of major cognitive disorders (includ-
ing dementia, delirium and cognitive impairment not otherwise specified) are 77 % 
and 78 %, respectively [53]. With the same cutoff, DSB can detect 81 % of the delir-
ium patients, however, with false positive rate of 37 % [53]. Moreover, impaired digit 
span in elderly subjects with subjective memory complaints is a predictor for the 
conversion from subjective memory complaints to mild cognitive impairment [54].

7.2.3.2  Concentration and Calculation: Letter A Tapping Test

In this test the subject listens and taps when the letter A is read out among a series of 
other letters. Concentration, which is defined as sustained and focused attention, is 
the primary function required for proper identification of the letter A and inhibition of 
inappropriate non-letter A tapping. It has good sensitivity to detect cognitive impair-
ment in mild traumatic brain injury and persistent post-concussion syndrome [55, 
56]. Speed of response to externally-paced stimuli accounts for this test’s sensitivity 
[56]. This task has not been well studied in neurodegenerative diseases. In the MoCA 
validation study, MCI subjects and Normal Controls had comparable normal perfor-
mance, however, AD subjects were significantly more impaired on this task [1].

7.2.3.3  Concentration and Calculation: Serial 7 Subtractions

Calculation is an essential part of everyday social and living activities. In normal 
subjects, bilateral parietal and prefrontal cortices have been reported to be consis-
tently activated during mental calculation, along with left inferior frontal lobe and 
angular gyrus activation [57–61]. Some studies suggest that linguistic representa-
tion and visuospatial imagery also play a role in mental calculation [58, 62]. Specific 
to serial 7 subtraction, fMRI studies have reported similar greater activation in the 
bilateral premotor, the posterior parietal and the prefrontal cortices when normal 
participants performed this task compared with the control condition [63]. The pre-
frontal cortex activation is associated with working memory which is required to 
maintain the previous answer in a loop for further subtractions.
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In AD patients, a reduction of fMRI activation or PET glucose metabolism in the 
inferior parietal cortex was observed during mental calculation [57, 64]. Some stud-
ies also reported a reduction in activation in the bilateral lateral prefrontal cortices 
[57], and the left inferior temporal gyrus [64]. These hypofunctional areas are the 
same as the ones reported being significantly activated in normal subjects.

7.2.4  Language

7.2.4.1  Sentence Repetition

Sentence repetition assesses language skills which are supported by left temporo- 
parieto- frontal circuit. Repeating complex sentences also requires attention and con-
centration to memorize the words which are supported by working memory systems in 
the frontal lobes [65]. AD patients had lower scores on this task compared with normal 
subjects [1, 65, 66]. Education also plays a role in sentence repetition, and interpreta-
tion of the results should take into consideration subjects’ education level [67].

7.2.4.2  Letter F Fluency

Verbal fluency is divided into phonemic (letter) and semantic (category) fluency. 
Letter F fluency in the MoCA mainly depends on frontal lobe function compared 
with semantic fluency, which is sustained by both temporal and frontal lobes. Letter 
F fluency requires coordination of lexico-semantic knowledge, shifting from word to 
word, working memory, searching strategy and inhibition of irrelevant words which 
all highly depend on frontal lobe function and to a lesser extent the temporal lobe.

Patients with frontal lesions produced fewer words than healthy controls [68–
71]. Left frontal lesions play a greater role in letter fluency impairment than right 
frontal lesions [68, 71, 72]. However, specificity of the frontal lobe dysfunction to 
letter fluency impairment is still debated as patients with non-frontal left hemi-
sphere lesions also performed worse than patients with right hemisphere frontal and 
non-frontal lesions [71].

Neuroimaging studies indicate that letter fluency activates a variety of frontal 
(left dorsolateral prefrontal cortex, left inferior frontal gyrus, supplementary motor 
area) and non-frontal areas (anterior cingulate cortex, bilateral temporal and parietal 
lobes) [73–75]. Both lesional and neuroimaging studies suggest high sensitivity of 
the test, but low specificity, to detect frontal lobe dysfunction [76]. Low specificity 
may partly depend on education level and literacy status, as this task requires 
grapheme- phoneme correspondence. Lower educated and illiterate subjects gener-
ate fewer words than subjects with higher education [77–79]. Since letters do not 
exist in certain languages, letter fluency was replaced by semantic fluency (animal 
naming) for languages such as Chinese, Korean, in the MoCA test [80, 81].

As phonemic fluency is highly associated with frontal executive function, patholo-
gies affecting frontal lobe or fronto-subcortical circuits, such as in PD and HD patients, 
frequently impair this function more than lesions of the temporo-parietal lobe which are 
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associated with storage of lexicosemantic knowledge [52, 82–84]. In contrast, patients 
with Alzheimer’s pathology will more likely have semantic fluency impairment early in 
the course of their disease [85]. Patients with depression have also impaired phonemic 
fluency as a result of probable overall global cognitive slowing [86].

7.2.5  Abstraction

Similarity between objects requires semantic knowledge and conceptual thinking. 
In right-handed subjects, the left perisylvian glucose metabolism was closely asso-
ciated with performance on the Wechsler Similarities Test (WST) [61]. On PET 
imaging, the metabolic reduction in the left temporal lobe and left angular gyrus of 
Alzheimer’s disease patients correlates with impairment on test for similarities [87]. 
Frontal executive function and the parieto-temporal semantic knowledge may be 
involved in this task for more difficult and demanding word pairs [87]. AD and 
Huntington’s disease patients performed poorly on the WST compared to normal 
controls. Patients with frontotemporal dementia have more deficits than AD patients 
in the similarities subtest of the Frontal Assessment Battery when controlled for 
MMSE level [88]. Moreover, performance decline in the WST is predictive of AD 
conversion in non-demented participants [89].

7.2.6  Delayed Recall

More words to recall (5 versus 3), less learning trials (2 versus up to 6), and more 
time between immediate recall and delayed recall (5 min versus 2 min) probably 
explains MoCA’s superior sensitivity for amnestic MCI detection compared to the 
MMSE. In the first MoCA validation study, MCI patients recalled on average 1.17 
words out of 5, while normal controls recalled 3.73 words [1].

Category and multiple choice cues provide useful information to distinguish 
encoding memory impairment which does not improve with cueing from retrieval 
memory impairments that do improve with cueing.

Retrieval memory impairment may be associated with medial parietal and frontal 
white matter loss [90], posterior cingulate hypometabolism [91], pathologies affect-
ing subcortical structures [92], and the hippocampo-parieto-frontal network [90]. 
Retrieval memory deficits are seen in pathologies affecting sub-cortical structures 
such as Vascular Cognitive Impairment [93, 94], Parkinson’s disease [95], 
Huntington’s disease [96, 97]. However, the retrieval deficit hypothesis of PD-related 
memory impairment has been debated, as some studies have shown that even given 
cues, PD patients still had impairment in recognition [98, 99]. Retrieval memory defi-
cits can also be seen in Depression [100, 101], Frontotemporal Dementia [102, 103], 
Normal Pressure Hydrocephalus [104], and HIV Cognitive Impairment [105, 106].

Encoding memory impairment correlates with hippocampal atrophy and hypome-
tabolism [90, 91, 107]. AD patients typically perform poorly on delayed free recall 
without improvement after cueing, and also have higher rates of intrusion compared 
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with PD and HD patients [108]. Encoding memory deficits are also seen in Wernicke 
and Korsakoff syndromes, strategically located ischemic or hemorrhagic strokes or 
tumors that affect the Papez circuit (Hippocampus, fornix, Mamillary bodies, 
Thalamus, and Cingulate cortex), and post-surgical excision of the Medial Temporal 
lobes for Epilepsy control as first described in H.M. by Milner [109–111].

7.2.7  The Memory Index Score [112]

Many studies using extensive neuropsychological batteries have shown that delayed 
recall is the first domain to be impaired in patients with MCI who subsequently pro-
gressed to AD [113–115]. In early stage MCI, hippocampal dysfunction which causes 
encoding memory deficit is still compensated by relatively preserved executive/frontal 
functions [116]. Thus subjects may still benefit from cueing that helps them retrieve 
newly learned materials, and also have better strategies to remain functional and auton-
omous. As the disease progresses, frontal executive networks are affected and are no 
longer able to compensate [116, 117]. At this stage, the retrieval memory deficit 
becomes an encoding memory deficit, not improving with cueing, and more likely to 
progress to dementia. The Memory Index Score (MIS) was derived from the MoCA to 
provide the ability to predict AD conversion among patients with MCI (see Sect. 7.6).

7.2.8  Orientation

Impairment in orientation has been shown to be the single best independent predictor 
of daily functions in patients with dementia, and is also associated with caregiver bur-
den and psychological distress [118, 119]. Temporal orientation yields high sensitivity 
in detection of dementia and patients with delirium. Errors in identifying the date has 
the highest sensitivity (95 %), but also lowest specificity (38 %) [120]. Identification of 
the year or month was suggested to detect cognitively impaired subjects with optimal 
validity [120]. However, orientation is not a good indicator to detect milder stages of 
cognitive impairment [1]. Temporal orientation can also predict overall cognitive 
decline over time [121]. Moreover, patients with temporal disorientation tend to be 
impaired on verbal memory as well [122]. Orientation to place is not discriminative in 
milder stages of cognitive impairment and dementia, but may be able to detect very 
severe cognitive impairment which is also obvious without cognitive screening.

7.3  MoCA Development and Validation

The MoCA (Copyright: Z. Nasreddine MD) was developed based on the clinical intu-
ition of one of the authors of the validation study (ZN) regarding domains of impair-
ment commonly encountered in MCI and best adapted to a screening test [1]. An initial 
version covered 10 cognitive domains using rapid, sensitive, and easy-to- administer 
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cognitive tasks. Iterative modification of the MoCA took place over 5 years of clinical 
use. An initial test version was administered to 46 consecutive patients (mostly diag-
nosed with MCI or AD) presenting to the Neuro Rive-Sud (NRS) community memory 
clinic with cognitive complaints, a MMSE score of 24 or higher, and impaired neuro-
psychological assessment. They were compared with 46 healthy controls from the 
same community with normal neuropsychological performance. Five items did not 
discriminate well and were replaced. Scoring was then adjusted, giving increased 
weight to the most discriminant items. The final revised version of the MoCA (version 
7.1) covers eight cognitive domains and underwent a validation study at the Neuro 
Rive-Sud (NRS) community memory clinic on the south-shore of Montreal and the 
Jewish General Hospital memory clinic in Montreal [1]. Participants were both English 
and French speaking subjects divided into three groups based on cognitive status; nor-
mal control (n =90), Mild Cognitive Impairment (n =94), and mild Alzheimer’s disease 
(n =93). MoCA was administered to all groups, and its sensitivity and specificity were 
compared with those of the MMSE for detection of MCI and mild AD.

7.3.1  Optimal Cut-Off Scores

Sensitivity was calculated separately for the MCI and AD groups. One point was 
added to the total MoCA score to correct for education effect for subjects with 12 
years or less education. The MoCA exhibited excellent sensitivity in identifying 
MCI and AD (90 % and 100 %, respectively). In contrast, the sensitivity of the 
MMSE was poor (18 % and 78 %, respectively). Specificity was defined as the per-
centage of NCs that scored at or above the cutoff score of 26. The MMSE had excel-
lent specificity, correctly identifying 100 % of the NCs. The MoCA had very good 
to excellent specificity (87 %). When MMSE and MoCA scores were plotted 
together (Fig. 7.1), the large majority of NC participants scored in the normal range, 
and the large majority of AD patients scored in the abnormal range on both MMSE 
and MoCA. In contrast, 73 % of MCI participants scored in the abnormal range on 
the MoCA but in the normal range on the MMSE [1].

The test-retest reliability was 0.92. The internal consistency of the MoCA was 
good with a Cronbach alpha on the standardized items of 0.83 [1]. In addition, the 
positive and negative predictive values for the MoCA were excellent for MCI (89 % 
and 91 %, respectively) and mild AD (89 % and 100 %, respectively).

7.3.2  Recommendations

The Third Canadian Consensus Conference on the Diagnosis and Treatment of 
Dementia (CCCDTD3) recommended administering the MoCA to subjects suspected 
to be cognitively impaired who perform in the normal range on the MMSE [123]. 
Immediate and Delayed recall, Orientation, and letter F fluency subtests of the MoCA 
have been proposed by the National Institute for Neurological Disorders and Stroke 
(NINDS) and the Canadian Stroke Network (CSN) to be a 5-min Vascular Cognitive 
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Impairment screening test administrable by telephone [124]. The MoCA has also 
been recommended for MCI or Dementia screening in review articles [125–127].

7.3.3  Practical Approach

It is important to emphasize that MoCA is a cognitive screening instrument and not 
a diagnostic tool, hence clinical judgment, based on thorough clinical evaluation, is 
important in interpreting MoCA test results and correctly diagnosing patients who 
present with cognitive complaints. Figure 7.2 illustrates a practical approach to 
evaluate patients with cognitive complaints. Patients presenting with cognitive com-
plaints and no functional impairment in their activities of daily living (ADL) would 
be better assessed by the MoCA as first cognitive screening test. Subjects presenting 
with cognitive complaints and ADL impairment would probably be better assessed 
by the MMSE first, then the MoCA if the MMSE is in the normal range.

7.4  Demographic Effect on MoCA Performance

7.4.1  Age and Gender Effect

The MoCA has been shown to be age [80, 128–132] and gender independent [80, 
128–130, 132–135]. However, in some studies, age negatively correlated with MoCA 
scores [133, 134, 136]. Upon further analysis, age was a significant factor in MoCA 
scores mostly for less educated subjects [133] which could be explained by low cog-
nitive reserve among less educated individuals which may result in lessened ability to 
recruit neuronal network and compensatory age-related cognitive changes. Moreover, 
lower educated subjects are known to have more vascular risk factors that could also 
impair their cognition [137]. Comparing to the MMSE, the MoCA provided better 
ability to detect of age-related cognitive decline in healthy adults and elderly [138].

30

25

20

M
M

S
E

MoCA and MMSE Scatter

15

5 10 15 20 25 30
MoCA

NC MCI AD

Fig. 7.1 Scatter plot of the 
Montreal Cognitive 
Assessment (MoCA) and 
the Mini-mental State 
Examination (MMSE) 
scores for normal controls 
(NC) and subjects with 
Mild Cognitive Impairment 
(MCI) and mild 
Alzheimer’s disease (AD) 
(Reproduced with 
permission [1])
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7.4.2  Education and Literacy Effect

A recent study analyzed how education affects cognitive performance on the 
MoCA. In cognitively healthy elderly with the clinical dementia rating (CDR) of 0, 
subjects were divided into three groups: illiterate (education years = 1.06), literate- 
low educated (education years = 4) and literate-high educated (education 
years = 14.21) [139]. Orientation item, which is the test of basic information required 
in daily living, was not affected by either literacy status or education level.

The tasks assessing working memory/attention (digit spans and vigilance), men-
tal calculation (serial-7 subtraction) and 2-dimension processing semantic knowl-
edge (animal naming) were affected by literacy status, not education level.

Education level affected the performance in the following tasks: structural inter-
pretation of complex sentences (repetition), conceptual formation & constructional 

Cognitive complaints 
with impaired ADL

Abnormal ≤ 25 Normal >25

MMSE

DEMENTIA 
(sensitivity 78%)

MoCA

Abnormal ≤ 25 Normal >25

DEMENTIA 
(sensitivity 100%, 

PPV 89%)

DEMENTIA unlikely            
(specificity 87%, NPV 100%) 

reevaluate functional status and 
other causes of cognitive complaints

Normal >25Abnormal ≤ 25

Cognitive complaints 
with intact ADL

MoCA

MCI
(sensitivity 90%,

PPV 89%)

SUBJECTIVE 
COGNITIVE 

IMPAIRMENT 
(specificity 87%, 

NPV 91%)

Fig. 7.2 Practical approach 
to evaluate patients who 
present with cognitive 
complaints (Adapted from 
Nasreddine et al. [1]). ADL 
activities of daily living, 
NPV negative predictive 
value, PPV positive 
predictive value, MCI mild 
cognitive impairment

P. Julayanont and Z.S. Nasreddine



151

skill (clock drawing test and abstraction), 3-dimension processing skill (cube copy), 
planning and inhibition (trail making B), coordination of lexico-phonological 
knowledge (letter fluency) and encoding and retrieval strategy (verbal memory). 
Figure 7.3 demonstrates the literacy and education effect on the MoCA sub-items.

Originally, the validation study for the MoCA recruited highly educated normal 
subjects, suggesting a correction of one added point for education of 12 years or less 
[1]. Subsequent studies locally in Montreal suggest that to better adjust the MoCA 
for lower educated subjects, 2 points should be added to the total MoCA score for 
subjects with 4–9 years of education, and 1 point for 10–12 years of education 
[140]. Education has been consistently reported around the world affecting total 
MoCA scores [1, 80, 128–131, 133, 134, 141, 142]. Trail making test and digit span 
of the Japanese version of the MoCA significantly correlate with years of schooling 
[143]. The cube copy, semantic fluency (substitution of letter F fluency), abstrac-
tion, serial-7 subtraction and naming in the Korean version of the MoCA positively 

Basic information in
daily living

Orientation to day,
place, province

Digit  forward
Digit backward
Vigilance test

L
iteracy effect

E
d

u
catio

n
 effect

Serial-7 subtraction

Animal naming

Repetition

Clock drawing test
Abstraction

Cube copy

Trail making B

Letter Fluency

Verbal memory

Working memory
&

Attention

Mental calculation

2-dimension processing
semantic knowledge

Structural interpretation of
complex sentences

Conceptual formation &
Constructional skill

3-dimension processing &
Construction skill

Planning, inhibition

Coordination of lexico-
phonological knowledge

& Searching strategy

Encoding & retrieval
Strategy

Fig. 7.3 The literacy and education effect on the MoCA sub-items among cognitively intact 
elderly [139]
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correlated with education [81]. There are many cutoff scores reported according to 
the level of education of the studied population. In general, studies recruiting a 
higher proportion of low educated subjects recommend lower cutoff scores for the 
education correction.

7.5  Mild Cognitive Impairment (MCI) and Alzheimer’s 
Disease (AD)

The MoCA has been extensively studied as a screening tool for detection of MCI 
and Alzheimer disease (see Table 7.1). Sensitivity for MCI detection has been on 
average 85 % (range 67–96 %). Sensitivity to detect AD has been on average 94 % 
(range 88–100 %). Specificity defined as correctly identifying Normal Controls, 
was on average 76 % (range 19–98 %). Table 7.1 summarizes the MoCA validation 
in MCI and AD in diverse populations and languages. Variability in sensitivity and 
specificity is explainable by differences in selection criteria for normal controls, 
diagnostic criteria for MCI and AD, community or memory clinic setting, confirma-
tion with neuropsychological battery, age and education levels, and possibly lin-
guistic and cultural factors.

7.6  The MoCA and the Memory Index Score (MIS)

In addition to the cognitive screening utility, the MoCA also provides the ability to 
predict AD conversion among patients with MCI. We newly devised the memory 
index score (MIS) which was calculated by adding the number of words remem-
bered in free delayed recall, category-cued recall, and multiple choice-cued recall 
multiplied by 3,2 and 1, respectively, with a score ranging from 0 to 15 [112]. 
Individual patients meeting the Petersen’s MCI criteria (n =165) were recruited 
from our memory clinic and tested with the MoCA at MCI diagnosis. Within the 
average follow-up period of 18 months, 114 patients progressed to AD and 51 did 
not. Using a cutoff of <20/30 for MoCA total score and <7/15 for MIS, the AD 
conversion rate was 90.5 % for participants with MCI who were below the cutoff on 
both measures and was 52.8 % for those who were above the cutoff on both mea-
sures. This yields an annualized conversion rate of 60.3 % for the high-risk group 
and 35.2 % for the low-risk group. The mean time for AD conversion (n =114) was 
17.5 months. We recommended the algorithm in Fig. 7.4 to predict conversion from 
MCI to AD with the MoCA total score and the MIS.
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7.7  Vascular Cognitive Impairment (VCI)

7.7.1  Asymptomatic Cerebrovascular Disease Patients 
with Vascular Risk Factors

The MoCA has been shown to detect cognitive decline in asymptomatic subjects 
with hypertension alone, or thickening of the carotid artery wall, or multiple vascu-
lar risk factors [165, 166]. Cognitive decline was also detected in subjects with TIA 
or first ever stroke if they had more than two vascular risk factors or low cerebral 
perfusion on transcranial Doppler ultrasound [165, 166]. MoCA also correlated 
with the Framingham coronary and stroke risk scores [167].

Advanced internal carotid artery stenosis (>70 % occlusion) is also negatively 
correlated with MoCA but not MMSE scores in asymptomatic subjects [168, 169].

Subtle cognitive impairment among subjects from cardiac and diabetic/endo-
crine outpatient clinics of a tertiary-referral hospital were detected using the MoCA 
with sensitivity of 83–100 %, but with lower specificity of 50–52 % [170].

7.7.2  Symptomatic Cerebrovascular Disease

7.7.2.1  Cognitive Impairment Post-Stroke or TIA

The MoCA has been shown to detect cognitive impairment in 65 % of subjects 
3 months post-stroke [171]. Thirty to 58 % of subjects with TIA or stroke who 
were considered normal on the MMSE scored below the normal cut-off on the 

Total MCI subjects
(n = 165)

MoCA total scores <20/30 
OR MIS <7/15 as positive

Neither positive One positive Both positive

% of AD conversion 
Annualized conversion rate 

52.8%
35.2%

74.5%
49.7%

90.5%
60.3%

Fig. 7.4 The algorithm to predict conversion from MCI to AD with the MoCA total score and the 
MIS (Adapted from Julayanont et al. (2014) [112]
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MoCA ranging from 14 days to up to 5 years after the event [172, 173]. 
Table 7.2 presents a summary for MoCA studies on vascular cognitive impair-
ment. A shortened version of the MoCA (miniMoCA) also provided a good 
validity in detection of vascular cognitive impairment after acute cerebrovascu-
lar events [191, 192]. Some factors may limit its applicability including high 
disability according to the National Institute of Health and Stroke Scale 
(NIHSS), left sided lesions, low education level and worse pre-morbid func-
tional status [193, 194].

7.7.2.2  Heart Failure

Fifty-four to seventy percent of non-demented community-dwelling adults with 
heart failure (HF) (ejection fraction 37–40 %) had low cognitive scores on the 
MoCA (<26) [149, 150]. In acute setting during hospitalization, 41 % of patients 
scored lower than 26 points in the MoCA [195]. Reduction in ejection fraction and 
various associated vascular risk factors such as hypertension, dyslipidemia or diabe-
tes mellitus may contribute to chronic reduction of cerebral blood flow in HF 
patients [196–198].

7.7.2.3  Chronic Atrial Fibrillation

The MoCA identified MCI in 65 % of older hospitalized patients with chronic atrial 
fibrillation. Executive, visuospatial and memory function were the most notable 
cognitive deficits. The predictors of MCI in these patients included low education 
level, high CHA2DS2-VASc score and prescribed digoxin [199].

7.7.2.4  Sub-optimal Self-Care and Functional Dependency

MoCA identified MCI in patients with heart failure that had suboptimal self-care 
behaviors [200]. HF patients with the MoCA score <26 had lower score on the self- 
care management than the patients with the MoCA ≥ 26 [201].

Using the MoCA as a cognitive assessment instrument, the self-rated version of 
the instrumental activities of daily living (IADL) scale was administered to evaluate 
functional dependence among 219 non-demented patients with cardiovascular dis-
eases and risk factors [202]. MCI was diagnosed when MoCA was less than 23/30. 
Less dependence was associated with higher MoCA scores, and a person who 
scored in the MCI range was 7.7 times more likely to report need for assistance with 
one or more activity of daily living. This study indicated that subtle cognitive 
impairment was an independent predictor of functional status in patients with car-
diovascular disease [202].

P. Julayanont and Z.S. Nasreddine



159

Table 7.2 Studies of the MoCA in vascular cognitive impairment

Author 
(year) 
Language Objective of study Subject (n) Results

Martinić- 
Popović 
et al. 
(2006, 
[165];
2007, 
[166])
Croatian

To assess subtle cognitive 
decline in patients with first ever 
cerebrovascular disease (CVD) 
and in subjects without CVD 
symptoms but with CVD risk 
factors (CV-RF)

CVD (81 [165] 
& 110 [166])
CV-RF (45)

The MoCA provided 
superior sensitivity than the 
MMSE in detection of MCI 
in CVD and CV-RF 
patients.

Wong et al. 
(2008) 
[174] 
Cantonese- 
Hong 
Kong

To screen for subjects with 
white matter lesions (WML)

NC (33)
WML (33)

At cutoff 21/22a, the MoCA 
provided sensitivity of 0.82 
and specificity of 0.73 in 
detection of subjects with 
WML.

Wong et al. 
(2009) [80] 
Cantonese- 
Hong 
Kong

To screen for subjects with 
small vessel disease (SVD)

NC (40)
SVD (40)

At cutoff 21/22a, the MoCA 
provided sensitivity of 0.73 
and specificity of 0.75 in 
detection of subjects with 
SVD.

Martinić- 
Popović 
et al.
(2009 
[168];
2011 
[169]) 
Croatian

To assess MCI in patients with 
asymptomatic advanced internal 
carotid artery stenosis (ICS)

Asymptomatic 
ICS (26 [168] 
& 70 [169])

The MoCA proved to be a 
more sensitive tool than the 
MMSE for assessment of 
MCI in stroke-free patients 
with advanced ICS whose 
decline was most 
pronounced in the 
visuospatial/executive, 
delayed recall and 
abstraction subtest of the 
MoCA.

Dong et al. 
(2010) 
[172] 
English, 
Chinese, 
Malay

To assess cognitive impairment 
in acute post-stroke patients 
(mean 4.2 ± 2.4 days 
post-stroke)

Stable 
post-stroke 
patients (100)

32 % of the normal MMSE 
(>24) patients were defined 
as cognitively impaired 
patients by the MoCA 
(≤21).
The visuospatial/executive 
function, attention and 
delayed recall subtest of the 
MoCA provided a good 
discriminative power.

(continued)
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Table 7.2 (continued)

Author 
(year) 
Language Objective of study Subject (n) Results

Pendlebury 
et al. 
(2010) 
[173] 
English

To assess cognitive impairment 
in 6-month and 5-year 
post-stroke patients

Stable TIA/
stroke patients 
(413)

57 % of patients with 
normal MMSE (≥27) had 
abnormal MoCA (<26) 
which were associated with 
deficits in the delayed 
recall, abstraction, 
visuospatial/executive 
function, and sustained 
attention subtest of the 
MoCA.

Godefroy 
et al. 
(2011) 
[175] 
French

To screen cognitive impairment 
after stroke

Infarct (88)
Hemorrhage (7)

At cutoff 20/21b, the MoCA 
provided sensitivity of 0.67 
and specificity of 0.90 in 
detection of cognitive 
impairment after stroke.

McLennan 
et al. 
(2011) 
[170] 
English

To screen for MCI in patients 
with cerebrovascular disease 
(CVD) and vascular risk factors

CVD and risk 
factors (110)

At cutoff 23/24c, the MoCA 
provided sensitivity of 
0.83–1.00 and specificity of 
0.50–0.52 in detection of 
MCI in patients with CVD 
and vascular risk factors.

You et al. 
(2011) 
[129] 
Cantonese

To screen for patients with mild 
to moderate vascular dementia 
(VaD)

NC (61)
Mild VaD (30) 
Moderate VaD 
(40)

At cutoff 21/22, the MoCA 
provided sensitivity of 0.87 
and specificity of 0.93 in 
detection of mild to 
moderate VaD.

Cumming 
et al. 
(2011) 
[171] 
English

To assess the feasibility of the 
MoCA as a global cognitive 
screening tool in stroke trials.

3-month 
post- stroke 
patients (294)

Of those surviving to 3 
months, the MoCA was 
completed by 80 % of the 
patients. A majority of 
patients with stroke (65 %) 
were considered as 
cognitive impairment 
according to the MoCA 
cutoff scores <26.

Harkness 
et al. 
(2011) 
[176] 
English

To assess MCI in patients with 
heart failure (HF) aged 65 years 
of more

HF (44) More than 70 % of patients 
scored <26 on the MoCA, 
suggesting MCI, had 
significant deficits in the 
delayed recall, visuospatial/
executive function, and 
language compared with the 
patients who scored ≥26.
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Table 7.2 (continued)

Author 
(year) 
Language Objective of study Subject (n) Results

Athilingam 
et al. 
(2011) 
[177] 
English

To assess MCI in patients with 
heart failure (HF) aged 50 years 
of more

HF (90) 54 % of participants scored 
≤26 on the MoCA, 
whereas, only 2.2 % 
scored < 24 on the 
MMSE. Delayed recall, 
visuospatial/executive 
function and language 
subtest of the MoCA were 
impaired in more than 60 % 
of patients.

Kasai et al. 
(2012) 
[178]
Japanese

To screen for MCI (CDR 0.5) in 
patients with very mild small 
vessel disease (SVD)

NC (164)
Very mild SVD 
(37)

At cutoff 18/19c, the MoCA 
provided sensitivity of 0.78 
and specificity of 0.74 in 
detection of MCI in patients 
with very mild SVD.

Wong et al. 
(2012) 
[179] 
Chinese- 
Hong 
Kong

To assess the cognitive 
impairment at 3 months after 
aneurysmal subarachnoid 
hemorrhage (aSAH)

aSAH (90) Cognitive impairment 
(MoCA <26) was 
determined in 73 % of 
patients at 3 months. The 
MoCA correlated with 
functional outcome at 3 
months.

Schweizer 
et al. 
(2012) 
[180] 
English

To assess how the MoCA relates 
to cognitive impairment and 
return to work after aSAH

aSAH (32) The MoCA was more 
sensitive than the MMSE in 
detection of cognitive 
impairment after 
aSAH. Naming and 
abstraction of the MoCA 
were associated with return 
to work.

Wu et al. 
(2013) 
[181] 
Chinese

To screen for patients with 
vascular cognitive impairment 
(VCI) without dementia

NC (111)
VCI without 
dementia (95)

At cutoff 22/23c, the MoCA 
provided sensitivity of 0.65 
and specificity of 0.79 in 
detection of VCI without 
dementia.

Wong et al. 
(2013) 
[182] 
Cantonese- 
Hong 
Kong

To screen for patients with 
traumatic intracranial 
hemorrhage (tICH)

NC (40)
tICH (48)

At cutoff 25/26a, the MoCA 
provided sensitivity of 0.75 
and specificity of 0.48 in 
detection of patients with 
tICH.

(continued)
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Table 7.2 (continued)

Author 
(year) 
Language Objective of study Subject (n) Results

Wong et al. 
(2013) 
[183] 
Cantonese- 
Hong 
Kong

To screen for patients with 
cognitive impairment after 
aneurysmal subarachnoid 
hemorrhage (aSAH)

aSAH (74, at 
2–4 weeks)
aSAH (80, at 1 
year)

At cutoff 17/18a, the MoCA 
provided sensitivity of 0.75 
and specificity of 0.95 in 
detection of patients with 
aSAH at 2–4 weeks.
At cutoff 21/22a, the MoCA 
provided sensitivity of 1.00 
and specificity of 0.75 in 
detection of patients with 
aSAH at 1 year.

Tu et al. 
(2013) 
[184] 
Chinese- 
Changsha

To screen for vascular cognitive 
impairment (VCI) after 
ischemic stroke

NC (132) VCI 
(207)

At cutoff 23/24a, the MoCA 
provided sensitivity of 0.75 
and specificity of 0.99 in 
detection of patients with 
VCI after ischemic stroke.

Pendlebury 
et al. 
(2013) 
[185] 
English

To screen for MCI at 1 year 
after CVA

CVA (91) At cutoff <17/22, the 
MoCA provided sensitivity 
of 0.83 and specificity of 
0.70 in detection of patients 
with MCI at 1 year after 
stroke.

Ihara et al. 
(2013) 
Japanese 
[186]

To assess the suitability of the 
MoCA in detecting VCI in 
patients with extensive 
leukoaraiosis on MRI

Extensive 
leukoaraiosis on 
MRI (12)

The MoCA was more 
sensitive than the MMSE in 
detecting VCI in patients 
with extensive leukoaraiosis 
on MRI.

Cumming 
et al. 
(2013) 
[187] 
Swedish

To screen for vascular cognitive 
impairment (VCI) at 3 months 
after CVA

CVA (60) At cutoff 23/24c, the MoCA 
provided sensitivity of 0.92 
and specificity of 0.67 in 
detection of patients with 
VCI at 3 month after stroke.

Ihara et al. 
(2013) 
Japanese 
[188]

To correlate the MoCA with 
daily physical activity in 
patients with subcortical 
leukoariaosis

Extensive 
leukoaraiosis on 
MRI (10)

The MoCA total score and 
its visuospatial/executive 
subscores correlated with 
the physical activity 
parameters.

Webb et al. 
(2014) 
English
[189]

To determine relationships 
between the MoCA and 
hypertension/hypertensive 
arteriopathy

TIA or minor 
stroke (492)

The MoCA provided 
stronger relationship to the 
hypertensive arteriopathy 
than the MMSE.
The MoCA was more 
sensitive to detect cognitive 
impairment than the 
MMSE.
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7.7.2.5  Subcortical Ischemic Vascular Dementia (SIVD)

Subcortical ischemic vascular injury has been proposed to be associated with cogni-
tive impairment as a result of neuronal circuit disconnection between subcortical 
regions, frontal cortex and other cerebral regions following repeated silent subcorti-
cal injuries [203–206].

7.7.2.6  Monitoring of Treatment

Cognitive outcomes after undergoing carotid endarterectomy (CEA) in severe uni-
lateral internal carotid artery stenosis were studied using MoCA and MMSE as 
primary outcome measures. Symptomatic carotid stenosis (SCS) and asymptomatic 
severe carotid stenosis ≥60 % (ACS) patients were compared with age- and sex- 
matched control subjects who underwent laparoscopic cholecystectomy (LC). At 
baseline, the SCS group, but not the ACS, was significantly more impaired on the 
MoCA and MMSE total scores compared with the LC group. Postoperatively, only 
the SCS patients had significant improvement on both tests when comparing pre- 
operative and 12-month post-operative performance [207].

7.8  Parkinson’s Disease (PD)

The prevalence of dementia in PD is between 20 and 40 % [208]. The early cogni-
tive changes are mediated by fronto-striatal disconnection, such as executive func-
tion and attention [209]. Single domain impairment is found more frequently than 
multiple domain deficits in early stages [209, 210]. Progression of PD affects other 

Table 7.2 (continued)

Author 
(year) 
Language Objective of study Subject (n) Results

Pasi et al. 
(2015) 
Italian
[190]

To assess the association 
between white matter 
microstructural damage 
measured by diffusion tensor 
imaging and the MoCA score.

leukoaraiosis on 
MRI with MCI 
(76)

In patients with VCI 
secondary to small vessel 
disease, the MoCA 
performance more related to 
microstructural damage 
measured by diffusion 
tensor imaging than the 
MMSE.

aMCI amnestic mild cognitive impairment, mMCI multi-domain mild cognitive impairment, NC 
normal control, VaD vascular dementia, VCI vascular cognitive impairment, PPV positive predic-
tive value, NPV negative predictive value
aOne additional point for subjects who have ≤ 6 years of education
bThe score adjustment method according to age and education is available in the article [175]
cOne additional point for subjects who have ≤ 12 years of education
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cognitive domains such as memory [208, 211]. The association between cognitive 
impairment and cholinergic denervation and frontostriatal dopaminergic deficits 
among PD and PD with dementia (PDD) has been demonstrated by neuroimaging 
studies [212, 213]. Detection of cognitive impairment in PD is clinically useful as it 
predicts the conversion to PDD [211], contributes to caregiver’s distress [214], and 
guides timing to initiate cognitive enhancing treatment [215].

The MoCA has an adequate sensitivity as a screening tool for detection of 
PD-MCI or PDD in a clinical setting (see Table 7.3), based on diagnostic criteria 
and neuropsychological test batteries [219, 220]. Half of PD patients with nor-
mal age and education-adjusted MMSE scores were cognitively impaired accord-
ing to the recommended MoCA cutoff (25/26) [218, 229] as it lacks a ceiling 
[216, 217, 219]. Sensitivity and specificity for PDD were 70–82 % and 75–95 % 
respectively. Sensitivity and specificity for PD-MCI are 83–93 % and 53–75 % 
respectively [219, 220].

Baseline MoCA scores predicted the rate of cognitive deterioration among PD 
patients. The group of rapid decliners had lower scores on total MoCA score, clock 
drawing, attention, verbal fluency and abstraction subtest when compared with slow 
decliners [221].

MoCA was shown to have good reliability in this population. The test–retest cor-
relation coefficient is 0.79, and the inter-rater correlation coefficient is 0.81 [216]. 
The superiority of the MoCA compared to the MMSE is probably explained by its 
more sensitive testing of executive, visuospatial, and attention domains which are 
frequently impaired in PD. Some of MoCA’s limitations are that there are no studies 
yet regarding its sensitivity to detect of cognitive change over time or after treatment 
[230] and MoCA contains items that require fine motor movement such as trail 
making test, cube copy and clock drawing (5/30 points), which can impact on the 
results when administering the test to patients with severe motor symptoms.

7.9  Huntington’s Disease

Subtle cognitive impairment has been shown to precede motor manifestations of 
Huntington’s disease (HD) [231–234]. While global cognitive function is relatively 
preserved in asymptomatic carriers (AC) of HD mutation, attention, psychomotor 
speed, working memory, verbal memory and executive function are often impaired 
early [232–234]. These impaired functions are caused by abnormal fronto-striatal 
circuitry as shown in morphological and functional studies [235, 236].

Two studies compared the ability of the MoCA and the MMSE in detection of 
cognitive impairment in HD patients with mild to moderate motor symptom. 
Compared with the MMSE, the MoCA achieved higher sensitivity (MoCA 97.4 %; 
MMSE 84.6 %), however, comparable but not impressive specificity (MoCA 
30.1 %; MMSE 31.5 %) in discriminating HD from normal subjects [237, 238]. 
The limitation for interpreting these results is that the available studies did not use 
standardized neuropsychological evaluation as a gold standard for classifying 
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Table 7.3 MoCA in Parkinson’s disease (PD)

First author 
(year)
Language Objective of study

Subject (n)

ResultsMeasurement

Gill et al. 
(2008) [216]
English

To establish the 
cognitive screening 
characteristics of the 
MoCA in PD patients

PD (n = 38) There was no ceiling effect of 
the MoCA.
The test–retest intraclass 
correlation coefficient was 0.79.
The inter-rater intraclass 
correlation coefficient was 0.81.
The correlation coefficient 
between the MoCA and a 
neuropsychological battery was 
0.72.

MoCA & MMSE

Zadikoff et al. 
(2008) [217]
English

To establish the 
MoCA and MMSE 
scores characteristics 
in PD

PD (n = 88) The MoCA showed less prone to 
ceiling effect and identify more 
MCI in PD patients than the 
MMSE.

MoCA & MMSE

Nazem et al. 
(2009) [218]
English

To examine the 
MoCA performance 
in PD patients with 
normal global 
cognition according to 
the MMSE score

PD (n = 100) 52 % of subjects with normal 
MMSE scores had cognitive 
impairment according to their 
MoCA scores (<26). The 
impaired patients scored worse 
than unimpaired patients on 
visuospatial/executive, naming, 
attention, language and delayed 
recall subtest of the MoCA.

MoCA & MMSE

Hoops et al. 
(2009) [219]
English

To assess the validity 
of the MoCA in 
detection of MCI and 
dementia among PD 
patients

PD-N (n = 92),
PD-MCI (n = 23),
PDD (n = 17)

At cutoff 26/27a, the MoCA 
provided sensitivity of 0.83 and 
specificity of 0.53 in detection 
of PD-MCI.
At cutoff 24/25a, the MoCA 
provided sensitivity of 0.82 and 
specificity of 0.75 in detection 
PDD
At cutoff 26/27a, the MoCA 
provided sensitivity of 0.90 and 
specificity of 0.53 in detection 
of PD with cognitive impairment 
(PD-MCI & PDD)

MoCA

Dalrymple- 
Alford et al. 
(2010) [220]
English

To assess the validity 
of the MoCA in 
detection of MCI and 
dementia among PD 
patients

PD-N (n = 72),
PD-MCI (n = 21),
PDD (n = 21)

At cutoff 20/21a, the MoCA 
provided sensitivity of 0.81 and 
specificity of 0.95 in detection 
of PDD from PD-MCI/PD-N.
At cutoff 25/26a, the MoCA 
provided sensitivity of 0.90 and 
specificity of 0.75 in detection 
PD-MCI

MoCA

7 Montreal Cognitive Assessment (MoCA): Concept and Clinical Review



166

Table 7.3 (continued)

First author 
(year)
Language Objective of study

Subject (n)

ResultsMeasurement

Luo et al. 
(2010) [221]
Chinese

To define and 
compare the cognitive 
profiles and clinical 
features of PD 
patients with slow or 
rapid cognitive 
deterioration rate 
(CDR),with normal 
controls (NC)

PD(n = 73)
NC (n = 41)

The total scores and subscores 
for visuospatial abilities, verbal 
fluency and delayed recall of the 
MoCA were significantly lower 
in the PD than NC. The rapid 
CDR group (MoCA decline >1 
point/year) was older, later age 
at onset, faster movement 
deteriorated and more impaired 
in CDT, attention, verbal fluency 
and abstraction subtest than the 
slow CDR group.

MoCA

Robben et al.
(2010) [222]
Dutch

To pilot a three-step 
cognitive diagnostic 
model for patients 
with PD dementia 
(PDD)

PDD (n = 15)
PD no dementia 
(n = 26)

It is efficient and feasible to use 
the three consecutive diagnostic 
steps for PDD as the following: 
Screening questionnaire → 
if + → the MoCA or FAB or 
ACE-R as screening tools → 
if + → a detailed NPE as 
diagnostic tools.

Screening 
questionnaire; 
MoCA/FAB/
ACE-R; Detailed 
NPE

Ling et al. 
(2013) [223]
Chinese

To assess the validity 
of the MoCA Chinese 
in detection of 
dementia among PD 
patients

PD-N (n = 381)
PDD (n = 235)

At cutoff 22/23, the MoCA 
provided sensitivity of 0.70 and 
specificity of 0.77 in detection 
PDD

MoCA-Chinese

Kandiah et al. 
(2014) [224]
English

To assess the validity 
of the MoCA in 
detection of PD-MCI 
and prediction of 
cognitive decline

PD-N (n = 61)
PD-MCI (n = 34)

At cutoff 26/27, the MoCA 
provided sensitivity of 0.93 in 
the diagnosis of PD-MCI.
The score ≤ 26 increases the risk 
of cognitive decline in 2 years

MoCA

Ozdilek et al. 
(2014) [225]
Turkish

To assess the validity 
of the MoCA-Turkish 
in screening for 
cognitive impairment 
in PD

PD (n = 50)
NC (n = 50)

At cutoff 20/21, the MoCA 
provided sensitivity of 0.59 and 
specificity of 0.89 in detection 
cognitive impairment in PD

MoCA-Turkish

Van 
Steenoven 
et al. (2014) 
[226]
English

To provide the 
conversion algorithm 
between the MoCA 
and MMSE in PD 
patients

PD (n = 360) The score conversion between 
the MoCA, MMSE and DRS-2 
were proposed.

MoCA, MMSE & 
DRS-2

(continued)
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cognitive function in HD. A subsequent study reported even better results for the 
MoCA in detection of cognitive dysfunction in HD patients at the cut off <26 
points with sensitivity of 94 % and specificity of 84 % [239]. The MoCA is a use-
ful instrument to detect cognitive changes from mild to severe stages of HD 
patients [240].

The superiority of the MoCA compared to the MMSE in this population is 
explained by more emphasis in the MoCA on cognitive domains frequently impaired 
in early HD. Clock drawing, trail making, cube copy, abstraction, and letter F flu-
ency in the MoCA increase its ability to detect executive and visuo-spatial dysfunc-
tion. Five word delayed recall, digit span, letter tapping/vigilance test in the MoCA 
provide a better assessment of memory and attention.

7.10  Brain Tumors

MoCA detected cognitive impairment among patients with brain metastases in 70 % 
of patients who performed the MMSE in the normal range (≥26/30). Patients had 
abnormal delayed recall (90 %) or language (90 %) followed by deficits in visuospa-
tial/executive function (60 %) and the other sub-domains [241].

Detection of MCI among patients with primary and metastatic brain tumors 
using a standardized neuropsychological assessment as a gold standard has also 
shown the superiority of the MoCA compared to the MMSE in sensitivity but at the 
expense of lower specificity. MoCA sensitivities and specificities were 62 % and 

Table 7.3 (continued)

First author 
(year)
Language Objective of study

Subject (n)

ResultsMeasurement

Krishnan 
et al. (2015) 
[227]
Malayalam

To assess the validity 
of the MoCA-
Malayalam in 
screening for 
cognitive impairment 
in PD

PD (n = 70)
NC (n = 60)

The MoCA Malayalam had 
good internal consistency and 
test-retest reliability in patients 
with PD.
The scores correlated with 
MMSE and ACE.

MoCA-Malayalam, 
MMSE & ACE

Chung et al. 
(2015) [228]
Korean

To compare the 
MoCA performance 
in PD with and 
without visual 
hallucinations

PD-VH (n = 26)
PD-NH (n = 32)

The language domain of 
MoCA-K was sensitive to 
cognitive deficit in PD-VH 
patients.

MoCA-Korean

NC Normal controls, PD-N cognitively normal Parkinson’s disease, PD-MCI mild cognitive 
impairment Parkinson’s disease, PDD Parkinson’s disease with dementia, PD-VH Parkinson’s dis-
ease with visual hallucination, PD-NH Parkinson’s disease without visual hallucination
ACE Addenbrooke’s Cognitive Examination, ACE-R Addenbrooke’s Cognitive Examination-
revised, DRS-2 Dementia Rating Scale 2, FAB Frontal Assessment Battery, NPE Neuropsychological 
examination
aOne additional point for subjects who have ≤ 12 years of education
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56 % respectively, whereas MMSE sensitivities and specificities were 19 % and 
94 % respectively. Visuospatial/executive function items of the MoCA correlated 
with patients’ perceived quality of life (ability to work, sleep, enjoy life, enjoy regu-
lar activities and accept their illness) [242].

Cognitive function is one of the survival prognostic factors and correlates with 
tumor volume in metastatic brain cancer [243, 244]. The survival prognostic value 
of the MoCA was studied among patients with brain metastases [245]. After dichot-
omizing MoCA scores into two groups based on average scores (≥22 and <22), 
below-average MoCA scores were predictive of worse median overall survival (OS) 
compared with above-average group (6.3 versus 50.0 weeks). Stratified MoCA 
scores were also predictive of median OS, as the median OS of patients who per-
formed the MoCA with scores in the range of >26, 22–26, and <22, were 61.7, 30.9 
and 6.3 weeks, respectively. MoCA scores were superior to the MMSE scores as a 
prognostic marker. Although, the MoCA scores correlated with the median OS, it is 
essential to clarify that cognitive impairment does not directly result in decreased 
survival. Lower MoCA scores may represent other unmeasured confounders such 
as the extent of disease, location of tumor or previous treatment [245].

7.11  Systemic Lupus Erythematosus (SLE)

Cognitive dysfunction is a common symptom of SLE-associated neuropsychiatric 
manifestation. It can occur independently of clinically overt neuropsychiatric SLE 
[246–252]. Magnetic resonance spectroscopy reveals the association between meta-
bolic change in white matter of non-neuropsychiatric SLE (non-NSLE) patients and 
cognitive impairment [247, 253]. Early cognitive impairments in non-NSLE patients 
are verbal fluency, digit symbol substitution and attention [252, 254]. Some investi-
gators suggested that the pattern of cognitive decline in non-NSLE is mostly classi-
fied as subcortical brain disease since the psychomotor and mental tracking 
impairment are observed early [255]. The domains which are subsequently impaired 
in patients who develop neuropsychiatric SLE (NSLE) symptoms are memory, psy-
chomotor speed, reasoning and complex attention [254, 256].

The MoCA was validated among SLE patients in hospital-based recruitment, using 
the Automated Neuropsychologic Assessment Metrics (ANAM) as a gold standard. At 
the standard cutoff score <26/30, the MoCA provided good sensitivity (83 %), speci-
ficity (73 %) and overall accuracy (75 %) in detection of cognitive impairment [257].

7.12  Substance Use Disorders

The validity of the MoCA to detect cognitive impairment in subjects with non- 
nicotine substance dependence disorders according to the DSM-IV criteria was 
established by using the Neuropsychological Assessment Battery-Screening 
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Module (NAB-SM) as a gold standard to define cognitively impaired participants. 
The NAB-SM is composed of 5 domains: attention, language, memory, visuospa-
tial, and executive function. The participants were composed of alcohol dependence 
(65 %; n =39), dependence on opioids (32 %; n =19), cocaine (17 %; n =10), canna-
bis (12 %; n =7), benzodiazepine (10 %; n =6), and amphetamine (8 %; n =5). At the 
optimal cutoff point of 25/26, the MoCA provided acceptable sensitivity and speci-
ficity of 83 % and 73 %, respectively, with good patient acceptability [258].

7.13  Idiopathic Rapid Eye Movement Sleep Behavior 
Disorder (Idiopathic RBD)

RBD is characterized by the intermittent loss of REM sleep electromyographic ato-
nia resulting in motor activity associated with dream mentation. Approximately 
60 % of cases are idiopathic [259]. MCI is found in 50 % of idiopathic RBD and most 
of them are single domain MCI with executive dysfunction and attention impairment 
[260]. Visuospatial construction and visuospatial learning may be impaired in neuro-
psychologically asymptomatic idiopathic RBD patients who have normal brain MRI 
[261]. Subtle cognitive changes in idiopathic RBD may reflect the early stage of 
neurodegenerative diseases [261] as some studies reported an association between 
idiopathic RBD and subsequent development of Parkinson’s disease (PD), Lewy 
body dementia (LBD) and multiple system atrophy [262–264]. Moreover, cognitive 
changes in idiopathic RBD are similar (visuoconstructional and visuospatial dys-
function) to LBD [265] and to early PD (executive dysfunction) [209].

The MCI screening property of the MoCA was validated among 38 idiopathic 
RBD patients, based on neuropsychological assessment as a gold standard. At the 
original cutoff point of 25/26, the MoCA had sensitivity for cognitive impairment 
of 76 % and specificity of 85 % with an accuracy of 79 %. However, for screening 
purposes, the higher cutoff (26/27) may be applied as it increases sensitivity to 
88 %, at the expense of reduced specificity (61 %). The demanding visuospatial/
executive function subtests of the MoCA makes it sensitive for detection of mild 
cognitive impairment in idiopathic RBD patients who are impaired early in these 
domains [266].

7.14  Chronic Obstructive Pulmonary Disease (COPD)

Cognitive impairment is a frequent feature of COPD. MCI was reported in 36–63 % 
of patients with COPD [267, 268]. At the cutoff <26/30, the MoCA provided 81 % 
sensitivity and 72 % specificity in detecting cognitive impairment among patients 
with moderate to severe COPD [267]. Patients with COPD with acute exacerbation 
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had significantly lower MoCA scores than patients with stable COPD and normal 
controls [269]. In patients with acute COPD exacerbation who were hospitalized, 
cognitive impairment was identified in 57 % which related to worse health status 
and longer length of stay [270].

7.15  Obstructive Sleep Apnea (OSA)

In a recent study by Chen et al. [271], the MoCA was administered to 394 obstruc-
tive sleep apnea (OSA) patients categorized into four groups according to OSA 
severity based on the total number of apnea and hypopnea per hour of sleep (AHI), 
measured by polysomnography. The groups were composed of primary snoring 
(AHI <5 events/h), mild OSA (AHI 5–20 events/h), moderate OSA (AHI 21–40 
events/h) and severe OSA (AHI >40 events/h). The total MoCA scores progres-
sively decreased as the severity of OSA increased. The scores of moderate-to-
severe OSA groups were significantly lower than the scores of the primary snoring 
and mild OSA groups. Furthermore, defining MCI with a cutoff of 25/26, the 
moderate- to- severe OSA groups were more classified as MCI than the other 
groups. Domains that were significantly impaired in the severe OSA group, com-
pared to the primary snoring group, were delayed recall, visuospatial/executive 
function, and attention/concentration. Even though the mild OSA group per-
formed similarly to the primary snoring group on total MoCA scores, impairment 
in the visuospatial/executive function and delayed recall domains was more 
prominent. Moreover, MoCA scores correlated with oxygen saturation levels 
[271]. A subsequent study reported that at the cut off <26 point, the sensitivity 
and specificity to differentiate between normal subjects and non-normal subjects 
were 54 % and 70 % respectively [272].

7.16  Risk of Falls

Liu-Ambrose and colleagues used the MoCA to classify 158 community-dwell-
ing women as MCI or cognitively intact by the cutoff point of 25/26 [273]. The 
short form of Physiologic Profile Assessment (PPA) was used to assess the fall 
risk profile. In the PPA, the postural sway, quadriceps femoris muscle strength, 
hand reaction time, proprioception and edge contrast sensitivity are evaluated. 
Participants with MCI had higher global physiological risk of falling and greater 
postural sway compared with the counterparts. However, the other four PPA 
components were not significantly different between the two groups. This study 
suggested that screening for MCI using the MoCA is valuable in preventing falls 
in the elderly.
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In another study, forty-seven patients were classified into faller and non-faller 
groups. The non-faller group performed significantly better than the faller group in 
physical activities (timed Up-and-Go, the 10 min walk test and the 6 min walked 
test) and cognitive functions measured by the MoCA. The study suggested that in 
order to decrease the risk of falls, physical activity and cognitive evaluation are 
recommended in community-dwelling stroke patients [274].

7.17  Rehabilitation Outcome

The MoCA has been shown to be more sensitive than the MMSE for detection 
of MCI in an inpatient rehabilitation setting [275]. The association between 
cognitive status measured by the MoCA and rehabilitation outcomes was stud-
ied among 47 patients admitted to a geriatric rehabilitation inpatient service 
[276]. Patients had an orthopedic injury (62 %), neurological condition (19 %), 
medically complex condition (11 %) and cardiac diseases (4 %). MoCA had 
good sensitivity (80 %), but poor specificity (30 %), at the cutoff scores 25/26 to 
predict successful rehabilitation outcome. The patients who reached the suc-
cessful rehabilitation criteria tended to have higher MoCA scores at admission 
than the patients who did not achieve the rehabilitation goal. Many studies have 
reported the negative effect of cognitive impairment on the rehabilitation out-
comes [276–279].

In a short term rehabilitation program in post-stroke patients (median time 
post- stroke 8.5 days) who had MCI, the MoCA had a significant association 
with discharge functional status. The discharge functional status was measured 
by the motor subscale of Functional Independence Measures (mFIM) and motor 
relative functional efficacy taking the individual’s potential for improvement 
into account [280]. The visuospatial/executive domain of the MoCA was the 
strongest predictor of functional status and improvement. This domain was pre-
viously shown as an independent predictor of post-stroke long term functional 
outcome [281].

7.18  MoCA in Epilepsy

A cross-sectional study examined the MoCA performance in cryptogenic epileptic 
patients aged more than 15 years with normal global cognition according to the 
Mini-Mental State Examination (MMSE) score. The mean MoCA score was 22.44 
(±4.32). In spite of a normal MMSE score, which was an inclusion criterion, cogni-
tive impairment was detected in 60 % of patients based on the MoCA score. The 
variable that correlated with a higher risk of cognitive impairment was the number 
of antiepileptic drugs (polytherapy: OR 2.71; 95 % CI 1.03–7.15). No neuropsycho-
logical batteries were used for comparison [282].
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7.19  Human Immunodeficiency Virus (HIV) Infection

Cognitive impairment in HIV patients may result in medication compliance prob-
lems. The ability of the MoCA to detect cognitive impairment in patients with HIV 
infection has been studied. At the cut off <26 points, the sensitivity and specificity 
were 51–85 % and 40–77 % respectively [283–285]. There was global cognitive 
decline in HIV patients, in particular visuospatial, executive, attention and language 
functions were impaired [286]. Current CD4+ level and depression severity is a 
strong predictor of the MoCA score among HIV patients [287]. Because of its low 
specificity the MoCA may be useful as a first screening tool for identifying HIV 
patients who may need further formal neuropsychological testing.

7.20  Miscellaneous Conditions

The MoCA has been studied in many other conditions including frontotemporal 
dementia, multiple sclerosis, traumatic brain injury, diabetes, Korsakoff syndrome, 
chronic hemodialysis, schizophrenia, macular degeneration, severe mental illness, 
ALS, psychiatry inpatients, and driving, studies which are summarized in the 
Table 7.4.

7.21  Normative Data in Multiple Languages, Cultures, Age 
and Education Levels

The Montreal Cognitive Assessment has been translated into 56 languages and dia-
lects and has been used in several populations (Table 7.5 summarizes published 
studies and not abstracts). Test and instructions for all languages and dialects are 
available on the MoCA’s official website (www.mocatest.org).

Performance on the MoCA varied significantly among populations. Differences on 
MoCA performance in healthy subjects are probably accounted for by cultural, eth-
nic, age, educational, and linguistic factors. As with all neuropsychological tests, it is 
recommended that local normative values be obtained in communities around the 
world utilizing the MoCA. A large community based cognitive survey in Texas 
included a multi-ethnic sample of Caucasians, Blacks, and Asians, of varying educa-
tional levels. In this study, the majority of subjects (62 %) scored below 26 on the 
MoCA [133]. When one considers only the more educated Caucasian group of  normal 
participants in this study, the mean score was 25.6/30 which is only slightly lower 
than the original cutoff score (25/26). However since standard neuropsychological 
assessment, neurological examination, and imaging studies, were not performed on 
the healthy volunteers, subtle cognitive deficits, neurological conditions, or imaging 
abnormalities may have been missed, which could account for lower performance on 
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Table 7.4 The MoCA in other conditions

First author (year)
Language Objective of study

Subject (n)

ResultsMeasurement

Freitas et al. 
(2012) [288]

To assess the validity 
of the MoCA in 
behavioral-variant 
frontotemporal 
dementia (bv-FTD)

bv-FTD (50)
NC (50)

At cutoff <17, the MoCA 
provided sensitivity of 78 % 
and specificity of 98 % in 
detection of bv-FTD from NC 
which is better than the MMSE 
(sensitivity 58 %, specificity 
88 %).

MoCA and 
MMSE

Kaur et al. (2013) 
[289]

To assess the validity 
of the short MoCA in 
multiple sclerosis 
(MS)

MS (50), NC 
(50)

At cutoff 10/11 from total 12 
points, the short MoCA 
provided sensitivity of 97 % 
and specificity of 90 % in 
detection of cognitive 
impairment in MS patients.

MoCA

Dagenais et al. 
(2013) [290]

To assess the value of 
the MOCA in 
detecting cognitive 
deficits in MS

MS (41) The MoCA score correlated 
with the executive/speed 
processing, learning and 
delayed recall of the 
neuropsychological evaluation.

MoCA

Alagiakrishnan 
et al. (2013) [291]

To assess the validity 
of the MoCA in type 
2 diabetes mellitus 
(DM)

DM-MCI (15)
DM-NC (15)

At the cutoff <26, the MoCA 
provided sensitivity of 67 % 
and specificity of 93 % in 
detection of DM-MCI.

MoCA

De Guise et al. 
(2014) [292]

To examine the 
MoCA performance 
of patients with 
traumatic brain 
injury (TBI)

TBI (214) Patients with severe TBI had 
lower scores than patients with 
mild and moderate TBI.
The difference was found in 
the visuospatial/executive, 
attention, and orientation 
sub-domain.

MoCA

Oudman et al. 
(2014) [293]

To assess the validity 
of the MoCA in 
Korsakoff’s 
syndrome (KS)

KS (30)
NC (30)

The MoCA (cutoff 22/23 with 
accuracy 98 %) was superior to 
the MMSE (cutoff 26/27 with 
accuracy 83 %) in detection of 
KS.

MoCA, MMSE

Tiffin-Richards 
et al. (2014) [294]

To assess the validity 
of the MoCA in 
patients with chronic 
hemodialysis (HD)

HD (43)
NC (42)

At the cutoff <25, the MoCA 
provided sensitivity of 77 % 
and specificity of 79 % in 
detection of cognitive 
impairment in chronic HD 
patients which is superior to 
the MMSE.

MoCA, MMSE

(continued)
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Table 7.4 (continued)

First author (year)
Language Objective of study

Subject (n)

ResultsMeasurement

Wu et al. (2014) 
[295]

To assess the 
cognitive function of 
patients with 
schizophrenia.

Schizophrenia 
(121)

The MoCA was sensitive to 
detect MCI in 85 % of the 
patients with schizophrenia.
The MoCA correlated with 
education level, severity of 
illness, and negative symptoms.
The MoCA was a predictor of 
the length of stay in the facility.

MoCA

Dag et al. (2014) 
[296]

To evaluate the 
cognitive impairment 
in patients with 
age-related macular 
degeneration (AMD)

AMD (81) The MoCA is more sensitive 
than the MMSE in detection of 
early cognitive impairment in 
patients with AMD.

MoCA, MMSE

Musso et al. 
(2014) [297]

To assess the validity 
of the MoCA in 
patients with severe 
mental illness (SMI)

SMI (28)
NC (18)

At the cutoff <26, the MoCA 
provided sensitivity of 89 % 
and specificity of 61 % in 
detection of SMI.
The MoCA related to the 
measures of functional 
capacity.

MoCA

Osborne et al. 
(2014) [298]

To assess the 
potential utility of the 
MoCA and the 
Frontal assessment 
battery (FAB) in 
evaluating frontal 
lobe and general 
cognitive impairment 
in amyotrophic 
lateral sclerosis 
(ALS) patients

ALS (54) Both the MoCA and FAB are 
promising tools for cognitive 
dysfunction screening in 
patients with ALS. The MoCA 
detected more ALS patients 
with cognitive impairment 
comparing to the FAB.

MoCA, FAB

Gierus et al. 
(2015) [299]

To assess the validity 
of the MoCA in 
patients hospitalized 
in psychiatry unit

Patients (221) At the cutoff <23, the MoCA 
provided sensitivity of 82 % 
and specificity of 70 % in 
detection of patients with 
organically based disorders 
from patients with non- 
organically based disorders.

MoCA

Ogurel et al. 
(2015) [300]

To assess the ability 
of the MoCA in 
cognitive screening 
among patients with 
diabetic retinopathy 
(DR)

DR (120) MoCA was more sensitive than 
the MMSE in detection of 
cognitive impairment in 
patients with diabetic 
retinopathy.

MoCA
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Table 7.4 (continued)

First author (year)
Language Objective of study

Subject (n)

ResultsMeasurement

Hollis et al. (2015) 
[301]

To assess the validity 
of the MoCA in the 
prediction of driving 
test outcome

Adult drivers 
(92)

In an individual with cognitive 
impairment, the MoCA was a 
stronger predictor than the 
MMSE in predicting the  
failure of the road test with 
sensitivity of 75 % and false 
positive rate of 12 % at the 
cutoff <18/30.

NC normal controls, MCI mild cognitive impairment

Table 7.5 MoCA normative data in multiple languages

Language
Number of 
articles References

Arabic 1 [145]
Bahasa Malaysia 2 [302, 303]
Brazilian 2 [158, 304]
Chinese 20 [80, 129, 131, 132, 135, 141, 142, 155, 156, 160, 172, 

182–184, 221, 223, 271, 305–307]
Croatian 4 [165, 166, 168, 169]
Dutch 2 [222, 308]
English 4 [1, 133, 309, 310]
Filipino 1 [311]
French 3 [1, 175, 266]
German 2 [194, 312]
Hebrew 1 [164]
Hungarian 1 [313]
Italian 4 [190, 207, 314, 315]
Japanese 7 [136, 143, 186, 188, 316–318]
Korean 3 [81, 228, 274]
Malay 1 [172]
Malayalam 1 [227]
Persian 1 [319]
Polish 3 [157, 299, 320]
Portuguese 5 [147, 152, 321–323]
Sinhala 1 [150]
Spanish 3 [163, 324, 325]
Swedish 1 [187]
Thai 3 [139, 146, 217]
Turkish 3 [148, 225, 326]
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the MoCA [137]. This is most likely to happen in subjects with lower education and 
in ethnic communities that are prone to vascular risk factors with consequent subtle 
vascular cognitive impairment [137].

Normative data for the MoCA scores has been reported in several languages 
including English, Portuguese, Japanese, Irish and Italian versions [133, 136, 309, 
310, 314, 321]. It is important to note that normative data derived from a community 
sample rather than subjects with stricter criteria can result in an underestimation of 
the rate of cognitive impairment [137].

7.22  MoCA for the Blind

Impairment of vision can contribute to lower MoCA performance [327]. A version of 
the MoCA for assessment of cognition in the blind population has been published [328].

7.23  A 5 min MoCA

The immediate recall, verbal memory, verbal fluency and orientation were extracted 
from the Hong Kong version of the MoCA to form the MoCA 5-min protocol for 
detection of VCI after ischemic stroke or TIA. This test can be administered over 
the telephone within 5 min. This test demonstrated satisfactory correlation with the 
Hong Kong full version of the MoCA with favorable Cronbach’s alpha (0.79) and 
test-retest reliability (intraclass correlation coefficient = 0.89; P <0.001). 
Unfortunately, the authors did not report the validity of this test in detection of VCI 
[306]. Another telephone version of the MoCA, called telephone MoCA (T-MoCA,) 
demonstrated reasonable sensitivity and specificity for detection of VCI [185].

7.24  The Montreal Cognitive Assessment-Basic (MoCA-B) 
Development and Validation for Illiterate and Low 
Educated Population

The MoCA has some limitations in screening of MCI among people with low edu-
cation level [160]. The education and literacy effect on the MoCA in normal elderly 
has been reported in each sub-item [139]. The MoCA-B was developed as a col-
laborative project between research groups in Canada and Thailand [329]. Several 
features were considered in designing the MoCA-B to optimize its ability to detect 
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MCI in individuals with limited education. Literacy-dependent tasks were elimi-
nated and substituted for literacy-independent tasks that measured the same cogni-
tive function.

The test evaluates six cognitive domains. Visual perception (superimposed 
objects, 3 points), executive functioning (simplified alternating trail making: 1 
point; word similarity: 3 points; problem-solving task: 3 points), language (fruit 
fluency: 2 points; animal naming: 4 points), attention (modified digit Stroop: 3 
points), memory (five-word delayed recall: 5 points), and orientation (time and 
place: 6 points). The total score is 30 points. The administration time is 
15–21 min.

Eighty-five subjects (normal controls 43, MCI 42) aged 55 to 80 years old with 
less than 5 years of education were recruited from a community hospital in Bangkok, 
Thailand. At the cut off 24/25, the MoCA-B provided better sensitivity (86 %) than 
the MMSE (33 %) in detection of MCI participants. The MoCA-B correctly 
 identified normal participants with similar specificity to the MMSE (86 % and 88 % 
respectively). The MoCA-B overall accuracy was 84 %. Test-retest reliability (intra- 
class correlation coefficient = 0.909, p <0.001) and internal consistency (Cronbach 
alpha = 0.816) were satisfactory. The MoCA-B scores did not differ significantly on 
the basis of literacy, and multiple regression suggested no association with age or 
education.

The MoCA-B is the first assessment developed to screen for MCI in illiterate 
elders and those with low levels of education. It is freely available on www.mocatest.
org (MoCA Test-Basic section) in Thai, English, Chinese, Arabic, Spanish, Turkish, 
and Portuguese. The MoCA-B could assist physicians in a wide range of settings to 
identify MCI at an early stage, thus improving access to appropriate support and 
targeted interventions for dementia prevention.

7.25  Future Research

7.25.1  Electronic MoCA (e-MoCA)

The e-MoCA is currently in the testing phase. It should be available in 2016. 
Administering the MoCA using a tablet will enhance the testing experience, adding 
more precision by providing integrated instructions for administration and scoring, 
automatically calculating item, total scores, and the newly devised Memory Index 
Score (see Sect. 7.6). It will also help measure executive speed since subjects’ per-
formance is timed. Slowing in executive speed may precede cognitive impairment 
which could be a useful marker for earlier detection.

To provide reliable and valid intercultural multi-lingual norms on the elec-
tronic MoCA, a strict protocol (see MoCA-ACE: Age, Culture and Education 
Study, unpublished protocol) defining cognitively healthy subjects has been 
devised

7 Montreal Cognitive Assessment (MoCA): Concept and Clinical Review

http://www.mocatest.org/
http://www.mocatest.org/


178

7.25.2  Alternate/Parallel MoCA Versions

To decrease possible learning effects when administering the MoCA multiple times 
in a short period of time, several equivalent versions of the MoCA are now available 
in a few languages including the English version [140], and are available at www.
mocatest.org.

7.25.3  MoCA Training and Certification Program

An online program will become available in 2016. To improve test administration, 
interpretation, reliability, and decrease test-retest variability, a comprehensive train-
ing program will guide future test users through test administration and scoring, 
neuroanatomical correlation, video administration demonstration, test interpreta-
tion, training and certification.

7.26  Conclusion

The MoCA promises to be a potentially useful, sensitive and specific cognitive 
screening instrument for detection of mild cognitive impairment in multiple neuro-
logical and systemic diseases that affect cognition across various cultures and 
languages.
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Abstract DemTect is a cognitive screening instrument, first published in 2000, 
which was designed to be sensitive to the early cognitive symptoms of dementia 
even in the stage of mild cognitive impairment. It covers a wide range of cognitive 
domains so that it is valid not only for patients with Alzheimer’s disease but also for 
patients with other types of dementia. DemTect provides cutoff scores for dementia 
and for cognitive impairment typical of MCI. Much favored for cognitive screening 
purposes in Germany, English versions are also available.
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8.1  Introduction

The cognitive screening tool DemTect was first published in 2000 in a German ver-
sion [1] and in 2004 in an English version [2]; also, a Polish [3, 4], a French [5], and 
some other versions are in use. The DemTect has attracted much attention since then 
and is not only recommended by German national guidelines [6] and authors review-
ing cognitive screening tools (e.g. [7]) but also by international guidelines and rec-
ommendations to be used as a brief cognitive test for early detection of dementia [8] 
and mild cognitive impairment (MCI) [9, 10]. In a well-attended symposium on 
screening instruments at the conference of the German Society for Gerontopsychiatry 
and Psychotherapy (DGPPN, Deutsche Gesellschaft für Gerontopsychiatrie und 
psychotherapie) in 2005, the DemTect was elected as the favorite cognitive screen-
ing tool by the auditorium. In fact, the DemTect is the most used cognitive screening 
test in Germany next to the Mini-Mental State Examination (MMSE) [11].

8.2  Description of the Test

8.2.1  Subtests: Construction and Administration

The ambition of the DemTect construction was that it should (i) be sensitive to detect 
early cognitive symptoms of dementia even in the stage of MCI, (ii) have high speci-
ficity, (iii) cover a wide range of cognitive domains so that it is valid not only for 
patients with Alzheimer’s disease (AD) for which assessment of learning and memory 
tests clearly is the most important issue but also for patients with other types of demen-
tia, (iv) provide a total score that is independent of sociodemographic variables, and 
(v) provide cutoff scores for dementia but also a cutoff score that points to cognitive 
impairment rather belonging to the stage of MCI.

After some pilot work, five subtests were chosen for the DemTect (Table 8.1) 
that follow established test paradigms and which were able to fulfill the demands 
outlined above (for the rationale to select these subtests, see [2]):

1 and 5: Word list/delayed recall. A word list with ten words with immediate recall 
in two trials at the beginning of the test and a delayed recall at the end of the test 
(i.e. approximately 8 min later).

2: Number transcoding. A number transcoding task in which two Arabic numbers 
have to be transformed into verbal numerals and two verbal written numerals 
have to be transcoded into Arabic numbers (for typical errors in dementia patients 
as described in [12], see Fig. 8.1).

3: Verbal fluency. In the semantic verbal fluency task, the subjects have to name 
articles that can be bought in a supermarket within 1 min.

4: Digit span. In the digit span task, the subject has to repeat digits in reverse order 
to a maximum length of six.

With these subtests, the DemTect assesses short- and long-term verbal memory 
(word list), working memory (in the digit span task but also needed in the verbal 
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fluency task), executive functions (set shifting in the number transcoding task as 
well as cognitive flexibility in the verbal fluency task), and language (needed in all 
tasks but especially demanded in the verbal fluency task).

8.2.2  Scoring

The DemTect has a maximum transformed score of 18. The selection of this maxi-
mum score was random. For each subtest, transformation tables for two age groups 
(<60 years and ≥60 years) were provided for the first version of the DemTect. The 
maximum scores for each subtest range from 3 (word list, number transcoding, digit 

Table 8.1 Description of the DemTect subtests, its maximum raw scores, and its maximum 
transformed scores

DemTect subtest Description

Max. 
raw 
score

Max. 
transformed 
score

Word list Ten items have to be recalled in two trials; 
subjects are not informed of a delayed recall

20 3

Number 
transcoding

Two Arabic numbers have to be transformed 
into verbal numerals, and two verbal written 
numerals have to be transcoded into Arabic 
numbers

4 3

Verbal fluency Within 1 min, the subjects have to name 
articles that can be bought in a supermarket 
(DemTect) or animals (DemTect B)

30 4

Digit span reverse The subjects have to repeat digits in reverse 
order to a maximum length of six

6 3

Word list delayed 
recall

The ten items presented at the beginning of the 
test have to be recalled once more

10 5

Total transformed 
score

18

Fig. 8.1 Typical “shift errors,” i.e. problems with shifting from one number code to the other 
(Arabic to number words or vice versa), and other errors in the number transcoding task in a patient 
with Alzheimer’s disease
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span) to 4 (verbal fluency) up to 5 (delayed recall). The decision on each maximum 
score was based on the subtests’ different sensitivities and specificities in a popula-
tion of healthy control subjects, AD patients, and MCI patients [1, 2]. The age cor-
rection was necessary due to significant age effects in the control groups in both 
normative studies. Furthermore, an education correction is provided in the English 
version [2]. Here, it was defined that one point is added to the transformed total 
score in subjects with only basic education (≤11 years).

After much feedback from clinicians that the DemTect is frequently used in 
elderly patients aged 80 years or above, but also in young patients of 40 years or 
younger (with a wide range of clinical states), further normative work was done by 
our own group [13] that has lead to norms for the age groups “40−” and “80 + .” 
With these scores, the total score of the DemTect is now independent of the factor 
age for adult patients from young adulthood until old age. The relevance of the age 
correction is demonstrated in Fig. 8.2.

8.2.3  Interpretation of the Total Transformed Score

From the transformed total DemTect scores, it can be decided whether performance 
of the subject can be interpreted as age adequate (13–18 points), or whether MCI 
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Fig. 8.2 Performance of the age groups “40−” (40 years and younger) and “80+” (80 years and 
older) (Modified according to [13]). Thirty words were taken as the maximum score for the verbal 
fluency task. The figure shows the age dependence of the different subtests
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(9–12 points) or dementia must be suspected (≤8 points) (Table 8.2). Again, these 
scores were derived from the normative studies and show high sensitivity and speci-
ficity [1, 2].

It is important to emphasize that any interpretation from a screening tool must be 
preliminary; especially if a cognitive disorder is indicated, an elaborate neuropsy-
chological examination is strongly recommended.

8.2.4  Administration Time

The administration time for the DemTect, including transformation of the raw 
scores and interpretation, is 8–10 min.

8.2.5  Avoiding Retest Effects with the Parallel Version 
of the DemTect: DemTect B

When patients are retested in follow-up examinations, explicit or implicit learning 
effects can occur when the same test versions are used. Thus, a parallel version of 
the DemTect, “DemTect B,” was developed [14].

Parallel versions of the five original DemTect subtests were designed (modifica-
tions are indicated in Table 8.1). The equivalence of the new and original subtests 
was analyzed in 80 healthy control subjects. There were no significant differences 
between the corresponding subtests of the two test versions except for the semantic 
verbal fluency task (category “supermarket” in DemTect and category “animals” in 
DemTect B) (Fig. 8.3). Thus, different algorithms for transforming raw scores into 
transformed scores were calculated for this subtest. For all other subtests, the trans-
formation tables of the original DemTect can be used. Using this procedure, there 
were no significant differences between the transformed scores of the DemTect and 
DemTect B, including the total scores (max. 18 points, mean score 15.9, SD 1.9 in 
DemTect versus 15.5, SD 2.4 in DemTect B). Thus, the interpretation of specific 
score ranges of the DemTect could be adopted for DemTect B, and the total DemTect 
B can be regarded as equivalent to the DemTect.

Table 8.2 Interpretation of DemTect scores

Transformed total score
Interpretation valid for DemTect and DemTect B 
scores

13–18 points Cognitive abilities appropriate for the subjects’ age
9–12 points Mild cognitive impairment suspected
≤8 points Dementia suspected
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8.2.6  Psychometric Criteria

Besides the two normative studies for the German and English version of the 
DemTect [1, 2], some other studies have demonstrated a high sensitivity and speci-
ficity of the tool (overview in Table 8.3) [15]. The sensitivity across all studies 
ranges between 83 and 100 % for AD patients, 67 and 86 % for patients with MCI 
or mild cognitive disorder, and was 90 % for vascular dementia (VaD) patients; the 
specificity ranged between 90 and 100 % [1, 2, 16–18]. In a validation of the 
DemTect with 18-fluoro-2-deoxyglucose positron emission tomography (18-FDG- 
PET), the ROC analysis showed an area under the curve (AUC) of 0.78 with a cutoff 
score of ≤13 (95 % CI 0.62–0.94; p = 0.006) [18].

The DemTect total transformed score is highly correlated with the MMSE (e.g. 
[2]; control group: p < 0.001, r = 0.43; AD group: p < 0.001, r = 0.55; MCI group: 
p < 0.01, r = 0.31). However, a regression analysis showed that although DemTect 
scores could be transformed into MMSE scores with the formula 
MMSE = 0.567 × DemTect score plus 19.997, DemTect scores only corresponded to 
MMSE scores higher than 20. This result reflects the fact that while the MMSE is a 
tool with which staging up to more severe stages of dementia is possible, the 
DemTect is a tool that is valuable for detecting and differentiating cognitive dys-
function when symptoms begin. Accordingly, the superiority of the DemTect com-
pared to the MMSE regarding the sensitivity to assess early symptoms has been 
demonstrated [2, 16].

A good retest reliability with no significant differences in total transformed 
scores in 30 healthy controls which were tested two times with a time interval of 6 
weeks (mean scores were 16.63 at t1 and 17.13 at t2) was shown [1].
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Fig. 8.3 Equivalence of performance in the parallel test versions DemTect and DemTect B in 
healthy control subjects
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8.3  Neural Correlates of the DemTect Subtests

Neural correlates of the DemTect’s five subtests regarding both gray matter brain atro-
phy and cerebral glucose metabolism were examined in 21 AD patients, 14 patients with 
frontotemporal lobar degeneration (FTLD), and 13 patients with subjective cognitive 
impairment (SCI) with structural magnetic resonance imaging (MRI) and F-18-
fluorodeoxyglucose positron emission tomography (FDG-PET) by Woost et al. [19]. 
When all diagnostic groups were analyzed together, performance in the word list was 
positively correlated with glucose metabolism in the left temporal lobe. The number 
transcoding task was significantly related to glucose metabolism in a predominantly left 
lateralized frontotemporal network as well as a parietooccipital network including parts 
of the basal ganglia. Number transcoding was also associated with gray matter density in 
an extensive network including frontal, temporal, parietal and occipital areas. Working 
memory, tested with the digit span reverse, correlated with glucose metabolism in the left 
frontal cortex, the bilateral putamen, the head of caudate nucleus and the anterior insula. 
The only subtest for which no relationships with gray matter or glucose metabolism 
could be found was the supermarket task. Separate correlation analyses for the diagnos-
tic groups partly verified or extended the correlates found for the overall sample analysis. 
The authors emphasize that their study serves as an external validation of the DemTect.

8.4  The DemTect in Clinical Practice and Scientific Contexts

The DemTect is a frequently used cognitive screening tool both in clinical practice 
and in scientific studies. Most of these studies and reports include patients with 

Table 8.3 Sensitivity and specificity of the DemTect in studies with patients with dementia or 
mild cognitive impairment and healthy controls

Reference Study samples Sensitivity (sens.) and specificity (spec.)

Kessler et al. 
[1]

169 AD patients, 175 CG 
(n = 82 < 60 yrs., 
n = 93 ≥ 60 yrs.)

AD versus CG ≥60 yrs.: sens.: 94 %, spec.: 
90 %

Perneczky [16] CG (n = 13), AD patients 
(n = 13), patients with mild 
cognitive disorder (n = 9)

AD versus CG: sens.: 92 %, spec.: 100 %; 
mild cognitive disorder versus CG: sens.: 
67 %, spec.: 92 %

Kalbe et al. 
[17]

AD patients (n = 36), VaD 
patients (n = 28), CG (n = 31)

AD versus CG and VaD versus CG: sens. 
>90 %, spec.: >95 %

Kalbe et al. [2] AD patients (n = 121), MCI 
patients (n = 97), CG (n = 145)

AD versus CG: sens.: 100 %, spec.: 92 %; 
MCI versus CG: sens.: 86 %, spec.: 92 %

Scheurich et al. 
[18]

AD patients (n = 18), MCI 
patients (n = 13)

Sens. Compared to clinical diagnosis: AD: 
83 %, MCI: 84.6 %; sens. compared to 
FDG-PET in all patients: 93 %

Modified from Kalbe et al. [15]
AD Alzheimer’s disease, CG healthy control group, yrs. years, VaD vascular dementia, MCI mild 
cognitive impairment, FDG-PET 18-fluoro-2-deoxyglucose positron emission tomography
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dementia (e.g. [20–27]), or cognitive impairment [28]. However, the DemTect has 
also been used in patients with other neurological conditions [26], including patients 
with occipital, occipital-temporal and occipito-parietal infarction [29], patients with 
hypertension [30], implantable cardioverter-defibrillators [31], diabetes [32], pri-
mary hyperparathyroidism [33], possible osteoporosis [34], chronic lymphocytic 
leukemia [35], severe sepsis [36], and even in school children from 6 to 11 years to 
assess their cognitive functions [37]. Furthermore, the DemTect has been taken as 
an instrument to show effects of different kinds of interventions on cognitive func-
tions, e.g. cognitive training [38–40] and cognitive and physical training in AD 
patients [41], herb extracts in elderly subjects with below-average cognitive perfor-
mance [42], memantine in a female patient with alcohol-related dementia [43], deep 
brain stimulation in Parkinson’s disease patients [44], provision of optical aid in 
patients with macular degeneration [45], and in patients with congestive heart fail-
ure receiving a biventricular defibrillator or implantable single or dual-chamber 
defibrillator [46]. The DemTect has also been used to demonstrate reduced quality 
of life in patients with cognitive impairment [47]. Finally, it was taken to test the 
criterion validity of the German version of the WHOQOL-OLD which is an instru-
ment to assess the subjective quality of life in elderly people [48], to evaluate the 
MMSE in geriatric patients [49], and to evaluate psychometric criteria of a memory 
test to detect Alzheimer´s disease [50].

8.5  The “SIMARD: A Modification of the DemTect” – A Tool 
for the Identification of Cognitively Impaired Medically 
At-Risk Drivers

In 2011, a modification of the DemTect that aimed at identifying at-risk drivers was 
developed by a Canadian work group [51] who pointed out that physicians are well 
placed to identify medically at-risk drivers, but that there is a lack of valid screening 
tools that are easy to administer. Thus, the group carried out some research and vali-
dation work to develop such a brief screening tool for use in the primary care setting. 
The cohort comprised 146 consecutive referrals from community-based family phy-
sicians diagnosed with cognitive impairment or dementia and 35 community dwell-
ing healthy controls who underwent an on-road evaluation with a subsequent “pass” 
or “fail” judgment. Among a set of neuropsychological tests, the best predictors for 
the on-road outcome was a combination of three DemTect subtests: the number con-
version task, the supermarket task, and the repeat of the word list. With these three 
measures and with a modified scoring scheme, a further validation study with 123 
individuals showed a sensitivity of the “SIMARD: A Modification of the DemTect” 
of 80 % and a specificity of 87 % for failing or passing in the on-road examination. 
Thus, the instrument can be regarded as a brief paper-and-pencil screening tool with 
a high degree of accuracy that can be used for immediate decisions on at-risk drivers 
in the clinical setting, although it has been critically discussed [52].
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8.6  Conclusion

The DemTect, introduced in 2000 [1], is an easy-to-use cognitive screening tool that 
is valuable for the early detection of dementia and MCI. Important characteristics of 
the instrument are that it has an age correction and that its subtests are weighted 
according to their individual sensitivity and specificity – such as other screening 
tests developed by the same working group (review in [53]). It has attracted much 
attention both in clinical and scientific contexts. Other language versions exist 
(English, Polish, French, and others), a parallel test version, DemTect B, has been 
developed, and new normative data for subjects aged 40 years or younger and 80 
years or older have been published. SIMARD, a modification of the DemTect, sen-
sitive for the detection of elderly at-risk drivers, has been developed. Furthermore, 
the DemTect has been modified to permit assessment of cognitive functions in 
schoolchildren.

The sensitivity of the DemTect has been demonstrated in patients with AD, VaD, 
and MCI, but also various other diseases, and is superior to that of the MMSE. Its 
validity has also been shown with FDG-PET. Also, the DemTect has been included 
in studies with many conditions other than dementia or mild cognitive impairment 
as well as in studies that examine the effect of pharmacological and non- 
pharmacological interventions in various patient groups.

As for all cognitive screening instruments, it must be emphasized that these 
instruments can only serve as tools to detect patients suffering cognitive dysfunction. 
It represents the first step in a cascade of diagnostic procedures that, if a suspicion of 
decline has been verified by screening, include elaborate neuropsychological testing 
as well as extensive neurological and psychiatric examination. For this purpose 
though, screening tests are of crucial help. With its high sensitivity, easy administra-
tion and independency of sociodemographic factors, the DemTect fulfills all essen-
tial criteria for a cognitive screening instrument. It can be used by a wide range of 
professionals such as neuropsychologists, neurologists, or primary care physicians.
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Abstract The Test Your Memory (TYM) test is a new short cognitive test for the 
detection of Alzheimer’s disease and other cognitive problems. The TYM test is a pre-
printed sheet with ten tasks which is filled in by the patient and takes minimal medical 
time to administer. Many TYM test studies have shown that it is easy to use and can be 
reliably scored. The TYM test is more sensitive to mild Alzheimer’s disease (AD) than 
the Mini-Mental State Examination (MMSE). TYM scores in AD correlate strongly 
with scores from the Addenbrooke’s Cognitive Examination (ACE-R) and MMSE. The 
TYM test has been adapted for use in many different countries and cultures. The TYM 
test is useful in the detection of non-Alzheimer dementias. The TYM test is being 
adapted and validated for use in a variety of clinical areas in primary and secondary 
care. The website (www.tymtest.com) is a source of further information and allows the 
test to be downloaded by health professionals. A harder version of the TYM test, the 
Hard TYM, shows great promise in helping the detection of the mildest forms of AD.

Keywords TYM • Alzheimer’s disease • Dementia • Short cognitive tests

9.1  Introduction

The Test Your Memory (TYM) Test is a new short cognitive test designed to help 
health professionals in the diagnosis of Alzheimer’s disease and other forms of 
dementia. It was invented by the author in 2007 and first published in 2009.

9.2  Origins

There are a multitude of different cognitive tests available. Therefore, a good excuse 
is needed before introducing another.

The need for a new test seemed obvious to me. I have a “hub and spoke” consul-
tant neurology post working at Addenbrooke’s Hospital, Cambridge, as the center 
(with a commitment to the memory clinic) and also at the Queen Elizabeth Hospital, 
King’s Lynn, as the peripheral hospital. Working in the memory clinic at 
Addenbrooke’s all seemed fine. A research nurse administered the Addenbrooke’s 
Cognitive Examination Revised (ACE-R; see Chap. 6) [1] to the patients before 
they were seen. The ACE-R includes the Mini-Mental State Examination (MMSE; 
see Chap. 3) [2]. The ACE-R takes about 20 min to administer and gives a good 
overall impression of a patient’s cognitive function.

At peripheral hospitals, the story was very different. The ACE-R was very rarely 
used. The MMSE was the gold standard filled in only occasionally. The majority of 
patients admitted with memory problems had no assessment at all. There had been 
some improvement in recent years and the Mental Test Score (MTS) [3] was 
included in the medical clerking. However, a local audit of elderly inpatients 
revealed that two thirds had no cognitive assessment at all, a quarter had the MTS, 
and 5 % had the MMSE. Since the first edition of this chapter, as a result of various 
changes including the Department of Health Dementia CQUIN (Commissioning for 
Quality and Innovation) incentive scheme many more inpatients are now tested.

J.M. Brown
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In primary care, there were similar problems. Many patients with dementia never 
had a cognitive assessment. Referral letters for the memory clinic from primary care 
often included no memory assessment and those which did have an assessment 
generally had the MTS or MMSE.

Therefore, there was a need not only for a replacement for the MMSE but for a 
test for clinicians to use when currently no test was done. The challenge was to 
produce a memory test which was comparable in usefulness to the ACE-R, but 
which would take less medical time to administer than the MMSE.

A solution came with a patient who was waiting to see me in an overbooked 
outpatient clinic. The doctor’s referral letter said they had a memory problem. The 
patient was filling the waiting time by doing Sudoku puzzles. With the MMSE tak-
ing 10 min or an ACE-R taking 20 min, I hardly had time to test their memory dur-
ing the consultation. If the patient could do Sudoku, then surely they could complete 
other cognitive tests while waiting to be seen. The testing could be supervised by the 
clinic nurse. Testing recall for new material could be done by registering a sentence 
on the first page and then writing it out on the reverse side of the paper. The first 
TYM prototype followed.

The TYM test [4] was designed to be attractive and friendly. I wanted the 
patient to feel they were filling in a puzzle, not undergoing a threatening examina-
tion. Hence the name “Test Your Memory” rather than “mental examination.” 
Early versions were tried out on the family and volunteers. Numerous small 
changes were made, all of which were designed to make the TYM clearer and 
easier (Fig. 9.1).

9.3  Administering the TYM Test

The TYM test is very easy to administer. Basic training of a new clinic nurse takes 
about a minute. The time a patient takes to do the test varies from 2 min up to 
10 min (occasionally longer with severe problems). Patients with significant demen-
tia generally take the longest time to complete the test. The test and instructions can 
be downloaded from the website (www.tymtest.com).

9.4  Requirements of a New Test

The key requirements for a test to be successful in primary care or general medicine 
are that it uses a minimum of medical time, tests a wide range of cognitive func-
tions, and is sensitive to mild Alzheimer’s disease. The gold standard test is the 
MMSE; it has proven remarkably robust but arguably fails all three of these require-
ments [4–7]. Tests which pass the time requirement such as the MTS are less useful 
than the MMSE [8].

Multi-domain tests like the ACE-R [1] test a wide range of functions and are now 
used in memory clinics throughout the world, but take far too long to administer for 
most clinical scenarios.

9 TYM (Test Your Memory) Testing
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Fig. 9.1 The Test Your Memory (TYM) test

Test Your Memory

Please write your full name

Today is

Today’s date is the:

How old are you?

On What date were you born?

Please copy the following sentence:

Good citizens always wear stout shoes

Please read the sentence again and try to remember it

Who is the Prime Minister?

In what year did the 1st World War start 

Sums

In what way is a carrot like a potato? 

In what way is a lion like a wolf? 

Remember: Good citizens always wear stout shoes

Please Turn Over

Please list four
creatures beginning
with “S” e.g. Shark

1 S
2 S
3 S
4 S

20 - 4 =
16 + 17 =
8 x 6 =
4 + 15 - 17 =

years

The TYM test

day

of (month) 20

(month) 19

10

2

3

4 4

4

/
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Plese name these items

1

2

3

4

5

Please join the circles together to from a letter
- ignore the squares

Please draw in a clock face, put in the numbers 1-12 and
place the hands at 9.20

Without turning back the page, please wrire down the sentence you
copied earlier:

FOR THE TYM TESTER:
HELP CIVEN: NONE/TRIVIAL/MINOR/MODERATE/MAJOR

TICK BOX IF ANSWERS WRITTEN FOR PATIENT
© The Queen Elizabeth Hospital King’s Lynn NHS Trust, 2012. All rights reserved. Not to be
reproduced in whole or in part without the permission of the copyright owner.
Website: www.tymtest.com

/50

5

6

4

3

5

Fig. 9.1 (continued)

There was a paradox to resolve: how to test a patient’s cognition more thor-
oughly but to use less medical time. The TYM test was designed to overcome this 
paradox by using a test that the patient fills in under supervision before or after the 
consultation. Therefore, the only medical time involved is marking and looking 
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through the sheet. The TYM (Fig. 9.1) is marked out of 50; the distribution of the 
marks and some comments are shown in Table 9.1.

There are several important features of the TYM:

 1. The TYM test avoids orientation in place. 5/30 marks in the MMSE are awarded 
for orientation in place, and a patient with dementia is much more likely to 
score well on this part of the test in their own home than in hospital. If a patient 
is transported over the county line to an outpatient clinic, they may instantly 
lose four points (not five as the country remains the same). This is a serious 
drawback of the MMSE.

 2. The sentence recall is the most sensitive of the subtests to mild Alzheimer’s 
disease. Each of the six words conveys information; there are no pronouns. The 
sentence is not logical, so cannot be recalled from the first couple of words and 
is not a well-known phrase. The sentence has ended up as a slightly odd, rather 
“British,” phrase, and we have needed to alter it for other countries e.g. in the 
US “tough” is more acceptable than “stout”.

 3. It is important to have some tasks that most patients can do. If the patient fails 
all the subtests they may become dispirited and stop trying. More importantly 
it is crucial in a short cognitive test for the clinician to see what patients can do 
as well as what they cannot. This ensures the patient has tried at the test and 
allows the pattern of the deficits to be analyzed.

 4. The fluency test requires a specific category and letter and so is more exacting 
than the fluency tests on the ACE-R. Some patients tend to keep to furry mam-
mals – this makes the task more difficult – there are lots of invertebrates and 

Table 9.1 Subsection scores for the TYM test

Box Task Score Comments

1 Orientation 10 Avoids orientation in place
2 Copying 2 This is an easy task for most patients and is included to 

ensure the sentence is registered
3 Semantic 

knowledge
3 Has to be varied for different countries, e.g. president for 

prime minister
4 Calculation 4 Often done well in mild Alzheimer’s disease
5 Fluency 4 As it is category and letter specific, a surprisingly difficult 

task
6 Similarities 4 Often done well in Alzheimer’s but can be impaired in 

frontal dementias
7 Naming 5 This is an easy naming task which most patients have little 

trouble with. A poor score suggests possible semantic 
dementia

8 Visuospatial 1 3 A task of visual skill but also of executive function (not 
unlike the trails tests)
This task is hard for the normal, very elderly

9 Visuospatial 2 4 A typical clock drawing task
10 Sentence recall 6 The most difficult task for a patient with Alzheimer’s 

disease
11 Help given 5 An executive task – filling in the test

J.M. Brown
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fish whose name starts with S but fewer mammals. The example “shark” is 
supposed to help lead people away from furry mammals.

 5. The similarities test is traditionally a test of frontal lobe function and is included 
in the TYM for this purpose.

 6. It is now part of our routine to check that the patient has read the sentence again 
(by reading it out loud) before turning over the page.

 7. The naming test is quite straightforward for most patients; if they lack the visual 
skills to follow the arrows, then they only lose one point.

 8. The first visuospatial skill task (VS1) is probably a test of executive function as 
much as of visual skills.

 9. The TYM test contains several subtests that are designed to test frontal lobe 
function – including verbal fluency, the VS1 test, similarities, and help needed. 
This is unusual in short cognitive tests.

 10. Patients with mild AD do much better on the first page of the TYM (often scor-
ing nearly full marks) than on the second.

9.5  Help Provided

The idea of using how well the patient fills in the test as a test of executive function 
is novel but works well in the TYM test. This is the part of the TYM test which new 
testers find most difficult. The aim of the tester is to give the patient a chance to 
show their abilities and to help them realize their best score – but not to do the test 
for them. Ordinary enquiries for clarification “will any kind of animal do?” or “how 
about vegetable?” do not count as help, and the patient may still score full marks. If 
the tester needs to intervene for the patient to improve their score, then this counts. 
Therefore, if the tester has to read out and explain the circles or squares or gently 
remind the patient that they have missed a section, this counts as help.

The TYM test should be administered carefully by a trained tester; however, clini-
cal experience suggests that it also gives useful results when used more casually.

9.6  Scoring the TYM Test

The TYM test was designed to be scored easily. TYM tests can be scored intuitively 
and such scoring is largely correct. For research and some clinical purposes, a more 
rigorous scoring system is needed. Box 9.1 shows the basic version which covers 
many possibilities. There is also a research guide which is three pages long and cov-
ers nearly every answer and is available from the website (www.tymtest.com).

In the original validation study, three different individuals with different degrees 
of training scored the TYM tests independently with the help of the brief guide. 
There was excellent correlation between the three scorers (Pearson r (r2) correla-
tion = 0.99). This contrasts with other short tests, for example, the MTS, for which 
scoring can be surprisingly variable [9].

9 TYM (Test Your Memory) Testing
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9.7  Validation of the TYM Test

9.7.1  Index Study

There are different ways of validating a new cognitive test. The easiest trial of a new 
test is to compare the performance of patients with established Alzheimer’s disease 
with pre-screened healthy controls. A reasonable test should perform very well in 
such a trial. The specificities and sensitivities produced by such studies can be 

Box 9.1 TYM Scoring
Spelling/abbreviations/punctuation are unimportant if the words make sense 
(with the exception of box 2). Minimum score on a question is 0

Box 1 2 points for full name, 1 for initials/other minor error

1 point for each space correctly filled in the remainder of the box. If the date 
is wrong by a day, it still scores a point

Box 2 2 points all correct, 1 point – mistake in 1 word, 0 – mistakes in 2
Box 3 1 point for first name 1 for surname. 1,914 scores 1 point, total 3
Box 4 1 point for each correct sum
Box 5 Any creature is fine: bug, fish, bird, or mammal. Breeds of dog/cat, e.g., 

spaniel, are fine. Mythical creatures (e.g., sea monster) and shark not 
allowed

Box 6 2 marks for precise word such as “vegetable” or “animal/mammal/
hunter/meat eater/pack animal.” Reasonable but less precise answer such 
as food, four legs, or fierce scores 1 point. Two such statements score 2, 
e.g., “grows in ground,” “fierce and four legs” = 2

Jacket naming Answers are collar/lapel/tie/pocket/button, 1 each. Shirt is 
acceptable for answer 1 and jacket/blazer acceptable once for 2 or 4. Correct 
names but muddled order – lose 1 point

Letter W If traced with no mistakes 3 points, another letter formed 2 points, 
if all circles are joined, 1 point

Clockface All numbers 1, correct number position 1, correct hands 1 each
Sentence Score 1 point for each word remembered up to maximum 6
Please add the score for the amount of help the patient needed:
The definitions of trivial, etc., are in the TYM testing sheet

None Score + 5
Trivial Score + 4
Minor Score + 3
Moderate Score + 2
Major Score + 1

A more detailed scoring sheet is available at www.tymtest.com.
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impressive and are sometimes used (erroneously) in review papers to compare tests. 
The problem is that this is too easy; the more advanced the dementia and the more 
selected the controls, the more impressive will be the sensitivity and specificity.

A second method is to use patients with mild disease and matched, unscreened 
controls. This is the model we used.

A third method of validation is to use the test in the clinic on all patients pre-
senting with memory problems and then compare the results of patients diag-
nosed with Alzheimer’s disease with those not given a diagnosis of dementia. 
This has the advantage of having direct clinical application but leads to other 
problems. The major problem is that in memory clinics, not all patients on their 
first visit are divided into two groups: Alzheimer’s disease (or dementia) and 
normal. Many patients are in between. Some of these are regarded as having mild 
cognitive impairment (MCI). One form of MCI, amnestic MCI, is on a spectrum 
with AD [10]. Should these patients be regarded as having mild AD or as “not 
demented?” If they are treated as not demented, then a sensitive test which picks 
up their deficits may appear inferior to an easier test that fails to detect milder 
problems.

The original TYM test validation [4] was performed with patients, with predomi-
nantly mild AD, usually on their first visit to the Cambridge Memory Clinic at 
Addenbrooke’s Hospital. The controls were relatives of the patients attending the 
clinic. When we needed to extend the age range and number of controls, relatives of 
other patients attending Addenbrooke’s Hospital and the Queen Elizabeth and north 
Cambridgeshire hospitals were recruited. The memory clinic controls are likely to 
be of the same educational background as the patients and are the most useful group 
to compare to the patients.

In the study, 108 patients with a clinical diagnosis of Alzheimer’s disease or 
amnestic MCI were compared to age-matched controls. There is a problem deciding 
where amnestic MCI ends and where AD begins. The official discriminator, whether 
the cognitive problems affect lifestyle, is too subjective. The patients with a clinical 
diagnosis of amnestic MCI were divided into AD and amnestic MCI on the basis of 
their ACE-R score using the official cut-off of <83/100 [1]. Therefore, patients with 
a clinical diagnosis of amnestic MCI who scored 82 or less were included in the AD 
cohort. Patients with a clinical diagnosis of amnestic MCI who scored 83 or more 
on the ACE-R were treated separately as amnestic MCI.

The 94 patients in the AD cohort had an average age of 69 years. These patients 
had mild to moderate AD, scoring an average of 67/100 on the ACE-R and 23/30 on 
the MMSE. On the TYM test, they scored an average of 33/50. The age-matched 
controls scored 47/50 – so there was a clear difference between the patients and 
controls. This was highly significant and indeed all the subtest scores (except copy-
ing) showed significant differences between AD patients and controls. The data 
from this study and a second TYM validation study (performed using a similar 
protocol) are shown in Table 9.2. The second validation study excluded all patients 
with “moderate” AD, that is, patients scoring less than 20 on the MMSE, and this is 
reflected in higher TYM, ACE-R, and MMSE scores. The results from the two stud-
ies show an almost identical pattern.

Examining the contribution of the subtests, the largest differences were observed 
in delayed recall where patients scored only 17 % of the score of the controls. There 
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were also major changes in semantic knowledge, where average AD patients scored 
53 % of the score of the average control, and fluency where AD patients scored 62 % 
of the controls.

Analysis of the controls of all ages showed that the TYM score was relatively 
constant until the age of 70 years, averaging 47/50, but there was then a decline 
more marked after the age of 80 years. The stability of the score up until age 70 is 
in part the result of slightly poorer scores on most sections but better scores on 
semantic knowledge with increasing age.

Educational effects in our study appeared relatively small. The effect of education 
has been studied in some of the foreign validations: in highly developed countries with 
high educational standards the effect of education on the TYM test is small – probably 
because of a ceiling effect. However in less developed countries where the provision of 
education is limited then lower cut-offs need to be used to allow for educational effects. 
An assessment of academic achievement should be part of any cognitive examination, 
patients who struggle with literacy will struggle with written tests, using different cut-
offs for different lengths of education has its advocates but is rather a crude method.

The Cronbach’s α was 0.8 for all participants and subsets showing good internal 
consistency. The area under the ROC curve for differentiating Alzheimer’s disease 
from controls was 0.95. With the help of a scoring guide, the TYM scoring showed 
excellent inter-rater agreement between experienced and less experienced scorers. 
Analysis of the ROC showed that the optimal cut-off for the TYM test was ≤42/50. 
Negative predictive values were very high, close to 100 % at a prevalence of AD of 
5 %, showing that, in this population, the combination of a low initial suspicion of 
AD plus a TYM score >42/50 makes AD very unlikely. The positive predictive value 

Table 9.2 TYM testing in Alzheimer’s disease

Maximum score Controls AD first study AD second study

Number 482 94 100
Average age (years) 69 69 70
Orientation 10 9.8 8.3 8.8
Copying 2 1.9 1.7 1.9
Knowledge 3 2.5 1.4 1.7
Calculation 4 3.7 3.1 3.4
Fluencies 4 3.4 2.2 2.4
Similarities 4 3.5 3.0 3.3
Naming 5 4.9 4.4 4.6
Visuospatial 1 3 2.7 1.8 2.2
Visuospatial 2 4 3.7 2.9 3.5
Recall 6 5.0 0.9 0.9
Help 5 4.9 3.7 4.5
Overall score 50 46 33 38
MMSE 23 25
ACE-R 67 76

Adapted from Brown et al. [4]
Comparison of performance on TYM between patients with Alzheimer’s disease and controls in 
the first and second studies

J.M. Brown
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for the TYM test at 42/50 was much lower, only 26 % – there are other reasons beside 
AD why patients may do poorly on the TYM test. This emphasizes that the TYM test 
is not a diagnostic test but needs to be used as part of a clinical assessment.

There are a number of other advantages of the TYM test including the relatively 
small influence of the tester. Like the ACE-R, the TYM test sheet provides a clear 
record of what the patient can do which can be judged by a third party at a different 
location or later time: so comparison of a patient’s performance in two TYM tests 
done a year apart can be judged directly as well as by overall score.

9.7.2  TYM Test Validations

The TYM test has rapidly spread across the world. The TYM test has been down-
loaded over fourteen thousand times (largely by health professionals) from over 70 
countries via the website (www.tymtest.com) and I have been contacted by dozens 
of groups interested in adapting the TYM test to different languages and cultures.

The other published UK validation was conducted by Hancock and Larner [11] 
who examined the use of the TYM test in two memory clinics (see Table 9.3). They 
minimized medical input by using relatives of patients to administer the tests to the 
patients. The authors used the third method of validation described above, testing all 
patients attending memory clinics. They placed patients with amnestic MCI in the 
“not demented” group. This is probably responsible for the lower cut-off for the 
TYM test and lower sensitivities and specificities found in this study compared to 
the original study. They concluded that the TYM test was a useful screening test.

Many groups have now completed TYM validations, many using translated ver-
sions of the TYM. Fourteen of these studies have been published in peer-reviewed 
journals [11–25] and these are summarized in Table 9.3. Hanyu and colleagues [12] 
published the first foreign language TYM validation. This was a very thorough 
Japanese study that included neuropsychology and functional imaging for their 
Alzheimer’s patients. Their findings were very similar to the original UK validation. 
A second Japanese group confirmed that the Japanese TYM is a useful test in the 
detection of early AD [13]. Studies vary greatly in design, and how patients are 
selected and classified into different groups has a large effect on the sensitivities and 
specificities. The published and communicated results have all been very positive 
and have concluded that the TYM is a useful test in the assessment of patients.

The majority of the studies have used patients attending memory clinics, but two 
have used patients in primary care or the community [16, 17]. The Japanese and 
other studies have shown that the TYM test works in different cultures and using 
other alphabets.

Important features of the TYM test are that it is environmentally friendly, has 
low technology, and is adaptable for use in the developing world. Dementia is com-
mon in the developing world and there are many treatable dementias, for example, 
those linked to HIV infection. It is going to be many years before magnetic reso-
nance imaging or neuropsychological testing is available to the population of every 
country, but written tests such as the TYM are a more realistic prospect.

9 TYM (Test Your Memory) Testing
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9.8  Why Use the TYM Test?

The case for using the TYM test (or any other short cognitive test) to examine a 
patient’s cognition is simple: a patient presenting with leg problems ought to have 
an examination of the legs. A patient presenting with cognitive problems ought to 
have a cognitive examination.

In medicine, the combination of a history that does not suggest a serious prob-
lem plus a normal examination helps exclude serious disease, a principle that 
underpins clinical medicine. The examination findings alone often do not lead to a 

Table 9.3 Validation studies of the TYM test with a summary of the results

Country Reference
Numbers 
recruited Setting

Cut off used
Sensitivity and specificity or 
other parameter

Japan Hanyui et al. 
[12]

159 Memory clinic Sensitivity 0.96
Specificity 0.88

Japan Kotuku et al. 
[13]

334 Memory Clinic Cut off 42
Sensitivity 0.82
Specificity 0.72

UK Hancock and 
Larner [11]

224 2 Memory 
Clinics

Cut off 30
sensitivity 0.73 specificity 0.88

Poland Szczesniak 
et al. [14]

225 Memory Clinic Sensitivity 0.91
Specificity 0.90

France Postel-Vinay 
et al. [15]

201 Memory Clinics Cut off 39
Sensitivity 0.90
Specificity 0.70

Greece Iatraki et al. 
[16]

373 Community and 
Neurology clinic

Sensitivity 0.82
Specificity 0.71

South Africa Van Schalkwyk 
et al. [17]

100 Primary Care Strong correlation with MMSE

Chile 
Spanish

Munoz-Neira 
et al. [18]

74 Memory Clinic Sensitivity 0.93
Specificity 0.82

Holland Koekkoek et al. 
[19, 20]

86 Memory Clinic AUC = 0.88

Turkey Mavis et al. 
[21]

395 Memory Clinic Cut off 34
Sensitivity 0.97
Specificity 0.96

Argentina 
Spanish

Serrani [22] 300 Memory Clinic Cut off 40
Sensitivity 0.84
Specificity 0.95

Norway Brietve et al. 
[23]

33 Memory Clinic Cut off 42
Specificity 0.84 Sensitivity 
1.00
For dementia

Spain Ferrero-Arias 
and Turrion-
Rojo [24]

1049 Neurology Clinic Cut off 36
Sensitivity 0.94
Specificity 0.89
For dementia

Poland Derkacz et al. 
[25]

65 Memory Clinic Cut off 36
Improvement on MMSE
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clear diagnosis and may be misinterpreted if analyzed in isolation. It is the combi-
nation of the history and an adequate examination that is crucial. The issues sur-
rounding the use and interpretation of short cognitive tests are discussed in detail 
in a recent review [26].

To diagnose or manage patients purely on the TYM score is unwise, just as 
deciding whether a patient needs MRI scan of the spine purely on the presence or 
absence of ankle jerks is unwise. However, to neglect the examination and rely on 
the history alone is also a mistake. Patients with cognitive complaints need a history 
and an examination by an experienced clinician – just as in other branches of medi-
cine. The TYM test can be a valuable part of the cognitive examination.

9.9  TYM Test in Specific Situations

9.9.1  Amnestic MCI

Thirty-one patients with amnestic MCI were tested on the TYM [4]. These patients 
all scored ≥83/100 on the ACE-R (and greater than 25/30 on the MMSE). Their 
average scores were 87/100 on the ACE-R and 28/30 on the MMSE. On the TYM 
test, they scored on average 43/50. Their scores are compared to those of the con-
trols and 94 patients in the original validation (Table 9.4).

The only significant difference between the two groups is in sentence recall. 
There is a non-significant decrease in semantic knowledge and fluencies (which are 
the next two tasks which patients with AD find most difficult). Therefore, the TYM 
test can detect many patients with amnestic MCI but on the pattern of scores, not the 
overall score.

9.9.2  TYM Test in Non-Alzheimer Dementias

Many patients with non-Alzheimer dementias have now completed the TYM test. 
Patients with dementia with Lewy bodies (DLB), frontotemporal dementia (FTD), 
and vascular dementia all score significantly worse than controls on the TYM test. 
In our original validation, non-AD patients scored 39/50 on the TYM. The MMSE 
was less good at detecting non-Alzheimer dementias with patients scoring 25/30 on 
the MMSE (above the cut-off). The average ACE-R score was 77/100.

The pattern of scoring varies with the different forms of dementia. We are still 
analyzing results but certain trends are emerging:

 1. Dementia with Lewy bodies. Patients tend to do worse on the copying, verbal 
fluencies, and the visuospatial tasks than patients with AD, but do better on the 
sentence recall.

 2. Semantic dementia. The patients do very badly on the semantic fluencies, similari-
ties and on the naming tests (the only group with this pattern). Sentence recall is 
even worse in semantic dementia than AD reflecting the severe language problems.
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 3. Behavioral variant FTD (bvFTD). Patients can do very well but tend to do worse 
on fluencies, similarities, and help needed than patients with AD and better on 
knowledge and recall. Any patient who adds their own material to the TYM 
sheet has a high probability of bvFTD.

 4. Progressive non-fluent aphasia. Patients do better on orientation and sentence 
recall but less well on similarities and fluencies.

It is a common fallacy to believe that a short cognitive test might replace clinical 
experience in distinguishing the various types of dementia. Proper clinical assess-
ment is always superior to short tests (for obvious reasons, e.g. many patients with 
DLB will have clinical features of parkinsonism). There are clear group differences 
between the different dementias which can aid clinical diagnosis, but it is not sen-
sible to try and make the diagnosis of non-Alzheimer dementia on a TYM test alone.

9.9.3  TYM Testing of Hospital Inpatients  
and the Dementia CQUIN

The TYM test has been validated in the diagnosis of Alzheimer’s disease, but its 
ease of use allows it to be used in many different ways. Studies at Queen Elizabeth 
Hospital found that the TYM test was too sensitive to use as a first screening test for 
elderly in-patients. These patients have a high prevalence of dementia often 

Table 9.4 TYM testing in amnestic MCI

Maximum score Controls AD first study Amnestic MCI

Number 482 94 31
Average age (years) 69 69 69
Orientation 10 9.8 (98) 8.3 (83) 9.7 (97)
Copying 2 1.9 (95) 1.7 (85) 1.9 (95)
Knowledge 3 2.5 (83) 1.4 (47) 2.3 (76)
Calculation 4 3.7 (93) 3.1 (78) 3.7 (93)
Fluencies 4 3.4 (85) 2.2 (55) 3.2 (80)
Similarities 4 3.5 (88) 3.0 (75) 3.8 (95)
Naming 5 4.9 (98) 4.4 (88) 4.8 (96)
Visuospatial 1 3 2.7 (90) 1.8 (60) 2.7 (90)
Visuospatial 2 4 3.7 (93) 2.9 (73) 3.8 (95)
Recall 6 5.0 (83) 0.9 (15) 2.2 (36)
Help 5 4.9 (98) 3.7 (74) 4.8 (96)
Overall score 50 46 (92) 33 (66) 43 (86)
MMSE 23 28
ACE-R 67 87

Adapted from Brown et al. [4]
Comparison of performance on TYM between patients with Alzheimer’s disease, amnestic MCI, 
and controls
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exacerbated by physical illness and a new environment. However, a new protocol 
was designed to aid the assessment of inpatient screening of patients for cognitive 
disorders as a result of the Department of Health CQUIN [27] that was adopted very 
successfully by the Queen Elizabeth Hospital. This included a new, easier version 
of the TYM test – the Tiny TYM suitable for patients with more severe cognitive 
problems. The protocol also includes the TYM test for patients who do well on the 
simpler tests. The TYM test is widely used by therapists in the hospital to screen for 
cognitive deficits in patients in the rehabilitation phase of their illness.

9.9.4  TYM Testing in General Neurology Clinics

I have used many TYM tests in general neurological clinics. The TYM test allows a 
rapid assessment of a patient’s cognition in many neurological diseases including 
Parkinson’s disease, epilepsy and multiple sclerosis. The practice is now followed 
by many colleagues. The best study of the TYM test in neurology clinics was per-
formed by Ferrero-Arias and Turrion-Rojo using the Spanish TYM [24]. They 
tested over 1000 patients in a neurology outpatient clinic, concluding that the TYM 
test had excellent psychometric properties and was a useful tool in their practice. 
My own experience agrees with this and I would struggle to examine cognition in a 
busy general clinic without using the TYM.

9.10  Comparison of TYM with the ACE-R and MMSE

In all our studies, there is a highly significant correlation between TYM scores and 
ACE-R scores, the percentage scores on the two tests are very similar in most 
dementias. As the ACE-R is scored out of 100 and the TYM 50, then the TYM score 
is approximately 50 % of the ACE-R score.

There is some overlap between the two tests but there are significant differences: 
the TYM has a more precise fluency test and is not dependent on orientation to 
place, but the ACE-R is superior for naming and tests a wider range of visuospatial 
skills. The TYM test contains more subtests designed to test executive function. 
Patients with bvFTD and those with more severe dementia do relatively worse on 
the TYM than the ACE-R which may reflect these tests of executive function.

In the Cambridge Memory Clinic, the ACE-R is used. The main disadvantage of 
the ACE-R is that two people are needed in clinic to test all the patients – a resource 
not available in most clinical settings.

In the original study [4], the TYM test was clearly superior to the MMSE in 
detecting mild AD. There are other advantages of the TYM test: the influence of the 
tester is relatively small and, as with the ACE-R, the test can be analyzed later by 
someone not present at the time of testing.
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9.11  Limitations of the TYM and Possible Solutions

9.11.1  Patients with Visual or Physical Problems

The TYM is less useful for patients with severe physical handicaps or blindness, 
although it is useful for patients who are deaf. These problems are being overcome. 
It is quite possible to fill in the ordinary TYM sheet for a person unable to write, like 
other short tests. This has been formalized in a version called the Talking TYM 
which has not yet been validated. A version easier to read and fill in has also been 
developed for patients with visual handicaps.

9.11.2  Self-Testing

The controversy over self-testing is based on a misunderstanding. The TYM was 
never intended as a self-test. After initial publication, numerous websites offered 
the public the chance to self-diagnose. Strenuous efforts have persuaded most to 
stop. In the paper itself [4] and in subsequent correspondence [28], I have tried to 
discourage self-testing.

9.11.3  Cultural Bias

A valid criticism of the TYM test is that it is culturally biased. Any cognitive test 
will show a bias; all our knowledge is culturally based and any test of our cognitive 
function will need to use this. The choice of the suit and tie is a male bias – although 
intended to be of widespread relevance. The sentence “Good citizens always wear 
stout shoes” is also rather more “English” than originally intended.

I intended that the TYM could be adapted to other cultures. Some adaptations are 
easier than others: the substitution of the word “tough” for “stout” makes the sen-
tence more American. For European users, an alternative sentence “Great cooks 
always bake chocolate biscuits” works better.

Similarly, the semantic knowledge and the semantic fluencies need adaptations 
for different cultures. There are less predictable problems. In languages in which W 
is rarely used, inverting the W to form an M makes the letter tracing test too difficult 
(because M is not an inverted W). For some other languages, new drawings and 
more major changes are needed.

9.11.4  Safety

Another area for debate is whether the TYM is a safe test: could it lead to false reas-
surance in patients who have very early AD? This question is to misunderstand the 
use of the TYM test. It is simply a way to examine cognitive function in a formal way. 
The addition of a TYM test to a clinical assessment should add to the value of the 
assessment; TYM is not a substitute for a clinical assessment. As explained above, 
the TYM test alone should not be used for diagnosis and management of patients.
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9.12  The Hard TYM (H-TYM)

One problem, which is shared with all other short tests, is that the TYM test is not 
very sensitive to the mildest forms of AD. Early detection of AD will become par-
ticularly important once effective treatments are found. It is much more likely that 
disease modifying treatments will halt progression of AD rather than reverse it, so 
there is a need for tests to detect AD at the earliest opportunity. The hallmark of 
mild AD is the selective loss of recall of newly learnt visual and verbal material. All 
short tests only have a single task of verbal recall and no task for visual recall. To 
try to resolve this I invented a new targeted short cognitive test, the Hard TYM 
(H-TYM) [29] which concentrates purely on testing visual and verbal recall of 
recently learnt material. The H-TYM is shown in Fig. 9.2.

The H-TYM consists of five recall tasks all performed simultaneously. The 
patient copies the diagram on page 1 and then reads the passage twice (the second 
time aloud). They then answer the questions on page 1 with reference to the passage 
if necessary. The paper is then turned over (without warning) and they are asked to 
draw as much of the diagram as they can remember in the red square and then 
answer the questions – 2 of which are repeated from page 1 but the others are new. 
The first page is marked but the score does not contribute to the overall H-TYM 
score. The H-TYM score is the page 2 score with 15 points for visual recall and 15 
for verbal recall.

The H-TYM (known in the clinic as the Tricky TYM) is a difficult test and all 
patients find it difficult but there is a very striking difference in the scoring between 
normal controls and patients with mild AD

In our original validation study [29] comparing patients with mild AD to 
controls, the results were striking: patients with mild AD scored an average of 
6.7 on the H-TYM compared to 20.4 for controls. The visual recall is more 
severely affected in mild AD on the H-TYM and the median (and modal) score 
of patients with mild AD on the H-TYM is 0/15 for the visual recall task. The 
area under the ROC curve was 0.99, the sensitivity was 0.95 and specificity 
0.93 in this cohort.

A second validation study comparing patients with mild AD to those attending a 
memory clinic who were felt not to have a neurological cause for their memory 
problems is currently being analyzed.

The only other H-TYM study was reported briefly by Larner [30] recruiting 38 
patients from a memory clinic. The patients were selected because of clinical uncer-
tainty about the diagnosis of amnestic MCI or subjective memory complaint and the 
author concluded that the H-TYM was useful in this highly selected group of patients.

9.13  Tymtest.com

The website (www.tymtest.com) supports the TYM test, with more detailed instruc-
tions, downloading of the test, scoring systems, etc. The website was launched 
shortly after the original validation. It is designed for medical professionals, and the 
general public are discouraged from self-testing.

9 TYM (Test Your Memory) Testing
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Please read the following passage carefully twice.

Farmer Fred jumped onto his red tractor and drove down bluebell lane. He passed the stables 
with the 2 horses and nearly ran over Mrs Jones' dog. The yellow deffodils were in bloom.

He stopped by the farm gete and fed his 4 goats and admired the violets in the hedgerow. Then 
he walked the 200 metres to the next field and corssed the small bridge over the stream. He 
was pleased to see that the primroses were still in bloom. He looked across the valley to where 
Farmer George's 2 donkeys were grazing and then sat on the bench and ate his lunch.

Plese name the 4 animal in the passage

1.

2.

3.

4.

How many animals in total did Farmer Fred see?

Cat Plum Spoon

Please make a copy of the drawing within the red square:

Fig. 9.2 The Hard TYM test (H-TYM)

J.M. Brown
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Plese answer the following questions on the passage you read earlier:

What were the 4 animals that Farmer Fred saw?

1.
2.
3.
4.

How many animals in total did Farmer Fred see?

Please circle the flowers mentioned:

Roses Violets  Bluebells  Dandelions
Daffodils Primroses  Snowdrops Cowslips

What was the name of the other Farmer?

What colour was Farmer Fred's tractor?

How far did Farmer Fred walk?

© The Queen Elizabeth Hospital King's Lynn NHS Trust, 2008. All rights reserved.
Not to be reproduced in whole or in part without the permission of the copyright owner.
Website: www.tymtest.com

Please try to remember the drawing you copied earlier and make a copy within the red square:

Fig. 9.2 (continued)
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9.14  Conclusion

The TYM test is a valid short cognitive test with clear advantages over more estab-
lished tests in some clinical areas. It is more sensitive than the MMSE in the detec-
tion of Alzheimer’s disease and takes much less medical time than the MMSE or 
ACE-R. The Hard TYM is a useful test for patients with very mild AD.

The future vision for the TYM test is of an app supported by a website from 
which an interested professional anywhere in the world can download a series of 
short cognitive tests suitable for many different patients from various back-
grounds. For example, an English general practitioner would be able to print a 
short test suitable for a Chinese patient with very mild problems or a Lithuanian 
patient with hearing problems. A start has been made, but there is a very long 
way to go.
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Abstract The General Practitioner Assessment of Cognition (GPCOG) is a very 
brief cognitive test specifically designed for use in primary care. It is available free 
of charge as paper-and-pencil test or web-based interactive instrument via the 
GPCOG website (www.gpcog.com.au). Unlike other brief screening or case-finding 
instruments, the GPCOG consists of a four-component patient assessment and a 
brief informant interview (six questions). Total administration time is less than 
5 min. The diagnostic performance of the GPCOG was validated against DSM-IV- 
defined dementia diagnosis. In comparison to other widely-used cognitive screens 
such as the Mini-Mental State Examination (MMSE) or the Abbreviated Mental 
Test (AMT) the GPCOG performed at least as well as, if not better, than the MMSE 
and the AMT. The sensitivity and specificity for the English GPCOG ranges from 
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0.81 to 0.98 and 0.72 to 0.95, respectively. Validated translations of the instrument 
are published and available online (www.gpcog.com.au). The informant interview, 
in particular has been found to be free of demographic biases. In conclusion, the 
GPCOG has been increasingly recommended by national and international guide-
lines as a first line cognitive assessment tool in primary care based on its sound 
psychometric properties and time efficiency.

Keywords General practitioner • Primary care • Brief screening • Cognitive impair-
ment • Clock drawing • Informant

10.1  Introduction

General practitioners (GPs) often blame lack of time, absence of suitable screening 
instruments, or difficult access to screening tools as well as the uncertainty about 
management of dementia patients for not diagnosing dementia [1]. The General 
Practitioner Assessment of Cognition (GPCOG) was designed to fill this gap [2]. Its 
administration time is much quicker than the commonly used Mini-Mental State 
Examination (MMSE). It has been specifically developed for the use in primary care 
and is easily available free of charge as paper-and-pencil test or web-based interac-
tive instrument (www.gpcog.com.au) which automatically calculates total scores 
and recommends further diagnostic steps as appropriate to facilitate GPs’ work [3].

Unlike other brief cognitive screeners, the GPCOG consists of a cognitive assess-
ment of the patient and a brief informant interview (see Part III of this book) which 
can be administered separately, together, or sequentially [2]. It is recommended to 
use the parts sequentially. This will not only increase the predictive power of the test 
result as compared to the administration of the patient component alone [2, 4, 5] but 
it will also improve time efficiency of the test [2] as only certain patient scores 
require additional information being collected from an informant (for more details 
see below). The administration of both parts takes less than 5 min, with about 3 min 
for the patient assessment and less than 2 min for the informant interview [2, 6].

10.2  Test Instructions

The administration of the GPCOG is very simple and intuitive and requires little 
training [6]. This is particularly favorable in the context of primary care since GPs 
lack time to undergo lengthy training. However, administering professionals are 
advised to familiarize themselves with the test, its scoring system and reporting 
conventions (see below) prior to first use [7]. Improved paper-and-pencil work-
sheets and a brief training video provide guidance in how to score individual items 
and report test results correctly [3, 8].

K.M. Seeher and H. Brodaty
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Unless specified, each question of the patient assessment should only be asked 
once and read to the patient verbatim as presented on the paper form/computer 
screen [8]. It is advisable to ensure patients are wearing their glasses/hearing aids as 
needed to obtain the most accurate and fairest test result possible. Noises and dis-
ruptions should be minimized.

The informant interview is administered to someone who preferably lives with 
the patient or at least knows him/her well enough to answer questions about his/her 
functional abilities compared to 5–10 years ago [2]. The interview can be conducted 
face-to-face or if more convenient over the phone [2]. Patient assessment and infor-
mant interview should be completed within a few days of each other.

10.3  Development of the GPCOG

The items of the GPCOG originated from three different instruments: The 
Cambridge Cognitive Examination (CAMCOG) as part of the Cambridge 
Examination of Mental Disorders of the Elderly (CAMDEX) [9]; the Psychogeriatric 
Assessment Scales (PAS) [10]; and the Instrumental Activities of Daily Living 
Scale [11]. Items were selected on grounds of sensitivity, concision and patient/GP 
acceptability [2]. From a large initial item pool, items that did not discriminate 
significantly between subjects with or without dementia in logistic regression anal-
ysis were eliminated [2].

10.4  Patient Cognitive Assessment

The GPCOG patient assessment covers the following four aspects of cognition: 
‘orientation’ (1 item), ‘visual spatial abilities and executive function’ (2 items), 
‘retrieval of recent information’ (1 item) and ‘delayed verbal recall’ (5 items; 
5- component name and address for immediate and delayed recall).

The patient assessment starts with the acquisition of a 5-item name and address 
for the subsequent delayed recall task (‘John’ ‘Brown’ ‘42’ ‘West Street’ 
‘Kensington’). The immediate recall is not scored as part of the GPCOG. It is fol-
lowed by three evaluable and scored distractors: (a) orientation to time (‘What is 
today’s date?’; exact date required to score 1), (b) a clock-drawing test with simpli-
fied scoring rules (1 point for correctly placing numbers, 1 point for drawing in 
hands correctly), and (c) a question assessing retrieval of recent information (‘Can 
you tell me something that happened in the news recently?’; detailed answer 
required; score 1). The patient assessment concludes with the delayed recall task 
(‘What was the name and address I asked you to remember?’; one point for each 
item). Each correct answer scores one point leading to a possible range for the cog-
nitive score of 0–9, with higher scores reflecting better cognitive function [2].

10 The General Practitioner Assessment of Cognition (GPCOG)
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10.5  Informant Interview

The GPCOG informant interview comprises six questions covering cognitive and 
functional abilities concerning problems recalling recent events, misplacing objects, 
word finding difficulties, managing finances, managing medications and requiring 
help for transportation [2]. The informant is asked to indicate whether or not the 
patient’s performance on these tasks is worse compared to 5–10 years ago. Each 
question that is answered in the negative reflects no impairment and therefore scores 
one point. This leads to a possible informant score of 6 out of 6, with higher scores 
indicating better function.

As mentioned, the two parts of the GPCOG were developed to allow for sequen-
tial administration of the patient and the informant components in order to maxi-
mize time efficiency for GPs. In other words, conducting the informant interview 
only adds incremental predictive value to performing the patient assessment alone 
if the patient scores between 5 and 8 on the patient assessment. Thus, the informant 
interview can be omitted without significantly worsening classificatory power of the 
test if a patient scores 9 (i.e. perfect score) or less than 5 (i.e. indicative of cognitive 
impairment) on the GPCOG patient assessment. In both cases, the GPCOG patient 
assessment alone has a diagnostic accuracy of about 90 % [6]. Scoring rules and 
cut-off scores are shown in Box 10.1.

Box 10.1: Scoring Rules and Suggested Cut-Off Scores of the GPCOG
• GPCOG patient assessment:

Total score = sum of all correctly answered items
Range of total score: 0–9 (higher scores indicating better cognitive 

function)
9 = no significant cognitive impairment; further testing is not required (GP 

may consider follow-up assessment in 12 months)
5–8 = more information is needed; conduct the GPCOG informant 

interview
0–4 = cognitive impairment is indicated; standard investigations should be 

conducted

• GPCOG informant interview:

Total score = sum of all rejected items, i.e. patient is no worse than 5–10 
years ago

Range of total score: 0–6 (higher scores reflect better function)
4–6 = no significant cognitive impairment; further testing is not required 

(GP may consider follow up assessment in 12 months)
0–3 = cognitive impairment is indicated; standard investigations should be 

conducted
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10.6  Diagnostic Utility

The psychometric properties of the GPCOG (original English version) were deter-
mined using a sample of 283 community-dwelling GP patients aged 55–94 with a 
mean age of 79.6 ± 6.1 years of whom 29 % had dementia [2]. The diagnostic per-
formance of the GPCOG was validated against the DSM-IV-defined dementia diag-
nosis as criterion standard (as determined by experienced clinicians blind to GPCOG 
scores) and compared to the MMSE (see Chap. 3) and the Abbreviated Mental Test 
(AMT) [12]. The two-step sequential approach (i.e. GPCOG patient assessment fol-
lowed by GPCOG informant interview if applicable) performed at least as well as, 
if not better than, the AMT and the MMSE in detecting dementia. The sensitivity 
and specificity were 0.85 and 0.86, respectively. The positive and negative predic-
tive values (PPV and NPV, respectively) based on the 29 % dementia prevalence in 
this sample were 71 % and 93 %, respectively [2], making it a powerful tool to rule 
out dementia. The misclassification rate was 14.2 % for the GPCOG, compared to 
23.0 and 21.8 % for MMSE and AMT, respectively [4].

Psychometric properties of English [2, 13] and translated GPCOG versions (i.e. 
Chinese, French, Italian, Korean, and Portuguese/Brazilian) [5, 6, 14–16] and for 
sub-samples (e.g. age, education) or other patient cohorts [17, 18] are shown in 
Table 10.1.

The GPCOG’s ability to differentiate between various dementia subtypes or 
dementia and mild cognitive impairment has not been established yet. However, 
the GPCOG total score as well as its patient and informant sub-scores were found 
to differentiate between varying stages of dementia severity as defined by the 
Clinical Dementia Rating Scale (CDR; [19]) scores of 0, 0.5 and ≥1 [6]. This was 
still true when the authors controlled for confounding variables such as age and 
education [6].

10.7  Demographic and Other Biases

Cognitive screening tools are often affected by patients’ age, gender, education or 
cultural background [20, 21]. While being associated with patient age in some [2, 6] 
but not all studies [17], the GPCOG was independent of patient gender [6, 17], cul-
tural and linguistic background [17] and education [13, 17] in populations with 
average educational attainment. However, threshold effects may exist whereby illit-
erate patients and those with less than 4 years of formal schooling perform system-
atically worse compared to more educated individuals [16].

The GPCOG informant interview, on the other hand, was found to be entirely 
free of any demographic (patient and informant) bias [13]. Likewise, cognitive per-
formance on the GPCOG seems largely unrelated to patients’ physical and mental 
health [2, 6], even though results are mixed [17].
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10.8  Patient and GP Acceptability of the GPCOG

The vast majority of surveyed GPs rate the GPCOG as practical (87.8 %), economi-
cally viable (87.8 %), and most importantly acceptable to their patients (98 %) [2]. 
Most GPs were also either satisfied or very satisfied with the GPCOG (83.7 %) and 
indicated they would use it again (89.8 %) [2].

In an evaluation of 318 GPCOG website users (40 % GPs, n = 127), the vast 
majority of GPs rated the web-based GPCOG and the accompanying website as 
useful tools (92 % and 94 %, respectively), while 82 % found the national guidelines 
that are provided helpful. The time spent on administering the GPCOG was regarded 
‘about right’ by just over two thirds of the surveyed GPs, 20 % rated it as ‘short’.

Table 10.1 Psychometric properties of the GPCOG in different samples

Reference N
% 
dementia Sensitivity Specificity PPV NPV MC AUC

Two-stage 
English [2, 
13]a, b

246 29 0.85 0.86 0.71 0.93 14.2 % 0.89

Chinese [5]a, b 456 22 0.97 0.89 0.72 0.99 13.4 0.97
French [14]c 280 65 0.96 0.62 0.83 0.90
Italian [6]a, b 200 66 0.82 0.92 0.95 0.70 17.4 % 0.96
Korean [15]b 131 46 0.88 0.75 0.85
Portuguese/
Brazilian 
[16]a

91 47 0.91 0.78

Sub-sets of the original Australian sample [2, 13]a

Aged <75 
[13]

32 0.82 0.94 0.90 0.88 11.1 %

Aged 
75 ≤ 80 [13]

128 0.81 0.95 0.77 0.96 7.9 %

Aged >80 
[13]

123 0.88 0.72 0.67 0.90 21.9 %

Edu ≤8 year 
[13]

0.82 0.89 0.78 0.91 13.5 %

Edu >8 year 
[13]

0.86 0.85 0.68 0.94 14.8 %

Other 
Australian 
cohorts
Basic et al. 
[17]b

151 38 % 0.98 0.77 0.97

Pond et al. 
[18]a, $

1717 0.79 0.92 0.44 0.98 8.9 % 0.92

N sample size, % dementia prevalence, PPV positive predictive value, NPV negative predictive 
value, MC misclassification rate, AUC Area under the curve, Edu education; $ unpublished data
Recruitment/setting: a GP/primary care, b memory clinic/specialist, c psychogeriatric inpatients
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10.9  Conclusion

The GPCOG was developed as a screening or case-finding instrument for primary 
care practitioners. It is not designed to measure cognitive or functional change over 
time nor should it be used as screening tool for asymptomatic populations [22] or a 
stand-alone test to diagnose dementia. Rather, an abnormal GPCOG result is indica-
tive of generally impaired cognitive function which warrants further investigation. 
This is an important point in the debate about screening versus case-finding for 
cognitive impairment [23].

Research on the influence of patients’ cultural and linguistic background implies 
that patients’ performance on the GPCOG is not compromised by their cultural or 
linguistic status [17]. However, unless replicated by other studies, future research 
may still consider cultural and linguistic background as a potential confound. As 
mentioned previously, GPCOG’s ability to differentiate between various dementia 
subtypes or mild cognitive impairment has not been established.

Nonetheless, there are practical advantages of the GPCOG over other brief cogni-
tive assessment tools. The GPCOG was specially designed for use in primary care and 
has been used by practice nurses. Its brevity together with its easy and intuitive admin-
istration (i.e. no lengthy training required) reduce the time constraints often reported 
by GPs [1]. Since the development of the GPCOG website (www.gpcog.com.au), the 
tool is easily accessible free of charge as a paper-and-pencil test and web-based instru-
ment which further facilitates GPs’ daily routines [3]. Validated translations of the 
GPCOG are published and available online [5, 6, 14–16]. The GPCOG has been thor-
oughly studied in patient populations for which it is intended to be used (i.e. primary 
care setting and geriatric outpatients) demonstrating sound psychometric properties 
[2, 6, 13, 14]. Most importantly, unlike other brief assessment instruments for cogni-
tive impairment, the GPCOG contains an informant as well as a patient component.

Incorporating informant data is particularly important as it not only adds to the 
predictive power of the screening tool [2, 4], but also offers the chance of including 
information which is free of demographic biases, an artifact of many cognitive 
screening tools. As discussed, the GPCOG informant interview has been shown to 
be free of any demographic bias [13].

Last but not least, the GPCOG has been recommended by separate reviews and 
international practice guidelines [24–30] as one of few tools to be used in the pri-
mary care setting based on its administration time being less than 5 min, NPV 
greater or equal to MMSE (0.92), misclassification rates less than or equal to the 
MMSE, and high sensitivity/specificity (greater or equal to 80 %) [28].

References

1. Brodaty H, Howarth GC, Mant A, Kurrle SE. General practice and dementia. A national survey 
of Australian GPs. Med J Aust. 1994;160:10–4.

2. Brodaty H, Pond D, Kemp NM, Luscombe G, Harding L, Berman K, et al. The GPCOG: a new 
screening test for dementia designed for general practice. J Am Geriatr Soc. 2002;50:530–4.

10 The General Practitioner Assessment of Cognition (GPCOG)

http://www.gpcog.com.au/


238

 3. Aerts L, Seeher K, Brodaty H. The General Practitioner Assessment of Cognition: Helping 
GPs diagnose dementia all around the world. Aust J Dement Care. In press.

 4. Mackinnon A, Mulligan R. Combining cognitive testing and informant report to increase accu-
racy in screening for dementia. Am J Psychiatry. 1998;155:1529–35.

 5. Li X, Xiao S, Fang Y, Zhu M, Wang T, Seeher K, et al. Validation of the General Practitioner 
Assessment of Cognition–Chinese version (GPCOG-C) in China. Int Psychogeriatr. 
2013;25:1649–57.

 6. Pirani A, Brodaty H, Martini E, Zaccherini D, Neviani F, Neri M. The validation of the Italian 
version of the GPCOG (GPCOG-It): a contribution to cross-national implementation of a 
screening test for dementia in general practice. Int Psychogeriatr. 2010;22:82–90.

 7. Wojtowicz A, Larner AJ. General Practitioner Assessment of Cognition: use in primary care 
prior to memory clinic referral. Neurodegener Dis Manag. 2015;5:505–10.

 8. Brodaty H, et al. The General Practitioner Assessment of Cognition (GPCOG) website. 2016. 
Available at: www.gpcog.com.au.

 9. Roth M, Tym E, Mountjoy CQ, Huppert FA, Hendrie H, Verma S, et al. CAMDEX. A stan-
dardised instrument for the diagnosis of mental disorder in the elderly with special reference 
to the early detection of dementia. Br J Psychiatry. 1986;149:698–709.

 10. Jorm AF, Mackinnon AJ, Henderson AS, Scott R, Christensen H, Korten AE, et al. The 
Psychogeriatric Assessment Scales: a multidimensional alternative to categorical diagnoses of 
dementia and depression in the elderly. Psychol Med. 1995;25:447–60.

 11. Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activi-
ties of daily living. Gerontologist. 1969;9:179–86.

 12. Hodkinson HM. Evaluation of a mental test score for assessment of mental impairment in the 
elderly. Age Ageing. 1972;1:233–8.

 13. Brodaty H, Kemp NM, Low L-F. Characteristics of the GPCOG, a screening tool for cognitive 
impairment. Int J Geriatr Psychiatry. 2004;19:870–4.

 14. Thomas P, Hazif-Thomas C, Vieban F, Faugeron P, Peix R, Clement J-P. The GPcog for detect-
ing a population with a high risk of dementia [in French]. Psychol Neuropsychiatr Vieil. 
2006;4:69–77.

 15. Lee D. Validity of general practitioner assessment of cognition as a screening instrument of 
dementia. Eur Neuropsychopharmacol. 2009;19:S624–5.

 16. Yokomizo JE, Martins G, Vinholi L, Saran L, Sanches Yassuda M, Bottino C. Efficacy of the 
General Practitioners Assessment of Cognition (GPCOG) in a Brazilian primary care sample. 
Alzheimers Dement. 2014;10(4 Suppl):430–1.

 17. Basic D, Khoo A, Conforti D, Rowland J, Vrantsidis F, LoGiudice D, et al. Rowland universal 
dementia assessment scale, mini-mental state examination and general practitioner assessment 
of cognition in a multicultural cohort of community-dwelling older persons with early demen-
tia. Aust Psychol. 2009;44:40–53.

 18. Pond CD, Brodaty H, Stocks NP, Gunn J, Marley J, Disler P, et al. Ageing in general practice 
(AGP) trial: a cluster randomised trial to examine the effectiveness of peer education on GP 
diagnostic assessment and management of dementia. BMC Fam Pract. 2012;13:12.

 19. Morris JC. The clinical dementia rating (CDR): current version and scoring rules. Neurology. 
1993;43:2412–4.

 20. Tombaugh TN, McIntyre NJ. The mini-mental state examination: a comprehensive review. 
J Am Geriatr Soc. 1992;40:922–35.

 21. Anderson TM, Sachdev PS, Brodaty H, Trollor JN, Andrews G. Effects of sociodemographic 
and health variables on Mini-Mental State Exam scores in older Australians. Am J Geriatr 
Psychiatry. 2007;15:467–76.

 22. Moyer VA, U.S Preventive Services Ttask Force. Screening for cognitive impairment in older 
adults: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med. 
2014;160:791–7.

 23. Mate KE, Magin PJ, Brodaty H, Stocks NP, Gunn J, Disler PB, et al. An evaluation of the 
additional benefit of population screening for dementia beyond a passive case-finding 
approach. Int J Geriatr Psychiatry. 2016. doi:10.1002/gps.4466. [Epub ahead of print].

K.M. Seeher and H. Brodaty

http://www.gpcog.com.au/
https://doi.org/10.1002/gps.4466


239

 24. Mitchell AJ, Malladi S. Screening and case finding tools for the detection of dementia. Part I: 
evidence-based meta-analysis of multidomain tests. Am J Geriatr Psychiatry. 
2010;18:759–82.

 25. Milne A, Culverwell A, Guss R, Tuppen J, Whelton R. Screening for dementia in primary care: 
a review of the use, efficacy and quality of measures. Int Psychogeriatr. 2008;20:911–26.

 26. National Collaborating Centre for Mental Health. Dementia. The NICE-SCIE guideline on 
supporting people with dementia and their carers in health and social care. London: British 
Psychological Society; 2007.

 27. Yokomizo JE, Simon SS, Bottino CM. Cognitive screening for dementia in primary care: a 
systematic review. Int Psychogeriatr. 2014;26:1783–804.

 28. Brodaty H, Low L-F, Gibson L, Burns K. What is the best dementia screening instrument for 
general practitioners to use? Am J Geriatr Psychiatry. 2006;14:391–400.

 29. Ebell MH. Brief screening instruments for dementia in primary care. Am Fam Physician. 
2009;79:497–500.

 30. Borson S, Frank L, Bayley PJ, Boustani M, Dean M, Lin PJ, et al. Improving dementia care: 
the role of screening and detection of cognitive impairment. Alzheimers Dement. 
2013;9:151–9.

10 The General Practitioner Assessment of Cognition (GPCOG)



241© Springer International Publishing Switzerland 2017 
A.J. Larner (ed.), Cognitive Screening Instruments, 
DOI 10.1007/978-3-319-44775-9_11

Chapter 11
Six-Item Cognitive Impairment Test (6CIT)

Tim M. Gale and Andrew J. Larner

T.M. Gale (*) 
Research & Development Department, Hertfordshire Partnership NHS Foundation Trust, 
Abbots Langley, UK 

School of Life and Medical Sciences, University of Hertfordshire, Hatfield, UK 

Research & Development Department, HPFT Learning & Development Centre,  
The Colonnades, Beaconsfield Road, Hatfield, Herts AL10 8YE, UK
e-mail: t.gale@herts.ac.uk 

A.J. Larner (*) 
Cognitive Function Clinic, Walton Centre for Neurology and Neurosurgery, Liverpool, UK
e-mail: a.larner@thewaltoncentre.nhs.uk

Contents

11.1  Introduction ..................................................................................................................  242
11.2  6CIT: Item Contents .....................................................................................................  245
11.3  Diagnostic Utility .........................................................................................................  245
11.4  Advantages and Disadvantages ....................................................................................  247

 11.4.1  Time ................................................................................................................  247
 11.4.2  Content ...........................................................................................................  248
 11.4.3  Scoring ............................................................................................................  249
 11.4.4  Diagnosis of Dementia Subtypes ....................................................................  249
 11.4.5  Visual Impairment ..........................................................................................  250

11.5  Other Reported Uses ....................................................................................................  250
11.6  Conclusion ...................................................................................................................  250
References ...............................................................................................................................  251

mailto:t.gale@herts.ac.uk
mailto:a.larner@thewaltoncentre.nhs.uk


242

Abstract The Six-item Cognitive Impairment Test (6CIT) was designed to assess 
global cognitive status in dementia. Developed in the 1980s as an abbreviated ver-
sion of the 26-item Blessed Information-Memory Concentration Scale, the 6CIT is 
an internationally used, and well-validated, screening tool. It was designed princi-
pally for use in primary care, but has also found application in secondary care set-
tings. It has been compared favorably to the Mini-Mental State Examination 
(MMSE) due to its brevity and ease of use, and there are data to suggest that it is 
now used more frequently than the MMSE in primary care settings. Some evidence 
suggests that it outperforms the MMSE as a screening tool for dementia, especially 
in its mildest stage. The 6CIT has been translated into many different languages. It 
comprises six questions; one memory (remembering a 5-item name and address), 
two calculation (reciting numbers backwards from 20 to 1 and months of the year 
backwards) and three orientation (year, month, and time of day). The time taken to 
administer 6CIT is approximately 2 min, which compares favorably to other screen-
ing instruments. However this brevity has also been seen as disadvantageous, with 
the suggestion that more features of dementia can be detected using more compre-
hensive screening tools. Criticisms that the scoring system is too complex have been 
raised, but distribution of 6CIT with computer software may go some way to resolv-
ing this. In summary, the 6CIT is a brief, validated screening tool that may be pref-
erable to the MMSE. Since a typical UK primary care consultation stands at only 
7.5 min, the brevity and simplicity of the scale are its greatest advantages.

Keywords Dementia • Alzheimer’s Disease • Cognitive Impairment • Test 
Screening

11.1  Introduction

The Six-item Cognitive Impairment Test (6CIT) is a short questionnaire for assess-
ing global cognitive status in dementia [1]. It is an abbreviated version of the 26-item 
Blessed Information-Memory Concentration scale [2], and is sometimes known as 
the Short Blessed Test (SBT). 6CIT was popularized in the United Kingdom (UK) 
by Brooke and Bullock [3], whence it is sometimes known as the Kingshill test or 
version.

The scale is popular in both the UK and the USA and has been widely used 
across different nationalities [4], especially in primary care. Validated in a number 
of studies (e.g. [1, 3]), the 6CIT has been suggested as a favorable alternative to 
the Mini-Mental State Examination (MMSE; see Chap. 3) [5] owing to its brevity 
and simplicity of use. With the average duration of a typical UK primary care 
consultation being only 7.5 min, cognitive screening instruments must be brief if 
they are to be administered in the available time. Advantages of the 6CIT in com-
parison with the MMSE include its short administration time; ease of use for prac-

T.M. Gale and A.J. Larner



243

titioners; and simplicity for patients – for example, it does not include a figure 
copying section, thereby allowing individuals with visual impairment [6] and 
tremors to complete the questionnaire. No specific equipment is required to per-
form the test.

Although the 6CIT is brief, there is some evidence that it can outperform the 
MMSE in detecting dementia, particularly at its mildest stage [7]. Limitations of 
the MMSE have been discussed in comparison studies investigating multiple 
screening tools for cognitive impairment. Findings have frequently highlighted the 
insensitivity of MMSE to mild cognitive impairment (MCI) and mild Alzheimer’s 
disease (AD) [8], with MCI often testing in the ‘normal’ range on the MMSE [9]. 
Moreover 35–50 % of early AD cases are missed when the classic MMSE cut-off 
is used [10, 11].

As part of their annual check up in a primary care setting, 709 participants over 
the age of 80 years were asked to complete the MMSE [12]. Individuals who 
scored at or below the standard MMSE cut-off point of 26/30 were then asked to 
complete the GMS–AGECAT (GMS) diagnostic system [13] to further identify 
case level dementia. Two hundred and two individuals were assessed on the GMS 
and of those, 29 (14 %) were found to have dementia. The MMSE cut-off used 
resulted in a false-positive rate of 86 %. Improvements in predictive value were 
made by adopting more stringent MMSE cut-off points of 24/30 and 21/30, but 
this still resulted in false-positive rates of 78 % and 59 % respectively. These results 
further suggest that the MMSE may not be the ideal screening instrument for 
dementia in primary care [12]. Nevertheless, MMSE has remained widely and fre-
quently used [14].

A postal survey study investigating the use of cognitive screening instruments 
in primary care in the UK reported that 79 % of practices used at least one demen-
tia screening tool, including: the MMSE and its variants (51 %), the Abbreviated 
Mental Test (AMT) (11 %), MMSE and AMT (10 %), MMSE and Clock Drawing 
Test (CDT; see Chap. 5) (8 %), MMSE and 6CIT (6 %), and the CDT (5 %) [15]. 
It is important to note, however, that these findings may be limited to suggesting 
the intention by practices to use these scales rather than actual usage figures. A 
series of studies looking at primary care cognitive screening instrument use based 
on reports in referral letters to a dedicated secondary care cognitive disorders 
clinic has documented a gradual increase in documented 6CIT use [16–19], such 
that it now appears to be used more frequently than the MMSE [19]. However, 
there are likely to be wide geographical disparities in 6CIT use, for example it did 
not feature at all in a survey of the preferences of Canadian psychogeriatric clini-
cians [20].

The 6CIT is easily translated into other languages, as demonstrated by Barua and 
Kar in an investigation of depression in elderly Indian patients [21]. The 6CIT was 
used to assess cognitive impairment in individuals over 60 years of age and was 
translated into both Hindi and Kannada for the purposes of the study. To ensure its 
correct translation, Barua and Kar asked a study-blind psychiatrist to translate the 
test back into English, where it was found to remain textually correct to the original. 
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Table 11.1 Item content of the 6CIT, acceptable responses, and scoring criteria

Question 1 – What year is it? (Orientation)
The exact year must be given, however an incomplete numerical value for the year (e.g. 11 
instead of 2011) is accepted as correct
Scoring: The patient will score 0 for a correct answer and 4 for an incorrect answer
Question 2 – What month is it? (Orientation)
The exact month must be given, however a numerical value for the month (e.g. 10 for October) 
is accepted as correct
Scoring: The patient will score 0 for a correct answer and 3 for an incorrect answer
Question 3 – Memory – Part 1
In this part of the questionnaire, the practitioner gives the patient a name and address with five 
components to remember, e.g., John, Smith, 42, High Street, Bedford (this is to be recalled after 
question 6). The practitioner should say “I will give you a name and address to remember for a 
few minutes. Listen to me say the entire name and address and then repeat it after me.” The trial 
should be re-administered until the subject is able to repeat the entire name and address without 
assistance or until a maximum of three attempts. If the subject is unable to learn the entire name 
and address after three attempts, a “C” should be recorded. This indicates the subject could not 
learn the phrase in three tries. Whether or not the name and address is learned, the clinician 
should instruct “Good, now remember that name and address for a few minutes”
Question 4- About what time is it? (Orientation)
A correct response should be given without the participant referring to a watch or clock and 
should be accurate to ±1 h. If the answer given is rather vague (e.g. “almost 2 pm”) the patient 
should be prompted for a more specific answer
Scoring: The patient will score 0 for a correct answer and 3 for an incorrect answer
Question 5- Count backwards from 20 to 1 (Calculation)
If the patient skips a number after 20, an error should be recorded. If the patient starts counting 
forward or forgets the task at any point, the instructions should be repeated and an error 
recorded
Scoring: The patient will score 0 for a correct answer (no errors), 2 points for 1 error and 4 
points for more than 1 error
Question 6 – Say the months of the year in reverse (Calculation)
To get the subject started, the examiner may state, “Start with the last month of the year. The last 
month of the year is: (patient to fill in the gap)”
If the patient cannot recall the last month of the year, the examiner may prompt with 
“December”. However, one error should be recorded. If the patient skips a month, an error 
should be recorded. If the patient begins saying the months forward upon initiation of the task, 
the instructions should be repeated and no error recorded. If the patient starts saying the months 
forward during the task or forgets the task, the instructions should be repeated and one error 
recorded
Scoring: The patient will score 0 for a correct answer (no errors), 2 points for 1 error and 4 
points for more than 1 error

Memory – Part 2 – Repeat the name and address I asked you to remember
The patient should state each item verbatim. The address number must be exact (e.g. 420 
instead of 42 is incorrect). Omitting the thoroughfare term (street, road, drive, crescent) from 
the street-name or substituting it for a different one will not constitute an incorrect answer- 
score as correct
Scoring: The patient will score 0 for a correct answer (no errors), 2 points for 1 error, 4 points 
for 2 errors, 6 points for 3 errors, 8 points for 4 errors and 10 points if they got all of the 
components wrong
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Further evidence for multilingual translation of 6CIT is suggested by Broderick, in 
which a modified 6CIT was used in the Xhosa language of South Africa [22]. The 
6CIT is also used in two parallel versions for use in British and American popula-
tions [23].

11.2  6CIT: Item Contents

The 6CIT comprises one memory question, two calculation questions and three 
orientation questions. In Table 11.1, these are discussed in more detail in relation to 
scoring criteria and acceptable responses.

Unlike the majority of cognitive screening instruments, 6CIT uses an inverse 
scoring method (0–28, normal to impaired) with question scores weighted to pro-
duce the total score out of 28 (see Table 11.1 for scoring method).

The original validation of the scale by Katzman et al. [1] suggested a score of 6 
points or less to be a normal score, with scores of 7 or higher warranting further 
investigation to rule out a dementia-related disorder. However, based on the clinical 
research findings of Morris et al. [4], more specific criteria may be given, namely:

Score 0–4: Normal cognition
Score 5–9: Questionable impairment
Score ≥10: Impairment consistent with dementia (evaluate further).

Other sources, such as online software used in primary care settings in the UK 
(see www.patient.co.uk/doctor/six-item-cognitive-impairment-test-6cit), consider 
scores of 0–7 normal and ≥8 significant. The exact cutoff used may, obviously (see 
Chap. 2), influence test metrics [24].

The 6-CIT takes approximately 2 min to complete.

11.3  Diagnostic Utility

Sensitivity of 6CIT was measured by Brook and Bullock [3], who conducted a study 
to compare the 6CIT, MMSE [5], and the Global Deterioration Scale (GDS) in a 
sample of 287 community and outpatient participants, comprising 137 controls, 70 
with mild dementia (GDS 3–5), and 82 with more severe dementia (GDS 6–7). A 
sensitivity of around 80 % was reported for the 6CIT, which was considerably higher 
than that of the MMSE (50–65 %, depending on cut-off). Although the 6CIT scores 
correlated highly with the MMSE scores, its superior sensitivity led the researchers 
to conclude that the 6CIT was a better tool for detecting mild dementia [3].
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A recent study confirmed the results of Brooke and Bullock [3]. The study, con-
ducted by Upadhyaya et al. [23], compared the performance of the 6CIT with the 
MMSE in a sample of 209 participants with a mean age of around 79 years. 
Individuals with and without dementia were retrospectively studied from data pro-
vided by an old age psychiatry service. The study reported a sensitivity of 82.5 % 
and a specificity of 90.9 % at a 6CIT cut-off of 10/11. When the cut-off was lowered 
to 9/10 the sensitivity of the scale increased to 90.2 % but the corresponding specific-
ity decreased to 83.3 %. When compared with the MMSE, the two scales had a very 
strong negative correlation (r = −0.822) and the MMSE had a lower sensitivity and 
specificity of 79.7 % and 86.4 % respectively. When analyzing the Receiver Operating 
Characteristic (ROC) curves for the MMSE and 6CIT, Upadhyaya et al. also showed 
superior screening properties of the 6CIT over the MMSE for dementia [23].

In a very similar study into the use of the 6CIT and MMSE, Tuijl et al. asked 253 
general hospital patients over the age of 70 years to complete both tests [25]. 
Similarly to the previous two studies mentioned, a very high negative correlation 
was found between the 6CIT and MMSE (r = −0.82). This study adjusted the cut-off 
points in the MMSE for subjects with low (<19/30) and high (<23/30) educational 
level, comparable with the >11 cut-off on the 6CIT which was not sensitive to edu-
cational level. The study found sensitivity and specificity scores of 6CIT to be 0.90 
and 0.96 respectively with a positive predictive value of 0.83 and negative predictive 
value of 0.98. The area under the ROC curve was reported as 0.95. This study, as in 
previous research, concluded that 6CIT is a suitable screening instrument for cogni-
tive impairment in a general hospital setting owing to its brevity and ease of use for 
both patients and professionals [25].

The utility of 6CIT in primary care settings was questioned by Hessler et al. [26]. 
In a population-based prospective trial, primary care practitioners administered 
6CIT to nearly 4000 patients at routine examinations over a 2-year period, with 
incident dementia diagnoses being established at subsequent examination of health 
insurance records. 6CIT showed low sensitivity for dementia diagnosis (0.49 and 
0.32 at 7/8 and 10/11 cutoffs respectively) but high specificity (0.92, 0.98 respec-
tively). The authors concluded that 6CIT was not suited as a routine screening 
instrument in primary care [26].

Abdel-Aziz and Larner examined 6CIT as a cognitive screening instrument in a 
dedicated secondary care cognitive disorders clinic [27]. In a cohort of 245 consecu-
tive patients with a dementia prevalence of around 20 %, 6CIT scores were highly 
negatively correlated with MMSE scores (r = −0.73; t = 13.0, p < 0.001). 6CIT had 
good sensitivity (0.88) and specificity (0.78) for dementia diagnosis at the specified 
cut-off of ≤4; MMSE was less sensitive (0.59) but more specific (0.85) at a cutoff of 
≤22/30. For the diagnosis of MCI, 6CIT was again more sensitive (0.66; cutoff ≤9) 
than MMSE (0.51; cutoff ≤25/30) but less specific (0.70 vs 0.75). Area under the 
receiver operating characteristic (ROC) curve, a measure of diagnostic accuracy, was 
0.90 (Fig. 11.1), 0.85, and 0.71 for the diagnosis of dementia vs. no dementia, 
dementia vs. MCI, and MCI vs. no cognitive impairment respectively. Weighted 
comparisons showed net benefit for 6CIT compared to MMSE for diagnosis of both 
dementia and MCI. Effect sizes (Cohen’s d) for 6CIT were large for dementia diag-
nosis (1.89) and moderate for MCI diagnosis (0.65), again comparable with MMSE 
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(1.34 and 0.70 respectively) [27]. Analyzing the same dataset but using the 6CIT 7/8 
cutoff (as per www.patient.co.uk/doctor/six-item-cognitive-impairment-test-6cit) 
marginally increased sensitivity but reduced specificity for dementia diagnosis [24].

6CIT has been compared with other cognitive screening instruments using sum-
mary or comparative measures. As for MMSE, 6CIT scores are highly negatively 
correlated with scores on the Mini-Addenbrooke’s Cognitive Examination (M-ACE; 
see Chap. 6) with r = −0.79 (t = 9.4, p < 0.001), and negatively correlated with scores 
on the Montreal Cognitive Assessment (MoCA; see Chap 7) with r = −0.54 (t = 2.8, 
p < 0.02) (Larner, unpublished observations).

The large effect size (Cohen’s d) for 6CIT for dementia diagnosis is similar to a 
number of other CSIs examined in historical cohorts, including M-ACE, MoCA, 
Test Your Memory test (TYM; see Chap. 9), and the Addenbrooke’s Cognitive 
Examination-Revised (ACE-R; see Chap. 6), but the medium effect size for diagno-
sis of MCI is inferior to that of MoCA and M-ACE [28, 29].

11.4  Advantages and Disadvantages

11.4.1  Time

The 6CIT takes as little as 2 min to complete [23]. This is much shorter than the com-
monly used MMSE (5–10 min). There are several other brief cognitive tests that can be 
used as screening instruments for dementia, which, in general, take less time to com-
plete than the MMSE (Table 11.2). The General Practitioner Assessment of Cognition 
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Fig. 11.1 Receiver operating characteristic (ROC) curve for 6CIT for diagnosis of dementia ver-
sus no dementia (Based on data from [27])
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(GPCOG; Chap. 10), Mini-Cog, and Memory Impairment Screen (MIS) are examples 
of other screening measures used for dementia, all of which have been recommended 
for use in primary care settings [30]. However Brodaty et al. suggested 5 min for com-
pletion of the 6CIT [30]. Even at 2 min, the 6CIT still presents a longer completion 
time than the Time and Change Test (T&C), the Mental Alternation Test (MAT), the 
Short Informant Questionnaire on Cognitive Decline in the Elderly (SIQ), and the 
Ashford Memory Test (AMT), all of which may be administered in 1 min or less.

However, the brevity of the scale may also be seen as a disadvantage. Other scales 
that take longer to complete, such as the GPCOG, may detect more features of demen-
tia. The GPCOG comprises the testing of: time orientation, clock drawing (numbering 
and spacing as well as placing hands correctly), awareness of a current news event, and 
recall of a name and an address (first name, last name, number, street, and suburb). 
There is also an informant interview. Longer screening instruments (over 10 min in 
duration) may probe a greater number of cognitive domains (i.e. have more questions 
to allow deeper enquiry), but due to their length would not generally be used in general 
practice (e.g. Cambridge Cognitive Examination, CAMCOG). There is some evidence 
for a trade-off between diagnostic accuracy and surrogate measures of test administra-
tion time for commonly used brief cognitive screening instruments [31, 32].

11.4.2  Content

Although the 6CIT takes slightly longer to administer than four of the other screen-
ing tools (see Table 11.2), it probes a higher number of cognitive functions than the 
shorter tests. For example, the Time and Change Test includes the patient being 

Table 11.2 Timescales for brief cognitive screening instruments

Task Time (mins)

Time and Change Test 0.4
Mental Alternation Test 0.5
Short Informant Questionnaire on Cognitive Decline in the 
Elderly

0.5

Ashford Memory Test 1
6 Item Cognitive Impairment Test 2
Clock Drawing Test 2
Mini-Cog 2–4
Abbreviated Mental Test 3
Memory Impairment Screen 4
General Practitioner Assessment of Cognition (GPCOG) 4.5
Short Test of Mental Status 5
Mini-Mental State Examination (MMSE) 5–10
7 min Screen 7.5
Rowland Universal Dementia Assessment Scale 10
Short and Sweet Screening Instrument 10
Cambridge Cognitive Examination 20

Adapted from Brodaty et al. [30]
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asked to read the time from a watch or clock and then asked to make a desired 
amount of money from a selection of coins given; the Mental Alternation Test 
requires patients to count from 1–20, recount the alphabet, and then alternate the 
two (1A, 2B, 3C, 4D, etc.); the Short Informant Questionnaire on Cognitive Decline 
in the Elderly is completed by a relative or friend, asking how much the patient has 
declined in certain everyday situations.

The test uses a simple language that can be understood by individuals of differ-
ing educational levels. This important consideration was further illustrated in Tuijl 
et al. [25] who showed that 6CIT is not sensitive to educational level, thus making 
it a preferable screening tool over many others, including the MMSE, in which cut- 
off scores (ideally, but often not in practice) need to be adjusted to account for 
patient educational level.

11.4.3  Scoring

The scoring system for the 6CIT is rather complex compared with other screen-
ing tools for dementia. In a 12-month survey of errors in the scoring and report-
ing of cognitive screening instruments administered by primary care clinicians to 
patients who were subsequently referred to a cognitive disorders clinic, a mini-
mum of 26 % of patients administered 6CIT had evidence of incorrect use or 
documentation, as compared to 32 % with the GPCOG and 13 % with MMSE 
[33]. The use of negative scoring in the 6CIT is perhaps counterintuitive (e.g. a 
report from a primary care clinician of a patient scoring “only 2/28” on 6CIT, a 
normal score [33]), and certainly contrary to most other brief cognitive screening 
instruments.

This scoring methodology may perhaps account, at least in part, for 6CIT use 
having been less widespread than the MMSE in general practice [15], although this 
may now have reversed [19, 33]. This complex scoring system may even be sug-
gested to counteract the advantage of its brevity. However, as discussed by Brooke 
and Bullock [3], the plan for the 6CIT to be distributed through general practice 
surgeries would involve the scores from the test being analyzed by computer 
 software, which would calculate the scores for each patient and advise whether 
further evaluations or referrals were necessary (e.g. www.patient.co.uk/doctor/
six-item-cognitive-impairment-test-6cit).

11.4.4  Diagnosis of Dementia Subtypes

The 6CIT is not currently well researched for possible use in detecting differing types 
of dementia, such as AD, dementia with Lewy Bodies, and vascular dementia. However, 
due to its sensitivity in detecting cognitive impairment at the early stages of dementia, 
this would suggest its use in identifying all types of dementia early on. Research into 
the specific features of the test would need to be carried out to identify its capacity in 
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the recognition of different dementias. However, it seems likely that a much more 
detailed battery of tests would be required to distinguish subtypes of dementia.

Only a limited number of studies examining the use of 6CIT have been published 
to date [23–27]. One study shortlisted the 6CIT in its top eight tests for dementia 
(based on 16 separate criteria), however, 6-CIT did not rate as highly as others, such 
as the GPCOG, the Mini-Cog, and the Memory Impairment Screen (MIS), because it 
was deemed not easily available and was specifically penalized by “the paucity of 
evidence about its use” [15]. This unfamiliarity may have been the explanation for the 
otherwise extraordinary conflation of studies of 6CIT with those on the similarly 
named but entirely different Six-item Screener (SIS) [34] (see Chap. 4, at Sect. 4.2.3).

11.4.5  Visual Impairment

Because the 6CIT is entirely verbally presented and no specific equipment is 
required to perform the test, it is suitable for use in individuals with visual impair-
ment [6] and may be administered by telephone [35].

11.5  Other Reported Uses

The use of the 6CIT has not been limited to studies of dementias but has been 
extended to cognitive impairment in other, physical, disorders. One such study 
investigated the association between metabolic syndrome (characterized by abdom-
inal obesity, hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL- 
C) level, high blood pressure, and hyperglyceridemia) and cognitive impairment 
and utilized the SBT as the scale of choice for detecting dementia in a large-scale 
study which included around 5000 women from 180 centers across 25 countries 
[36]. Further research using the SBT includes studies investigating associations 
between atherosclerosis and cognitive decline [37] and between physical activity 
and cognitive impairment [38]. The scale has even been utilized in the investigation 
of an acceptable screening tool in accident and emergency departments, with the 
SBT providing the best diagnostic test characteristics over the Ottawa 3DY, the 
Brief Alzheimer’s Screen, and Caregiver-Completed AD8 (see Chap. 14) [39].

11.6  Conclusion

The 6CIT is a reliable, well-validated [3] and sensitive scale that can be easily used 
by professionals in primary care settings. Its brevity is its greatest advantage, along 
with uncomplicated instructions and the potential to be translated into different lan-
guages. Although not a diagnostic tool for dementia(s), it is indicative of cognitive 

T.M. Gale and A.J. Larner



251

deficits, especially at the mild stages of dementia, thus surpassing the MMSE as a 
test of global cognitive status. It has also been compared to the Quick mild cognitive 
impairment (Qmci) screen (see Chap. 12) [40].

The notion that the 6-CIT detects dementia at its early stages raises the issue 
around the importance of early detection of dementia and commencing appropriate 
treatment. Nevertheless, some practitioners prefer other scales, such as the popular 
MMSE, a fact that may be influenced by the complicated scoring system of 6CIT 
and the relatively small amount of research conducted into its use. Recognition of 
6CIT by the UK Royal College of General Practitioners, and the scope for comput-
erized versions, should increase its use in general practice. Further evidence by way 
of large-scale studies should be conducted before the 6-CIT can begin to approach 
the widespread usage levels of scales such as the MMSE. Its simplicity and accept-
ability suggest that it might find a role in population-based screening should this 
ever become widespread, and perhaps as an online patient self-assessment instru-
ment [41].
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Abstract Differentiating patients with mild cognitive impairment (MCI) from those 
with subjective memory complaints (SMC) and dementia is important but challeng-
ing. Few short cognitive screening instruments with sufficient sensitivity and speci-
ficity are available for this purpose in busy clinical settings. The Quick Mild 
Cognitive Impairment screen (Qmci) is a new, short (3–5 min) cognitive screening 
instrument. Composed of six subtests: orientation, registration, clock drawing, 
delayed recall, verbal fluency and logical memory, the Qmci has excellent accuracy 
and is highly sensitive and specific at differentiating normal cognition from SMC, 
MCI and early dementia. The Qmci is valid in different settings including memory 
clinics, general geriatric clinics, movement disorder clinics, and in rehabilitation and 
general practice. Originally validated in a Canadian sample, it has recently been 
externally validated in Ireland, Australia, the Netherlands, Turkey and Italy. It is 
available for clinical and educational use at: http://ageing.oxfordjournals.org/con-
tent/early/2012/05/18/ageing.afs059/suppl/DC1 and www.Qmci.org. Cut- off scores, 
adjusted for age and education, and a new smartphone and tablet computer applica-
tion (http://www.doctot.com/doctot-apps/dementia-app/) are now available. Further 
research, with larger sample sizes, is underway to confirm its utility against other 
short instruments including those designed specifically to detect MCI.

Keywords Screening • Mild Cognitive Impairment • Dementia • Qmci

12.1  Introduction

The Quick Mild Cognitive Impairment screen (Qmci) is a new, short, clinician- 
administered cognitive screening instrument (CSI) designed to differentiate mild 
cognitive impairment (MCI) from subjective cognitive deficits (SCD) and early to 
mild dementia [1]. Originally designed as a rapid CSI for MCI, it is useful across 
the cognitive spectrum to screen for cognitive impairment. The Qmci has six sub-
tests or subsections: orientation, registration, clock drawing, delayed recall, verbal 
fluency and logical memory [2]. It is, as its name suggests, quick to score, with a 
median administration time of under 5 min [2, 3]. The Qmci is available as a single 
‘tear off’ sheet with two blank ‘clock faces’ and a visual scoring aid for its clock 
drawing subtest on the reverse side. For convenience, validated alternative forms [4] 
(word groups or versions of the registration and recall task, verbal fluency and logi-
cal memory subtests) are included within the same score sheet.

The Qmci, developed through an iterative process, is based on another short CSI 
called the AB Cognitive Screen 135 (ABCS 135) [5]. The ABCS 135, developed by 
the same research team and published in 2005, is structurally similar to the Qmci 
with five subtests: orientation, registration, clock drawing, delayed recall and ver-
bal fluency, giving it a total score of 135 points [5]. Although the ABCS 135 proved 
to be a sensitive and brief test to differentiate cognitive impairment from normal 
cognition, analysis suggested that the weightings of some of its subtests did not 
enhance the discriminatory properties of the instrument as a whole for MCI [6]. 
Further, while sensitivity was high, specificity was relatively low. For these reasons 
the Qmci was developed to enhance the sensitivity but particularly the specificity of 
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the ABCS 135 for MCI. To do this, the weightings of subtests that maximized sen-
sitivity and specificity (delayed recall and verbal fluency) were increased relative to 
the total score. A new subtest called logical memory, which was scored in parallel 
to the ABCS 135 during a trial period, was added [1, 4]. The re-weighted instru-
ment, now scored out of 100 points and initially called the ABCS 100, was chris-
tened the Qmci.

12.2  Qmci Screen Scoring and Administration Guidelines

The Qmci includes six subtests, covering at least five cognitive domains: orienta-
tion, working memory (registration), semantic memory (categorical verbal flu-
ency), visuospatial/executive function (clock drawing) and two tests of episodic 
memory, (delayed recall and logical memory). Through the re-weighting of its 
subtests and the addition of logical memory, it places greater emphasis on verbal 
memory than its predecessor, the ABCS 135. The Qmci has a short administration 
time that if scored according to the guidelines should not take more than 5 min to 
complete. Each of the Qmci subtests including their cognitive domains and admin-
istration guidelines are described below and presented in Table 12.1 and Fig. 12.1. 
Detailed scoring instructions are available on request from the authors or at www.
Qmci.org.

Table 12.1 Scoring instructions and timings of the Quick Mild Cognitive Impairment screen 
(Qmci)

Qmci subtest Cognitive domain Description Timing Score

Orientation Orientation Five questions; 
What country, year, 
month, day, and 
date?

1 min 10

Registration Working memory Five word 
registration with 
three alternative 
word groups

30 s 5

Clock 
drawing

Visuospatial/construction Clock drawing 
within 1 min

1 min 15

Delayed 
recall

Episodic memory Five word recall of 
the five registered 
words, recalled in 
any order

30 s 20

Verbal 
fluency

Semantic memory/language Naming task: 
naming from a 
category with three 
alternative forms

1 min 20

Logical 
memory

Episodic memory A test of immediate 
verbal recall for a 
short story

1 min 30

Total score /100
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Fig. 12.1 The Quick Mild Cognitive Impairment screen (Qmci)-scoring sheet, available at http://
content.iospress.com/articles/journal-of-alzheimers-disease/jad150881?resultNumber=2&totalRe
sults=9&start=0&q=o%27caoimh&resultsPageSize=10&rows=10 (© O’Caoimh R, Molloy D. W 
2011)

R. O’Caoimh and D.W. Molloy
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12.2.1  Orientation

The first Qmci subtest, orientation, asks five questions and includes tests of orienta-
tion in time (What year, month, day, and date?) and place (What country?). It is 
more heavily weighted towards orientation in time, which is useful in identifying 
those who warrant more detailed assessment [7] and as a predictor of overall cogni-
tive decline when compared to questions testing orientation to place [8]. Two points 
are given for the correct answer, one point for wrong answers and zero points for no 
answer or a conceptually unrelated answer. The timing allows for a maximum of 10 
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Fig. 12.1 (Continued)
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s for each answer to a total time of 30 s. The maximum score is 10 points. Compared 
with the ABCS 135, the weighting of this subtest was reduced by a factor of 2.5 
(from 25 to 10 points) and it now represents just 10 % of the total score i.e. 10 points 
from a total of 100. Orientation is a poor predictor of MCI with significant ceiling 
effects [2, 6, 9], and was retained to prevent floor effects so as to allow the instru-
ment to monitor progression in advancing cognitive impairment.

12.2.2  Registration

The second subtest is word registration. It is composed of five items to be repeated 
back immediately. Three validated alternative word sets are provided [4]. One point 
is scored for each word recalled after the first reading. If a subject recalls all five, the 
five items are repeated once before proceeding to the next subtest. If a subject does 
not repeat all five, the five items are repeated until the subject correctly recalls all 
items or for a maximum of three trials. The second and third trials do not count 
towards the score and are there to help the person learn in preparation for the delayed 
recall subtest. Ten seconds are allowed for recall. The maximum score is five points. 
Following analysis of the ABCS 135 subtests, registration was reduced by a factor 
of 5, from, 25 to 5 points.

12.2.3  Clock Drawing

The third Qmci subtest is a 1-min clock drawing test (CDT). Clock drawing is a 
popular short screening test for dementia, in both community [10] and hospital set-
tings [11], and can be scored reliably by both trained and untrained raters [12]. The 
CDT is a moderately sensitive and specific CSI in its own right (see Chap. 5). The 
CDT assesses several cognitive domains including visuospatial [13, 14] and execu-
tive function [15, 16]. There are several methods of scoring the CDT [15]. The Qmci 
CDT scoring method, based on the technique developed for the ABCS 135, has 
relatively complex scoring instructions compared to other short CSI that also incor-
porate the CDT [17, 18]. The Qmci CDT scoring instructions are reliable and valid 
compared to other scoring techniques [19]. Indeed, the increased complexity argu-
ably increases the utility of the subtest [3].

To accommodate the CDT within the Qmci, its scoring structure was reduced, by 
a factor of 2 from 30 points in the ABCS 135 to a new maximum total of 15 points, 
and the scoring instructions simplified. A blank circle or ‘clock face’ and transpar-
ent scoring template, to be placed over the circle of the completed clock, were pro-
vided with the ABCS 135. To simplify scoring for the Qmci, new instructions were 
developed. The subject is still provided with the blank ‘clock face’, found on the 
reverse of the two-sided scoring sheet, instructed to ‘use the circle provided over 
page to draw a clock face’ and to set the time to ‘ten past eleven’. One point is given 
for each number (1–12), for each hand and for the pivot correctly placed at or close 
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to their ideal location (as denoted on the visual scoring aid accompanying the blank 
clock face e.g. one point is given for each hand placed between the dashed lines). A 
single point is lost for each number duplicated or greater than 12, e.g. a 15 or 45, i.e. 
errors. This provides a total of 15 points. The subject is allowed 1 min.

12.2.4  Delayed Recall

The fourth subtest, five-word delayed recall, tests episodic memory and is also valid 
as a stand-alone test in dementia [20, 21]. Episodic memory loss occurs early in 
most dementia subtypes. The Qmci’s delayed recall task is based on the five words 
used in the registration subtest with the CDT functioning as an interval distractor 
task. The subject is asked to remember the five words, which may be recalled in any 
order. The Qmci’s delayed recall subtest is timed at 30 s with a maximum score of 
20 points. Five-word delayed recall adds to the sensitivity of CSIs for MCI, particu-
larly amnestic MCI and is associated with hippocampal atrophy and burden of neu-
rofibrillary tangles in patients with Alzheimer’s pathology [22].

12.2.5  Verbal Fluency

The fifth subtest assesses verbal fluency. Verbal fluency facilitates memory retrieval 
and can be presented as categorical (i.e. semantic, e.g. naming of animals within 1 
min) or letter (i.e. phonemic, e.g. naming of words beginning with a designated let-
ter) fluency. Tests of verbal fluency also involve executive control [23]. In the Qmci, 
categorical fluency is assessed with subjects requested to name as many words as 
possible relating to a named category within 60 s. A half a point is given for each 
word named to a maximum of 40 words. The final score is rounded up. Words with 
different suffixes are not counted twice (e.g. fish/fishes, mouse/mice, etc.) but alter-
nate species (e.g. blue jay, robin, sparrow, duck, etc.) are accepted. Alternate vali-
dated forms include animals, fruits and vegetables, and cities and towns [4]. The 
maximum score is 20 points. Compared to the ABCS 135 verbal fluency had its 
total score reduced from 30 to 20 points, although its overall weighting increased. 
Patients with Alzheimer’s dementia perform less well with categorical fluency than 
letter fluency, which influenced the decision to include this type of verbal fluency 
testing within the Qmci [24], though both types are abnormal in MCI [25, 26].

12.2.6  Logical Memory

The sixth and final subtest is logical memory, a linguistic test of episodic memory 
consisting of immediate verbal recall of a short story [27]. Logical memory is a 
highly sensitive and specific test to differentiate normal cognition from MCI [4] and 
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is relatively unaffected by age or education [28]. For the Qmci version, logical 
memory is tested using a short story consisting of four sentences which, though not 
directly connected, provide a coherent ‘logical’ story. Two points are given for each 
correct word item recalled verbatim. Only bolded words within each section of the 
short story need be recalled to score two points. Otherwise the subject scores zero 
for that word. Each story includes 15 bolded words to provide a maximum score of 
30 points. Although no paraphrasing is allowed, recall may be in any order. In total, 
30 s are allowed for administration and 30 s for response. Again validated alterna-
tives are available [4].

12.3  Validation of the Qmci Screen

The Qmci, like the ABCS 135, was originally developed in a Canadian population. 
The index validation compared the Qmci with its predecessor, the ABCS 135, and 
the Standardized Mini-Mental State Examination (SMMSE) [29, 30] in 965 patients 
and their caregivers (normal controls) attending four memory clinics in Ontario, 
Canada [1]. The study showed that the Qmci has greater accuracy in differentiating 
MCI from normal controls than the SMMSE with an area under the receiver operat-
ing characteristic (ROC) curve (AUC) of 0.86 versus 0.67 (p < 0.001) respectively 
[1]. It also showed that the Qmci has greater accuracy than the ABCS 135 (AUC of 
0.83, p = 0.05), while all three instruments accurately separated MCI from dementia 
including mild dementia when this was separated out from those with moderate to 
severe stage disease [1]. Tables 12.2 and 12.3 present the characteristics of studies 
validating the Qmci and the psychometric properties demonstrated by the instru-
ment in each study, respectively.

12.3.1  Content Validity

Examination of the subtests of the Qmci, using the initial validation data set, showed 
that all subtests differentiated MCI from normal controls. However, as with the 
ABCS 135 [6], not all subtests did this in a useful way, with AUC values ranging 
from 0.56 to 0.80. Logical memory was the most accurate and word registration the 
least accurate subtest. All subtests distinguished MCI from dementia though orien-
tation was now the most accurate with an AUC of 0.88. The Qmci showed excellent 
test-retest reliability with a correlation coefficient of 0.86 [2]. Median Qmci subtest 
scores, expressed as percentages according to diagnostic classification (normal con-
trols, MCI and dementia), are presented in Fig. 12.2 and show the floor and ceiling 
effects of the individual Qmci subtests.
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12.3.2  Concurrent Validity

In addition to demonstrating concurrent validity against the SMMSE and ABCS 
135 [1], validity has also been demonstrated against other short CSIs including the 
Montreal Cognitive Assessment (MoCA; Chap. 7) [17], the Six-Item Cognitive 
Impairment Test (6CIT; Chap. 11) [39] and the General Practitioner Assessment of 
Cognition (GPCOG; Chap. 10) [40]. External validation of the Qmci in Ireland 
showed that the Qmci had higher accuracy (AUC of 0.90 versus 0.80), and compa-
rable sensitivity but greater specificity than the MoCA at their established cut-off 
scores for differentiating MCI from normal controls [3, 32, 41]. Although the study 
was underpowered to show superiority, the study reaffirmed the Qmci’s shorter 
administration time, suggesting that where time is limited, such as in busy clinics or 
general practice, it is a reasonable choice. Concurrent validity was also shown in a 
subsample of patients attending the same clinic in Ireland against the 6CIT showing 
that the Qmci more accurately identified cognitive impairment (either MCI or 
dementia), albeit its administration time was twice that of the 6CIT. As expected the 
Qmci best differentiated MCI from normal cognition [38].

A further external validation in primary care (i.e. general practice or family doc-
tors’ offices) in Ireland demonstrated that general practitioners and other community- 
based healthcare professionals, after a brief education session, were able to score 
the instrument with excellent inter-rater reliability demonstrated compared to 
trained raters in a memory clinic [35]. Concurrent validity was also shown against 
the GPCOG and the MoCA. The Qmci had statistically significantly greater accu-
racy than the GPCOG in differentiating SMC from MCI, while its brevity and ease 
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Fig. 12.2 Median Quick Mild Cognitive Impairment screen (Qmci) subtest scores expressed as 
percentages (Image from PhD thesis: https://cora.ucc.ie/handle/10468/2170)

R. O’Caoimh and D.W. Molloy

https://cora.ucc.ie/handle/10468/2170


267

of administration (no requirement for an informant) further suggest that it is useful 
in primary care. Most recently, the English version of the Qmci has been externally 
validated in two studies in Australia against the SMMSE [42] and the MoCA [37].

12.3.3  Construct Validity

The construct validity of the Qmci against global and neuropsychological test bat-
teries has also been shown. Data from the Doxycycline and Rifampicin for 
Alzheimer’s Disease trial (DARAD) trial, a randomized controlled trial assessing 
the effects of antibiotics on dementia progression [43], was used to assess internal 
consistency and the responsiveness of the Qmci to change over time [44]. This 
analysis showed that the Qmci had high internal validity, was responsive to change 
over time and correlated with a detailed neuropsychological battery (the 
Standardized Alzheimer’s Disease Assessment Scale-Cognitive section, ADAS-
cog), a global assessment of cognition (the Clinical Dementia Rating scale) and an 
activities of daily living scale (Lawton-Brody scale). These suggest that the Qmci 
could be substituted for a more detailed neuropsychological instrument in clinical 
trials [44], the first time that a short CSI has been shown to measure change in cog-
nition function over time in clinical trials. This may be useful, particularly where 
time or funding is limited or regular detailed monitoring is impractical for raters or 
unacceptable for subjects. The Qmci is now being used in several clinical trials 
including the FP-7 funded PERsonalised ICT Supported Service for Independent 
Living and Active Ageing (PERSSILAA; see http://www.perssilaa.eu; project 
number 610359) [45, 46].

12.3.4  Cut-off Scores

Although normative data are increasingly available for CSIs, few short cognitive 
screens have established cut-off scores specific to patients presenting with memory 
loss. To address this, age and education adjusted cut-off scores were developed for 
the Qmci [34]. To increase the sample size available and hence the generalizability 
of the cut-offs produced, data were pooled from three sources: the original Qmci 
validation data set, the DARAD trial database, and a large outpatient electronic 
record derived from data contained in the Geriatric Assessment Tool (GAT) data-
base. These data provided a large sample of patients and normal controls from a 
single country (Canada) with which to develop the cut-off scores. Analysis from 
this dataset suggests that a cut-off score of <62/100 produces the optimal balance 
between sensitivity (83 %) and specificity (87 %) for the presence of cognitive 
impairment (MCI or dementia) using Youden’s Index [34]. Using the maximal 
accuracy approach, a similar cut-off of <63/100 was found, which yielded a 
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comparable sensitivity (85 %) and specificity (85 %) for cognitive impairment. The 
suitability of the cut-offs produced was confirmed using data from the external vali-
dation in Ireland, with a cut-off score of <62/100 producing a sensitivity of 90 % 
and specificity of 87 % for cognitive impairment [3]. The cut-off for separating MCI 
from normal cognition increased to <67/100 irrespective of the method used to 
derive the score. Cut-offs were also adjusted for subjects’ age and education. These 
confirmed the requirement to adjust scores, particularly for those aged over 75 
years.

12.4  Clinical Utility of the Qmci Screen: Use in Different 
Settings

The Qmci is validated in different clinical settings as described in Sect. 12.3, 
including memory clinics [1, 3], geriatric outpatients [34, 36, 37], in the commu-
nity (general practice or community outreach team) [35, 42], a university hospital 
rehabilitation unit [33] and a movement disorder clinic [31]. In addition to these, 
the Qmci has been used as an outcome measure in several clinical trials [44, 46–
48] and a case control study of a ‘memory gym’ intervention in MCI [49]. Analysis 
of data from the GAT database in different dementia subtypes and depression 
shows that the Qmci screen had significantly greater accuracy at differentiating 
vascular and Parkinson’s disease dementia compared with the SMMSE [50]. In 
that geriatric outpatient sample, while higher AUC values were found, there were 
no significant differences between the Qmci screen and SMMSE in identifying 
Alzheimer’s, Lewy Body, or frontotemporal dementia from subjects with normal 
cognition, although sample sizes were small and it was not possible to separate 
MCI subtypes [50].

12.5  Translations of the Qmci Screen

To date, apart from English, the Qmci has been translated into ten languages (Dutch, 
Turkish, German, Italian, Portuguese, Polish, Greek, Tamil and Chinese including 
an adaption for Taiwanese) and these have been externally validated in Dutch [36] 
and Turkish (unpublished data under review). In the Netherlands, the Qmci-Dutch 
was more sensitive and specific than the widely used SMMSE-Dutch in differentiat-
ing MCI from dementia and dementia from normal controls [36]. Similarly, the 
Qmci-TR (Turkish) has shown similar accuracy to the MoCA (Turkish version), 
albeit with a shorter administration time. Validations are at an advanced stage in 
Italy and Portugal. Dutch and Italian versions are being used in the PERSSILAA 
project [45, 46].
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12.6  The Quick Memory Check

The Qmci was shortened and further reweighted to develop a home, caregiver- 
administered CSI called the Quick Memory Check (QMC). This short instrument, 
the first validated caregiver-administered cognitive screen, contains three of the Qmci 
subtests: orientation, verbal fluency and logical memory, and is also scored out of 
100 points. Initial validation against the Qmci and MoCA, completed by trained rat-
ers in clinic, suggests that the QMC is acceptable and can identify cognitive impair-
ment (MCI or dementia), potentially improving the efficiency of busy clinics [51].

12.7  Conclusions and Future Research

This chapter explores the development and the results of the initial validation of the 
Qmci, a new, short CSI for differentiating MCI from SMC and dementia. It presents the 
concurrent validity of the Qmci against a selection of widely used and validated instru-
ments. It also confirms its construct validity against global cognitive and functional 
scales and the gold-standard outcome measure used in clinical trials, the ADAS-cog.

The place for the Qmci in clinical practice is likely to be in community practice. 
However, the optimal extent, type and benefits of cognitive screening remain uncertain 
[52–55]. Cognitive screening, especially in busy non-specialized outpatient clinics and 
in general practice, is limited by the psychometric properties of CSIs in patients who 
present with SCD. Given this, short, easy to administer, accurate CSIs are required. To 
date, most studies have assessed the accuracy of screens in highly selected samples, 
usually patients attending memory clinics where the prevalence of cognitive impair-
ment is generally high. Few instruments have been compared in general practice where 
the prevalence is low [56] and the utility of and need for these instruments is arguably 
at its greatest. The Qmci may fill this gap but as it is a new instrument, it requires fur-
ther validation. In particular, its concurrent validity should be demonstrated against 
detailed neuropsychological assessment and new diagnostic algorithms that take neu-
roimaging, blood and cerebrospinal fluid results into account [57]. Furthermore, to 
improve reliability the Qmci requires standardization of its scoring instructions, a tech-
nique that has improved the scoring of the MMSE [29] and ADAS-cog [58].

Although there is some evidence that the Qmci is responsive to change over time 
[44] and useful in measuring conversion from MCI to dementia [49], it remains to 
be seen if the Qmci is useful in measuring and predicting progression from SCD to 
MCI and dementia. Normative data are also required to place screening scores in 
context [59]. A computerized application for smart phones and tablets has recently 
been developed (http://www.doctot.com/doctot-apps/dementia-app/). Comparing 
the paper-based Qmci to the application is ongoing to confirm convergent validity. 
External validation of the Qmci is also ongoing in other countries, settings and sub-
types of cognitive impairment.
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Abstract The Informant Questionnaire on Cognitive Decline in the Elderly 
(IQCODE) uses the report of an informant to assess an individual’s change in cogni-
tion in the last 10 years. Unlike cognitive screening tests administered at one point 
in time, it is unaffected by pre-morbid cognitive ability or by level of education. 
When used as a screening test for dementia, the IQCODE performs as well as the 
Mini-Mental State Examination (MMSE), which is the most widely used cognitive 
screening instrument. Other evidence of validity comes from correlations with 
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change in cognitive test scores, and associations with neuropathological and neuro-
imaging changes. The main limitation of the IQCODE is that it can be affected by 
the informant’s emotional state. The IQCODE is suitable for use as a screening test 
in clinical settings, for retrospective cognitive assessment where direct data are not 
available, and for assessment in large scale epidemiological studies. Versions are 
available in many languages.

Keywords Dementia • Alzheimer’s disease • Mild cognitive impairment • Cognitive 
decline • Screening • Informant • Validity • MMSE • Diagnosis • Stroke • 
Pre-morbid

13.1  Introduction

The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) is a 
brief screening instrument designed to assess cognitive change in older populations 
based on informant reports [1]. To date its main applications have been in screening 
individuals for cognitive decline and dementia in large clinical or epidemiological 
studies, assessing pre-morbid cognitive status in clinical settings, or estimating cog-
nitive change post stroke, trauma, or surgery. However, available evidence suggests 
that the IQCODE can be useful in many other situations where retrospective assess-
ment of cognitive change is needed and an informant is available.

13.2  IQCODE History and Development

The IQCODE is based on a parent interview which required informants to respond 
to 39 questions assessing the magnitude of change over the previous 10 years in two 
cognitive domains: memory function (acquisition and retrieval) and intelligence 
(verbal and performance). Following an initial psychometric evaluation, the size of 
the questionnaire was reduced to 26 questions which were easy to rate and whose 
responses correlated well together. The new instrument was named IQCODE and 
was formatted for easy self-completion by informants. Questions take the form 
“Compared to 10 years ago, how is this person at . . .” (e.g. remembering things 
about family and friends such as occupations, birthdays, addresses, etc.). Informants 
are asked to respond to each question using a Likert scale ranging from 1, “much 
improved” to 5, “much worse” [2].

The size of the IQCODE has subsequently been further reduced to 16 items [2]. 
This short version is typically preferred and recommended since it has been found 
to be highly correlated with the full version (0.98) and to have equivalent validity 
against clinical diagnosis. The full questionnaire of the Short-IQCODE is presented 
in Table 13.1.
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Table 13.1 Short (16-item) form of the IQCODE

Compared with 10 years ago how is this person at:
1 2 3 4 5

1. Remembering things about 
family and friends e.g. 
occupations, birthdays, addresses

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

2. Remembering things that have 
happened recently

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

3. Recalling conversations a few 
days later

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

4. Remembering his/her address 
and telephone number

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

5. Remembering what day and 
month it is

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

6. Remembering where things 
are usually kept

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

7. Remembering where to find 
things which have been put in a 
different place from usual

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

8. Knowing how to work familiar 
machines around the house

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

9. Learning to use a new gadget 
or machine around the house

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

10. Learning new things in 
general

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

11. Following a story in a book 
or on TV

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

12. Making decisions on 
everyday matters

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

13. Handling money for 
shopping

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

14. Handling financial matters 
e.g. the pension, dealing with the 
bank

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

(continued)
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Adapted versions of the IQCODE have also been produced to allow assessment 
in other languages (Arabic, Chinese, Dutch, Finnish, French, Canadian French, 
German, Italian, Japanese, Korean, Norwegian, Persian, Polish, Portuguese, 
Spanish, Thai and Turkish) or based on shorter [3–5] or more flexible [6] time 
frames than 10 years. Short forms of the IQCODE are also available in Spanish [7], 
Chinese [8], Portuguese [9] and in other languages (which to our knowledge have 
not been validated). In addition, in a recent review of the literature on dementia 
screening instruments suitable for self- or informant-assessment, particularly in a 
format that could be applicable for digital administration (e.g. computer-based or on 
the internet), the IQCODE was found to be one of three most promising instruments 
which warranted further validation for delivery on digital platforms [10].

13.3  Administration and Scoring

The IQCODE takes 10–25 min to complete depending on the form chosen (long/
short) and whether it is administered in pen and paper form or electronically. It is 
generally perceived as easy to answer and can be mailed to informants or adminis-
tered by telephone or by computer (although we are not aware of any validation data 
with non-pen-and-paper administration media).

Scoring the IQCODE requires adding up all ratings and dividing by the number 
of items, thus yielding a measure ranging from 1 to 5. An alternative scoring strat-
egy used by some investigators involves using the sum of all responses as a sum-
mary measure. Norms have been developed by Jorm and Jacomb for 5-year age 
groups from 70 to 85+ years [11]. However, the use of an absolute cut-off, ranging 
from 3.3 to 3.6 in community samples to 3.4–4.0 in patient samples, is typically 
preferred and easier to communicate. A practical way of selecting a valid and 
effective cut-off is to identify studies (see Table 13.2) with characteristics most 
similar to the target population in the planned study and apply their cut-offs. 
Alternatively a weighted average computed from Table 13.2, of 3.3 for community 
samples and of 3.5 in patient samples, is also defensible (also note below, see 
Sect. 13.6, findings from systematic reviews which are consistent with the approach 
suggested above).

Table 13.1 (continued)

15. Handling other everyday 
arithmetic problems e.g. 
knowing how much food to buy, 
knowing how long between visits 
from family or friends

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

16. Using his/her intelligence to 
understand what’s going on and 
to reason things through

Much 
improved

A bit 
improved

Not 
much 
change

A bit 
worse

Much 
worse

N. Cherbuin and A.F. Jorm



279

Ta
bl

e 
13

.2
 

Pe
rf

or
m

an
ce

 o
f 

th
e 

M
M

SE
, a

nd
 th

e 
lo

ng
 a

nd
 s

ho
rt

 v
er

si
on

s 
of

 th
e 

IQ
C

O
D

E
 a

s 
sc

re
en

in
g 

te
st

s 
fo

r 
de

m
en

tia

St
ud

y
Sa

m
pl

e
D

ia
gn

os
tic

 
cr

ite
ri

a
C

ut
of

f
N

M
ea

n 
ag

e/
ag

e 
ra

ng
e

Se
ns

.
Sp

ec
.

R
O

C
 

cu
rv

e

M
M

SE
B

us
ta

m
an

te
 e

t a
l. 

(2
00

3)
 [

12
]

H
os

pi
ta

l o
ut

-p
at

ie
nt

s 
an

d 
co

nt
ro

ls
 

(B
ra

zi
l)

1,
 4

25
/2

6
76

71
0.

80
0.

91
–

C
al

la
ha

n 
et

 a
l. 

(2
00

2)
 [

13
]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

U
SA

)
1

23
/2

4
34

4
74

0.
95

0.
87

0.
96

Fe
rr

uc
ci

 e
t a

l. 
(1

99
8)

 [
14

]
G

er
ia

tr
ic

 c
lin

ic
 p

at
ie

nt
s 

(I
ta

ly
)

2
23

/2
4

10
4

75
0.

97
0.

55
–

Fl
ic

ke
r 

et
 a

l. 
(1

99
7)

 [
15

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(y

ou
ng

, 
A

us
tr

al
ia

)
1,

 5
21

/2
2

29
9

73
0.

91
0.

82
–

Fl
ic

ke
r 

et
 a

l. 
(1

99
7)

 [
15

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(o

ld
, 

A
us

tr
al

ia
)

1,
 5

21
/2

2
78

80
0.

75
0.

71
–

Fo
rc

an
o 

G
ar

ci
a 

et
 a

l. 
(2

00
2)

 
[1

6]
G

er
ia

tr
ic

 c
lin

ic
 p

at
ie

nt
s 

(S
pa

in
)

1,
 5

23
/2

4
10

3
78

0.
81

0.
85

0.
86

G
on

ça
lv

es
 e

t a
l. 

(2
01

1)
 [

17
]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s 

(A
us

tr
al

ia
)

2,
 5

24
/2

5
20

4
77

0.
83

0.
73

0.
82

Is
el

la
 e

t a
l. 

(2
00

6)
 [

18
]

C
og

ni
tiv

el
y 

no
rm

al
 v

ol
un

te
er

s 
an

d 
45

 M
C

I 
pa

tie
nt

s 
(I

ta
ly

)
6

27
/2

8
10

0
71

0.
82

0.
73

–

Jo
rm

 e
t a

l. 
(1

99
6)

 [
19

]
E

x-
se

rv
ic

em
en

 (
ha

lf
 f

or
m

er
 

pr
is

on
er

s 
of

 w
ar

) 
(A

us
tr

al
ia

)
23

/2
4

14
4

73
0.

45
0.

99
0.

81

K
na

fe
lc

 e
t a

l. 
(2

00
3)

 [
20

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(A

us
tr

al
ia

)
1

23
/2

4
32

3
75

0.
84

0.
73

0.
86

L
i e

t a
l. 

(2
01

2)
 [

21
]

N
eu

ro
lo

gy
 c

lin
ic

 p
at

ie
nt

s 
w

ith
 M

C
I 

(C
hi

na
)

6
26

/2
7

92
8

70
0.

89
0.

76
0.

85

L
i e

t a
l. 

(2
01

2)
 [

21
]

N
eu

ro
lo

gy
 c

lin
ic

 p
at

ie
nt

s 
w

ith
 m

ild
 

A
D

 (
C

hi
na

)
5,

 8
24

/2
5

55
4

70
0.

81
0.

84
0.

91

M
ac

K
in

no
n 

et
 a

l. 
(1

99
8)

 [
22

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(S

w
itz

er
la

nd
)

2,
 5

23
/2

4
10

6
80

0.
76

0.
90

–

M
or

al
es

 e
t a

l. 
(1

99
7)

 [
23

]
U

rb
an

 e
pi

de
m

io
lo

gi
ca

l s
tu

dy
 

(S
pa

in
)

1
21

/2
2

97
75

0.
73

0.
78

–

(c
on

tin
ue

d)

13 IQCODE: Using Informant Reports to Assess Cognitive Change



280

Ta
bl

e 
13

.2
 

(c
on

tin
ue

d)

St
ud

y
Sa

m
pl

e
D

ia
gn

os
tic

 
cr

ite
ri

a
C

ut
of

f
N

M
ea

n 
ag

e/
ag

e 
ra

ng
e

Se
ns

.
Sp

ec
.

R
O

C
 

cu
rv

e

M
or

al
es

 e
t a

l. 
(1

99
7)

 [
23

]
R

ur
al

 e
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

Sp
ai

n)
1

21
/2

2
16

0
74

0.
83

0.
74

–
N

as
re

dd
in

e 
et

 a
l. 

(2
00

5)
 [

24
]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s 

(C
an

ad
a)

2
25

/2
6

18
3

75
0.

78
1.

00
–

Pe
rr

oc
o 

et
 a

l. 
(2

00
8)

 [
9]

O
ld

 A
ge

 C
lin

ic
 P

at
ie

nt
s 

w
ith

 lo
w

 
ed

uc
at

io
n 

(B
ra

zi
l)

1,
 4

25
/2

6
91

71
0.

94
0.

78
0.

94

Sw
ea

re
r 

et
 a

l. 
(2

00
2)

 [
25

]
Pr

im
ar

y 
ca

re
 c

lin
ic

 o
ut

pa
tie

nt
s 

an
d 

in
de

pe
nd

en
t r

et
ir

em
en

t c
om

m
un

ity
 

re
si

de
nt

s 
(U

SA
)

2
23

/2
4

46
80

0.
13

1.
00

–

IQ
C

O
D

E
 (

L
on

g 
V

er
si

on
)

B
us

ta
m

an
te

 e
t a

l. 
(2

00
3)

 [
12

]
H

os
pi

ta
l o

ut
-p

at
ie

nt
s 

an
d 

co
nt

ro
ls

 
(B

ra
zi

l)
1,

 4
3.

41
+

76
71

0.
83

0.
97

–

D
e 

Jo
ng

he
 e

t a
l. 

(1
99

7)
 [

26
]

Ps
yc

hi
at

ri
c 

pa
tie

nt
s 

(4
9 

w
ith

 
de

m
en

tia
) 

(N
et

he
rl

an
ds

)
1

3.
90

+
82

78
0.

88
0.

79
–

D
el

-S
er

 e
t a

l. 
(1

99
7)

 [
27

]
N

eu
ro

lo
gy

 c
lin

ic
 o

ut
pa

tie
nt

s 
(S

pa
in

)
1

3.
62

+
53

69
0.

84
0.

73
0.

81
Fl

ic
ke

r 
et

 a
l. 

(1
99

7)
 [

15
]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s 

(y
ou

ng
, 

A
us

tr
al

ia
)

1,
 5

3.
90

+
29

9
73

0.
74

0.
71

–

Fl
ic

ke
r 

et
 a

l. 
(1

99
7)

 [
15

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(o

ld
, 

A
us

tr
al

ia
)

1,
 5

3.
90

+
78

80
0.

79
0.

78
–

Fu
h 

et
 a

l. 
(1

99
5)

 [
8]

N
on

-d
em

en
te

d 
co

m
m

un
ity

 r
es

id
en

t 
an

d 
de

m
en

tia
 p

at
ie

nt
s 

(T
ai

w
an

)
1

3.
40

+
39

9
69

0.
89

0.
88

0.
91

H
an

co
ck

 a
nd

 L
ar

ne
r 

(2
00

9)
 

[2
8]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s

2,
 5

3.
60

+
14

4
67

0.
86

0.
39

0.
71

Is
el

la
 e

t a
l. 

(2
00

6)
 [

18
]

C
og

ni
tiv

el
y 

no
rm

al
 v

ol
un

te
er

s 
an

d 
45

 M
C

I 
ne

ur
op

sy
ch

ol
og

y 
ou

t-
pa

tie
nt

s 
(I

ta
ly

)

6
3.

45
10

0
71

0.
84

0.
75

–

Jo
rm

 e
t a

l. 
(1

99
1)

 [
29

]
Pa

tie
nt

s 
se

en
 b

y 
a 

ge
ri

at
ri

ci
an

 
(A

us
tr

al
ia

)
3,

 4
3.

60
+

69
80

0.
80

0.
82

0.
87

Jo
rm

 e
t a

l. 
(1

99
4)

 [
2]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

A
us

tr
al

ia
)

1
3.

60
+

68
4

70
0.

69
0.

80
0.

77

N. Cherbuin and A.F. Jorm



281

St
ud

y
Sa

m
pl

e
D

ia
gn

os
tic

 
cr

ite
ri

a
C

ut
of

f
N

M
ea

n 
ag

e/
ag

e 
ra

ng
e

Se
ns

.
Sp

ec
.

R
O

C
 

cu
rv

e

Jo
rm

 e
t a

l. 
(1

99
6)

 [
19

]
E

x-
se

rv
ic

em
en

 (
ha

lf
 f

or
m

er
 p

ri
so

ne
rs

 
of

 w
ar

) 
(A

us
tr

al
ia

)
3

3.
30

+
14

4
73

0.
79

0.
65

0.
77

L
aw

 a
nd

 W
ol

fs
on

 (
19

95
) 

[3
0]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

C
an

ad
a)

1
3.

30
+

23
7

81
0.

76
0.

96
–

L
im

 e
t a

l. 
(2

00
3)

 [
31

]
C

og
ni

tiv
el

y 
no

rm
al

 v
ol

un
te

er
s 

an
d 

53
 d

em
en

tia
 p

at
ie

nt
s 

(S
in

ga
po

re
)

2
3.

40
+

15
3

–
0.

94
0.

94
–

M
or

al
es

 e
t a

l. 
(1

99
7)

 [
23

]
U

rb
an

 e
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

Sp
ai

n)
1

3.
27

+
97

75
0.

82
0.

90
0.

89
M

or
al

es
 e

t a
l. 

(1
99

7)
 [

23
]

R
ur

al
 e

pi
de

m
io

lo
gi

ca
l s

tu
dy

 (
Sp

ai
n)

1
3.

31
+

16
0

74
0.

83
0.

83
0.

83
M

ul
lig

an
 e

t a
l. 

(1
99

6)
 [

32
]

G
er

ia
tr

ic
 p

at
ie

nt
s 

(S
w

itz
er

la
nd

)
1

3.
60

+
76

82
0.

76
0.

70
0.

86
Pe

rr
oc

o 
et

 a
l. 

(2
00

8)
 [

9]
O

ld
 A

ge
 C

lin
ic

 P
at

ie
nt

s 
w

ith
 lo

w
 

ed
uc

at
io

n 
(B

ra
zi

l)
1,

 4
3.

53
+

91
71

0.
85

1.
00

0.
94

Si
ri

 e
t a

l. 
(2

00
6)

 [
33

]
G

er
ia

tr
ic

 c
lin

ic
 p

at
ie

nt
s 

(T
ha

ila
nd

)
2,

 5
3.

42
+

10
0

73
0.

90
0.

95
0.

98
St

ra
tf

or
d 

et
 a

l. 
(2

00
3)

 [
34

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(A

us
tr

al
ia

)
4

4.
00

+
57

7
73

–
–

0.
82

Ta
ng

 e
t a

l. 
(2

00
3)

 [
35

]
St

ro
ke

 p
at

ie
nt

s 
(C

hi
na

)
2

3.
40

+
18

9
68

0.
88

0.
75

0.
88

To
ku

ha
ra

 e
t a

l. 
(2

00
6)

 [
36

]
Ja

pa
ne

se
 A

m
er

ic
an

 p
ri

m
ar

y 
ca

re
 

pa
tie

nt
s

5
3.

40
+

23
0

–
1.

0
0.

87
–

IQ
C

O
D

E
 (

Sh
or

t 
ve

rs
io

n)
A

ya
lo

n 
(2

01
1)

 [
5]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

U
SA

)
1,

 2
3.

30
+

46
2

80
0.

77
0.

93
0.

89
A

ya
lo

n 
(2

01
1)

 [
5]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

U
SA

)
7

3.
30

+
44

1
79

0.
55

0.
93

0.
89

D
el

-S
er

 e
t a

l. 
(1

99
7)

 [
27

]
N

eu
ro

lo
gy

 c
lin

ic
 o

ut
pa

tie
nt

s 
(S

pa
in

)
1

3.
88

53
69

0.
79

0.
73

0.
77

Fo
rc

an
o 

G
ar

ci
a 

et
 a

l. 
(2

00
2)

 
[1

6]
G

er
ia

tr
ic

 c
lin

ic
 p

at
ie

nt
s 

(S
pa

in
)

1,
 5

3.
62

+
10

3
78

0.
82

0.
81

0.
91

G
on

ça
lv

es
 e

t a
l. 

(2
01

1)
 [

17
]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s 

(A
us

tr
al

ia
)

2,
 5

4.
20

+
20

4
77

0.
72

0.
67

0.
77

H
ar

w
oo

d 
et

 a
l. 

(1
99

7)
 [

37
]

M
ed

ic
al

 in
pa

tie
nt

s 
(E

ng
la

nd
)

1
3.

44
17

7
65

+
1.

00
0.

86
–

Jo
rm

 e
t a

l. 
(1

99
4)

 [
2]

E
pi

de
m

io
lo

gi
ca

l s
tu

dy
 (

A
us

tr
al

ia
)

1
3.

38
68

4
70

+
0.

79
0.

82
0.

85
Jo

rm
 e

t a
l. 

(1
99

6)
 [

19
]

E
x-

se
rv

ic
em

en
 (

ha
lf

 f
or

m
er

 p
ri

so
ne

rs
 

of
 w

ar
) 

(A
us

tr
al

ia
)

3
3.

38
+

14
4

73
0.

75
0.

68
0.

77

(c
on

tin
ue

d)

13 IQCODE: Using Informant Reports to Assess Cognitive Change



282

Ta
bl

e 
13

.2
 

(c
on

tin
ue

d)

St
ud

y
Sa

m
pl

e
D

ia
gn

os
tic

 
cr

ite
ri

a
C

ut
of

f
N

M
ea

n 
ag

e/
ag

e 
ra

ng
e

Se
ns

.
Sp

ec
.

R
O

C
 

cu
rv

e

K
na

fe
lc

 e
t a

l. 
(2

00
3)

 [
20

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(A

us
tr

al
ia

)
1

3.
60

+
32

3
44

–9
3

0.
94

0.
47

0.
82

L
i e

t a
l. 

(2
01

2)
 [

21
]

N
eu

ro
lo

gy
 c

lin
ic

 p
at

ie
nt

s 
w

ith
 M

C
I 

(C
hi

na
)

6
3.

19
+

92
8

70
0.

98
0.

71
0.

87

L
i e

t a
l. 

(2
01

2)
 [

21
]

N
eu

ro
lo

gy
 c

lin
ic

 p
at

ie
nt

s 
w

ith
 m

ild
 

A
D

 (
C

hi
na

)
5,

 8
3.

31
+

55
4

70
0.

89
0.

78
0.

90

M
ac

K
in

no
n 

et
 a

l. 
(1

99
8)

 [
22

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(S

w
itz

er
la

nd
)

2,
 5

3.
60

+
10

6
80

0.
90

0.
65

–
N

ar
as

im
ha

lu
 e

t a
l. 

(2
00

8)
 [

38
]

D
em

en
tia

 c
lin

ic
 p

at
ie

nt
s 

an
d 

st
ro

ke
 

pa
tie

nt
s 

(S
in

ga
po

re
)

2
3.

38
+

57
6

66
0.

78
0.

86
0.

89

Pe
rr

oc
o 

et
 a

l. 
(2

00
8)

 [
9]

O
ld

 A
ge

 C
lin

ic
 P

at
ie

nt
s 

w
ith

 lo
w

 
ed

uc
at

io
n 

(B
ra

zi
l)

1,
 4

3.
53

+
91

71
0.

85
1.

00
0.

96

Ph
un

g 
et

 a
l. 

(2
01

5)
 [

39
]

(L
eb

an
on

)
2

3.
35

+
23

6
65

+
0.

92
0.

94
IQ

C
O

D
E

-M
M

SE
 (

3M
S)

 (
C

om
bi

ne
d)

B
us

ta
m

an
te

 e
t a

l. 
(2

00
3)

 [
12

]
H

os
pi

ta
l o

ut
-p

at
ie

nt
s 

an
d 

co
nt

ro
ls

 
(B

ra
zi

l)
1,

 4
25

/2
6 

or
 

3.
41

+
76

71
0.

83
0.

98
–

Fl
ic

ke
r 

et
 a

l. 
(1

99
7)

 [
15

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(y

ou
ng

, 
A

us
tr

al
ia

)
1,

 5
21

/2
2 

or
 4

+
29

9
73

0.
86

0.
57

–

Fl
ic

ke
r 

et
 a

l. 
(1

99
7)

 [
15

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(o

ld
, 

A
us

tr
al

ia
)

1,
 5

21
/2

2 
or

 4
+

78
80

0.
92

0.
61

–

H
an

co
ck

 a
nd

 L
ar

ne
r 

(2
00

9)
 

[2
8]

M
em

or
y 

cl
in

ic
 p

at
ie

nt
s

2,
 5

23
/2

4 
or

 
3.

60
+

14
4

67
0.

95
0.

36
–

K
ha

tc
ha

tu
ri

an
 e

t a
l. 

(2
00

0)
† 

[4
0]

St
ra

tifi
ed

 p
op

ul
at

io
n 

su
rv

ey
 (

U
SA

)
5,

 8
86

/8
7 

or
 3

.2
7

83
9

~8
1

65
–9

0
0.

98
0.

68
0.

96

K
na

fe
lc

 e
t a

l. 
(2

00
3)

 [
20

]
M

em
or

y 
cl

in
ic

 p
at

ie
nt

s 
(A

us
tr

al
ia

)
1

W
ei

gh
te

d 
su

m
32

3
44

–9
3

0.
91

0.
63

0.
88

1 D
SM

-I
II

R
 D

em
en

tia
, 2 D

SM
-I

V
 D

em
en

tia
, 3 I

C
D

-9
, 4 I

C
D

-1
0 

D
em

en
tia

, 5 C
lin

ic
al

 d
ia

gn
os

is
, 6 M

ild
 C

og
ni

tiv
e 

Im
pa

ir
m

en
t (

Pe
te

rs
en

 1
99

6 
cr

ite
ri

a)
, 7 C

og
ni

tiv
e 

Im
pa

ir
m

en
t N

o 
D

em
en

tia
 (

C
IN

D
),

 8 N
IN

C
D

S-
A

D
R

D
A

, †
 u

si
ng

 th
e 

3M
S

N. Cherbuin and A.F. Jorm



283

13.4  Psychometric Characteristics

The reliability and validity of the IQCODE have been thoroughly researched. Its 
internal consistency assessed using Cronbach’s alpha can be viewed as excellent 
and has been found to range between 0.93 and 0.98 across 11 studies [1, 8, 9, 11, 22, 
23, 35, 41–44]. Receiver Operating Characteristic (ROC) curve analysis of the pre-
dictive value of single Short-IQCODE questions indicates that individual items 
have areas under the curve of more than 0.80 except for item 7 (0.75), which further 
confirms the internal consistency of the questionnaire (i.e. all questions are good at 
predicting dementia) [9]. In addition, test-retest reliability has been shown to be 
very good over short and long periods, with correlations of 0.96 over 3 days and 
0.75 over 1 year [11, 29].

The structure of the IQCODE has been examined through factor analysis in sev-
eral studies. All found a large main factor thought to represent “cognitive decline” 
and accounting for 42–73 % of the variance, while other factors were small, explain-
ing at most 10 % of the variance [8, 11, 23, 26, 42, 44].

13.5  Validation Against Clinical Diagnosis

The validity of the IQCODE against clinical diagnosis has been demonstrated in 
multiple studies. Table 13.2 presents sensitivity and specificity statistics of the long 
and short forms of the IQCODE and the MMSE against clinical diagnoses [2, 5, 
8–10, 12–20, 22–25, 27–32, 34, 35, 37, 38, 40, 41, 45, 46]. The IQCODE character-
istics compare well with those of the MMSE, which suggests that it is a valid screen 
for dementia and that in some circumstances it may be a more sensitive instrument. 
However, moderate correlations between the IQCODE and the MMSE in 15 studies 
(4,538 participants) ranging from −0.245 to −0.78 [5, 28, 45, 47] with a sample-size 
weighted average of −0.49 suggest that these two tests, although largely overlap-
ping, have each some unique variance. As a consequence, a number of studies have 
investigated whether the concurrent administration and scoring of the IQCODE and 
the MMSE improves dementia detection. They have generally reported somewhat 
increased sensitivity and/or specificity of the combined tests, but cost-benefits of 
this combination varied depending on the methodology or the type of sample used 
[12, 15, 20, 22, 28, 32, 45].

In any case, where the MMSE is selected as the main screening instrument, the 
IQCODE can be used as an alternative screening test when individuals are not able 
to complete it and in order to minimize missing values. For example, in a survey of 
839 community-based older individuals, Khachaturian et al. [40] found 74 subjects 
who were unable to complete the Modified Mini-Mental State (3MS; see Chap. 4 at 
Sect. 4.2.2) but for whom the IQCODE could be completed by an informant. 
Seventy-one of these were subsequently diagnosed with dementia.
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In addition to being a screening tool for dementia, the IQCODE has also been 
investigated as a predictor of Mild Cognitive Impairment (MCI). Isella et al. found 
that the IQCODE was as sensitive as the MMSE for discriminating between MCI 
and healthy controls in an Italian neuropsychology out-patient clinic (sensitivity 
0.82, specificity 0.71 for a cut-off of 3.19) [18] and Li et al. found that the IQCODE 
(sensitivity 0.90, specificity 0.82 for a cut-off of 3.19) was somewhat superior to the 
MMSE (sensitivity 0.87, specificity 0.75 for a cut-off of 26/30) at detecting MCI in 
a Chinese neurology clinic [21]. In addition, while the IQCODE was a good predic-
tor of conversion from MCI to dementia over a 2-year follow-up period (sensitivity 
0.84, specificity 0.75 for a cut-off of 3.45), the MMSE was not a significant predic-
tor. In another study which included 441 participants with an average age of 79 
years and using the clinical criterion of Cognitive Impairment No Dementia (CIND), 
Ayalon et al. reported that the IQCODE (based on ratings of change over the 
 previous 2 years) had moderate sensitivity (0.55) but excellent specificity (0.93) in 
discriminating between CIND and normal controls (with a cut-off of 3.30) [5].

The validity of the IQCODE has also been assessed using post-mortem dementia 
diagnosis based on histological analyses. One study using a cut-off of 3.7 and a 
neuropathological diagnosis of Alzheimer’s disease found the IQCODE to have a 
sensitivity of 73 % and a specificity of 75 % [48]. Another study used a cut-off of 
3.42 and a diagnosis of AD, vascular or mixed dementia, and reported a sensitivity 
of 97 % and a specificity of 33 % [49].

The IQCODE is not generally useful in differential diagnosis of specific neuro-
degenerative diseases, although one study found that patients with behavioral vari-
ant frontotemporal dementia scored higher than those with probable Alzheimer’s 
disease [50].

13.6  Systematic Reviews

Three recent systematic reviews with meta-analyses investigating the IQCODE’s 
performance in different settings were recently conducted by the Cochrane 
Collaboration. The first systematic review [51] focused on studies investigating 
community-dwelling populations and summarized effects reported in ten articles 
meeting the selection criteria, while also considering the impact of different 
IQCODE thresholds and contrasting the long and the short form of the question-
naire. It found that, in general, sensitivity and specificity of the IQCODE were 
above 75 % and that using different typical thresholds, between 3.3 and 3.6, made 
relatively little difference to screening performance (see Table 13.3). Moreover, no 
difference in test accuracy was detected between the short and the long form or 
between the English and non-English versions. The authors concluded that, while 
the IQCODE performance can be considered reasonable, its widespread application 
as a screening tool in community or population settings would lead to substantial 
misdiagnosis and therefore may not be appropriate [51].
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A second Cochrane systematic review [53] investigated the IQCODE within a 
primary care setting. It only identified a single study [36] (N = 230, sensitivity 1.00, 
specificity 0.87 at 3.4 threshold) meeting the inclusion criteria, whose methodology 
was rated as having a high risk of bias. This led the authors to conclude that at this 
stage it is not possible to provide definitive guidance on the IQCODE’s performance 
in this context [53].

The third Cochrane systematic review focused on the IQCODE’s performance 
within a secondary care setting [52]. Pooled analyses of 13 studies meeting inclu-
sion criteria and representing data from 2,745 individuals, including 1,413 patients 
with dementia, found that there was no difference in test accuracy between the short 
and the long form or between the English and non-English versions. However, the 
test performed somewhat better in non-memory settings (e.g. in- and out-patient 
hospital wards; sensitivity 0.95, specificity 0.81) compared to memory settings (e.g. 
memory clinics or geriatric wards; sensitivity 0.90, specificity 0.54). Across all 
 settings, little performance difference was observed when using different thresh-
olds, with a sensitivity at or above 0.89 and a specificity ranging from 0.63 to 0.73 
(see Table 13.3). Due to the relatively low specificity but high sensitivity of the 
IQCODE in this context, the authors concluded that it would be particularly useful 
in ruling out those without evidence of cognitive decline [52].

13.7  Neuropsychological Correlates

In addition to studies specifically aimed at validating the IQCODE against some 
other standard, a number of studies have investigated associations between IQCODE 
ratings and neuropsychological functioning. IQCODE scores were found to be sig-
nificantly associated with the following cognitive domains in neuropsychological 
testing: executive function (visual verbal test, Trail Making Test B [47]); language 
(Boston Naming Test [47]; Verbal Conceptual Thinking [54]); memory (CERAD 
word list, WMS-R logical memory [47]; Verbal Memory [54]); and attention (Trail 
Making Test A [47]; Forward Digit Span [54]).

The IQCODE has also been validated against change in cognitive tests over 
time. In a community sample, scores on the IQCODE were found to correlate with 
change over 7–8 years in the MMSE, episodic memory and mental speed [55]. In 
another study which surveyed women living in the community aged 60 years and 
above, IQCODE scores were found to be associated with change in language, mem-
ory, and attention [47].

In another study, Slavin et al. [56] used a modified version of the short IQCODE 
with a 5 year timeframe to assess associations between subjective memory difficul-
ties reported by participants, informant reports, and objective memory impairment on 
neuropsychological tests in a cohort including individuals with (n = 493) and without 
impairment (n = 334). While participants’ reports of subjective memory difficulties 
did not differ between those with and without impairment, informants’ reports did, 
with a mean score of 2.42 in those with no objective memory impairment, 3.51 in 
those with difficulty in one memory domain, and 3.91 in those with difficulties in 
multiple memory domains. Higher scores on the IQCODE have also been found to be 
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positively associated with major, but not minor, depressive symptoms, and with 
increased difficulties in instrumental activities of daily living (IADLs) [57].

13.8  Neuroimaging Correlates

If the cognitive changes estimated with the IQCODE are due to progressive condi-
tions such as dementia and other neurodegenerative diseases, these changes would 
be expected to be associated with concurrent or precursor changes in brain health. 
Indeed a number of studies have reported such associations. For instance, in a com-
munity sample of older ex-servicemen, Jorm et al. [19] found significant associa-
tions between the IQCODE and the width of the third ventricle (r = 0.29), and 
infarcts in the left (r = 0.35) and right (r = 0.26) hemispheres. Cordoliani-Mackowiack 
et al. [58] reported significant correlations between leukoaraiosis (r = 0.38) and 
IQCODE in elderly stroke patients, while another study found that leukoaraiosis 
accounted for 18 % of variance in IQCODE scores [54]. Henon et al. [59] found 
significantly higher mean IQCODE scores in individuals with smaller medial tem-
poral lobe measures. In a diffusion tensor imaging study of stroke patients, 
Viswanathan et al. [60] detected lower diffusion measures in the non-affected hemi-
sphere, which were interpreted as showing decreased cerebral tissue integrity in 
those whose pre-morbid cognition was above a cut-off of 3.4 on the IQCODE (i.e. 
indicating that the side of the brain not affected by stroke was structurally impaired 
in those with a higher score). High scores on the IQCODE have also been associated 
with greater cerebral atrophy [61, 62]. Moreover, Henon et al. [59] studied 170 
consecutive stroke patients who underwent a CT scan at admission and for whom an 
informant completed the IQCODE. They found that 55.3 % of patients who were 
rated 104 or above on the long version of the IQCODE had medial temporal lobe 
atrophy compared to only 5.3 % of those who scored below this cut-off.

13.9  Alternative Applications

Although the IQCODE was developed to assess cognitive decline from a pre- morbid 
state in older populations, it has also been successfully applied in other contexts.

13.9.1  Retrospective Estimate of Cognitive Change

It would generally be preferable to assess baseline cognition before events that may 
adversely affect cognition occur. However, there are many occasions when such 
events cannot be foreseen or where conducting a baseline assessment is either 
impractical or unlikely to produce reliable results. In such cases the IQCODE can 
be a useful instrument to estimate cognitive change once acute effects of injury or 
treatment have waned.
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13.9.1.1  Post Surgery

Rooij et al. [63] investigated the cognitive and functional outcomes of planned and 
unplanned surgical interventions in a population of older (>80 years) individuals 
after a follow-up of 3.7 years. The IQCODE was used to assess cognitive decline. 
Of 169 individuals assessed, 17 % were found to have a severe cognitive impairment 
(IQCODE > 3.9) and 56 % were found to have mild to moderate impairment 
(3.9 > IQCODE > 3.1). Importantly, those patients who underwent unplanned sur-
gery were found to have a more than twofold increased risk of cognitive impairment 
at follow-up. It should be noted that this study has significant limitations, as cogni-
tive status prior to surgery was not available and could explain the events leading to 
unplanned surgery and/or the subsequent assessment of cognitive impairment. 
Nevertheless, in such clinical contexts the IQCODE can provide useful information 
on cognitive change potentially relating to clinical factors which otherwise could 
not have been studied in this cohort.

13.9.1.2  Post Pharmacological Treatment

The IQCODE may be used as a supplementary outcome measure following phar-
macological treatments or intervention where neuropsychological measures are also 
available. For example, in a randomized controlled trial of B-vitamin aimed at low-
ering homocysteine levels in 266 MCI individuals to optimize cognition, the 
IQCODE was used as a clinical outcome [64]. B-vitamin treatment was associated 
with decreased homocysteine levels and improved cognition on executive function 
(but not the MMSE, episodic or semantic memory, or delayed recall). Treatment 
was also associated with better IQCODE and CDR scores in those with homocyste-
ine levels in the top quartile. By contrast, the IQCODE was not found to be useful 
in a study by Aaldriks et al. [65] which used it to estimate cognitive change follow-
ing different doses of chemotherapy for cancer treatment. Although cognitive 
decline was detected with other instruments post treatment, the IQCODE was not 
found to be sensitive to these changes.

13.9.1.3  Post Stroke or Trauma

The IQCODE has been shown to be a predictor of incident dementia in stroke 
patients [3, 66] and in non-demented hospital in-patients [67] over 2–3 year follow- 
ups. Moreover, Tang et al. [35] reported that in a population of 3 months post-stroke 
patients, where the IQCODE was validated against a clinical diagnosis of dementia 
(DSM-IV), the IQCODE had good psychometric characteristics (sensitivity 88 %, 
specificity 75 %), albeit not sufficient for use of the IQCODE as a sole dementia 
screening instrument. These findings have been further confirmed by a recent meta- 
analysis which showed that the IQCODE was generally effective at detecting post- 
stroke dementia with a sensitivity of 81 % and a specificity of 83 % [68]. However, 
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application of the IQCODE to complex clinical populations should be considered 
carefully, as at least one study found that the IQCODE and the MMSE were poor at 
detecting dementia in a sample of first-ever stroke patients [69].

Nonetheless, the IQCODE can be used to detect cognitive decline pre-dating 
stroke or trauma to avoid misattributing cognitive change to a clinical event when 
impairment was pre-existing. For example, Jackson et al. [70] used the IQCODE 
with a cut-off of 4 to determine whether cognitive impairment detected post 
 traumatic brain injury was due to this injury or whether it was pre-existing; they 
found that one patient, representing 3 % of the sample, had pre-existing cognitive 
impairment. In another study, Klimkowicz et al. [61] were interested in assessing 
factors associated with pre-stroke dementia. Using the long version of the IQCODE 
with a cut-off of 104, they estimated that 12 % of 250 stroke patients had likely suf-
fered from pre-stroke dementia and found that old infarcts on CT, cerebrovascular 
disease, and gamma-globulin levels at admission were the strongest factors associ-
ated with pre-stroke dementia. Moreover, based on patients’ IQCODE classifica-
tion, they found that those with post-stroke dementia were more likely to carry a 
variant of the Alpha-1-antichimotrypsin gene (which contributes to increased amy-
loid plaque formation) than controls or those classified as suffering from pre-stroke 
dementia [71].

13.9.2  Prospective Risk Assessment

Priner and colleagues [72] assessed the short form of the IQCODE as a predictor of 
postoperative delirium following hip or knee surgery. Using a cut-off of 3.1, they 
found that those with pre-existing impairment at admission had a more than 12-fold 
increased risk of delirium. In another study, the pre-morbid cognitive status of 
stroke patients was assessed retrospectively with the IQCODE and those with a 
score greater than 4 were found to be at higher risk of developing epileptic seizures 
[73] and of dying [74]. Pasquini et al. also investigated the risk of institutionaliza-
tion in stroke patients [75] and found that those with an IQCODE score greater than 
4 at admission had a higher risk of being institutionalized 3 years later.

13.9.3  Self-Assessment with the IQCODE

It is unclear whether cognitive decline can be assessed by self-report, as neurode-
generative diseases are also associated with a progressive loss of insight. To inves-
tigate this question, a version of the IQCODE adapted for self-report (the 
IQCODE-SR) has been produced. Jansen et al. [43] investigated whether using the 
IQCODE as a self-report instrument was feasible. They administered the question-
naire by mail to 2,841 individuals (58.9 % of target population) recruited while vis-
iting their general practitioner. More than 60 % of participants reported completing 
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the questionnaire without help. While IQCODE-SR scores were not validated 
against clinical diagnoses, patients suspected of having dementia by their GP scored 
higher than those who were not (3.7 vs 3.3). Moreover, the authors found that the 
questionnaire had good internal consistency and concluded that “the IQCODE-SR 
meets the basic requirements of a good measurement instrument” [43].

Using data from a 3-year longitudinal study, Gavett et al. compared informant- 
and self-IQCODE ratings at the final assessment with performance and change in 
performance on a range of neuropsychological tests [47]. They found that while the 
informants’ ratings correlated negatively with the participants’ cognitive perfor-
mance on all tests, associations between self-report and cognitive measures were 
weak and mixed. More important, however, is that the change in informant ratings 
over 3 years was significantly associated with change in cognitive performance but 
also with the subject’s report of increased depressive symptomatology and decrease 
in Instrumental Activities of Daily Living. This suggests that as greater impairment 
was reported by informants, independently assessed measures of functioning were 
also declining.

Recently, the validity of the IQCODE-SR was investigated against cognitive 
decline in a large longitudinal study of ageing, the PATH Through Life project [57]. 
In a cohort of 1,641 individuals followed-up over 8 years, IQCODE-SR ratings 
were found to be associated with decline in processing speed, but not with perfor-
mance in a number of cognitive domains, including verbal fluency, working mem-
ory, and immediate and delayed recall. Higher IQCODE-SR scores were also 
modestly associated with report of IADL problems and with the APOE E4 
genotype.

Finally, Ries et al. [76] investigated the cerebral correlates of self-awareness in 
MCI. They computed a discrepancy score between self-rated and informant-rated 
IQCODE scores as a measure of awareness and also asked individuals to reflect on 
whether adjectives presented to them described them accurately while undergoing 
functional Magnetic Resonance Imaging (fMRI). Analyses showed that in MCI 
individuals, decreased activation in the medial frontal cortex and posterior cingulate 
were associated with increased discrepancy scores, suggesting that decreased 
awareness has an organic origin in cognitive impairment. An implication of this 
research is that, as disease processes progress, self-assessment on the IQCODE or 
other instruments is unlikely to be reliable. There is, however, the possibility that in 
addition to informant reports, discrepancy scores between informant- and self- 
reports might provide useful additional information.

In aggregate, the findings reviewed suggest that the IQCODE-SR may be some-
what indicative of objective cognitive and functional decline, but is also strongly 
influenced by depressive symptomatology. This is not surprising in itself, since 
depression and loss of insight are known risk factors/correlates for AD and other 
dementias. However, the implication of the available evidence is that the 
IQCODE-SR is not a robust indicator of cognitive decline by itself, but could be 
useful as a complement to the IQCODE ratings and should be investigated 
further.
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13.10  Bias and Limitations

A concern for all instruments assessing cognition is they may be influenced by fac-
tors unrelated to the construct they have been designed to assess, such as socio- 
demographic, ethnic, language, gender, clinical, or cultural characteristics of the 
person being assessed. For example, performance on the most widely used dementia 
screening test, the MMSE, has been found to be influenced by gender, age, educa-
tion, socio-economic status, occupation, cultural background, language spoken at 
home and presence of a mood disorder [77, 78]. The IQCODE has been found to be 
minimally influenced by education [2, 8, 11, 27, 30, 32, 41, 79, 80] and by profi-
ciency in the language of the country of residence [81]. On the other hand, the 
IQCODE can be biased by informant characteristics. Informants who are depressed, 
anxious or stressed tend to report greater cognitive decline than indicated by direct 
cognitive testing [47, 82], so the emotional state of the informant needs to be con-
sidered when interpreting IQCODE scores. Furthermore, two recent studies have 
found that IQCODE scores from African-American informants are less sensitive to 
CIND than those of white informants [83, 84]. One of these studies attributed this 
difference to the lower average level of education in African-Americans [83]. 

13.11  Conclusion

The IQCODE is a simple, quick, and valid instrument to assess cognitive change. 
It can be administered in paper form, on the telephone, or in electronic format. It has 
been mainly validated in older populations, but recent evidence suggests it is a use-
ful tool to investigate change in cognitive status in clinical contexts.
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Abstract The AD8 is an informant-based dementia screening test designed to cap-
ture intra-individual change in cognitive and functional abilities. Taking only 
2–3 min, the AD8 is highly correlated with gold standard evaluations including the 
Clinical Dementia Rating scale, neuropsychological testing, and cerebrospinal fluid 
and imaging biomarkers of Alzheimer’s disease. The AD8 has validated in a variety 
of clinical settings across the world. As the AD8 is in a Yes/No format, it may not be 
applicable to staging severity of longitudinal follow-up. The Quick Dementia Rating 
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System is a ten-item multiple choice questionnaire that takes 3–5 min and provides 
a quantitative assessment of cognitive, functional, and behavioral domains to stage 
dementia severity. Combining a brief informant assessment with a brief performance 
measure should markedly increase the ability to detect and stage dementia and other 
cognitive impairments in a variety of clinical, research, and community settings.

Keywords AD8 • QDRS • Dementia screening • Multicultural • Alzheimer’s dis-
ease • Mild Cognitive impairment

14.1  Introduction

Alzheimer’s Disease and Related Dementias (ADRD) affect millions of people 
worldwide and will continue to be a problem as the number of people over age 65 
continues to increase [1]. More than one in eight adults over age 65 has dementia, 
and current projections indicate a three-fold increase by 2050. In addition to ADRD, 
many older adults suffer from multiple co-morbid medical conditions and depres-
sion that can affect cognitive abilities, behavior, and daily functioning. Primary care 
offices are often responsible for detection and medical management of ADRD [2–
4]. However, several studies have shown that dementia is often under-recognized in 
primary care, and in those individuals with mild to moderate impairment diagnosis 
is made on average 50 % of the time. Screening for ADRD may increase case iden-
tification but the value of screening has been questioned, largely as a result of the 
lack of data demonstrating improvement in patient outcomes for individuals whose 
dementia is detected through screening [5, 6]. Early detection, facilitated by screen-
ing, may allow proactive, comprehensive management of the patient with dementia 
to begin at a milder level of impairment, enabling the patient, the family and the 
provider to develop a plan of action, initiate therapy, and participate in clinical trials 
(Table 14.1).

Currently, many brief screening measures utilized and described in this volume 
(e.g. the Mini Mental State Exam or MMSE; see Chap. 3) [7] rely on patient perfor-
mance, and when used in isolation may have limited ability to detect cognitive 
impairment in the community [8–10]. The challenge with brief instruments is 
whether very mild impairments can be discriminated from normal aging in a time- 
efficient manner. A number of brief performance-based dementia screening mea-
sures are already in use, but may be: (1) unable to detect or quantify change from 
previous levels of function; (2) insensitive to subtle changes in high functioning 
individuals (i.e. ceiling effects) who may score well within the normal range 
throughout the early stages of dementia; (3) unable to discern decline in individuals 
with poorer lifelong abilities; and (4) culturally insensitive, thereby underestimating 
the abilities of underrepresented minority groups.

Informant based instruments rely on an observant collateral source to assess 
whether there have been changes in cognition and if said changes interfere with 
function. A particular strength when compared to other cognitive screening tests is 
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informant assessments are relatively unaffected by education and premorbid ability 
or by proficiency in the culture’s dominant language. Because each person serves as 
their own control, there is little bias due to age, education, gender or race [3, 5, 10]. 
The disadvantages of informant assessments are the reliability of the informant and 
the quality of the relationship between the informant and the patient. Informant- 
based assessments are less likely to have floor or ceiling effects [10–13]. However, 
reliable informants may not always be available, may minimize symptoms, have 
cognitive impairment of their own, or may have secondary motivations. A solution 
to this disadvantage is to administer a performance based test in addition to the 
informant based assessment to improve screening accuracy and sensitivity [14]. The 
Alzheimer Association [15] and the National Guideline Clearinghouse [16] recom-
mends the combined use of an informant interview with a performance measure-
ment to detect dementia most efficiently.

A gold standard in informant assessment is the Clinical Dementia Rating (CDR). 
It is used to determine the presence or absence of dementia and, if present, to stage 
its severity [17]. The CDR evaluates cognitive function in each of six categories 
(memory, orientation, judgment and problem solving, performance in community 
affairs, home and hobbies, and personal care) without reference to psychomotor 
performance or results of previous evaluations. A CDR score of 0 indicates no 
dementia; CDR score of 0.5 indicates very mild dementia, 1 = mild dementia, 
2 = moderate dementia, 3 = severe dementia. The CDR is sensitive to clinical pro-
gression and is highly predictive (93 %) of autopsy-confirmed Alzheimer’s disease 
[18, 19]. The CDR is sensitive to early symptomatic Alzheimer’s disease and pro-
vides sufficient information to stage dementia severity and monitor dementia pro-
gression. The length of time to administer the test is its main limitation (45–60 min) 
and it is unlikely to be suitable for general clinical practice.

Relatively few brief informant tools have been validated in community and/or 
primary care settings. In particular a brief informant test that has been validated 
against a gold standard informant assessment, neuropsychological testing, and bio-
markers would be of particular value. One such test is the AD8 [10].

Table 14.1 Benefits of early detection of dementia

Start available symptomatic medications at earliest possible stage to reduce burden of 
symptoms
Identify patients who would best benefit from disease modifying medications as they become 
available
Patients can participate in clinical trials to test new therapies
Allows clinicians to anticipate problems the patients may have adhering to recommended 
therapy
Assisting the patient’s caregiver and family in planning for the future-advanced directives, 
durable power of attorney, long-term care plans
Permits input from patient at a stage where they are capable of contributing to their medical, 
financial, and social decision-making process
Early referral to community resources, social services, and support groups
Non-pharmacological interventions including those directed at caregivers to reduce stress, 
alleviate mood, delay nursing home placement and improve well-being
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14.2  The AD8

The AD8 is a brief screening interview comprised of eight Yes/No questions asked 
of an informant to rate change, and takes approximately 2–3 min for the informant 
to complete (Table 14.2). In the absence of an informant, the AD8 can be directly 
administered to the patient as a self-rating tool [10–13] with similar large effect 
sizes (Cohen d for informant = 1.66; for patient = 0.98). The AD8 reliably differenti-
ates between individuals with and without dementia by querying memory, orienta-
tion, judgment, and function [10].

Originally developed in a research sample [10] and validated in a clinic sample 
[11], the AD8 offers a number of properties that make it particularly useful as a 
simple, brief screening tool. The AD8 has a sensitivity of 84 %, and specificity of 
80 % with excellent ability to discriminate between non-demented older adults and 
those with mild dementia (92 %) regardless of the cause of impairment [11]. Use of 
the AD8 in conjunction with a brief assessment of the participant, such as a word 
list recall, could improve detection of dementia in the primary care setting to 97 % 
for dementia and 91 % for MCI [13].

The AD8 is highly correlated with the CDR and neuropsychological testing as 
well as amyloid PET imaging and cerebrospinal fluid biomarkers of AD [20]. 
Participants with positive AD8 scores (graded as a score of 2 or greater) exhibited 
AD biomarker phenotypes characterized by significantly lower levels of CSF Aβ42, 
higher levels of CSF tau and phosphorylated tau, smaller temporal lobe and hippo-
campal volumes on MRI and increased Aβ binding on PET scans (Table 14.3; 
Fig. 14.1). Strength of association was greater for the AD8 with biomarkers than for 

Table 14.2 The AD8

Remember, “Yes, a change” indicates that there has been 
a change in the last several years caused by cognitive 
(thinking and memory) problems

Yes, a 
change

No, no 
change

N/A, don’t 
know

1. Problems with judgment (e.g. problems making 
decisions, bad financial decisions, problems with 
thinking)
2. Less interest in hobbies/activities
3. Repeats the same things over and over (questions, 
stories, or statements)
4. Trouble learning how to use a tool, appliance, or 
gadget (e.g. microwave, remote control)
5. Forgets correct month or year
6. Trouble handling complicated financial affairs (e.g. 
balancing checkbook, income taxes, paying bills)
7. Trouble remembering appointments
8. Daily problems with thinking and/or memory
Total AD8 score

Copyright 2005. The AD8 is a copyrighted instrument of the Alzheimer’s Disease Research 
Center, Washington University, St Louis, Missouri. All rights reserved. Reprinted with permission
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Table 14.3 Relationship of AD8 to Alzheimer pathology biomarkers

Variable AD8 <2 AD8 ≥2 p-value

Demographics
Age, y 75.3 (7.2) 75.5 (7.5) ns
Education, y 15.3 (3.2) 14.8 (3.2) ns
ApoE, % at least 1 e4 allele 30.1 48.7 .003
Dementia ratings
CDR-SB, range 0–18 .06 (.19) 2.8 (2.5) <.001
AD8, range 0–8 0.3 (0.5) 5.0 (2.1) <.001
Biomarker studies
Amyloid PET, MCBP units .12 (.23) .45 (.42) <.001
CSF Aβ42, pg/ml 590.7 (266.2) 435.6 (209.6) <.001
CSF tau, pg/ml 303.6 (171.2) 500.5 (261.3) <.001
CSF p-tau181, pg/ml 52.2 (23.9) 76.7 (39.9) <.001
CSF tau/Aβ42 ratio .72 (.75) 1.4 (1.1) <.001
CSF p-tau181/Aβ42 ratio .12 (.11) .22 (.16) <.001

Adapted from Galvin et al. [19]
ApoE apolipoprotein E, CDR-SB clinical dementia rating sum of boxes, MCBP mean cortical bind-
ing potential, CSF cerebrospinal fluid
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Temporal .004 .003

Anterior Cingulate .930 .578
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Fig. 14.1 Relationship of AD8 to MRI volumes. Panel A: Comparison of temporal lobe volume 
between individuals with AD8 scores 0 or 1 (nondemented) and individuals with AD8 scores 2 or 
greater (demented). Temporal lobe volumes are significantly smaller in individuals who have posi-
tive AD8 scores (p = 0.009). Panel B: Correlation between AD8 and CDR scores with total gray 
and white matter volumes and 8 cortical regions. Higher AD8 scores and CDR stages are strongly 
correlated with smaller volumes in the temporal lobe, hippocampus, and parahippocampus
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brief performance tests such as the MMSE or Short Blessed Test. Perhaps even 
more interesting were the changes in biomarker profiles in false-positive individuals 
(rated as non-demented on gold standard evaluations but AD8 scores ≥2). In a post- 
hoc analysis of 156 individuals [3], 25 individuals rated as impaired on the AD8 had 
higher CDR sum of box scores, were more likely by the informant to rate problems 
in memory and problem solving, and tended to have higher amyloid binding on 
PET scans (Table 14.4). This would suggest that a proportion of false positive indi-
viduals on AD8 screening may in fact represent individuals with preclinical AD.

In a comparison of the AD8 to another commonly used informant measure, the 
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE; see Chap. 
13) [21–23], both were able to detect the presence of cognitive impairment in com-
munity settings and were highly correlated with brief assessments of cognitive abil-
ity (MMSE, Mini-Cog, Clock Drawing, and Animal naming) that are commonly 
used in community settings [23]. Both the AD8 and the IQCODE differentiated 
cognitively normal from individuals with dementia, however, the AD8 was better 
than the IQCODE in detecting MCI [24]. While the IQCODE covers two aspects of 
memory (acquisition of new information and retrieval of existing knowledge) and 

Table 14.4 Characteristics and biomarkers of non-demented individuals stratified by AD8 scores

Variable AD8 <2 AD8 ≥2 p-value

Clinical characteristics
Age, y 75.2 (7.1) 76.5 (8.4) 0.41
Education, y 15.4 (3.2) 15.9 (2.7) 0.47
ApoE status, % at least 1 e4 allele 25.8 34.4 0.08
Dementia ratings
CDR-SB 0.04 (0.13) 0.12 (0.22) 0.01
MMSE 28.6 (1.5) 29.2 (1.1) 0.07
AD8 questions endorsed “Yes”, %
Problems with judgment 12.9 72.0 <0.001
Reduced interest 0 4.0 0.02
Repeats 8.3 40.0 <0.001
Trouble with appliances 1.5 40.0 <0.001
Forgets month/year 0.8 0 0.66
Trouble with finances 0.8 16.0 0.002
Forgets appointment 2.3 28.0 <0.001
Daily problems with memory 20.0 66.7 0.008
Biomarkers
Amyloid PET, MCBP units 0.12 (0.23) 0.26 (0.39) 0.06
CSF Aβ42, pg/ml 596.7 (267.9) 591.9 (249.9) 0.95
CSF tau, pg/ml 300.3 (171.5) 316.7 (155.0) 0.76
CSF p-tau181, pg/ml 51.9 (24.0) 56.9 (22.6) 0.49

Adapted from Galvin [3]
ApoE apolipoprotein E, CDR-SB clinical dementia rating sum of boxes, MMSE mini mental state 
exam, MCBP mean cortical binding potential, CSF cerebrospinal fluid
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two aspects of intelligence (verbal and performance), the AD8 contains items that 
relate to memory, problem-solving abilities, orientation, and daily activities.

14.3  Studies of the AD8

14.3.1  In the Acute Care Setting

Both the AD8 and the IQCODE have been effectively used to detect prior dementia 
in hospitalized older patients with delirium [25]. Abnormalities on the AD8 on 
admission contributed to a two-fold risk for delirium during hospitalization [26] and 
when combined with a brief performance test maximized specificity and sensitivity. 
The AD8 has been used by hospital staff to increase detection of dementia in previ-
ously undiagnosed patients [27] and develop discharge planning.

14.3.2  Combining the AD8 with Performance-Based 
Instruments

In a study of primary healthcare centers in Singapore, the AD8 was combined with 
the National Institute of Neurological Disorders and Stroke-Canadian Stroke 
Network protocol to detect patients at-risk for cognitive impairment. This combined 
protocol had a sensitivity of 73 % and positive predictive value of 92 % [28] and was 
a reliable measure to detect cognitive dysfunction in primary healthcare settings 
[29]. In a pragmatic diagnostic test accuracy study, the AD8 showed excellent sen-
sitivity but poor specificity when used alone in a general clinic population. 
Combining the AD8 with a performance based test improved specificity while sac-
rificing some sensitivity [14].

14.3.3  As a Patient-Based Assessment of Subjective Cognitive 
Impairment and Insight

When asked of potential patients, studies of the AD8 reveal two phenomena. The 
patient with insight is able to effectively rate the presence of cognitive symptoms 
but may not be able to rate severity of symptoms [12]. This was independently con-
firmed in a study of Asian older adults [30]. Furthermore, for patients with clearly 
demonstrable cognitive deficits the AD8 may help discern anosognosia (the denial 
or lack of awareness of deficit) that can contribute to problems with medication 
adherence and caregiver burden [31].
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14.3.4  As a Predictor of Recovery of Function

The presence of physical frailty or cognitive impairment prior to injury may contrib-
ute significantly to the rehabilitation potential of an older adult. The AD8 can be 
used to help independently predict post injury functional status and mortality in 
geriatric trauma patients [32].

14.3.5  Use in Population Dementia Screening

The AD8 was used by the 10 Area Agency on Aging offices in Missouri to screen 
nearly 4000 older adults during routine home visits [33]. Prevalence of cognitive 
impairment was 28 % and this program was able to refer individuals for additional 
community services. In a walk-in screening program in Taiwan, 2171 individuals 
were screened over a 2-year period with the AD8 with a dementia prevalence of 
14 % [34]. In an epidemiologic study of African American older adults, the AD8 
had high sensitivity and specificity to discriminate older adults with and without 
cognitive impairment (area under curve 0.85, p < .001) [35].

14.3.6  Spanish

The AD8 was tested in a sample of 330 individuals with strong correlation to Global 
Deterioration Scores (r = 0.72, p < .001) [36] and when combined with a brief per-
formance test demonstrated excellent discrimination (area under curve 0.96, 
p < 0.05). Similar studies have reported strong psychometric properties of the 
AD8 in Chile [37, 38], and Ecuador [39, 40].

14.3.7  Portuguese

The AD8 was compared with Clinical Dementia Ratings, Activity of Daily Living 
scales, and MMSE in a multicultural sample of Brazilian older adults [41]. The 
AD8 showed excellent discrimination between normal cognitive and cognitively 
impaired older adults and across different CDR stages with high reliability and 
validity.

J.E. Galvin and M. Goodyear



305

14.3.8  Chinese

In a study of 239 older Chinese, the AD8 discriminated cognitively normal from 
demented individuals with a sensitivity of 98 % and a specificity of 78 % [42]. In a 
follow-up study, the AD8 had similar psychometric properties (reliability, validity) 
to studies in the US [43]. In a study of older adults undergoing routine examination, 
the AD8 detected cognitive impairment in 17 % of individuals and prevalence of 
dementia was highly correlated with age [44].

14.3.9  Korean

The AD8 was studied in a cohort of 155 patient-informant dyads in Korea [45]. The 
Korean AD8 had similar psychometric properties as previous US studies and dis-
criminated older adults with and without cognitive impairment.

14.3.10  Japanese

In a study of 572 older adults, the AD8 demonstrated discrimination between 
impaired and non-impaired individuals (area under curve 0.89, p < 0.001) [46]. In a 
comparison of patients from Taiwan and Japan, the AD8 was effective in detecting 
dementia but the predictive value of individual questions differed between countries 
with Japanese participants more likely to have problems with orientation, reduced 
interest in hobbies, and trouble using a new appliance [47].

14.4  Limitations of the AD8 and Other Informant 
Assessments

A significant limitation of the AD8 related to the quality of the informant and the 
context in which the patient is being evaluated. Because the AD8’s Yes/No format 
relies on a careful observation of change in any of the domains queried, evaluations 
in the acute care setting such as the Emergency Department [48, 49], where urgent 
medical problems may cloud estimates of when the cognitive symptoms began, can 
be challenging. If a reliable informant is available, the AD8 can be effective but this 
may not be the case in a majority of instances [50]. A similar situation may occur in 
the long-term care setting [50] where a paid caregiver may not have sufficient 
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exposure over a sufficient period of time to rate change, and the patient may be in a 
stable, although severe, stage of dementia.

14.5  Quick Dementia Rating Scale (QDRS)

As the AD8 was designed as a cross-sectional screening instrument, we developed 
and validated the Quick Dementia Rating System (QDRS) for longitudinal follow-
 up [51]. The QDRS is a ten-item questionnaire completed by an informant, without 
the need of a trained clinician or rater, and takes 3–5 min to complete. It validly and 
reliably differentiates individuals with and without dementia and provides the accu-
rate staging of individuals in a simple format for use in clinical practice, clinical 
research, and epidemiological projects.

The QDRS consists of ten domains: (1) memory and recall, (2) orientation, (3) 
decision-making and problem-solving abilities, (4) activities outside the home, (5) 
function at home and hobbies, (6) toileting and personal hygiene, (7) behavior and 
personality changes, (8) language and communication abilities, (9) mood, and 
(10) attention and concentration (Table 14.5). The QDRS total score is derived by 
summing up the ten domains. Scores range from 0 to 30 with higher scores repre-
senting greater cognitive impairment.

The QDRS was tested in 267 patient-caregiver dyads and compared with Clinical 
Dementia Ratings (CDR), neuropsychological testing, and gold standard measures 
of function, mood, and behavior. QDRS scores increased with higher CDR staging 
and poorer neuropsychological performance (p’s < 0.001). The QDRS demonstrated 
excellent known-groups validity (p’s < 0.001); construct validity against gold stan-
dard (p’s < 0.004); and reliability (Cronbach α: 0.86–0.93). Scores between 0 and 1 
provide the best sensitivity and specificity for cognitively normal individuals. 
Scores between 2 and 5 characterize MCI; scores between 6 and 12 characterize 
mild dementia; scores between 13 and 20 characterize moderate dementia and 
scores 20–30 define severe dementia. QDRS demonstrated differential scores across 
different dementia etiologies (Table 14.6).

The QDRS has the potential to provide a clearer, more accurate staging for those 
patients who are unable to receive an evaluation by a neurologist, geriatric psychia-
trist, or geriatrician skilled in dementia diagnoses and staging, and has potential to 
assist in case ascertainment and clinical trial eligibility.

14.6  Conclusion

Screening is one of the best ways to diagnose dementia early [2, 3]. Many dementia 
screening tests have been developed and validated worldwide and have been 
described in detail in this book. Dementia screening requires a consideration of the 
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Table 14.5 The quick dementia rating system (QDRS)

1. Memory and recall

0 No obvious memory loss or slight inconsistent forgetfulness that does not interfere with 
everyday function

0.5 Consistent mild forgetfulness or partial recollection of events that may interfere with 
performing everyday activities; repeats questions/statements, misplaces items, forgets 
appointments

1 Mild to moderate memory loss; more noticeable for recent events; interferes with 
performing everyday activities

2 Moderate to severe memory loss; only highly learned information remembered; new 
information rapidly forgotten

3 Severe memory loss, almost impossible to recall new information; long-term memory 
may be affected

2. Orientation

0 Fully oriented to person, place, and time nearly all the time

0.5 Slight difficulty keeping track of time; may forget day or date more frequently than in 
the past

1 Mild to moderate difficulty keeping track of time and sequence of events; forgets month 
or year; oriented to familiar places but gets confused outside of familiar areas; gets lost 
or wanders

2 Moderate to severe difficulty, usually disoriented to time and place (familiar and 
unfamiliar); frequently dwells in past

3 Only oriented to their name, although may recognize family members
3. Decision making and problem solving abilities

0 Solves everyday problems; handles personal business and financial affairs well; 
decision-making abilities consistent with past performance

0.5 Slight impairment or takes longer to solve problems; trouble with abstract concepts; 
decisions still sound

1 Moderate difficulty with handling problems and making decisions; defers many 
decisions to others; social judgment and behavior may be slightly impaired; loss of 
insight

2 Severely impaired in handling problems, making only simple personal decisions; social 
judgment and behavior often impaired; lacks insight

3 Unable to make decisions or solve problems; others make nearly all decisions for patient
4. Activities outside the home

0 Independent in function at usual level of performance in profession, shopping, 
community activities, religious services, volunteering or social groups

0.5 Slight impairment in these activities compared to previous performance; slight change in 
driving skills; still able to handle emergency situations

1 Unable to function independently but still may attend and be engaged; appears “normal” 
to others; notable changes in driving skills; concern about ability to handle emergency 
situations

2 No pretense of independent function outside the home; appears well enough to be taken 
to activities outside the family home but generally needs to be accompanied

3 No independent function or activities; appears too ill to be taken to activities outside the 
home

(continued)
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Table 14.5 (continued)

5. Function at home and hobby activities

0 Chores at home, hobbies and personal interests are well maintained compared to past 
performance

0.5 Slight impairment or less interest in these activities; trouble operating appliances 
(particularly new purchases)

1 Mild but definite impairment in home and hobby function; more difficult chores or tasks 
abandoned; more complicated hobbies and interests given up

2 Only simple chores preserved, very restricted interest in hobbies which are poorly 
maintained

3 No meaningful function in household chores or with prior hobbies
6. Toileting and personal hygiene

0 Fully capable of self-care (dressing, grooming, washing, bathing, toileting)

0.5 Slight changes in abilities and attention to these activities

1 Needs prompting to complete these activities but may still complete independently

2 Requires some assistance in dressing, hygiene, keeping of personal items; occasionally 
incontinent

3 Requires significant help with personal care and hygiene; frequent incontinence
7. Behavior and personality changes

0 Socially appropriate behavior in public and private; no changes in personality

0.5 Questionable or very mild changes in behavior, personality, emotional control, 
appropriateness of choices

1 Mild changes in behavior or personality

2 Moderate behavior or personality changes, affects interactions with others; may be 
avoided by friends or distant family

3 Severe behavior or personality changes; making interactions with others unpleasant or 
avoided all together

8. Language and communication abilities

0 No language difficulty or occasional word searching; reads and writes as well as in past

0.5 Consistent mild word finding difficulties, using descriptive terms or takes longer to get 
point across, mild problems with comprehension, decreased conversation; may affect 
reading and writing

1 Moderate word finding difficulty in speech, cannot name objects, marked reduction in 
word production; reduced comprehension, conversation, writing and/or reading

2 Moderate to severe impairments in speech production or comprehension; has difficulty 
communicating thoughts to others; limited ability to read or write

3 Severe deficits in language and communication; little to no understandable speech
9. Mood

0 No changes in mood, interest or motivation level

0.5 Occasional sadness, depression, anxiety, nervousness or loss of interest/motivation

1 Daily mild issues with sadness, depression, anxiety, nervousness or loss of interest/
motivation

2 Moderate issues with sadness, depression, anxiety, nervousness or loss of interest/
motivation

3 Severe issues with sadness, depression, anxiety, nervousness or loss of interest/
motivation

(continued)
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population-at-risk and the sensitivity and specificity of the instruments used [9, 10, 
15]. A large number of false positive individuals might expend limited health care 
dollars; a large number of individuals receiving false negatives would be denied 
treatment and miss opportunities to participate in clinical research. Thus, a staged 
dementia screening approach would make the most sense clinically and economi-
cally. Brief informant assessments such as the AD8 or QDRS, particularly when 
combined with a brief performance measurement, provide the greatest opportunity 
to capture early cognitive change and begin a plan of action.

Table 14.5 (continued)

10. Attention and concentration

0 Normal attention, concentration and interaction with his/her environment and 
surroundings

0.5 Mild problems with attention, concentration, and interaction with environment and 
surroundings, may appear drowsy during day

1 Moderate problems with attention and concentration, may have staring spells or spend 
time with eyes closed, increased daytime sleepiness

2 Significant portion of the day is spent sleeping, not paying attention to environment, 
when having a conversation may say things that are illogical or not consistent with topic

3 Limited to no ability to pay attention to external environment or surroundings

Copyright 2013 The Quick Dementia Rating Scale James E. Galvin and New York University 
Langone Medical Center
Reprinted with Permission

Table 14.6 Properties of QDRS by cognitive status and dementia etiology

Controls MCI AD LBD VaD FTD p-value

Age, y 70.1 (7.6) 76.2 
(8.9)

79.8 
(7.5)

78.4 
(7.7)

77.2 
(6.2)

72.7 
(8.2)

.001

Education, y 16.7 (2.4) 15.9 
(3.0)

15.2 
(2.9)

14.5 
(3.6)

14.8 
(3.4)

16.8 
(3.3)

.28

CDR 0.2 (0.3) 1.9 
(1.6)

1.0 
(0.6)

1.5 
(0.9)

1.7 
(0.9)

0.8 
(0.8)

<.001

CDR-sum of boxes 0.03 (0.1) 0.4 
(0.3)

5.7 
(3.3)

8.8 
(5.2)

9.3 
(6.3)

5.2 
(4.7)

<.001

MMSE 28.7 (1.6) 26.1 
(3.3)

19.6 
(5.5)

18.2 
(7.7)

19.7 
(6.0)

23.6 
(1.4)

.005

QDRS total 0.3 (0.5) 3.5 
(2.7)

7.2 
(5.1)

11.7 
(6.9)

11.6 
(7.8)

7.4 
(6.3)

<.001

QDRS cognitive 
subscale

0.2 (0.3) 1.5 
(0.9)

3.1 
(1.9)

4.5 
(2.6)

2.8 
(2.3)

2.7 
(2.4)

.005

QDRS behavioral 
subscale

0.2 (0.3) 2.0 
(2.0)

4.2 
(3.5)

7.5 
(4.9)

8.8 
(5.9)

5.4 
(4.8)

<.001

Adapted from Galvin [51]
MCI mild cognitive impairment, AD Alzheimer’s disease, LBD Lewy body dementia, VaD vascu-
lar dementia, FTD frontotemporal degeneration, CDR clinical dementia rating, MMSE mini mental 
state exam, QDRS quick dementia rating system
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Abstract Many cognitive screening instruments have been described in the litera-
ture over the past 40 years or so, and these tests find application around the world. 
However, this superabundance may be bewildering for the clinician approaching a 
patient with cognitive complaints. Appropriate test selection may depend on a vari-
ety of factors related to the particular clinical situation, including, but not limited to, 
the setting in which cognitive assessment is undertaken (e.g. primary or secondary 
care settings), the time available to perform testing, the requirement to test general 
or specific cognitive functions, and the availability of informants. Although many 
neurological and general medical disorders of varying etiology (neurodegenerative, 
vascular, inflammatory, endocrine, structural, infective, psychiatric) may cause cog-
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nitive impairment, most cognitive disorders in specialist settings result from a rela-
tively small number of conditions, such as Alzheimer’s disease, vascular dementia/
vascular cognitive impairment, Parkinson’s disease dementia and dementia with 
Lewy bodies (DLB), and frontotemporal lobar degeneration syndromes. Clinical 
suspicion of these entities based on clinical (including informant) history and physi-
cal examination may determine which cognitive screening instruments are most 
appropriately used, as in the investigation of other neurological disorders.

Keywords Cognitive screening instruments • Test characteristics • Alzheimer’s 
disease • Vascular cognitive impairment • Parkinson’s disease dementia • 
Frontotemporal lobar degenerations

15.1  Introduction

This volume has examined in detail a selection of cognitive screening instruments 
suitable for use by clinicians in day-to-day practice in both primary and secondary 
care settings, as well as considering the rationale, desiderata and assessment of such 
instruments. Perforce, this has been only a small selection of the many such instru-
ments which have been described in the literature (see Table 15.1 for examples [1–
71] of other tests not described in detail in this volume: this listing does not purport 
to be exhaustive, e.g. telephone [72, 73] (Sect. 4.2.7) and computerized test batteries 
[74] have not been included, nor tests designed to detect cognitive decline in indi-
viduals with learning disability, nor many tests initially developed in a language 
other than English). Summaries of the use and utility of some of these tests have 
appeared [75–77]. New cognitive screening instruments continue to be described. 
How should the clinician approach such a potentially bewildering array of tests?

The clinical approach to the use of cognitive screening instruments will most 
likely be influenced by two factors: the characteristics of the instrument, and the 
suspected clinical diagnosis.

15.2  Test Characteristics

Cognitive screening instruments (CSIs) may be categorized in a number of ways, 
which might influence clinical preferences as to usage.

15.2.1  Primary Versus Secondary Care Settings

Some CSIs are more suitable for and/or are specifically designed for use in primary 
care settings rather than secondary care settings, with time for administration being 
one of the key factors determining such suitability [78–81]. Examples include the 
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Table 15.1 Onomaticon of cognitive screening instruments (in alphabetical order, omitting those 
tests described in detail in individual chapters of this book)

Test (abbreviation) Reference(s)

Abbreviated Mental Test Score (AMTS) Hodkinson (1972) [1]
AB Cognitive Screen 135 (ABCS135) Molloy et al. (2005) [2], Standish 

et al. (2007) [3]
Animal fluency test Sebaldt et al. (2009) [4]
Brief Alzheimer’s Screen (BAS) Mendiondo et al. (2003) [5]
Brief Cognitive Assessment Tool (BCAT) and short form 
(BCAT-SF)

Mansbach et al. (2012) [6], 
Mansbach and MacDougall 
(2012) [7]

Brief Cognitive Rating Scale (BCRS) Reisberg and Ferris (1988) [8]
Brief Interview for Mental Status (BIMS) Saliba et al. (2012) [9]
Brief Memory and Executive Test (BMET) Brookes et al. (2012) [10]
Cambridge Cognitive Examination (CAMCOG) Huppert et al. (1995) [11]
Clifton Assessment Procedures for the Elderly (CAPE) Pattie and Gilleard (1975) [12]
Cognistat (Neurobehavioral Cognitive Status Examination) Kiernan et al. (1987) [13]
Cognitive Abilities Screening Instrument (CASI) Teng et al. (1994) [14]
Cognitive Assessment Screening Test (CAST) Swearer et al. (2002) [15]
Cognitive Capacity Screening Examination (CCSE) Jacobs et al. (1977) [16]
Cognitive Disorders Examination (Codex) Belmin et al. (2007) [17], Larner 

(2013) [18]
Cognitive Failures Questionnaire (CFQ) Broadbent et al. (1982) [19]
Cognitive Performance Scale (CPS) Morris et al. (1994) [20]
Cognitive Screening Battery for Dementia in the Elderly Jacqmin-Gadda et al. (2000) [21]
Community Screening Interview for Dementia (CSI 'D') Hall et al. (2000) [22]
Continuous Recognition Test Ashford et al. (2011) [23]
Dementia Questionnaire (DQ) Kawas et al. (1994) [24]
Deterioration Cognitive Observee (DECO) Ritchie and Fuhrer (1994) [25]
Double Memory Test Buschke et al. (1997) [26]
Eurotest Carnero-Pardo et al. (2006) [27]
Fototest Carnero-Pardo et al. (2011) [28]
Free and Cued Selective Reminding Test/Five Words Test Dubois et al. (2002) [29]
Fuld Object Memory Evaluation Fuld et al. (1990) [30]
Galveston Orientation and Amnesia Test (GOAT) Levin et al. (1979) [31]
Hasegawa Dementia Scale-Revised (HDS-R) Imai and Hasegawa (1994) [32], 

Kim et al. (2005) [33]
Hopkins Verbal Learning Test (HVLT) Brandt (1991) [34], Frank and 

Byrne (2000) [35]
Imon Cognitive Impairment Screening Test (ICIS) Imon (2014) [36]
Isaacs' Set Test of Verbal Fluency Isaacs and Akhtar (1972) [37]
Kingston Standardized Cognitive Assessment Hopkins et al. (2004) [38]
Memory Alteration Test (M@T) Rami et al. (2007) [39]
Memory and Executive Screening (MES) Guo et al. (2012) [40]
Memory Impairment Screen (MIS) Buschke et al. (1999) [41]

(continued)
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Table 15.1 (continued)

Test (abbreviation) Reference(s)

Memory Orientation Screening Test (MOST™) Clionsky and Clionsky (2010) 
[42]

Mental Alternation Test (MAT) Jones et al. (1993) [43], Salib 
and McCarthy (2002) [44]

Mental Status Questionnaire (MSQ) Kahn et al. (1960) [45]
Middlesex Elderly Assessment of Mental State (MEAMS) Golding (1989) [46]
Mini-Cog Borson et al. (2000, 2003) [47, 

48]
Mini-Severe Impairment Battery (Mini-SIB) Qazi et al. (2005) [49]
Philadelphia Brief Assessment of Cognition Libon et al. (2007) [50]
Poppelreuter (overlapping) figure Sells and Larner (2011) [51]
Queen Square Screening Test for Cognitive Deficits Warrington (1989) [52]
Quick Test for Cognitive Speed (AQT) Andersson et al. (2007) [53]
Rapid Dementia Screening Test (RDST) Kalbe et al. (2003) [54]
Rowland Universal Dementia Assessment Scale (RUDAS) Storey et al. (2004) [55]
Saint Louis University Mental Status (SLUMS) examination Tariq et al. (2006) [56]
7-min screen Solomon et al. (1998) [57]
Severe Impairment Battery (SIB) Saxton and Swihart (1989) [58]
Short and Sweet Screening Instrument (SAS-SI) Belle et al. (2000) [59]
Short Cognitive Battery (B2C), Short Cognitive Evaluation 
Battery (SCEB)

Robert et al. (2003) [60]

Short Memory Questionnaire (SMQ) Koss et al. (1993) [61]
Short Portable Mental Status Questionnaire (SPMSQ) Pfeiffer (1975) [62]
Short Test of Mental Status Kokmen et al. (1991) [63]
Structured Interview for the diagnosis of Dementia of the 
Alzheimer type, Multi-infarct dementia and dementias of 
other etiology (SIDAM)

Zaudig et al. (1991) [64]

Sweet 16 Fong et al. (2011) [65]
Takeda Three Colors Combination Test Takeda et al. (2010) [66]
TE4D-Cog Mahoney et al. (2005) [67]
Time and Change Test (T&C) Froehlich et al. (1998) [68], 

Inouye et al. (1998) [69]
Tree Drawing Test (TDT; Koch’s Baum Test) Stanzani Maserati et al. (2015) 

[70]
Visual Association Test Lindeboom et al. (2002) [71]

Clock Drawing Test (see Chap. 5), GPCOG (see Chap. 10), 6CIT (see Chap. 11), 
short IQCODE (see Chap. 13), the Memory Impairment Screen (MIS) [41], Mini- 
Cog [47, 48], the Mental Alternation Test (MAT) [43, 44], Time and Change Test 
(T&C) [68, 69], and the cognitive disorders examination decision tree (Codex) [17, 
18]. Generally these tests require little specialized test equipment beyond a pencil 
and paper and do not require significant training to administer.

Surveys of use of CSIs in primary care have found rather divergent results, perhaps 
dependent on study methodology. A much-cited postal survey suggested widespread 
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use (ca. 80 %; [82]), whereas actual analysis of referral letters directed to cognitive 
clinics in secondary care presents a somewhat different picture [83]. Sequential stud-
ies in one clinic over a period of more than a decade (2004–2015) have suggested a 
gradual increase from around 20 % to around 40 % [84–89]. In the initial surveys, the 
Mini-Mental State Examination (MMSE) [90] was the test most commonly reported 
to be used in primary care, but this has gradually changed to 6CIT [91], perhaps in 
part due to enforcement of copyright restrictions on the use of the MMSE and perhaps 
because 6CIT is specifically recommended for use in primary care.

15.2.2  Test Duration

The CSIs described in detail in this volume can be administered in between <1 and 
about 20 min (Table 15.2). Test duration will determine the suitability or otherwise 
of certain tests for certain situations, for example ACE and its iterations ACE-R and 
ACE-III (see Chap. 6) will be too long for use in primary care settings, and this criti-
cism has also been made of MMSE for primary care use, hence favoring instru-
ments such as 6CIT and GPCOG.

Trade-off between speed and accuracy is recognized in many spheres. Examining 
various cognitive screening instruments and using surrogate markers of time (total 
test score; total number of questions), correlations were found between these and 
measures of test accuracy (correct classification accuracy; area under the receiver 
operating characteristic curve), suggesting that longer tests may improve diagnostic 
accuracy [92, 93].

If test duration is an issue affecting applicability, then ultra-short screening tests 
or “microscreening” tests, comprising just a single, or two or three, questions, may 
be desirable.

For example, a Chinese study reported sensitivity of 0.96 and specificity 0.45 for 
the diagnosis of dementia by asking a single question concerning progressive for-
getfulness [94]. A single question is advocated in the United Kingdom Dementia 

Table 15.2 Approximate times to complete various general cognitive screening instruments 
described in this volume

Clock Drawing Test: <1 min
6CIT: 2–3 min
Qmci: 3–5 min
GPCOG: 5 min
MMSE, MACE: 5–10 min
TYM: 5–10 min (self-administered under medical 

supervision)
DemTect: 8–10 min
MoCA: 10–15 min
ACE/ACE-R/ACE-III: 15–20 min
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Commissioning for Quality and Innovation (CQUIN) policy document of 2012 [95] 
but there is no evidence base to justify this particular question, and reasons, both 
theoretical [96] and empirical [97], to believe that it would identify many false posi-
tives. A systematic review of single screening questions for cognitive impairment in 
the elderly found only a very limited evidence base [98], so this is an area in which 
more work is required. Questions related to ability to manage personal finances and 
medications, use a telephone and public or private transport [99], or learning to use 
new gadgets [100] have been shown in epidemiological studies to be particularly 
useful for dementia diagnosis, combinations sometimes having comparable or bet-
ter diagnostic utility than MMSE [100] but such simple questions have yet to be 
submitted to diagnostic test accuracy studies [101].

Single clinical observations may also be useful as screening tests. Verbal repeti-
tion, i.e. repeating the same question or information after only a few minutes, was 
observed in 100/130 (=77 %) mild-to-moderate AD patients [102]. Observation of 
the head turning sign (patient looks at the care-giver when asked a question) may 
also have screening value, although the exact operationalization of the sign has dif-
fered between reported studies [103, 104]. Attending a cognitive clinic alone despite 
provision of written instructions to bring a relative or friend to give collateral his-
tory (the “attended alone” sign) is a robust indicator of (i.e. is very sensitive for) the 
absence of dementia [105]. The same is probably also true of the presentation of a 
written list of symptoms (la maladie du petit papier) [106].

Some cognitive instruments may, by contrast, be too long for routine application 
in day-to-day clinical practice even in secondary care settings, and indeed for that 
reason may not be regarded as CSIs. For example, the Alzheimer’s Disease 
Assessment Scale-Cognitive Section (ADAS-Cog) [107] has been widely used as a 
reference measure, for example as an outcome measure of drug efficacy in AD clini-
cal trials practice, and takes significantly longer to perform than the MMSE (around 
30–45 min). A “calculator” to convert MMSE scores to equivalent ADAS-Cog 
scores is available, reflecting the strong correlation between ADAS-Cog and MMSE 
scores [108]. The cognitive battery proposed by the Consortium to Establish a 
Registry for Alzheimer’s Disease (CERAD) investigators is also time consuming, 
incorporating the MMSE and other subtests of memory, naming, and verbal fluency 
[109]. Likewise the Dementia Rating Scale (DRS) and its successor (DRS-2) [110] 
which comprise a number of subtests (attention, initiation, construction, conceptu-
alization, memory) to give a global measure of dementia (score 0–144), takes about 
30 min to perform.

In this context it is also necessary to mention the Clinical Dementia Rating 
(CDR) [111, 112] and the Global Deterioration Scale (GDS) [113]. These are global 
staging measures based on both cognitive and functional capacities, which have 
gained prominence through their use in the definition of mild cognitive impairment 
(CDR 0.5 and GDS 3 correlate, but are not necessarily synonymous, with MCI). 
CDR has been reported to be useful in screening for dementia [114].
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15.2.3  General Versus Specific Cognitive Functions

Cognitive screening instruments may be classified according to whether they test 
general or specific cognitive functions [77, 115, 116]. One of the desiderata for CSIs 
as formulated by the American Neuropsychiatric Association was sampling of all 
the major cognitive domains, including memory, attention/concentration, executive 
function, visual-spatial skills, language, and orientation ([117]; see Chap. 1, at Sect. 
1.3). Many CSIs attempt this broad, multidomain, sampling to a greater or lesser 
extent (e.g. MMSE, ACE/ACE-R/ACE-III, MoCA; see Chaps. 3, 6, and 7 respec-
tively). Generally, the more comprehensive the neuropsychological coverage, the 
longer the test takes to administer, although the Clock Drawing Test (see Chap. 5) 
may be an exception.

On the other hand, instruments which test a specific cognitive function may have 
a place in screening [116]. For example, since episodic memory impairment is typi-
cally the earliest deficit manifest in AD patients, tests for anterograde (“hippocam-
pal”) amnesia may be particularly pertinent, such as the Memory Impairment Screen 
(MIS) [41], the Free and Cued Selective Reminding Test or Five Words Test [29], 
and the Visual Association Test [71]. Similarly, tests of visuoperceptual function 
such as the Poppelreuter (overlapping) figure may identify deficits in this cognitive 
domain which may occur early, for example in posterior cortical atrophy or the 
visual variant of AD [51]. Scales specifically measuring attention, executive func-
tions, and language are also available [77], some of which may be of particular 
value in specific clinical situations, e.g. assessing executive and/or language func-
tion in suspected frontotemporal lobar degeneration syndromes (see below, at 
Sect. 15.3.4).

15.2.4  Patient Versus Informant Scales

Cognitive screening instruments are most often administered to patients (Part II), 
most usually by the clinician, but are sometimes undertaken by the patient them-
selves, usually with medical supervision (e.g. TYM; see Chap. 9). Clinician admin-
istration of a cognitive screening instrument permits a qualitative patient-clinician 
interaction during testing which may inform clinical judgments over and above the 
raw test scores which emerge. The clinician’s gentle, persuasive technique of test 
administration may also ensure that liability to drop out is less likely than with 
patient self-administered tests.

Because of the importance of collateral history in the assessment of possible 
cognitive disorders, such that diagnostic guidelines for dementia have emphasized 
the importance of informant interview [118, 119], scales to be completed by a 
knowledgeable informant may also have a place in assessment (Part III). Examples 
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include the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE; 
see Chap. 13), the Neuropsychiatric Inventory (NPI) [120], the Short Memory 
Questionnaire (SMQ) [61], and the Dementia Questionnaire (DQ) [24]. Some scales 
may be suitable for both patient- and informant-administration purposes (e.g. AD8; 
see Chap. 14). An informant component is also incorporated in the GPCOG (Chap. 
10). Informant scales which help in the differential diagnosis of dementia subtype 
have also been reported: the Cambridge Behavioural Inventory (CBI) may assist in 
differentiating AD and frontotemporal lobar degenerations [121–123] (see below, at 
Sect. 15.3.4), and the Fluctuations Composite Scale may assist in diagnosis of DLB 
[124, 125] (see below, at Sect. 15.3.3).

15.2.5  Quantitative Versus Qualitative Scales

Most CSIs produce a global score to be compared against cut-offs said to define 
normal/abnormal test performance (see Chap. 2, at Sect. 2.3.1). Test subscores may 
identify particular areas of weak cognitive performance. However, too much reli-
ance should not be placed on such overall numerical values since there are many 
factors other than cognitive decline which may influence test performance, includ-
ing patient age, educational status, culture, language, presence of primary psychiat-
ric disorder (anxiety, depression), and presence of primary sensory deficits (see 
Chap. 1, at Sect. 1.3). As previously mentioned (above, at Sect. 15.2.4), qualitative 
aspects of performance on administration of CSIs may also inform clinical diagno-
sis. Moreover, test cut-offs defined in index studies, which may utilize highly 
selected patient cohorts and normal control groups, may not be applicable in day-
to- day clinical practice [126] wherein all patients have at least subjective memory 
complaint, itself not necessarily a benign condition [127]. Revision of test cut-offs 
to scores more appropriate for the casemix seen in a particular clinic has been 
reported for several cognitive screening instruments including ACE-R (see Chap. 
6), MoCA (see Chap. 7; [128]), and TYM (see Chap. 9; [129]).

Some tests are qualitative, such as the Queen Square Screening Test for Cognitive 
Deficits [52]. Although the Cambridge Behavioural Inventory can be scored [122], 
the authors of the test suggested that the overall benefit of the instrument was in 
providing a structured behavioral symptom profile rather than a summated behav-
ioral score [130].

15.3  Suspected Diagnosis

What strategies should the clinician adopt when faced with a patient with a complaint 
of cognitive impairment, such as poor memory? As in all clinical situations, taking a 
history, including a collateral history, is the key initial element of assessment [118, 
119], since a focused history may permit the development of diagnostic hypotheses 
which may then direct appropriate testing, just as in all neurological situations [131]. 
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For example, memory complaints are common and not necessarily pathological 
[132], memory lapses or slips being observed in many healthy individuals [133]. A 
clinical suspicion of depression and/or anxiety underlying cognitive complaints may 
direct specific assessment of affective state. Presence of the “attended alone” sign 
[105] may reduce clinical suspicion of a cognitive disorder, whereas presence of the 
head turning test [103, 104] or the applause sign [134] may increase it.

Cognitive impairment may occur in many neurological diseases [135]. Some 
cognitive screening instruments have been developed for use in specific conditions 
in which cognitive impairment is common, for example multiple sclerosis (e.g. 
[136–140]) (Table 15.3) and HIV disease (the HIV Dementia Scale [141] and the 
International HIV Dementia Scale [142], comparisons of which have come to 
slightly different conclusions as to which functions better [143, 144]). Some tests 
designed for use in specific neurological conditions have had their role subsequently 
extended to more general settings, e.g. the Mental Alternation Test originally 
designed for HIV-related neurocognitive syndromes [43, 44], and the Mini-Mental 
Parkinson originally designed for Parkinson’s disease [145, 146].

However, the focus here will be on the disorders most commonly encountered in 
cognitive disorders clinics, i.e. AD and mild cognitive impairment (MCI), vascular 
dementia/vascular cognitive impairment, Parkinson’s disease dementia (PDD) and 
dementia with Lewy bodies (DLB), and frontotemporal lobar degeneration syndromes 
[126]. The intention is neither to be prescriptive nor proscriptive but to outline instru-
ments which might be suitable when these specific diagnoses are being considered.

Some instruments are reported to assist with differential diagnosis of these dis-
orders. For example, the Dementia Rating Scale of Mattis (DRS) was designed to 
assist in the differential diagnosis of dementia syndromes (e.g. [147–149]) and is 
reported to be able to distinguish subcortical dementing disorders from AD [150].

15.3.1  Tests for Suspected AD and MCI

AD is the most common dementing disorder with over 20 million cases estimated 
worldwide. As episodic memory impairment is the most frequent early symptom of 
AD, specific tests for this construct may be most appropriate when there is clinical 

Table 15.3 Cognitive screening instruments designed for use in multiple sclerosis (in alphabetical 
order)

Test Reference(s)

Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS)

Langdon et al. (2012) 
[136]

Brief Repeatable Battery of Neuropsychological Tests (BRB-N) Rao (1990) [137]
Minimal Assessment of Cognitive Function in Multiple Sclerosis 
(MACFIMS)

Benedict et al. (2002) 
[138]

Multiple Sclerosis Inventory of Cognition (MUSIC) Calabrese (2006) [139]
Multiple Sclerosis Neuropsychology Questionnaire (MSNQ) Benedict et al. (2003) 

[140]
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suspicion of this diagnosis. Such tests of episodic memory include the Memory 
Impairment Screen (MIS) [41] and the Free and Cued Selective Reminding Test or 
Five Words Test [29, 151].

Of the general cognitive function tests, MMSE (Chap. 3) is thought to be rather 
insensitive for AD, particularly in its mild stages, but combination of MMSE with 
the Clock Drawing Test (“Mini-clock”) has been reported to be highly sensitive and 
specific in detection of mild AD [152]. Some of the MMSE variants (Chap. 4) are 
reported to be sensitive and specific for AD diagnosis, such as Modified  Mini- Mental 
State Examination-Revised (3MS-R) and the Six-Item Screener (SIS). The 
Addenbrooke’s Cognitive Examination (ACE) and its successors, ACE-R and ACE- 
III, are sensitive for AD diagnosis; the VLOM subscore of these tests has good 
sensitivity and specificity for the diagnosis of AD (Chap. 6). The Montreal Cognitive 
Assessment (Chap. 7) is sensitive for mild AD, and the Test Your Memory (TYM) 
test (see Chap. 9) is reported to be better at identifying AD cases than the MMSE 
[153]. Of the commonly use informant scales, IQCODE (Chap. 13) has also been 
reported to show excellent screening properties for AD [154].

Other tests reported to be effective in screening for AD include the Scenery 
Picture Memory Test [155], the screening test for Alzheimer’s disease with prov-
erbs [156], the Philadelphia Brief Assessment of Cognition [50], the Memory 
Alteration Test [39], the three-objects-three-places test [157], the traveling sales-
man problem (a visual problem solving task; [158]), the Short Cognitive Evaluation 
Battery [60], the Visual Association Test [71], and the 7-min neurocognitive screen-
ing battery [57].

The evolution of AD is characterized by asymptomatic, predementia and demen-
tia phases, evolving over many decades, the former with or without symptoms 
[159], and for which criteria have been developed [160]. In the later, symptomatic, 
stage of the predementia phase a syndrome of prodromal AD or mild cognitive 
impairment (MCI) may be defined [161].

Identification of MCI is, at least theoretically, a high clinical priority since early 
interventions might possibly arrest or slow disease progress sufficient to prevent the 
development of dementia. Although probably a heterogeneous disorder at the clini-
cal level, nevertheless tests highly sensitive for detection of MCI are desirable.

A systematic review identified a number of cognitive screening instruments 
capable of identifying MCI [162]. For example, MoCA (see Chap. 6) was reported 
to be very sensitive for diagnosis of MCI, moreso than the MMSE [163]. Both 
MoCA and ACE-R are highly sensitive for the diagnosis of MCI [164], and MoCA 
and Mini-ACE are comparable in terms of effect size (Cohen’s d) [165]. The Quick 
Mild Cognitive Impairment (Qmci) screen [166], derived from the ABCS135 [2, 
3], also has significant promise for MCI identification (see Chap. 12). A systematic 
review concluded that the Clock Drawing Test was not suitable for MCI screening 
[167] (see Chap. 5, at Sect. 5.6.2, for fuller discussion). Combination of the MMSE 
and the Clock Drawing Test (“Mini-clock”) is reasonably accurate in separating 
MCI cases from healthy controls [152]. Of the informant scales, IQCODE has also 
been reported to show excellent screening properties for MCI [154].

A.J. Larner



325

15.3.2  Tests for Suspected Vascular Dementia and Vascular 
Cognitive Impairment

“Vascular dementia” (VaD) is not a unitary construct, encompassing such entities as 
vascular cognitive impairment (VCI) short of dementia, poststroke dementia, multi- 
infarct dementia, subcortical ischemic vascular dementia (SIVD), and selective 
infarct dementia [168]. Such heterogeneity at clinical, etiological, and neuropatho-
logical levels poses significant problems in devising cognitive screening instru-
ments specific for “vascular dementia”, the moreso when the frequent overlap with 
neurodegenerative processes such as AD is taken into account [169]. Furthermore, 
it is recognized that some cognitive screening instruments may be “Alzheimerized”, 
i.e. suitable for picking up the characteristic deficits in AD (viz. episodic memory) 
but not necessarily those in VaD/VCI. Although there is overlap in the profile of 
neuropsychological deficits, vascular cognitive syndromes may show greater 
impairments in attention, working memory, and executive function than encoun-
tered in AD patients [170].

To detect cognitive impairment related to cerebrovascular disease, derivations 
from existing tests may be used, or adaptations of existing tests, such as the 
CAMCOG (R-CAMCOG) [171] or ADAS-Cog (VADAS-Cog) [172]. Although 
the MMSE apparently remains the most widely used instrument to screen for VaD/
VCI, a systematic review found it to have insufficient criterion validity, and favored 
other instruments such as MoCA (e.g. [173, 174]) (see Chap. 7, at Sect. 7.7), 
Cognistat [13], and the Functional Independence Measure-cognition as having 
good predictive values [175], although the latter compared unfavorably to 
R-CAMCOG in one study [176]. Screening for vascular cognitive impairment 
using the Diagnostic Checklist for Vascular Dementia but using the MMSE rather 
than the detailed neuropsychological part of the checklist has been reported [177] 
and a subscore of the MMSE has also been reported to identify VaD [178] (see 
Chap. 4, at Sect. 4.3.1).

The Hachinski Ischemic Score is a brief clinically based scale (Table 15.4) used 
to differentiate AD and multi-infarct dementia [179], in which context it performs 
well, although there are problems with the diagnosis of mixed dementia [180]. The 
scale score has been used in many AD drug trials as an exclusion criterion for pos-
sible cases of vascular dementia.

The Brief Memory and Executive Test (BMET) was specifically designed as a 
quick bedside screening test for VCI due to cerebral small vessel disease and is 
reported to have high sensitivity and specificity for differentiating such patients 
from those with AD, in which it outperformed the MMSE [10].

It must be remembered that motor impairments following stroke may affect 
performance on cognitive screening instruments. How these omissions are han-
dled may have implications for how tests are rated, and this requires to be made 
explicit [181].
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15.3.3  Tests for Suspected Parkinson’s Disease Dementia 
(PDD) and Dementia with Lewy Bodies (DLB)

Compared to AD, visual and executive cognitive functions are recognized to be 
more frequently impaired in cognitive syndromes (dementia, MCI: PDD, PD-MCI) 
associated with Parkinson’s disease (PD) and in dementia with Lewy bodies (DLB), 
with relative preservation of orientation in time and place (e.g. [182, 183]). A num-
ber of tests which seek to exploit these differences and thereby facilitate diagnosis 
of cognitive impairment in PD and DLB have been developed (Table 15.5), in addi-
tion to the more standard screening instruments.

The Mini-Mental Parkinson (MMP) [145], a derivative of the MMSE, has 
already been discussed (see Chap. 4, at Sect. 4.2.8). The Parkinson neuropsychi-
atric dementia assessment (PANDA) instrument comprises five cognitive tasks 
and a depression questionnaire and was reported to have sensitivity of 0.90 and 
specificity of 0.91 for PDD [184]. The Parkinson’s Disease – Cognitive Rating 
Scale (PD-CRS) was designed to cover the full spectrum of cognitive deficits 
found in PD, and was found to diagnose PDD accurately [185] A shorter version, 
the PDD-Short Screen (PDD-SS) [186], takes about 5–7 min to administer. The 
Scales for Outcomes in Parkinson’s Disease – Cognition (SCOPA-COG) instru-
ment consists of ten items based on the most common cognitive deficits in PD 
(maximum score 43) and which proved sensitive and specific [187]. SCOPA-COG 
may be more discriminative than MMP [188]. To these disease specific scales 
may be added the Fluctuations Composite Scale (FCS), derived from the Mayo 
Fluctuations Questionnaire of Ferman et al. [124], which has been reported in a 
pragmatic study to identify synucleinopathies (PDD, PD-MCI, DLB) when these 
conditions have entered the initial differential diagnosis of cognitively impaired 
patients [125].

Table 15.4 Hachinski ischemic score

Clinical feature Score

Abrupt onset
Stepwise deterioration
Fluctuating course
Nocturnal confusion
Relative preservation of personality
Depression
Somatic complaints
Emotional incontinence
History of hypertension
History of strokes
Evidence of associated atherosclerosis
Focal neurological symptoms
Focal neurological signs

2
1
2
1
1
1
1
1
1
2
1
2
2

After Hachinski et al. [179]
Score ≤4 indicates AD; ≥7 indicates multi-infarct dementia
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Usage of the commonly used cognitive screening scales to detect cognitive defi-
cits in PD and DLB has been reported. A subscore of the MMSE defined by Ala 
et al. [189] was reported to facilitate detection of DLB versus AD (see Chap. 4, at 
Sect. 4.3.2). Similar weighted subscores can be derived from the ACE [190] and 
MoCA [191]. ACE-R has been reported a valid tool for dementia evaluation in PD 
[192], and useful as one component of a three-step procedure to identify dementia 
in PD, as have MoCA and the Frontal Assessment Battery [193]. A number of other 
studies (e.g. [194–196]) have shown utility of MoCA in detecting cognitive impair-
ment in PD (see Chap. 7, at Sect. 7.8).

ACE may be used to detect cognitive impairment in the “atypical” parkinsonian 
syndromes such as progressive supranuclear palsy, corticobasal degeneration, and 
multiple system atrophy [150, 197].

15.3.4  Tests for Suspected Frontotemporal Lobar 
Degeneration

The heterogeneous group of frontotemporal lobar degenerations (FTLD) may pres-
ent with either behavioral or linguistic impairments [198]. Delayed diagnosis of 
these conditions, particularly behavioral variant frontotemporal dementia (bvFTD), 
is a frequent observation, despite informant report of behavioral change, with the 
syndrome often being labeled psychiatric and treated as such [199]. Hence, instru-
ments sensitive to frontal lobe dysfunction which might facilitate diagnosis of 
bvFTD have been described (Table 15.6).

The informant Cambridge Behavioural Inventory has already been mentioned as 
helpful in qualitatively differentiating between AD and bvFTD [121–123]. The 
Frontal Assessment Battery (FAB) [200] has been reported to assist in the differen-
tial diagnosis of bvFTD from AD in selected patient cohorts, including the early 
stages of disease [200], although other groups have not corroborated these findings 
(e.g. [201]). A pragmatic study found FAB was useful to identify bvFTD when this 
condition entered the initial differential diagnosis of cognitively impaired patients 
[202]. The Frontal Behavioral Inventory (FBI) is a 24-item diagnostic instrument 

Table 15.5 Cognitive screening instruments designed for use in Parkinson’s disease (in 
alphabetical order)

Test Reference(s)

Mini-Mental Parkinson (MMP) Mahieux et al. (1995) [145]
Parkinson Neuropsychometric Dementia Assessment 
(PANDA)

Kalbe et al. (2008) [184]

Parkinson’s Disease – Cognitive Rating Scale (PD-CRS) Pagonabarraga et al. (2008) [185]
Parkinson’s Disease Dementia-Short Screen (PDD-SS) Pagonabarraga et al. (2010) [186]
Scales for Outcomes in Parkinson’s Disease – Cognition 
(SCOPA-COG)

Marinus et al. (2003) [187]
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which differentiates FTD from other dementias [203–205]. The Institute of 
Cognitive Neurology Frontal Screening (IFS) is reported to be more sensitive and 
specific than FAB in differentiating bvFTD from AD [206]. The Middelheim 
Frontality Score measures frontal lobe features and discriminates reliably between 
FTD and AD [207]. Of these tests, only the FAB appears to have achieved wide-
spread usage. The FRONTIER Executive Screen is a recently described battery to 
differentiate FTD and AD [208, 209].

Risky decision-making may be seen in bvFTD in early disease, sometimes with-
out evidence of behavioral disinhibition or impulsiveness [210]. Risk-taking and 
decision-making, which may be characterized as executive function tasks, may be 
amenable to testing with instruments such as the Iowa Gambling Task [211] and the 
Cambridge Gamble Task [212].

Of the general cognitive function tests, subscores of the ACE or ACE-R (the 
VLOM ratio) have good specificity for the diagnosis of FTLD but rather poor sen-
sitivity, probably because of inability to pick up cases of bvFTD (see Chap. 6, at 
Sect. 6.5.5). The Semantic Index, another ACE subscore (see Chap. 6, at Sect. 
6.5.5), may be useful in differentiating semantic dementia from AD [213]. Other 
bedside screening instruments have been suggested for the differential diagnosis of 
AD and FTLD including the Digit Span Index [214], the Philadelphia Brief 
Assessment of Cognition [50], as well as other bespoke batteries [215–217].

15.4  Conclusion

Cognitive screening instruments remain an integral part of the assessment of any 
patient with cognitive complaints. As with the investigation of any other neurologi-
cal disorder [131], the deployment of cognitive screening instruments should be 
tailored to the clinical situation as elucidated by history taking (including informant 
history) and clinical examination. These cornerstones of assessment should permit 
the development of hypotheses about diagnosis which may direct appropriate use 
(or non-use) of cognitive screening instruments to assist with differential diagnosis. 
Although not considered in this volume, appropriate patient evaluation may also 

Table 15.6 Cognitive screening instruments designed for use in frontotemporal dementia (in 
alphabetical order)

Test Reference(s)

Cambridge Behavioural Inventory (CBI) Wedderburn et al. (2008) [121], Hancock and 
Larner (2008) [122]

Frontal Assessment Battery (FAB) Dubois et al. (2000) [200]
Frontal Behavioral Inventory (FBI) Kertesz et al. (1997, 2000) [203, 204]
FRONTIER Executive Screen (FES) Leslie et al. (2016) [208]
Institute of Cognitive Neurology Frontal 
Screening (IFS)

Gleichgerrcht et al. (2011) [206]

Middelheim Frontality Score De Deyn et al. (2005) [207]
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require assessment of other, non-cognitive, domains, using functional, behavioral 
and psychiatric, and neurovegetative scales, sometimes in combination with cogni-
tive instruments (e.g. see Chap. 6, at Sects. 6.6.4 and 6.6.5) [126].

In primary care, identification of whether cognitive complaints are accompanied 
by cognitive impairment may be paramount, and cognitive screening instruments 
suitable for this purpose and amenable to the time frame available (usually less 
than 10 min) may be used in order to determine which patients may be reassured, 
which recommended for interval assessment, and which referred on to secondary 
care settings for further investigation. In the secondary care setting, a more fine-
grained diagnosis may be attempted by means of more detailed instruments which 
may assist in differential diagnosis, supplemented if necessary with other investi-
gation modalities including neuroimaging, neurophysiology, CSF studies, neuro-
genetic testing, and even tissue biopsy as appropriate [118, 119, 126, 160, 161, 
218–222]. Narrative accounts of some of the available cognitive screening instru-
ments [77, 78, 223, 224] are being gradually superseded by meta-analytic studies 
of quantitative accuracy (e.g. [115, 116, 225] and Chap. 3).

Future research aims to define reliable biomarkers for dementing disorders, 
which might possibly be applied in a systematic and unbiased way to differentiate 
disease from normal brain aging [226], and even to predict clinical scores [227]. 
However, these remain research prospects rather than day-to-day clinical realities, 
and it is not yet clear that biomarker indices have greater diagnostic utility than 
cognitive screening instruments [228]. In the meantime, the latter will remain, 
despite their various shortcomings, part of clinical routine, and it will therefore 
behoove practitioners who may encounter individuals with cognitive complaints in 
either primary or secondary care settings to be familiar with some of them.
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