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Abstract

Background: The Addenbrooke’s Cognit ive Examinat ion Revised (ACE-R) is an improved 
version of the earlier brief screening test  which has been validated in English with high 
sensitivity and speciicity to detect cognitive dysfunction. The aim of this study was to 
validate the Spanish version of the ACE-R in an Argent ine populat ion.
Met hods: A group of pat ients with Alzheimer Disease (AD) and pat ients with behavioural 
variant  Frontotemporal Dement ia (bvFTD) paired by age, sex, and years of educat ion 
with healthy controls were assessed using the ACE-R. Stage of dement ia was measured with 
the Clinical Dementia Rating Scale (CDR). The English version of the ACE‑R was irst 
t ranslated into Spanish and then back-t ranslated into English by two blind independent  
experts.
Result s: Internal reliabilit y was very good (Cronbach’s alpha=0.89). Concurrent  validity, 
determined by the correlation between total ACE‑R and CDR was signiicant (P<.001) and 
inter‑rater reliability was excellent (Cohen’s kappa=0.98). Controls signiicantly 
outperformed AD and bvFTD patients on most subdomains of the ACE‑R, with signiicant 
dif ferences between the dement ia groups. With a cut -off  score of 85 points, sensit ivity 
was 97.5% and speciicity was 88.5%, with a likelihood ratio of 99.3 for the detection  
of dement ia. The ACE-R showed higher sensit ivity than the MMSE for the det ect ion of  

dement ia.
Conclusions: The Spanish version of the ACE-R is a brief yet  reliable screening tool for the 
detect ion of early cognit ive impairment  and has shown to discriminate between bvFTD 
and AD.
© 2010 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

In view of the prevalence of dement ia and the social costs 
it  entails, it s early detect ion is part icularly important , 
especially considering the advent  of new therapeut ics. The 
validation of cognitive screening tests that are eficient 
but , at  the same t ime, quick and easy to administer and 
accessible for primary health-care has become a prime 
necessity in clinical pract ice.

The Mini-Mental State Examinat ion (MMSE)1 is the 
screening tool most  widely used and validated in dement ias. 
However, this tool presents major dificulties for the 
detect ion of dement ia in it s init ial stages. First  of all,  
changes in memory and language are the init ial symptoms 
in Alzheimer’s Disease (AD) and MMSE presents low sensit ivity 
in the detection of these deicits. Secondly, the MMSE also 
presents low sensit ivity for the obj ect ive detect ion of 
executive deicits, which are characteristic of other high‑
prevalence dement ias, such as frontotemporal dement ia 
(FTD). In order to overcome the weaknesses of the MMSE, 
Mathuranath et  al.2 developed Addenbrooke’s Cognit ive 
Examinat ion (ACE) as a cognit ive screening tool that  was, in 
addit ion to brief (between 15 and 20 min) and easily 
administered, sensit ive for the detect ion and dif ferent iat ion 
of the most  prevalent  dement ias. Over these years, the ACE 

has gained great  popularity in clinical pract ice and has been 
adapted to several languages,3-6,  including Spanish by our 
team.7,8 This tool is current ly used a great  deal in Spain and 
Lat in America. In addit ion, it  has been administered in 
dif ferent  clinical populat ions and has been shown to be 
capable of detect ing cognit ive impairment  in AD,2 in FTD,9 
in progressive supranuclear palsy (PSP), in cort icobasal 
degenerat ion, in mult i-systemic at rophy and in Parkinson’s 
disease.10 The authors of the ACE have proposed a coeficient 
called VLOM as a tool within the ACE capable of dist inguishing 
FTD from a dementia such as Alzheimer’s. This coeficient is 
obtained by adding the scores for verbal luency (maximum: 
14) to those for language (maximum: 28) and dividing the 
result  by the sum of the orientat ion scores (maximum 10) 
plus the deferred recall of learnt  names and addresses 
(maximum 7).

In order to improve the original version, a new version of 
the test  was developed in 2006: the Addenbrooke Cognit ive 
Examinat ion-Revised (ACE-R).11 The ACE-R incorporated 
changes based on the experience of the group of ACE authors 
following the repeated use of their original version. The 
changes in the design were made to facilitate administ rat ion 
and the amendments to the content  were aimed at  
permit t ing an easier t ranscultural use of the test  and  
at increasing its levels of sensitivity and speciicity.11 The 
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Resumen

Int roducción: El Addenbrooke’s Cognit ive Examinat ion-Revisado (ACE-R) es una actualiza-
ción del test  de cribado ACE, cuya versión en inglés ha demost rado una alta sensibilidad 
y especiicidad para detectar disfunción cognitiva en pacientes con demencia. La versión 
original del ACE ya ha sido adaptada y validada en castellano. El obj et ivo del presente 
estudio fue adaptar y validar en una población argent ina la versión revisada del mismo.
Mét odos: Un grupo de pacientes con enfermedad de Alzheimer (EA) y pacientes con la 
variante conductual de la demencia frontotemporal (vcDFT) apareados por edad, sexo y 
años de educación y un grupo control fueron evaluados con la versión en español del ACE-R. 
La severidad de la demencia fue medida con el Clinical Dement ia Rat ing Scale (CDR), 
incluyéndose únicamente pacientes en los estadios tempranos de ambas afecciones. La 
versión en inglés del ACE-R fue t raducida al español y luego ret raducida al inglés por dos 
expertos independientes ciegos a la versión original.
Result ados: La iabilidad interna fue alta (alfa de Cronbach = 0,89). La validez concurren-
te, determinada por la correlación entre el ACE‑R y el CDR, fue estadísticamente signii-
cat iva (p < 0,001) y la concordancia ent re evaluadores fue excelente (kappa de Cohen = 
0,98). Los suj etos cont rol obtuvieron puntaj es estadíst icamente superiores a los pacien-
tes con EA y vcDFT en la mayoría de los subdominios del ACE-R, encont rándose diferen-
cias signiicativas entre ambos grupos de demencia. Con un puntaje de corte de 85 pun-
tos, la sensibilidad fue del 97,5% y la especiicidad del 88,5%, con un cociente de 
probabilidades de 99,3:1 para la detección de demencia. El ACE-R presentó una sensibi-
lidad más elevada que el MMSE para la detección de demencia.
Conclusiones: La versión en español del ACE-R es una herramienta breve y válida para la 
detección temprana del déicit cognitivo asociados a demencia y ha demostrado ser de 
ut ilidad para la diferenciación ent re AD y vcDFT.
© 2010 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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most  prominent  changes were: a) the increased level of 
dificulty in the denomination of objects in order to avoid 
the “ ceiling effect ”  and improve the complexity and variety 
of the visual-spat ial st imuli as these were few and limited; 
b) the creat ion of alternat ive formats (versions A, B and C) 
with dif ferent  st imuli for the evocat ion of the name and 
address to avoid the learning effect  from repeated 
assessments, and c) inally, the 26 individual components 
are combined to produce 5 sub-scores, each represent ing a 
speciic cognitive domain and contributing relatively in line 
with the total score.

To our knowledge, the ACE-R has not  been validated in 
Spanish. The goal of the present  paper has been to validate 
the adaptat ion to Spanish of the ACE-R in a highly-educated 
populat ion in Buenos Aires, Argent ina, in order to enable its 
standardized use as a cognit ive screening test  in both 
clinical pract ice and research for the detect ion of cognit ive 
impairment  in pat ients with two of the most  prevalent  
dement ias: AD and bvFTD. Furthermore, this study t ries to 
analyze the usefulness of certain scores derived from the 
ACE-R (e.g. the cut -off  score, the VLOM score) in it s abilit y 
to dif ferent iate these types of dement ia.

Methods

Participants

A total of 127 part icipants at tending our clinic consecut ively 
(Cognit ive Neurology Inst itute, “ INECO” , Buenos Aires, 
Argent ina) were prospect ively recruited into this study and 
classiied into three groups: a) pat ients diagnosed as having 
the behavioural variant  of frontotemporal dement ia (bvFTD, 
n=41); b) pat ients diagnosed as having Alzheimer’s Disease 
(AD, n=46), and c) healthy cont rol subj ects (n=40). The 
healthy cont rols did not  present  any history of neurological 
or psychiat ric disorders; pat ients diagnosed as having AD 
met  the criteria of the NINCDS-ADRDA,12 and all the pat ients 
in the bvFTD group me the consensus criteria.13 All pat ients 
were assessed through a st ructured interview, a neurological 
examinat ion and a laboratory analysis as well as a detailed 
neuropsychological assessment . Furthermore, magnet ic 
resonance imaging studies were performed on all pat ients. 
Pat ients with a score of 2 or more points on the Clinical 
Dement ia Rat ing Scale (CDR)14 were excluded from the study 
to ensure the inclusion solely and exclusively of pat ients in 
the early stages or mild involvement . None of the subj ects 
included in this study presented diagnost ic criteria of 
depression. The part icipants in the cont rol group did not  
present  any cognit ive complaints or any history of 
neurological or psychiat ric disorders and were not  taking 
any medicat ion that  might  affect  their cognit ive performance. 
The present  study was approved by the Ethics Commit tee at  
the Cognit ive Neurology Inst itute (INECO), in accordance 
with the regulat ions established in the Declarat ion of 
Helsinki for research with human part icipants.

Adaptation of the ACE-R in Spanish

The adaptat ion of the ACE-R to Spanish st ipulated two 
procedures: one aimed at  the product ion of an exact  

t ranslat ion of the elements independent  of the cultural 
context  (e.g. inst ruct ions for the examiner) and a 
complementary procedure aimed at  the adaptat ion of the 
st imuli associated with cultural valences (e.g. name and 
address of the memory item, language items, etc.).  The 
irst was achieved through two translations from English to 
Spanish based on the original ACE-R, followed by back 
t ranslat ions from Spanish to English. The adaptat ion of 
speciic stimuli was done on a collaborative basis drawing 
on our prior experience in the adaptat ion of the original 
version of the ACE2 and by consultat ion with other research 
groups performing similar tasks in other languages. The 
Spanish version of the ACE-R can be requested from the 
authors or accessed at  www.ineco.org.ar.

Procedure

All pat ients signed the informed consent  prior to their 
inclusion in the research. The diagnosis of AD and bvFTD 
was reached on the basis of the criteria presented above 
and the pat ients were assessed using the Spanish version of 
the ACE-R presented here. The degree of dement ia was 
determined through the informat ion provided by the carers 
or relat ives in the CDR, for which the “ sum of boxes”  score 
(CDR-sob) was calculated as the sum of the scores in each 
of the six items on the scale. The CDR-sob was used in the 
correlat ion analyses with the ACE-R in order to have a scale 
with greater amplitude and variabilit y than that  provided 
by the t ransformed CDR (0, 0.5 and 1 point ).

Statistical analysis

The stat ist ical analyses were performed using the “ Stat ist ical 
Package for the Social Sciences 17”  (SPSS Inc., Chicago, IL). 
The demographic data were compared between the groups 
using single-factor ANOVA with post  hoc Bonferroni 
comparisons where necessary. For categorical variables (e.g. 
gender), 2 x 3 cont ingency tables were used, applying the 
Freeman-Halton extension of Fisher’s test . The internal 
validity was determined with Cronbach’s alpha and the 
concurrent  validity with Spearman’s correlat ion between the 
total ACE‑R and CDR‑sob scores. The sensitivity and speciicity 
values were determined using the ROC analyt ical curve 
between the healthy control subjects and pat ients with 
dement ia, and the analysis of the cut -off score was derived 
from the discriminant  results of the ROC curve. In addit ion, 
the odds rat io was calculated to determine the probability 
that  a given score on the ACE-R could be derived from a 
pat ient  with dement ia. In the same way, inter-examiner 
concordance was determined using Cohen’s kappa coeficient 
through a single simultaneous applicat ion with two examiners, 
blind with regard to the other’s score, on a total of  
30 protocols (10 from each group chosen at  random).

Results

Psychometric properties

The internal validity of the Spanish version of the ACE-R was 
very good (Cronbach’s alpha=0.89). The concurrent  validity 
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with CDR‑sob was shown to be high (r=−0.58, p<0.01), with 
a negative correlation coeficient showing that the values 
of the total ACE-R as a whole became smaller the severity 
of the dement ia, as measured with CDR, increased. The 
concurrent  validity with a simpler screening tool such as 
MMSE was shown to be high (k=0.93, p<0.0001). The 
coeficient for the inter‑rater concordance was excellent 
(Cohen’s kappa=0.98).

Demographic and neuropsychological variables

As shown in table 1, no signiicant differences were observed 
with respect  to age (F

2,124
=2.02, k=0.23), years of formal 

educat ion (F
2,124

=1.82, p=0.26) or gender (χ2=0.26, df=2, 
p=0.88) between the groups. No signiicant differences 
were observed between pat ients with AD and bvFTD with 
respect  to the severity of their dement ia, in accordance 
with the CDR-sob values (t

85
=0.69, p=0.56). On the MMSE 

(F
2,124

=40.8, p<0.001), signiicant differences were observed 
between the cont rol groups and the AD group (p<0.001) and 
bvFTD (p<0.001), but  not  between the two dement ia groups 
(p=0.99). On the other hand, with respect  to the total score 
on the ACE-R (F

2,124
=75.9, p<0.001), as well as both groups 

of patients differing signiicantly from the controls (p<0.001, 
for both groups), the dementia groups were signiicantly 
dif ferent  from each other (p<0.001). The same pat tern was 
found in the sub-scales for orientat ion/ at tent ion (F

2,124
=27.7, 

p<0.001), memory (F
2,124

=78.6, p<0.001) and luency 
(F

2,131
=52.2, p<0.001). Nonetheless, on the visual-spat ial 

sub-scale (F
2,124

=17.2, p<0.001), a signiicant difference was 
observed between the cont rols and the AD group (p<0.001 
in both cases) and bvFTD (p<0.001 in both cases), but  not  
between the dement ia groups (p=0.96). On the language 
sub-scale (F

2,124
=23.2, p<0.001), the pat ients with AD had a 

signiicantly worse performance than the controls (p<0.001) 
and the pat ients with bvFTD (p<0.001), these two lat ter 
groups did not  dif fer from each other (p=0.17).

Diagnostic properties

Sensitivity and speciicity were determined through a 
discriminant analysis using the ROC curve (ig. 1). Although the 
cut-off scores suggested by the English version of the ACE-R11 
were 82 and 88, on the basis of our data with the version in 
Spanish, a cut‑off score of 85 points was identiied as the value 
potent ially most accurate for the diagnosis of dement ia with 
this tool, associated with the best balance between sensit ivity 
and speciicity. In line with this, with a cut‑off score of 85/100, 
we detected a sensitivity of 97.5% and a speciicity of 88.5% in 
the detect ion of dement ia (AD and bvFTD) versus the control 
subjects. After analysis as a whole, the odds rat ion for 
dement ia presented a high value: 99.3.

Table 1 Demographic, clinical and neuropsychological data of the study part icipants

Cont rol (11 M, 29 F) 

Media (DE)

AD (12 M, 34 F) 

Mean (SD)

bvFTD (9 M, 32 F) 

Mean (SD)

Cont rol  

vs AD

Cont rol vs 

bvFTD

AD vs 

bvFTD

Age (years) 71.5 (5.6) 73.4 (5.7) 70.0 (9.3) NS NS NS

Educat ion (years) 13.0 (3.8) 12.9 (4.6) 12.8 (5.1) NS NS NS

CDR-sob — 5.3 (1.1) 4.9 (1.5) — — NS

MMSE 29.4 (1.1) 22.0 (5.5) 25.0 (3.0) ** ** NS

ACE-R total 94.3 (4.2) 64.2 (16) 78.1 (9.4) ** ** **

At tent ion/ orientat ion 17.9 (0.4) 13.4 (4.2) 15.6 (3.4) ** ** **

Memory 23.9 (2.3) 11.6 (5.3) 18.2 (2.7) ** ** **

Fluency 11.9 (1.5) 6.9 (2.4) 8.1 (2.7) ** ** **

Language 25.2 (1.1) 20.3 (2.2) 23.7 (2.2) ** NS **

Visual-spat ial 15.4 (1.1) 12.0 (3.3) 12.9 (3.7) ** ** NS

VLOM Coeficient 2.39 (0.3) 4.61 (2.7) 3.08 (2.1) * ** **

ACE-R: Addenbrooke’s Cognit ive Examinat ion Revised; CDR-sob: Clinical Dement ia Rat ing Scale-sum of boxes; AD: Alzheimer’s Disease; 

M: males; F: females; MMSE: Mini Mental State Examination; NS: not signiicant; bvFTD: behavioural variant of frontotemporal 
dement ia.

* p<0.05. ** p<0.001.
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Figure 1 ROC curve showing the sensitivity and speciicity 
associated with the cut‑off score identiied in our data (85/100) 
for the detect ion of dement ia.
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The VLOM coeficient, calculated as the proportion 
between the verbal luency plus language scores (VF+L) and 
the scores for orientat ion and long-term memory evocat ion 
of the address in the memory test (O+M), has been put 
forward as a way to dist inguish AD from FTD.2,11 In our 
sample, signiicant differences were observed between 
pat ients with both pathologies using this value (t

85
=2.21, 

p=0.03), suggest ing their potent ial usefulness in the 
dist inct ion of both types of dement ia. A VLOM value of 3.5 
or more dist inguished pat ients with AD from bvFTD with a 
sensitivity of 81% and a speciicity of 79%.

Discussion

The present  study shows that  the Spanish version of the 
ACE-R is a useful tool for the detect ion of cognit ive 
dysfunct ion in dement ia and validates it  for standardized 
use in clinical applicat ions and research in Spanish-speaking 
populat ions with a high level of educat ion.

The ACE-R was shown to be an improved version with 
respect  to the publicat ion of the original ACE, present ing 
better sensitivity and speciicity values as a consequence of 
the changes made to the previous version (especially in 
connect ion with the domains of language and visual-spat ial 
abilit ies). Furthermore, it  was shown to be capable of 
detect ing cognit ive dysfunct ion in both FTD and AD, even in 
its init ial stages. While the English version of the ACE-R 
proposes two cut -off points (82 and 88 points), our study 
shows that the cut‑off point identiied as the most appropriate 
balance between sensitivity and speciicity was 85 points 
(out  of 100). The Spanish version of the ACE-R also presented 
a very good internal consistency and concurrent  validity with 
other cognit ive-funct ional screening tools, such as CDR.

On the other hand, the version of the ACE-R in Spanish 
was seen to be, in addit ion to a sensit ive tool for the 
detect ion of cognit ive dysfunct ion in pat ients with bvFTD 
and AD, capable of discriminat ing between the two 
conditions. Patients with AD and bvFTD presented signiicantly 
different  scores on the ACE-R on the sub-scales for at tent ion/
orientation, memory, language and luency. These differences 
were all in favour of pat ients with bvFTD. These results can 
be interpreted bearing in mind that  the main cognit ive 
alterat ion in the behavioural variant  of frontotemporal 
dementia is an insidious deicit speciically prominent in 
execut ive funct ions, due to early changes in the st ructure 
of the frontal lobe (for a review, please refer to Hodges & 
Miller14).  Therefore, it  might  be expected that  pat ients with 
bvFTD will present  bet ter scores than pat ients with AD on 
the dif ferent  ACE-R sub-scales. Notably, the only sub-scale 
on which no signiicant differences were found between the 
two dement ia groups was on the visual-spat ial sub-scale; 
both were signiicantly different from the control group. 
This lack of signiicant differences between the two 
condit ions on the visual-spat ial scale might  be explained as 
follows: both the pat ients with AD and those with bvFTD 
showed lower scores in comparison with the cont rol group, 
but the deicits observed in patients with AD might be due 
to the visual-spat ial failures characterist ic of this disorder, 
mainly based on parietal involvement, whereas the deicits 
in patients with bvFTD might be inluenced most by the 

execut ive components inherent  to visual-spat ial tasks. This 
might be relected in the tasks of copying the cube and 
building the clock. Future studies must  assess whether 
there are subt le elements of a more qualitat ive nature with 
regard to the visual-spat ial tasks allowing a dist inct ion to 
be made between the performance of pat ients with AD and 
bvFTD based on the ACE-R.

From what  has been said above, an appropriate screening 
test  that  at tempts to dif ferent iate between the two 
pathologies of AD and bvFTD should conduct  a detailed 
assessment  of the execut ive funct ions, in addit ion to the 
remaining cognit ive funct ions. An example of this kind of 
tool is the FAB15 or INECO Frontal Screening (IFS),16 which 
manage, in a short  space of t ime, to capture execut ive 
dysfunction with high sensitivity and speciicity.

In conclusion, the Spanish version of the ACE-R has been 
shown to be a sensit ive tool for the detect ion of cognit ive 
dysfunct ion in pat ients with dement ia, and is capable of 
dif ferent iat ing between AD and bvFTD. Nonetheless, 
considering that  the ACE-R devotes lit t le relat ive weight ing 
to the execut ive funct ions, and with the ult imate goal  
of increasing its sensit ivity even more for the detect ion of 
executive deicits especially in conditions with frontal 
involvement  such as bvFTD, we suggest  it s combinat ion 
with an execut ive screening tool.

In order to be able to cont ribute to this dif ferent iat ion, 
the VLOM coeficient has been put forward in the English 
version of the test  as a tool to discern between AD and 
FTD.2,11 In our study, the potential of this coeficient 
revealed in previous studies was replicated, demonst rat ing 
its usefulness in our populat ion for dif ferent iat ing between 
these two types of dement ia. This abilit y of the VLOM 
coeficient in the differentiation of AD and bvFTD is 
consistent with the indings of other groups in previous 
versions of the ACE in our language.7,8

The present  study has some limitat ions. First ly, our group 
of pat ients has a high level of educat ion (an average of  
12.9 years’  schooling), which means it  is not  representat ive 
of the whole populat ion of Argent ina, so it  is likely that  
future studies will be needed to invest igate the usefulness 
of ACE-R in Spanish-speaking pat ients with AD and bvFTD of 
a lower educat ional level. Secondly, no test / retest  was 
performed on the sample of pat ients presented here. This 
could be explained by the context  in which the study was 
conducted as part  of their clinical t reatment , so the need 
for an ext ra appointment  would enormously limit  the 
number of pat ients involved in the present  study. Thirdly, as 
has been ment ioned already, it  is possible to dist inguish 
today three large groups of clinical syndromes in 
frontotemporal dement ia: a) the behaviour variant  (bvFTD); 
b) primary progressive aphasia involving several luency 
(semantic dementia) and non‑luency dementias, and c) the 
motor variants associated with motor neuron disease. In  
the present  study, only pat ients with the behavioural variant  
of FTD were included. The fact  that  pat ients with temporal 
variants of FTD were excluded reduces the generalizat ion 
of the results. Further studies are needed to include the 
other two temporal variants of the FTD, non‑luency primary 
progressive aphasia and semant ic dement ia, in order to 
ident ify the usefulness of a tool such as ACE-R to characterize 
cognitive proiles.
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With the growing need to identify the cognitive proile of 
our pat ients at  an early stage so as to detect  the onset   
of dement ia in a clinical context , and considering that  it  is 
not  always possible to assess pat ients with complete 
neuropsychological bat teries, whether due to a lack of 
material or human resources, or else due to t ime const raints, 
it  is of vital importance to develop and validate screening 
tools such as the ACE-R. These tools provide health-care 
professionals with a valuable source of informat ion in a 
short  space of t ime.
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