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Introduction

The Addenbrooke’s Cognitive Examination III (ACE-III) (2012) is a brief cognitive

battery that assesses various aspects of cognition. Its five subdomains (attention and

orientation, memory, verbal fluency, language and visuospatial abilities) are commonly

impaired in Alzheimer’s disease and frontotemporal dementia.

Objective

The aim of the study was to provide normative data for healthy adult performance on

Egyptian–Arabic ACE-III.

Participants and methods

We adapted the ACE-III (2012) to the Egyptian population. We evaluated this version

on 139 cognitively healthy volunteers aged 20 years or older (54.7% male and 45.3%

female). We stratified the participants both by age (o60 years and >60 years) and by

degree of education (basic, secondary or university education). None of the

participants had any complaints of cognitive decline.

Results

We established normative data for healthy Egyptian adults below 60 years and above 60

years on each of the subdomains of the ACE-III. The data generated from the performance

was assigned according to percentiles. We found a significant difference (Po0.001)

between the performance of older and younger adults on the category task of the verbal

fluency test.

Conclusion

By adapting the ACE-III to the Egyptian–Arabic population, we were able to establish

normative data for healthy Egyptian adults.
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Introduction
The Addenbrooke’s Cognitive Examination III (ACE-III)

(2012) is a brief cognitive battery that assesses various

aspects of cognition and is one of the most widely used

assessment tools used in routine clinical practice in the

UK [1]. It examines five subdomains of cognition:

attention and orientation, memory, verbal fluency, lan-

guage and visuospatial abilities. The total score is out of

100 with higher scores indicating better cognitive

functioning. ACE-III takes about 15–20 min to complete

and can be easily applied, scored and interpreted by the

nonspecialist. The ACE-III replaced the previous Ad-

denbrooke’s Cognitive Examination-Revised (ACE-R)

(2005). This was due to copyright restrictions on the

Mini-Mental State Examination (MMSE), which was

originally incorporated verbatim into the ACE-R and

therefore had to be substituted [2].

The previous version ACE-R is available in many

languages, including English [3], German [4], Greek [5],

Korean [6], Portuguese [7], Spanish [8] and Arabic for

Saudi Arabia [9].

Many of the neuropsychological tests used for cognitive

assessment were developed in the USA and Europe.

Hence, the use of these tests in a different cultural

context could lead to inaccurate interpretation when

applying the norms to other cultures, especially as the

interpretation of neuropsychological tests requires setting

reference points that constitute the normal performance

in a population. These normative data provide a numerical

frame of reference [10].

Arabic is the fourth most commonly spoken language in the

world. There are an estimated 221 million native Arabic

speakers, who comprise 3.7% of the world’s population [11].

Moreover, Egypt’s population alone makes up 23.6% of the

total Arabic-speaking population [12].

The aim of the current study was to provide normative data for

healthy adult performance on the Egyptian–Arabic ACE-III.
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Participants and methods
Adaptation of Addenbrooke’s Cognitive Examination III

After obtaining permission from the author to translate

and culturally adapt the ACE-III to the Egyptian

population, we used the Delphi method to survey each

item of the scale to examine which of the items had to be

adapted to the Egyptian culture. Forward translation into

Egyptian–Arabic was done for the following items of the

ACE-III: orientation, registration, concentration, recall,

language comprehension, writing and visuospatial tasks.

Other items of the test used the Delphi method to arrive

at a culturally equivalent replacement. The Egyptian

translated and adapted version was then back-translated

into English. The expert group then rated the degree of

agreement between the back-translated version and the

original version. As a final step to ensure the equivalence

of the translated ACE-III, we sought the author’s opinion

on the back-translated version.

Participants

Data from 139 cognitively healthy participants were

collected. We included individuals who were 18 years or

older from both sexes and who were apparently healthy. We

excluded any person who had a history of major neurological

or psychiatric disorder, those with a history of stroke or

head injury, those who had been hospitalized for any reason

in the 2 years before recruitment and those who were

illiterate. People who were illiterate were excluded because

several items of the ACE-III require literacy skills.

Participants were recruited from a community-based

sample from cultural centres and elderly clubs as well

as from volunteers who were relatives and friends of

patients, or from the general public. These included

individuals attending the Outpatient Clinic at the

Neurology and Gerontology Departments at Ain Shams

University, Cairo, Egypt, with relatives and friends. The

tests were carried out over a single session. Ethical

approval for the study was granted by the Ain Shams

Faculty of Medicine Ethical Committee. The purpose of

the test was fully explained to all participants, who gave

informed consent to take part in the study. In explaining

the purpose of the test to the participants we decided to

use the term Major Neurocognitive Disorder [13] in our

translation instead of the term ‘dementia’ because of the

negative connotation of the Arabic translation of the word

dementia. Data for the study were collected from July

2013 until April 2014.

Statistical analysis

Before displaying the percentiles for the various subscales

of the ACE-III, we had to transform verbal fluency raw

responses into standardized scores according to percen-

tiles, but because of the wide age range of the

participants we had to examine the effect of age on

letter and category fluency. We compared the perfor-

mance on both letter and category fluency between the

two groups according to age: a younger group who were

less than 60 years old and an older group who were 60

years or older. We used the Mann–Whitney U-test to

compare between the two groups.

With the other subscales of ACE-III, we did not examine

the effect of age because performance was based on

standardized scores and not on raw data. Statistical

analysis was carried out using SPSS (v22; SPSS Inc.,

Chicago, Illinois, USA) on OS X 10.9.

Results
We recruited a total of 139 apparently healthy community

dwellers. Their demographic characteristics are outlined

in Table 1.

Table 2 shows the results of a comparison between the

two groups (o60 years and Z60 years) on letter and

category verbal fluency performance, demonstrating a

statistically significant difference between the two groups

in the category fluency subscale.

Table 3 shows the number of words generated in the

category fluency task in those individuals below 60 years

of age according to percentiles and the score assigned to

each percentile.

Table 4 shows the number of words generated in the

category fluency task in those individuals aged 60 years or

older according to percentiles and the score assigned to

each percentile.

Table 5 shows the number of words generated in the

letter fluency task in all individuals according to

percentiles and the score assigned to each percentile.

Table 6 shows the percentiles of the performance on

Egyptian ACE-III total score as well as ACE-III subscales.

Discussion
The ACE-III is a valuable add-on to the armamentarium of

cognitive tests available to practitioners in Arabic-speaking

Table 1 Demographics

Younger group
(n = 83)

Older group
(n = 56)

Age (years)
Minimum–maximum 20–59 60–93
Median (IQR) 36 (15) 71 (13.75)

Sex (%)
Male 53 57.1
Female 47 42.9

Education (%)
Basic 8.4 25
Secondary 41 28.6
University 50.6 46.4

Table 2 Letter and category fluency between the older and

younger groups

Groups N Mean rank
Mann–Whitney

U-test Z P (2-tailed)

Letter fluency
Younger 83 73.84 612005 – 1.378 0.17
Older 56 64.30

Category fluency
Younger 83 82.27 1306 – 4.385 o0.001
Older 56 51.82
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nations. The availability of normative data for healthy

adults across all age groups is important to subsequently

use this tool across different patient populations. Other

available tools include a validated version of the Montreal

Cognitive Assessment (MoCA) tool [14] and the Test Your

Memory (TYM) test [15]; both were validated in an

Egyptian elderly population. The MMSE [16] was

validated in a small Saudi sample of young adults.

With regard to the benefits of these tests, there are

differential advantages for the MoCA and ACE when

compared with the MMSE, as they both offer higher

sensitivity, specificity and positive and negative predictive

values. In contract, the TYM test does not offer better

diagnostic accuracy over MMSE [17]. MMSE lacks the

sensitivity to identify frontotemporal dementias [18],

whereas both MoCA and ACE have been validated on

patients with frontotemporal dementia [18,19]. Yet, out of

the two tools, the literature indicates that ACE is able to

differentiate between frontotemporal dementia and Alz-

heimer’s disease [18,19]. In addition, ACE has been

validated in language variants of frontotemporal demen-

tia [20]. We report normative data for healthy individuals

aged 20 years and above, dividing them into two

subgroups. We chose the cutoff age according to the age of

retirement in Egypt, which is 60 years. This is the cutoff

age suggested by the UN to define ‘elderly’ in Africa [21].

In our study, age influenced only the performance on the

category fluency task and not on letter fluency. Being 60

years or older was a predictor of fewer number of words

generated on the category fluency task. It is suggested

that the greater effect of age on category fluency may be a

reflection of the fact that performance on verbal fluency

tasks is a function of the size of the set being searched,

with category sets tending to be larger than letter sets,

thus requiring more effort to perform and thus being

more vulnerable to the slowdown in search processes that

occurs with ageing [22]. Several studies have also

demonstrated that performance on the category fluency

test declined with age [23–30].

The main contribution of our study is to adapt a brief and

comprehensive bedside cognitive assessment tool for an

Egyptian population that can be used in routine clinical

practice in the assessment of various cognitive disorders.

Our study also provides norms for the performance of

Egyptian–Arabic speakers on the ACE-III, which will

provide clinicians with a reference that will enable them

to determine to what degree an individual’s performance

reflects cognitive impairment.

Our study provides normative data for individuals aged

between 20 and 93 years. This will help in the assessment

of a variety of cognitive disorders in different age groups.

These range from dementia in the elderly to traumatic

brain injury and multiple sclerosis in younger adults.

Validation of the Egyptian–Arabic ACE-III in dementia

and mild cognitive impairment has been completed by

our group, and its validation in other cognitive disorders is

also underway.

Table 3 Category fluency for the younger group

Percentile

o5 5–10 10–25 25–50 50–75 75–90 90–95 495

Number of words generate o9 9 10–11 12–15 16–19 20–23 24–26 426
Score 0 1 2 3 4 5 6 7

Table 6 Performance percentiles of Addenbrooke’s Cognitive

Examination III subscales

Percentile

5 10 25 50 75 90 95

Attention subscale 15 15 17 18 18 18 18
Memory subscale 20 21 23 24 25 26 26
Language subscale 21 22 24 25 26 26 26
Visuospatial subscale 12 13 14 15 16 16 16
ACE total score 74 77 83 88 92 95 96

ACE-III, Addenbrooke’s Cognitive Examination III.

Table 4 Category fluency for the older group

Percentile

o5 5–10 10–25 25–50 50–75 75–90 90–95 495

Number of words generated o9 9 10 11 12–13 14–15 16–18 418
Score 0 1 2 3 4 5 6 7

Table 5 Age inclusive letter fluency performance

Percentile

o5 5–10 10–25 25–50 50–75 75–90 90–95 495

Number of words generated o4 4 5 6–7 8–10 11–12 13–14 414
Score 0 1 2 3 4 5 6 7
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