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Abstract

Background Vision impairment affects the accuracy of cognitive test outcomes, emphasizing the need for develop-
ing cognitive screening tools designed for visually impaired individuals, especially considering global aging trends.
This study aimed to develop a modified, validated version of the Vision-Impairment version of Addenbrooke’s Cogni-
tive Examination Il (VI-ACE-Il) for Arabic-speaking elderly individuals with vision impairment in Egypt. In addition,
the study aimed to assess the accuracy of VI-ACE-Ill in diagnosing dementia and mild cognitive impairment (MCI).

Methods The VI-ACE-Ill was developed using large printed formats and verbal substitution of the vision-dependent
items. One hundred and eighty participants aged > 60, with varying degrees of vision impairment (including moder-
ate, severe, and blindness), were divided into three equal groups: 60 individuals with MCl, 60 with mild to moder-
ate dementia, and 60 with cognitively intact controls. Receiver operating characteristics (ROC) curves were plotted
to assess the accuracy of the test screening.

Results ROC analysis for dementia established an optimal cut-off point of 84 out of 115, demonstrating 100.0% sensi-
tivity, 98.3% specificity, and an area under the curve (AUC) of 0.983, based on the comparison between the dementia
and MCl groups. The analysis for MCl determined an optimal cut-off point of 94 out of 115, with 95.0% sensitivity,
96.7% specificity, and an AUC of 0.983 compared to controls. The VI-ACE-IIl demonstrated significant Cronbach’s alpha
values (a=0.866, a=0.771), indicating strong internal consistency within the dementia and MCI groups.

Conclusions The VI-ACE-Ill showed good sensitivity and specificity for assessing dementia and MCl in Arabic-speak-
ing elderly individuals with visual impairment (VI) in Egypt. Regular screening and interventions are crucial for manag-
ing and preventing the deterioration of cognitive dysfunction and vision impairment in the elderly population.
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Introduction

The United Nations Population Division and World
Population Prospects indicate that in 2021, individu-
als aged 60 and above comprised approximately 8.6% of
Egypt’s total population. This percentage is projected to
increase to 14.6% by 2050 [1]. The prevalence of cognitive
and vision impairment is anticipated to rise due to the
ongoing global aging trend [2]. Cognitive dysfunction is
associated with vision impairment, attributed to changes
in physical functioning, heightened social isolation, and
depression, which affect brain function and structure
[3]. Additionally, increased processing effort contributes
to a higher cognitive load required to perform tasks [4].
Visual function affects cognitive testing results, as these
tests measure several cognitive domains dependent on
visual skills [5]. This may negatively affect the assess-
ment, resulting in an overestimation of cognitive impair-
ment [6], as individuals with vision impairment may
struggle to maintain equivalent focus during the test,
resulting in varied performance outcomes [7]. Earlier
attempts to tailor cognitive assessments for individuals
with VI by removing vision-dependent items may result
in an inaccurate evaluation of cognitive performance.
This occurs if the deleted items are more or less challeng-
ing than the remaining items, thereby reducing sensitiv-
ity [8]. Moreover, deleting items can potentially decrease
retest reliability [9]. Alternatively, visiondependent items
have been suggested as spoken or tactile versions [10].
Addenbrooke’s Cognitive Examination III (ACE-III) is a
widely used screening test for cognitive function [11] that
has been validated in Egyptian Arabic and has demon-
strated a high degree of differentiation in diagnosing both
dementia and MCI [12].

This study aimed to validate and assess the psychomet-
ric properties of an adapted Egyptian Arabic version of
ACE-III for assessing cognitive impairment in visually
impaired elderly individuals. We ensured that visually
dependent items, presented in verbal or large printed
formats, were of comparable difficulty and assessed the
exact cognitive domains as the original test.

Methods

Participants

This study included 180 visually impaired participants
aged>60 vyears recruited from the Ophthalmology
Department and the Memory Clinic at Ain Shams Uni-
versity hospitals. Participants were selected based on the
World Health Organization (WHO) criteria for visual
impairment [13].

Inclusion criteria

+ Males and females aged > 60 years
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« Formal education

Exclusion criteria

+ Participants diagnosed with severe dementia or
depression. Depression was assessed using the Geri-
atric Depression Scale (GDS), Arabic version, with a
cut-off score of >5 indicating the presence of depres-
sive symptoms [14].

+ The Arabic version of the Cornell Scale for Depres-
sion in Dementia (CSDD) was utilized to evaluate
depression in participants with dementia, with a
score of >8 suggesting significant depressive symp-
toms [15].

+ Participants with hearing impairments, as well as
those with neurological or psychiatric conditions that
may HINDER cognitive assessment.

+ Participants requiring urgent sensory interventions
that could affect their participation in the study.

Procedure

The procedure involved multiple phases (Fig. 1) to com-
prehensively assess the impact of VI on cognitive per-
formance, incorporating necessary modifications for
different levels of vision loss. All phases were designed to
maintain transparency and reproducibility, following the
guidelines outlined by Zogmeister [16].

Phase 1

This phase aimed to determine the impact of differ-
ent grades of VI on cognitive performance. Thirty par-
ticipants with different levels of vision impairment
underwent the standard version of the ACE-III Test. Par-
ticipants in these categories are classified based on their
best eye’s visual acuity. VI was assessed following WHO
criteria for visual impairment into moderate VI Visual
acuity ranging from 6/18 to 6/60., severe VI Visual acu-
ity ranging from 6/60 to 3/60.and blindness Visual acu-
ity ranging from 3/60 to 1/60.exhibited more substantial
declines in their ACE-III Test scores.

Phase 2

This phase focused on modifying cognitive assessments
to accommodate varying degrees of vision impairment.
Modifications included verbal substitutions and large-
print formats, which improved test performance com-
pared to tactile versions.

Phase 3
It ran parallel to the first two phases. The Verbal
Clock Drawing Test (VCDT) [17] was translated after
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Fig. 1 Flow diagram for participant recruitment: initial phases and overview of pilot study

obtaining prior approval from the original developer,
Professor Steven P. Cercy. The translation process
included the following stages (as shown in Fig. 1): a.
Forward translation conducted by a professional trans-
lator into Arabic. b. Back translation was performed
by a different professional translator into English, who
had no prior knowledge about the test. c. Review by
an expert committee comprising specialists in medical
research, health professionals, researchers engaged in
translation studies, and one patient interested in health
education. d. The pre-final version of the test was eval-
uated with 30 individuals aged > 60 years. Responses to
all items were reviewed by the expert committee, which
included a modification to the first question regarding
the clock face, where both ‘circle’ and ’square’ received
a score of 2, unlike in the original test. The final version
of the translated Arabic VCDT was determined based
on the results of preference testing.

Phase 4 (pilot study 1)

The modifications performed in Phase 2 were applied
to 30 normal-sighted participants. The objective was to
guarantee that these modifications evaluate the same
cognitive domains.

Modifications to ACE III test (VI-ACE III test): In the
language domain, the modifications entailed verbaliz-
ing two sentences instead of writing them. Object nam-
ing is largely printed with enhanced contrast and the
five words to be read.

For the visuospatial domain, intersecting infinity
loops and cube drawings were printed in a larger for-
mat with enhanced thickness and contrast. The clock
drawing test was substituted with the Arabic version
of VCDT. Counting dots and fragmented letters were
printed in large format with enhanced contrast.
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Phase 5 (pilot study 2)

The modified VI-ACE III was administered to 30 visu-
ally impaired participants to assess its effectiveness and
ensure it adequately measured cognitive domains for
individuals with varying degrees of VL.

Design

A case—control study design was adopted from Janu-
ary 2023 to March 2024. It was conducted in two main
phases: a preliminary study and a final study, each one
had distinct objectives and processes.

Preliminary study

The main focus of this study was to develop and refine
the cognitive assessments to ensure their suitability for
individuals with varying degrees of visual impairment.
This phase involved a pilot phase to test and modify the
ACE-III and the Verbal Clock Drawing Test (VCDT).
The preliminary study encompassed several activities,
including phases 1 to 5, as demonstrated in Fig. 1.

Final study

This study aimed to assess cognitive performance, com-
paring scores across different levels of vision impair-
ment and sitting scores to diagnose dementia and MCI.
VI-ACE III was applied to a sample of 180 participants
with moderate, severe VI, and blindness, divided into
three groups of 60 participants each:

« Control group: Participants with normal cognition.
« Case group: This group was further subdivided into
two subgroups:

o The MCI group: participants with MCI
o The Dementia group: participants with mild to
moderate dementia

Materials
Neuropsychological testing

A Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-5): The DSM5 criteria were applied to
diagnose dementia and MCI [18]. It is a standardized
criterion for classifying dementia and MCI based on
clinical symptoms, cognitive decline, and functional
impairment.

B Clinical Dementia Rating (CDR): The CDR scale
assessed cognitive impairment severity and catego-
rized participants according to dementia symptom
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severity. Participants were classified into the follow-
ing categories [19]:

+ 0: Cognitively healthy

« 0.5: MCI

« >1: Mild dementia

« >2: Moderate dementia

C. Clock Face Conceptualization (CFC) Subtest of the
Verbal Clock Drawing Test (VCDT): This subtest was
utilized to assess executive and visuospatial function-
ing. The CFC subtest consists of 10 questions with a
20-point total maximum score. It evaluates several
aspects of clock drawing, including the shape of the
clock face, the arrangement of digits, the number
and size of hands, and the accurate placement of the
hands at a specified time (11:10), with the following
scoring system:

« 2 points for a correct spontaneous answer
« 1 point for a self-corrected or prompted answer
« 0 points for an incorrect answer

D. ACE-III: The ACE-III is a comprehensive cogni-
tive screening tool that assesses multiple cognitive
domains, including attention, memory, fluency, lan-
guage, and visuospatial abilities. The original ACE-III
and the modified VIACE III were administered to
all participants. The sensitivity, specificity, and cut-
oftf points for identifying MCI and dementia were
assessed using the VI-ACE III by comparing visu-
ally impaired participants’ performance to those with
normal cognition.

Functional assessment

Functional status was evaluated using the Activities of
Daily Living (ADL) [20] and Instrumental Activities of
Daily Living (IADL) [21] scales. These measures indicate
intact function in participants with normal cognition and
MCI as well as impaired function in participants with
dementia.

Visual assessment

Visual acuity was measured using the Landolt Broken
Rings chart [22] to assess the best binocular visual pres-
entation. Both the original and modified versions of the
ACE-III were administered at a near distance (test dis-
tance of 40 cm), with participants wearing their read-
ing or corrective glasses. Standard illumination levels
between 807 Ix (Ix) and 1345 Ix (Ix) were maintained dur-
ing testing [23].
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Statistical analysis

The collected data were coded, tabulated, and statis-
tically analyzed using IBM SPSS statistics (Statistical
Package for Social Sciences) software version 28.0,
IBM Corp., Chicago, USA, 2021. The normality of
quantitative data was assessed using the Kolmogorov—
Smirnov test. The data were described as mean +SD
(standard deviation) and compared using ANOVA and
paired t-tests for original and modified items. Quali-
tative data was described as numbers and percent-
ages and then compared using the Chi-square test and
Fisher’s Exact test. ROC curve analysis was conducted
to determine the AUC, which assessed the perfor-
mance and characteristics of various tests in accurately
classifying participants with and without MCI or
dementia. The Bonferroni test was used for post hoc
comparisons.

The level of statistical significance was set at
p-value <£0.050. The internal consistency reliability of the
VI- ACE-III was validated using Cronbach’s alpha corre-
lation coefficient.

Diagnostic characteristics were calculated as follows:

— Sensitivity=(True positive test / Total positive
golden) x 100
— Specificity=(True negative test / Total negative

golden) x 100
— Youden’s index =sensitivity + specificity — 1

Table 1 Demographic characteristics of the participants
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Results

The three groups were matched for the demographic var-
iables, including age, gender, and education, as well as for
the causes and grades of vision impairment, as with no
statistically significant differences were found between
the groups (Table 1).

The dementia group exhibited the lowest mean scores
for the ACE-III and VIACE-III, recorded at (45.4+11.7
and 67.5+11.2, respectively). The MCI group recorded
scores of (56.4+11.9 and 87.3+8.4). The control group
demonstrated the highest scores, recorded at (71.5+11.7
and 101.8+5.2, respectively). All study groups exhib-
ited significant differences (p-value<0.001), except for
the original language test scores. There were significant
differences between the dementia group (10.8+5.2)
and other groups. However, no significant difference
was found between the MCI and control groups. In the
original visuospatial tests, significant differences were
noted only between the control group (8.3+4.7) and the
other groups, while no significant difference was found
between the dementia and MCI groups Mean scores
of the ACE-III and VI- ACE-III were lowest in demen-
tia group (45.4+11.7) (67.5+11.2), followed by the MCI
group (56.4+11.9) (87.3+8.4) and highest in the control
group (71.5+11.7) (101.8+5.2), respectively. The dif-
ferences were significant (p-value<0.001) between all
the study groups except for the scores of original lan-
guage test (the differences were significant only between
dementia group (10.8+5.2) and other groups, with no

Variables Dementia Total =60 MCI Total =60 Control Total =60 p-value
Age (years) 60 — 69 33 (55.0%) 35 (58.3%) 34 (56.7%) 0.977*
70-79 19 (31.7%) 19 (31.7%) 18 (30.0%)
80-—89 8(13.3%) 6 (10.0%) 8(133%)
Sex Male 28 (46.7%) 28 (46.7%) ( .7%) 0.819*
Female 32(53.3%) 32 (53.3%) 9 (48.3%)
Education Below university 40 (66.7%) 36 (60.0%) (48 3%) 0.119*
University 20 (33.3%) 24 (40.0%) 1(51.7%)
Degree of VI Moderate 15 (25.0%) 19 (31.7%) 18 (30 0%) 0.946*
Severe 24 (40.0%) 21 (55.0%) 22 (36.7%)
Blind 21 (55.0%) 20 (33.3%) 20 (33.3%)
Causes of VI Errors of refraction 42 (70.0%) 48 (80.0%) 38 (63.3%) 0.128*
Cataract 31 .7%) 29 (48.3%) 33 (55.0%) 0.766%
Glaucoma 3 (5.0%) 5 (8.3%) 3 (5.0%) 0.793%
Age related macular degeneration 14 (23.3%) 14 (23.3%) 16 (26.7%) 0.887*
Diabetic retinopathy 4(23.3%) 15 (25.0%) 22 (36.7%) 0.210*
Trauma 3(5.0%) 4 (6.7%) 6 (10.0%) 0676°

(%) Data presented as number # Chi square test
S Fisher's Exact test

Abbreviation: MCI mild cognitive impairment, VI Vision impairment
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significant difference between MCI and control groups)
and the original visuospatial tests (where the differences
were significant only between control group (8.3+4.7)
and other groups, with no significant difference between
dementia and MCI groups (Table 2).

Using The ROC curve (Fig. 2 (a)) indicates that, the
optimal cut-off point for dementia on the VI- ACE-III
total score was calculated to be 84 out of 115, with a high
diagnostic performance and characteristics (sensitivity of
100.0%sensitivity, specificity of 98.3% specificity, an Area

Table 2 Scores of both test items between the studied groups

Page 6 of 11

under the curve (AUC) was of 0.983, and Youden’s Index
(YI) of 98.3%). The VCDT exhibited excellent diagnos-
tic performance Additionally, the VCDT demonstrated
perfect diagnostic performance and characteristics in
differentiating the dementia group from the MCI group,
with optimal sub-score cut-off point 15/20 (sensitivity of
100.0% sensitivity, specificity of 100.0 specificity, an AUC
was of 1.000, and YI of 100.0%), followed by attention
with optimal sub-score cut-off point 14/18 (sensitivity of
90.0%sensitivity, specificity of 81.7%specificity, an AUC

Variables Dementia Total =60 MCI Total =60 Control Total =60 p-value

Attention 11.7+17°2 142+1.1° 168+1.3¢ A <0.001%
Memory 16.9+3.42 203+15° 241413 A<0.001*
Language (O) 10.8+5.22 137458 159+60° A<0.001%
Language (M) 19.0+3.32 233+12° 247+1.3¢ A<0.001*
DT 09+09° 17£12° 30+1.6° A<0.001*
VCDT 10.5+2.0° 180+14° 19.8+04°¢ N<0.001*
Visuospatial (O) 444302 57+39? 83+4.7° A<0.001*
Visuospatial (M) 183+3.72 269+2.0° 207+1.2¢ N <0.001*
ACE-II 454+11.72 56.4+11.9° 715+11.7¢ A<0.001*
VI- ACE-Ill 675+11.2° 87.3+84P 101.8+5.2¢ N<0.001*

AANOVA: Analysis of Variance test was used to compare more than two groups

A< 0.001*: p-value indicating statistical significance (p <0.001). a, b, c: Used to represent groups identified as statistically similar or different after post hoc testing

(Bonferroni correction)

Abbreviations: O Original, M Modified, CDT Clock Drawing Test, VCDT Verbal Clock Drawing Test, MCI mild cognitive impairment, ACE-/ll Addenbrooke’s Cognitive

Examination Ill, VI-ACEIIl vision impairment—Addenbrooke’s Cognitive Examination Il
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Fig. 2 (ROC) curve for scores of ACE-Ill and VI- ACE-IIl in differentiating the dementia group from the MCI group (a) and MCI group from the control

group (b) among all vision impairment grades
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was of 0.911, and YI of 71.7%), and finally modified visu-
ospatial with optimal sub-score cut-off point 24/31 (sen-
sitivity of 95.0%sensitivity, specificity of 98.3% specificity,
an AUC was 0f 0.993, and YI of 93.3%).

Using The ROC curve depicted in ROC curve in
(Fig. 2 (b)) demonstrates that, VI- ACE-III had exhibited
the highest diagnostic performance and characteristics in
differentiating the MCI group from the control group, with
an optimal cut-off point 94/115 (sensitivity of 95.0%sensitiv-
ity, specificity of 96.7%specificity, an AUC was of 0.995, and
YI of 91.7%), followed by attention with optimal subscore
cut-off point 16/18 (sensitivity of 93.3%sensitivity, specific-
ity of 86.7%specificity, AUC was of 0.922, and YI of 80.0%),
and finally memory tests, with optimal sub-score cut-off
point 23/26 (sensitivity of 91.7%sensitivity, specificity of
90.0%specificity, an AUC was of 0.963, and YI of 81.7%).

In (Table 3), indicates that the performance speed of
ACE-III and VI- ACE-III was the longest in the demen-
tia group, followed by the MCI group, with the control
group exhibiting the shortest performance speed. Signifi-
cant differences were observed among all study groups.
The performance speed of VI-ACE-II], in terms of total
score and modified domains, was significantly shorter
than that of the original versions.

The optimal cut-off points and psychometric proper-
ties of the VI- ACE-III for detecting MCI and Dementia
across various grades of vision impairment compared
to the original ACE-III were addressed in (Table 4).
VI- ACE-III had perfect diagnostic performance and
characteristics in detecting dementia, with an optimal
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cut-off 84/115 (100.0% sensitivity, 100.0% specificity,
and YI 100.0%) for both the moderate VI group and the
Blind group. The optimal cut-off point for the severe VI
group was 82/115 (95.8% sensitivity, 95.2% specificity,
and YI 91.1%).

It also demonstrated a high diagnostic performance
and characteristics in detecting identifying MCI, with
an optimal cut-off point of 94/115 for both moderate
and severe VI and as well as 95/115 for the blind group
(94.4% sensitivity and &specificity, YI 94.4% for moder-
ate VI, 95.2% sensitivity, 95.5% specificity, YI 90.7% for
the severe VI and as well as 100.0% sensitivity, 90.0%%
specificity, and YI 90.0% for the blind group).

Reliability

The study demonstrated strong internal consistency
reliability in the dementia and MCI groups, as indicated
by Cronbach’s alpha values Our study showed good
internal consistency reliability within the dementia and
MCI group using Cronbach’s alpha values (a=0.866,
a=0.771), respectively.

Discussion

Recent longitudinal studies have demonstrated signifi-
cant associations between vision loss and accelerated
cognitive decline, along with an elevated risk of demen-
tia [24]. The 2024 update in Lancet Dementia Preven-
tion identifies vision loss as one of the 14 modifiable
risk factors for dementia [25]. Standard cognitive tests

Table 3 Performance speed of both test items and total score (minutes) between the studied groups

Scores Dementia (Total =60) MCI (Total =60) Control (Total =60) p-value
Attention 36103 3.1£0.1 25+03 N <0.001%
Memory 24+0.2 2.1+0.1 1.8+0.1 A<0.001*
Language (O) 39+02 35+0.1 30+02 N <0.001*
Language (M) 28+0.2 25+0.1 20+02 A<0.001*
p- value (language O vs. M) 0 <0.001* 0 <0.001* 0 <0.001*

DT 27+0.2 23+0.1 19+0.2 N<0.001*
VCDT 1.2+0.1 09+0.1 0.7£0.2 A<0.001*
p- value (CDT O vs. VCDT) 0 <0.001* 0 <0.001* N <0.001*

Visuospatial (O) 4.1+£03 34403 25405 N <0.001*
Visuospatial (M) 34+03 28+02 22+03 A<0.001*
p- value (visuospatial O vs. M) 0 <0.001* 0 <0.001* 0 <0.001*

ACE_Ill 16.7+£1.2 143+07 116+12 A<0.001*
VI_ACE_llI 134+1.1 11.3+0.6 92+10 A<0.001*
p- value (ACE_lIl vs. VI_ACE_III) 0 <0.001* 0 <0.001* 0 <0.001*

AANOVA: Analysis of Variance test was used to compare more than two groups
(: A paired t-test was used to compare two related groups
A<0.001* or O <0.001*: p-value indicating statistical significance (p<0.001)

Abbreviations: O Original, M Modified, CDT Clock Drawing Test, VCDT Verbal Clock Drawing Test, ACE-/ll Addenbrooke’s Cognitive Examination Ill, VI-ACE-IIl vision

impairment—Addenbrooke’s Cognitive Examination IlI
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Table 4 Sensitivity, specificity and cutoff points for the original
and modified test

Variables Dementia & MCI MCI & Control
ACE-Ill VI- ACE-lIl  ACE-lll VI- ACE-II

Moderate VI
AUC 0.796 1.000 0.895 0.997
P-Value 0.003* <0.001* <0.001* <0.001*
95% Cl 0.646-0.947 1.000-1.000 0.788-1.000 0.988-1.000
Cut point <59 <84 <75 <94
Sensitivity 53.3% 100.0% 84.2% 100.0%
Specificity 94.7% 100.0% 83.3% 94.4%
Youden's 48.1% 100.0% 67.5% 94.4%

Index

Severe VI
AUC 0.809 0952 0919 0.995
P-Value <0.001* <0.001* <0.001* <0.001*
95% Cl 0.674-0.944 0.861-1.000 0.828-1.000 0.982-1.000
Cut point <44 <82 <58 <94
Sensitivity 66.7% 95.8% 85.7% 95.2%
Specificity 95.2% 95.2% 100.0% 95.5%
Youden’s 61.9% 91.1% 85.7% 90.7%

Index

BLIND
AUC 0.899 1.000 0.968 0.995
P-Value <0.001* <0.001* <0.001* <0.001*
95% ClI 0.805-0.992 1.000-1.000 0.922-1.000 0.922-1.000
Cut point <44 <84 <56 <95
Sensitivity 71.4% 100.0% 95.0% 100.0%
Specificity 100.0% 100.0% 85.0% 90.0%
Youden’s 71.4% 100.0% 80.0% 90.0%

Index

A< 0.001*: p-value indicating statistical significance (p <0.001)

Abbreviations: MCI mild cognitive impairment, V/ vision impairment, AUC
Area under the curve, Cl Confidence interval, ACE-Ill Addenbrooke’s Cognitive
Examination IIl, VI-ACE-IIl vision impairment—Addenbrooke’s Cognitive
Examination Ill

often depend on intact sensory functions, making it dif-
ficult to assess cognitive abilities accurately in individu-
als with sensory impairments.

Consequently, there is a pressing need for a cognitive
screening test specifically adapted for elderly individu-
als with visual impairments [26]. Previous attempts to
adapt cognitive assessments for individuals with vis-
ual impairments have been hindered by considerable
limitations. These constraints primarily stem from the
insufficiency of current psychometric tools and the
complexities associated with ensuring accessibility,
particularly for individuals with concomitant sensory
impairments, such as hearing loss [27]. Furthermore,
the reliance on auditory and tactile modalities may
inadequately capture the full extent of cognitive
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decline, especially in individuals who have developed
compensatory mechanisms to mitigate sensory impair-
ments [28]. Modifying scoring techniques, individual
test items, or adopting non-standardized administra-
tion methods poses a potential threat to the integrity
of the cognitive assessment [29]. Many assessment
tools fail to account for the unique cognitive profiles
of individuals with visual impairments, and the test-
ing environment can significantly impact performance.
Variability in assessors’ training and the lack of com-
prehensive support systems may further increase anxi-
ety and hinder accurate performance [30].

Examples of cognitive assessment tools specifically
developed for elderly populations with visual impair-
ments, include the Hong Kong Montreal Cognitive
Assessment (HK-MoCA) and Vision Cog. These tools
effectively address the limitations inherent in traditional
neuropsychological assessments that rely on visual stim-
uli. The HK-MoCA represents a culturally and sensorially
adapted version of the original MoCA, designed to mini-
mize dependence on visual tasks by emphasizing verbal
recall, orientation, and language proficiency. This instru-
ment has been validated for application among older
adults with visual deficits in Hong Kong [31].

Vision Cog is explicitly designed for individuals with
visual impairments, employing auditory and tactile
modalities to evaluate memory, attention, and executive
function. It has demonstrated strong psychometric prop-
erties in multicenter trials [32].

This study was conducted to provide a validated version
of ACE-III adapted for visually impaired elderly individu-
als. This study represents the first research conducted on
Arabic speakers. In this study, we employed a method
of item substitution in the development of VI-ACE-II],
choosing to use verbal and primarily printed materials
rather than removing items. This method was selected
to improve the validity and reliability of the assessment
tool. Studies demonstrate that larger print materials are
crucial for promoting independence in visually impaired
elderly individuals [33]. Research indicates that read-
ing large print requires less cognitive effort compared to
interpreting tactile information, particularly among older
adults facing cognitive decline [34].

Incorporating verbal elements in cognitive assess-
ments may alleviate the difficulties associated with visual
impairments. Research published in the Journal of Vis-
ual Impairment & Blindness indicates that participants
with vision impairment exhibited superior performance
on cognitive tests that utilized verbal instructions and
responses compared to those that depended solely on
written text. The use of auditory stimuli enables individu-
als to leverage their intact auditory processing skills, thus
enhancing performance on these assessments [35].
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The findings indicated that the optimal cut-off point
on the modified ACE-III for dementia was 84 out of 115,
yielding 100% sensitivity and 98.3% specificity. The study
determined the optimal cut-off point for dementia on the
standard version of ACE-III to be 44 out of 100, with a
sensitivity of 53.3% and a specificity of 98.3%. The find-
ings differ from the Arabic ACE-III scores, which identi-
fied an optimal cut-off point of 72 out of 100, exhibiting
89% sensitivity and 95% specificity. The optimal cut-off
point for the modified ACE-III in identifying MCI is 94
out of 115, achieving 95% sensitivity and 96.7% speci-
ficity. The ideal cut-off score for the standard version of
ACE-III in MCI is 59 out of 100, resulting in 63.3% sen-
sitivity and 91.7% specificity. The Arabic ACE-III scores
reveal an optimal cut-off point of 81, demonstrating 75%
sensitivity and 82% specificity.

The observed differences in scores among visually
impaired individuals on cognitive tests indicate the
impact of vision impairment on test results, aligning
with previous research findings like the study that inves-
tigated the effects of visual impairment on the Montreal
Cognitive Assessment (MoCA) where simulated reduc-
tions in visual acuity led to lower cognitive performance
scores [36].

The VCDT demonstrates a higher specificity of 100%
for diagnosing dementia compared to the total scores
of the VI-ACE-III, with a specificity of 98.3%. This
finding indicates that the VCDT may serve as an inde-
pendent screening tool for dementia, especially among
visually impaired elderly individuals. The VCDT dem-
onstrates greater specificity and improved performance
speed (1.2+0.1 s) compared to the clock drawing test
(2.7+0.2 s).

Individuals with VI often experience significant fatigue
over time as a result of cognitive overload due to the
need to compensate for reduced visual input [37]. Con-
sequently, using rapid screening tools like VCDT can be
effective in the early identification of dementia among
visually impaired elderly individuals.

Strengths and limitations of the study
The strength of this study lies in its uniqueness as the first
research focusing on Arabic-speaking visually impaired
elderly individuals in Egypt. The performance speed on
the modified test was compared to the original version
across each cognitive domain. The study also compared
the diagnostic performance and characteristics of the
modified test among various grades of vision impair-
ment. This area has garnered minimal research interest,
as indicated in the Supplementary Tables.

However, our study has several limitations. First, cog-
nitive status classification was based on DSM-5 criteria,
CDR, and clinical neuropsychological assessment due to
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the lack of a valid cognitive test for the visually impaired
in Egypt. Second, the generalizability of the current
study’s findings may be constrained by the participants’
homogeneous educational attainment, as all individu-
als possessed a baseline level of formal education. Future
research should prioritize the inclusion of illiterate and
low-educated elderly individuals. Third, the visual acu-
ity was measured by the Landolt broken ring chart,
which is a less sophisticated screening measure com-
pared to other methods, such as log MAR charts, which
offer greater discriminant validity, sensitivity to inter-
ocular differences, and reliability. Moreover, other visual
functions potentially influencing cognitive test perfor-
mance, including contrast sensitivity, visual field, and
stereoscopic acuity, were not assessed. We incorporated
methodological adaptations to address aspects of con-
trast sensitivity and visual field. Specifically, we utilized
high-contrast print materials to optimize task legibil-
ity, thereby implicitly addressing contrast-related chal-
lenges that might confound cognitive task performance.
Furthermore, to ensure broad spatial coverage of visual
stimuli, items were projected in an H-shaped configura-
tion, systematically spanning all quadrants of the visual
field (superior, inferior, nasal, and temporal). This design
aimed to mitigate biases from localized visual deficits and
approximate a more holistic assessment of functional
vision.

Future studies are needed to integrate contrast sensi-
tivity and visual fields to provide a clearer picture of how
different aspects of visual impairment influence cognitive
performance.

Conclusion

This study highlights the importance of developing and
validating cognitive assessment tools specifically tailored
for visually impaired elderly individuals. The VI-ACE-III
demonstrates potential as a diagnostic instrument for
dementia and MCI in this population, with significant
implications for future research and clinical practice.

Abbreviations

ACE-III Addenbrooke’s Cognitive Examination Il

VI-ACE-Il Vision impairment Addenbrooke’s Cognitive Examination Il
ADL Activities of Daily Living

AUC Area Under the Curve

ROC Receiver Operating Characteristic curve

CDR Clinical Dementia rating scale

MCl Mild Cognitive Impairment

VCDT Verbal clock drawing test

logMAR Log of minimum angle of resolution

WHO World health organization

GDS Geriatric depression scale

CSDD Cornell scale for depression

DSM-5 Diagnostic and Statistical Manual of Mental Disorders
CDR Clinical Dementia Rating

IADL Instrumental activities of daily living

M Youden'’s index



Abdelsalam et al. BMC Geriatrics (2025) 25:145

cfc The clock face conceptualization
MOCA Montreal Cognitive Assessment
HK-MoCA  Hong Kong Montreal Cognitive Assessment

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-025-05784-1.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements

We express our gratitude to Professor Steven P. Cercy for permitting the

use and translation of the English version of the Verbal clock drawing test.
Furthermore, we extend our gratitude to ophthalmology specialists Nehal
Abu-Bakr Abuelnasr and Marwa Salaheldin Ahmed for their support in patient
recruitment.

Clinical trial number
Not applicable.

Authors’ contributions

S.M conceptualized and designed the study, collected the data and wrote the
draft of the manuscript .H.M designed the study, analyzed and interpreted
the data. M.S, AH, AH, HM supervised the study design, critical revision for
intellectual content of the manuscript. All authors read and approved the final
manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). The study did not receive funding from any organization.

Data availability
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

This study was conducted following the ethical principles outlined in the Dec-
laration of Helsinki. The methodology was rigorously reviewed and approved
by the Research Review Board of the Geriatrics and Gerontology Department,
Faculty of Medicine, Ain Shams University, ensuring adherence to the highest
ethical standards. Ethical approval was formally granted by the Faculty of
Medicine Research Ethical Committee at Ain Shams University under the
Study Protocol Approval Code FMASU MD 39/2023. Before participation,
informed consent was obtained from all participants or their legally author-
ized caregivers.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
"Faculty of Medicine, Ain Shams University, Cairo, Egypt. 2National Research
Centre, Cairo, Egypt.

Received: 26 August 2024 Accepted: 11 February 2025
Published online: 04 March 2025

Page 10 of 11

References

1.

20.

21.

United Nations. Department of Economic and Social Affairs. Population
Division. World Population Prospects 2022: Summary of Results. New
York: United Nations; 2022. https://population.un.org/wpp/.

Swenor BK, Ehrlich JR. Ageing and vision loss: looking to the future.
Lancet Glob Health. 2021;9(4):e385-6.

Nagarajan N, Assi L, Varadaraj V, Motaghi M, Sun'Y, Couser E, et al. Vision
impairment and cognitive decline among older adults: a systematic
review. BMJ Open. 2022;12(1):e047929.

Swenor BK, Wang J, Varadaraj V, et al. Vision impairment and cognitive
outcomes in older adults: the Health ABC Study. J Gerontol a Biol Sci Med
Sci. 2019;74:1454-60. https://doi.org/10.1093/gerona/gly244.
VaradarajV, Munoz B, Deal JA, An'Y, Albert MS, Resnick SM, et al. Associa-
tion of vision impairment with cognitive decline across multiple domains
in older adults. JAMA Netw Open. 2021;4(7):.e2117416.

Uchida', Sugiura S, Nishita Y, Saji N, Sone M, Ueda H. Age-related hearing
loss and cognitive decline - the potential mechanisms linking the two.
Auris Nasus Larynx. 2019;46:1-9. https://doi.org/10.1016/}.anl.2018.08.
010.

Pichora-Fuller MK, Kramer SE, Eckert MA, et al. Hearing impairment and
cognitive energy: the framework for understanding effortful listening
(FUEL). Ear Hear. 2016;37(Suppl 1):55-27S. https://doi.org/10.1097/AUD.
0000000000000312.

Dupuis K, Pichora-Fuller MK, Chasteen AL, MarchukV, Singh G, Smith SL.
Effects of hearing and vision impairments on the Montreal Cognitive
Assessment. Aging Neuropsychol Cogn. 2015;22:413-37. https://doi.org/
10.1080/13825585.2014.968084.

Pye A, Charalambous AP, Leroi |, et al. Screening tools for the identifica-
tion of dementia for adults with age-related acquired hearing or vision
impairment: a scoping review. Int Psychogeriatr. 2017,29:1771-84.

. Dawes P, Pye A, Reeves D, et al. Protocol for the development of versions

of the Montreal Cognitive Assessment (MoCA) for people with hearing or
vision impairment. BMJ Open. 2019,9:e026246. https://doi.org/10.1136/
bmjopen2018-026246.

. Senda M, Terada S, Takenoshita S, Hayashi S, Yabe M, Imai N, et al. Diag-

nostic utility of the Addenbrooke’s Cognitive Examination-IIl (ACE-1Il),
Mini-ACE, Mini-Mental State Examination, Montreal Cognitive Assess-
ment, and Hasegawa Dementia Scale-Revised for detecting mild cogni-
tive impairment and dementia. Psychogeriatrics. 2020,20(2):156-62.

. Qassem T, Khater MS, Emara T, Rasheedy D, Tawfik HM, Mohammedin AS,

et al. Validation of the Egyptian-Arabic version of the Addenbrooke’s Cog-
nitive Examination Il (ACE-IIl) in diagnosing dementia. Dement Geriatr
Cogn Disord. 2020;49(2):179-84.

. World Health Organization, editor. Classification of ophthalmic disorders:

clinical descriptions and diagnostic guidelines. Geneva: Churchill Living-
stone; 2003.

. Metwally AS, El-Banouby MH, Mortagy AK, Ghanem M. Prevalence of

depression among Egyptian geriatric community. Cairo: Faculty of Medi-
cine, Ain Shams University; 1998.

. Alexopoulos GS, Abrams RC, Young RC, Shamoian CA. Cornell scale for

depression in dementia. Biol Psychiatry. 1988;23(3):271-84. https://doi.
org/10.1016/0006-3223(88)90038-8.

. Zogmaister C, Vezzoli M, Facchin A, Conte FP, Rizzi E, Giaquinto F, et al.

Assessing the transparency of methods in scientific reporting. Collabra:
Psychology. 2024;10(1):121243.

. Cercy SP.The verbal clock test: preliminary validation of a brief, vision-

and motor-free measure of executive function in a clinical sample. Clin
Neuropsychol. 2012,26(8):1312-41.

. American Psychiatric Association. Diagnostic and statistical manual of

mental disorders, fifth edition. Arlington, VA: American Psychiatric Asso-
ciation; 2013.

. Karam GE, Khandakji MN, Sahakian NS, Dandan JC, Karam EG. Valida-

tion into Arabic versions of dementia rating scales, dementia caregiver’s
scales, and dementia research instruments. Alzheimer’s Dement: Diagn
Assess Dis Monit. 2018;1(10):796-801.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness

in the aged. The index of ADL: a standardized measure of biological and
psychosocial function. JAMA. 1963;185:914-9.

Lawton MP, Brody EM. Instrumental activities of daily living (IADL). Geron-
tologist. 1969,9:179-86.


https://doi.org/10.1186/s12877-025-05784-1
https://doi.org/10.1186/s12877-025-05784-1
https://population.un.org/wpp/
https://doi.org/10.1093/gerona/gly244
https://doi.org/10.1016/j.anl.2018.08.010
https://doi.org/10.1016/j.anl.2018.08.010
https://doi.org/10.1097/AUD.0000000000000312
https://doi.org/10.1097/AUD.0000000000000312
https://doi.org/10.1080/13825585.2014.968084
https://doi.org/10.1080/13825585.2014.968084
https://doi.org/10.1136/bmjopen2018-026246
https://doi.org/10.1136/bmjopen2018-026246
https://doi.org/10.1016/0006-3223(88)90038-8
https://doi.org/10.1016/0006-3223(88)90038-8

Abdelsalam et al. BMC Geriatrics (2025) 25:145 Page 11 of 11

22. Hohmann A, Haase W. Development of visual line acuity in humans.
Ophthalmic Res. 1982;14(2):107-12.

23. Ferris FL I, Sperduto RD. Standardized illumination for visual acuity test-
ing in clinical research. Am J Ophthalmol. 1982;94(1):97-8. https://doi.
0rg/10.1016/0002-9394(82)90198-2.

24. Ehrlich JR, Goldstein J, Swenor BK, Whitson H, Langa KM, Veliz P. Addition
of vision impairment to a life-course model of potentially modifiable
dementia risk factors in the US. JAMA Neurol. 2022,79:623-6.

25. Livingston G, Huntley J, Liu KY, Costafreda SG, Selbaek G, Alladi S, et al.
Dementia prevention, intervention, and care: 2024 report of the Lancet
Standing Commission. Lancet. 2024.

26. Dumassais S, Pichora-Fuller MK, Guthrie D, Phillips NA, Savundranayagam
M, Wittich W. Strategies used during the cognitive evaluation of older
adults with dual sensory impairment: a scoping review. Age and Ageing.
2024 Mar 1;53(3):afae051.

27. Phillips NA, Chertkow H, Pichora-Fuller MK, Wittich W. Special issues on
using the Montreal Cognitive Assessment for telemedicine assessment
during COVID-19. J Am Geriatr Soc. 2020;68(5):942-4.

28. Morrice E, Stark Z, Murphy C, Wittich W, Johnson A. AB033. The impact of
visual impairment on the Montreal Cognitive Assessment. Annals of Eye
Science. 2019;4:AB033.

29. Al-Yawer F, Pichora-Fuller MK, Phillips NA. The Montreal Cognitive Assess-
ment after omission of hearing-dependent subtests: psychometrics and
clinical recommendations. J Am Geriatr Soc. 2019;67(8):1689-94.

30. Hamdy RC, Lewis JV, Copeland R, Depelteau A, Kinser A, Kendall-Wilson T,
Whalen K. Patients with dementia are easy victims to predators. Gerontol
Geriatr Med. 2017;3(3):1-8. https://doi.org/10.1177/2333721417734684.

31. Wong A, Xiong YY, Kwan PW, et al. The Hong Kong Montreal Cognitive
Assessment: Validation of a culturally and sensorially adapted tool for
visually impaired elderly. J Alzheimers Dis. 2018;63(4):1363-74. https://
doi.org/10.3233/JAD-180101.

32. Smith JE, Brown ML, Lee C. Vision Cog: A multisensory cognitive
assessment tool for the visually impaired elderly. Clin Neuropsychol.
2020;34(5):987-1002. https://doi.org/10.1080/13854046.2019.1709664.

33, American Foundation for the Blind. Large print materials: a guide to
creating accessible documents. American Foundation for the Blind; 2020.
Available from: https://www.afb.org.

34, Bernard M, Liao C-H, Hwang Y. The effects of font size on reading perfor-
mance: a meta-analysis. Appl Cognit Psychol. 2018;32(4):485-93.

35. Rosenblum LP, Hong SK, Hellerstein DJ. The role of auditory information
in improving performance on cognitive assessments for students with
visual impairments. J Vis Impair Blind. 2019;113(1):23-34. https://doi.org/
10.1177/0145482X19830001.

36. Morrice E, Stark Z, Murphy C, Wittich W, Johnson A. AB033. The impact of
visual impairment on the Montreal Cognitive Assessment. Ann Eye Sci.
2019;4:AB033.

37. Schakel W, Bode C, Elsman EB, van der Aa H, de Vries R, van Rens GHMB,
van Nispen RMA. The association between visual impairment and fatigue:
a systematic review and meta-analysis of observational studies. Ophthal-
mic Physiol Opt. 2019;39(6):399-413.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/0002-9394(82)90198-2
https://doi.org/10.1016/0002-9394(82)90198-2
https://doi.org/10.1177/2333721417734684
https://doi.org/10.3233/JAD-180101
https://doi.org/10.3233/JAD-180101
https://doi.org/10.1080/13854046.2019.1709664
https://www.afb.org
https://doi.org/10.1177/0145482X19830001
https://doi.org/10.1177/0145482X19830001

	Adaptation and validation of the modified Egyptian Arabic version of Addenbrooke’s Cognitive Examination III (VI-ACE-III) for assessing cognitive impairment in visually impaired elderly
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Inclusion criteria
	Exclusion criteria
	Procedure
	Phase 1
	Phase 2
	Phase 3
	Phase 4 (pilot study 1)
	Phase 5 (pilot study 2)

	Design
	Preliminary study
	Final study


	Materials
	Neuropsychological testing
	Functional assessment
	Visual assessment

	Statistical analysis
	Results
	Reliability

	Discussion
	Strengths and limitations of the study

	Conclusion
	Acknowledgements
	References


