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Resumo

Introducdo: O teste da Barragem de Toulouse-Piéron (TP) é um instrumento psi-
cométrico classico que permite avaliar a atencao seletiva e sustentada, assim como
a velocidade de processamento, fornecendo dois indices principais: Rendimento de
Trabalho (RT) e indice de Dispersao (ID).

O objetivo do estudo foi a validacdo do TP para doentes com declinio cognitivo
ligeiro e doenca de Alzheimer, através da analise das suas propriedades psicométricas
e acuidade diagndstica da prova, permitindo o estabelecimento de pontos de corte.

Métodos: A amostra é constituida por 250 participantes, divididos em: grupo de con-
trolo (GC) (h=100), grupo com declinio cognitivo ligeiro (DCL) (n=100) e grupo com doen-
¢a de Alzheimer (DA) (n=50). Os grupos clinicos cumprem os respectivos critérios de diag-
ndstico internacionais estandardizados e o grupo de controlo é constituido por individuos
cognitivamente saudaveis e inseridos na comunidade. A acuidade diagndstica do teste foi
avaliada através da anélise das curvas ROC (receiver operating characteristics). Para cada
um dos indices foram selecionados os pontos de corte que forneciam o maior valor de
Youden, representando uma maximizacao da sensibilidade e especificidade.

Resultados: O TP revelou boas propriedades psicométricas e a pontuacdo total
nos indices diferiu entre os trés grupos (p < 0,001: GC<DCL<DA). Foram calculados
os valores de sensibilidade para o grupo DCL: 53% (TP-RT) e 48% (TP-ID). Em termos
de especificidade, os resultados obtidos foram: 85% (TP-RT), e 83% (TP-ID), resul-
tando numa acuidade diagnéstica de, respectivamente, 69% (TP-RT) e 65% (TP-DI).
Os mesmos indices foram calculados para o grupo DA: sensibilidade 93% (TP-RT) e
93% (TP-ID), e especificidade: 95% (TP-RT) e 82% (TP-ID). O teste revelou excelente
acuidade diagndstica para doentes com DA: 94% (TP-RT) e 88% (TP-ID). Foram entao
estabelecidos os pontos de corte para DA: TP-RT: < 49 pontos (AUC= 0,981) e TP-ID:
> 26 pontos (AUC= 0,921).

Conclusao: Os resultados confirmam a capacidade do TP para identificar a presen-
ca de défices cognitivos em doentes com DA, apresentando uma fraca sensibilidade
para o grupo DCL, numa amostra Portuguesa. Os pontos de corte sdo de grande
utilidade quer na préatica clinica quer investigacional.

Abstract
Introduction: The Toulouse-Piéron Cancellation Test (TP) is a classic psychometric
instrument for the assessment of selective, sustained attention and processing speed,
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providing two main outcomes: Work Efficiency (WE) and Dispersion Index (DI).

Our objective was to validate the TP for patients with mild cognitive impairment
(MCI) and Alzheimer's Disease (AD) through an analysis of its psychometric properties,
of its classification diagnostic accuracy and the proposal of optimal cut-off points.

Methodology: Study sample included 250 participants, divided into a control
group (CG) (n=100), a mild cognitive impairment (MCI) group (n=100), and an Alzhei-
mer's disease (AD) group (n=50). The clinical groups fulfilled standard international
diagnostic criteria. Controls were community-dwelling subjects without neurological
or psychiatric pathologies. The diagnostic accuracy of the TP was evaluated by the
receiver operating characteristics (ROC) curve analysis. The optimal cut-off points for
each index of TP that generated the highest Youden value were selected, with higher
values meaning the maximization of both sensitivity and specificity.

Results: The TP revealed good psychometric indicators, and the total scores sig-
nificantly differ between the three groups (p < 0.001: Control<MCI<AD). For the mild
cognitive impairment group, the values of sensitivity were 53% (TP-WE) and 48% (TP-
DI). Regarding specificity, the values were 85% (TP-WE) and 83% (TP-DI) and the di-
agnostic accuracy was, respectively, 69% (TP-WE) and 65% (TP-DI). Concerning Alz-
heimer’s disease patients, the values of sensitivity were 93% (TP-WE; TP-DI) and of
specificity were 95% (TP-WE) and 82% (TP-DI). The TP revealed high diagnostic ac-
curacy for the Alzheimer's disease group, respectively, 94% (TP-WE) and 88% (TP-DI).
The optimal cut-off points for Alzheimer's disease group were then established: TP-
WE: < 49 points (AUC= 0.981) and TP-DI: > 26 points (AUC= 0.921).

Conclusion: Our findings confirmed the capacity of the TP to identify cognitive
impairment in Alzheimer's disease patients, with poor sensitivity for MCl patients, in
a Portuguese population. The cut-off points will be useful in clinical and research con-
texts.

Introduction

The impact of dementia on worldwide public health
and its underlying economic costs is one of the major
challenges for the following years.' The increase of life
expectancy and reduced birth-rate has brought about
relevant demographic changes in the last decades, lead-
ing to a worrying trend to a worldwide aged population.
At the same time, age represents a main risk factor for
cognitive impairment and dementia, particularly Alzhei-
mer’s disease (AD).>* This form of dementia is respon-
sible for at least 60% of all cases,* affecting 5% - 7% of
people over the age of sixty.’

Attentional deficits are responsible for difficulties in
information processing at various levels and may ex-
plain possible functional losses in both normal aging and
dementia.®’ The cognitive profile of early-stage AD is
mainly characterized by a deterioration of episodic
memory eventually with a decline of other functions
such as attention. Similar to AD, the evaluation of atten-

tion is fundamental in prodromal or pre-dementia states
of dementias globally designed for mild cognitive impair-
ment (MCI) as it may be responsible for variations in
performance and constraints to an effective assessment
of other cognitive functions.®

The Toulouse-Piéron Cancellation Test (TP)? was first
developed in 1904 by Edouard Toulouse and is the most
known and used psychometric test for the assessment
of perceptive and attentional abilities. In Portugal,'® the
TP is also the third most used neuropsychological test
after the Rey Complex Figure Test'""'? and the D2 Test of
Attention (D2).'* This popularity is explained because it
allows the assessment of two main attentional domains
that are frequently impaired in ageing and dementia:
sustained and selective attention. Additionally, a recent
study comparing AD patients to cognitively healthy sub-
jects, revealed that impairment in attentional measures
comprises lower performances in divided, sustained and

selective attention tasks and also in processing speed,
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mechanisms which are not explained by age or educa-
tional level.'"* These findings support the utility of a com-
plex attention tool such as the TP for the evaluation of
MCI and AD patients, since it is a psychometric instru-
ment that encompasses not only perception and atten-
tional control but also, visual search, working memory
skills, psychomotor abilities, switching, and cognitive
flexibility.

We present a validation study of the TP for MCI and
mild AD patients. More specifically, we conducted an
exploratory analysis of its psychometric properties, con-
sidering the cognitive performance of the study groups
and set up its diagnostic accuracy based on optimal cut-

off points.

Methodology
Participants and procedures

We used a convenience sample composed by 250
participants (aged = 45 years) distributed between three
groups: (I) MCI group with 100 patients; (II) AD group
with 50 patients; and (lll) Control Group (CG) with 100
cognitively healthy adults. MCl and AD patients were
recruited at the Memory Clinic of of the Neurology De-
partment of a central hospital. All patients underwent a
cognitive screening with the Mini-Mental State Exami-
nation (MMSE)'*'¢ and the Montreal Cognitive Assess-
ment (MoCA)'”'® as well as a comprehensive neuropsy-
chological assessment with the Bateria de Lisboa para
Avaliagdo da Deméncia (BLAD).'® A medical exam was
conducted by a neurologist and routine complementary
diagnostic exams were performed: laboratory analysis,
Apolipoprotein E (ApoE) genotyping and structural and
functional imaging exams, namely computed tomogra-
phy - CT-scan or magnetic resonance imaging (MRI) and
SPECT (single photon emission computed tomography).
Most of these patients were further investigated with
PiB-PET (Pittsburgh compound B-positron emission
tomography), and/or cerebrospinal fluid analysis, allow-
ing an AD diagnosis supported by biomarkers. A final
diagnosis was established by a multidisciplinary team
following international criteria for MCI'** and probable
AD (NINCDS-ADRDA criteria).2' Considering AD, we
selected patients, in mild dementia stages (MMSE = 18).
For MCI we only included amnesic-MClI type (a-MCl),
classified as single-domain or multi-domain-MCl.

The CG was composed by cognitively healthy com-
munity-dwelling subjects. For the initial selection of

participants the defined inclusion and exclusion criteria
included: a) Portuguese as native language and having
had at least one year of formal education; b) normal
scores according to the normative values defined for the
Portuguese population on the MMSE*3* and MoCA?*'%,
c) preserved independence and functionality on activi-
ties of daily living; d) no medication intake that could
interfere with normal cognitive functioning; e) absence
of neurological or psychiatric disorders; f) no significant
motor, visual or auditory deficits with a possible nega-
tive influence in cognitive performance; g) no present or
past history of alcoholism or drug abuse. The exclusion
criteria included: illiteracy; functional deficits with a rec-
ognized influence in daily living autonomy; and clinically
significant depressive symptomatology (determined by a
GDS-30 score = | | points).

All subjects participated voluntarily and gave their
informed written consent for the study, following the
tenets of the Declaration of Helsinki, after clarification
of the nature and possible implications of the study. For
AD patients a written consent by the caregiver was also

obtained.

Study materials

The evaluation procedure was implemented individ-
ually within a one-hour session through an established
fixed order. For this particular study we developed
a short protocol composed by the MMSE and MoCA
(two measures of cognitive screening), followed by the
TR, the Trail Making Test (TMT A/B)? (a double-task
test that provides information about attention, visual
search, eye-hand coordination, processing speed, se-
quencing capability and cognitive flexibility — Part A, and
also evaluates executive functions — Part B), the Geri-
atric Depression Scale (GDS-30)*% (a straightforward
screening measure for depression symptomatology in
elderly populations), and the Subjective Memory Com-
plaints scale (SMC)%*8 (a scale that aims to characterize
memory complains with multiple levels of response, ac-
cording with the complains severity). Additionally, in the
control group we also performed the D2 Attention Test
(D2), in order to further explore the convergent valid-
ity with the TR The D2 is a timed cancellation test that
allows the assessment of selective attention, process-
ing speed, rule compliance and quality of performance,
through two of its indexes: E% (percentage of errors), a

variable that measures the qualitative aspect of the sub-
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ject’s performance; TN-E (total performance) which is
a measure of the quantity of work completed after a
single correction for errors and omissions.

The TP? is a timed paper-and-pencil cancellation test
that assesses sustained and selective attention, process-
ing speed, visuo-perceptive and inhibition abilities and
also demands high concentration levels and fatigue re-
sistance. Its administration can be done individually or in
group and takes exactly 10 minutes. The test consists of
a blank sheet of paper with twenty-five lines and forty
small squares per line. The squares are distinguished
from each other by the orientation of the rows on the
outer surface: in each square the stroke is oriented in
eight possible directions, similarly to the wind rose. The
subject is required to mark the three models proposed
in the header. For each line the evaluator must register
the total number of hits (H), i.e., the number of items
correctly selected by the subject, errors (E), i.e., the
number of items wrongly selected (false positives), and
omissions (O), i.e., the number of correctly items that
the subject had not selected (false negatives). The TP
yet presents two main outcomes: the first one is Work
Efficiency (WE),** which sets up a measure of both the
attentional and perceptual abilities of the subject with
a maximum score of 375 points calculated by the fol-
lowing formula [WE=H-(E+O)]; the second outcome
is the Dispersion Index (DI),* corresponding to the
percentage of failures committed by the subject during
the test, calculated by [DI=(E+O)/H*100]. This index
allows a higher characterization of the result obtained
on WE, namely if it is mainly influenced by a pattern of
global response slowing or selection mistakes - impulsiv-
ity (errors) or distractibility (omissions).

Statistical analysis

Statistical analyses were developed using the Statisti-
cal Package for the Social Sciences (SPSS), version 22.0
for Windows.>* Descriptive statistics were used for sam-
ple’s characterization followed by independent-samples
t-test for group comparisons. The influence of sociode-
mographic characteristics, as age and education level, in
TP scores was addressed with multiple linear regression
(MLR) analysis (Enter method). To assess test-retest
reliability we calculated the correlations between the
scores at baseline and at follow-up six months later (only
for the CG). The convergent validity was determined

using Pearson correlation coefficients between the TP

(WE and DI) and the MMSE, MoCA, TMT-A/B, and D2.
The group differences were examined using two-sam-
ple t-test and analysis of variance (ANOVA). Estimates
of effect size were also calculated through analysis of eta
squared (n?).>* The diagnostic accuracy of the TP (WE
and D) for the prediction of the clinical diagnosis of MCI
and AD was evaluated by the receiver operating char-
acteristics (ROC) curve analysis. The optimal cut-off
points for each index of TP that generated the highest
Youden value were selected, with higher values mean-
ing the maximization of both sensitivity and specificity.
For the analysis of the predictive values of these indexes
we calculated, for each of the cut-off points, the sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and classification accuracy.
The comparative analysis between the AUC values was
performed through the statistical software MedCalc for

Windows, version 18.3¢

Results
Sample characterization

The characteristics of the total study sample as well
as for each group are presented in Table |. We present
data on the sample size, age, education level, gender,
MMSE score, MoCA score, TMT A/B scores, GDS
scores and SMC scores. There were no statistically sig-
nificant differences between the three groups on mean
age (65.23 = 11.19, ranging from 45 to 83 years) and
mean educational level (7.85 *+ 4.48, ranging from 3 to
I8 years). According to Post-hoc test analysis, we ob-
tained the same pattern for each comparison (mean age:
control = MC| = AD; mean education level: control =
MCI = AD). As expected, we found statistically signifi-
cant differences between the groups on cognitive per-
formance on the MMSE, MoCA, TMT-A, TMT-B, GDS-
30 and SMC. Post-hoc test analysis confirmed that the
control group had a better cognitive performance than
both clinical groups in all measures except for TMT-A,
between CG and MCI. Besides, the MCl group revealed
higher performance levels than the AD group in all de-
scribed instruments.

In order to characterize the influence of age, educa-
tion and gender in the results of TR, we correlated these
variables with the work efficiency and dispersion index
total scores. There were no statiscally significant corre-
lations between TP indexes and gender. We found that
age was significantly negatively correlated with the total
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Table 1. Sociodemographic and cognitive characterization of the study sample.

CG MCI AD
n 100 100 50 Differences between groups
Education 6.70%4.33 6.97+4.35 6.30+4.33 Fi a9 = -058; p=.944
Age 71.28+9.53 71.40%9.29 71.83+9.97 Ry = 201 om0/
Gender 54 (54.0) 58 (58.0) 29 (58.0) Fi 249 = -201; p=.796
MMSE score 28.89+1.41 28.08+1.54 22.37+3.17 Fip 249 = 92.936, p<.01
MoCA score 25.40+3.27 20.00+3.51 11.54+4.23 Fp, 209 = 92.086, p<.01
GDS score 2.67+2.88 11.13x6.61 6.69+4.77 Fz 235 = 49.005, p<.01
SMC score 5.00+£5.93 8.17+4.27 6.46+4.17 .‘:(2’235) = 21.880, p<.01
TMT A score 80.21+34.80 89.22+37.99 165.44+90.18 Fp 226 = 20.06, p<.01
TMT B score 210.50+118.91 233.28+98.92 | 364.82+204.02 Fi 20 = 6-14, p<.01
D2 (TN-E) score 103.70+67.91 - - -
D2 (E%) score 30.87+41.54 - - -

Notes: Gender is presented by female’s n and its respective percentage (%). The others variables are presented as means + standard deviation. CG = control
group; MCI = mild cognitive impairment; AD = Alzheimer's disease; MMSE = Mini Mental State Examination; MoCA = Montreal Cognitive Assessment; GDS =
Geriatric Depression Scale; SMC = subjective memory complains; TMT A = Trail Making Test A; TMT B = Trail Making Test B; D2 = D2 Test of Attention.

scores on TP-WE (r=-0.508, p < 0.01) and significantly
positively correlated with TP-DI (r=0.232, p < 0.01).
Regarding educational level we observed that there was
a significant positive correlation with TP-WE (r=0.554, p
< 0.01) and a significant negative correlation was found
with TP-DI (r=-0.306, p < 0.01). Furthermore, we per-
formed a MLR analysis (enter method) to analyse the
influence of these two variables in TP results (Table 2).
The results presented on Table 2 showed that both age
and education are significant contributors to the predic-
tion of the TP To this model, the adjusted R? value was
0.436, which means that 43.6% of the variance on the
TP-WE was explained by these two sociodemographic
variables. The same was observed for TP-DI, with an
adjusted R? value of 0.114 (1 1.4%).

Table 2. MLR analysis for age and educational level.

Variable B SEB [§
TP-WE,
Age -3.445 .350 -.508
Education 26.688 4.223 .554
TP-DI,

Age 1.142 .287 232
Education -18.704 3.506 -.306
,R?=.436, F,,,,=103.670, p<.01;
,R?=.114,F,,,,=17.641, p<.01;

WE = work efficiency; DI = dispersion index; SEB = standard error of B.

Psychometric properties

The convergent validity was determined through

Pearson correlations between the TP and the MMSE,
MoCA, TMT, and D2 (this one specifically in CG group).
We observed significant negative correlations between
the total scores of the TP-DI and the MMSE (r=-0.617;
p < 0.01) and the MoCA (r=-0.620, p < 0.01) and con-
versely positive correlations between TP-WE and the
MMSE (r= 0.868; p < 0.01) and the MoCA (r=0.891;
p < 0.01), once that the more errors and omissions
subjects commit, the worst will be the scores obtained
on the cognitive screening measures. The results also
showed significant negative correlations between the
total scores of the TP-WE and the TMT-A (r=-0.565, p
< 0.01) and B (r=-0.524, p < 0.01). Positive significant
correlations were found between the total scores of TP-
Dl and the TMT-A (r=0.486, p < 0.01) and B (r=0.422,
p < 0.0l). These results show that the higher the work
efficiency on TP the less time subjects take to complete
both TMT A and B. Regarding D2 test, we observed
significant positive correlations between D2 (TN-E) and
the TP-WE (r= 0.959, p < 0.01) and significant negative
correlations between the D2 (TN-E) and TP-DI (r=-
0.920, p < 0.01). These results were expected since D2
(TN-E) and TP-WE are both indicative of the quantity
of subjects’ work and TP-DI is a measure of inattention
what explains its negative correlations with D2 (TN-E).

Test-retest reliability was performed for a conveni-
ence sub-sample of the control group (n=30) and both
the assessments were performed by the same evaluator.
The follow-up period was fixed in six months according

with the methodologies used in other studies for MCI
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and AD patients.?” The reliability was measured through
Pearson’s correlation coefficient between the baseline
and the follow-up data and the obtained values were
r=0.877 (TP-DI) and r=0.903 (TP-WE), all p < 0.01.

These results indicate a good test-retest reliability.*

Group differences

We conducted an ANOVA in order to analyse differ-
ences between groups on TP indexes as well as the re-
spective effect sizes (1?). There were statistically signifi-
cant differences in TP main indexes concerning the three
groups: F, ,,, = 54.696, p < 0.0, n?= 0.282 (TP-WE);
Fop 247,= 55-883,p < 0.01, 1*= 0.287 (TP-DI). In Table 3
we present in detail TP performances for all groups and
for all the five indexes. According to post-hoc analysis, the
control group obtained the higher total scores and the

AD group obtained the lowest total scores.

Cut-off points

The accuracy of the test depends on how well the test
distinguishes the population being tested into those with
and without the disease. It is measured by the area under
the receiver operating curve (ROC) curve. An area of |
represents a perfect test and an area of 0.5 represents
a worthless test. ROC curve analysis was calculated to
evaluate the diagnostic accuracy of the TP to distinguish
MCI and AD patients from healthy older adults. Graphic
representations of the ROC curves are delivered in Figs.
| and 2. The AUCs for MCl in the two main indexes of
TP were for TP-WE 0.739 [95% confidence interval (Cl)
= 0.631-0.847] and for TP-DI 0.629 [95% CI = 0.506-
0.753]. For AD, the AUCs were 0.981 [95% CI = 0.960-
1.000] for TP-WE and 0.921 [95% CI = 0.861-0.980] for
TP-DI. So, the obtained values showed that there was a
fair diagnostic accuracy for the MCI group and a good-

excellent diagnostic accuracy for AD patients.

Table 3. Cognitive characterization of the groups on TP.
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Figure 1. ROC curve analysis of the TP-WE to detect AD.
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Figure 2. ROC curve analysis of the TP-DI to detect AD.

CG MCI AD
n 100 100 50 Diferences between groups
WE 124.48+55.50 79.50+43.14 -3.55+64.06 Fi 247 = 54.696, p<.01, n?= .282
DI 19.20+16.16 27.32€21.37 | 113.91£106.04 Fy 207) = 55.883, p<.01, n?= .287
H 163.64x74.95 102.13+£39.94 53.05+23.60 Fo 24y = 51.957, p<.01, n?= .398
E 0 1.70£3.92 9.35+£14.91 Fo 24y = 14.971, p<.01, n?= .160
(0] 19.94+16.58 21.88+14.75 48.08+66.00 Fy 24 = 5.017, p=.008, n*= .06

Notes: The scores are presented as means * standard deviation. WE = work efficiency; DI = dispersion index; TR= total result; H = hits; E = errors; O =

omissions.
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Table 4. Diagnostic classification accuracy of the TP.

TP Cut-off AUC Sensitivity | Specificity | PPV NPV Cﬁfﬁﬁgi‘;“
WE <73 0.739 53 85 78 64 69

Ml DI >27 0.629 48 83 73 61 65
WE <49 0.981 93 95 95 93 94

AP DI 26 0.921 93 82 84 92 88

AUC = area under the curve; PPV = positive predictive value; NPV = negative predictive value; TP = Toulouse-Piéron; WE = work efficiency; DI =
dispersion index; TR = total result; H = hits; E = errors; O = omission. Note: Values of sensitivity, specificity, PPV, NPV, and classification accuracy were
expressed in percentage. Cut-off points indicate the minimum score required for presence of signal.

The optimal cut-off points for maximum accuracy
and the respective values of sensitivity, specificity, PPV,
NPV, and classification accuracy for both MCl and AD
were further calculated (Table 3), with the ideal value
regarding a perfect test being one (100%), and the

worst possible value being zero.

Discussion

Several studies developed in our country with differ-
ent neuropsychological instruments revealed the criti-
cal influence of sociodemographic variables on perfor-
mance, influencing normative and validation data.'®!323!
Like those studies our results confirm that the signifi-
cant sociodemographic variables are age and education.
Considering the TP indexes, MLR analysis showed that
educational level was the most significant predictor of
the TP results which is congruent with other studies for
the Portuguese population.?3' Similarly, the model en-
compassing both age and education explained 43.6% of
the variance of results in TP-WE and |1.4% in TP-DI.

In order to validate the TP as a measure of sustained
and selective attention we explored its psychometric
properties. This is essential to guarantee that the results
are adequate to the focus of the evaluation and to en-
sure that the test provides adequate values of diagnos-
tic accuracy allowing its optimal use in comprehensive
neuropsychological assessment protocols. As so, we
explored both convergent validity and test-retest reli-
ability. Regarding convergent validity, we obtained sta-
tistically significant correlations between TP indexes
and both MMSE and MoCA total scores, as well as with
TMT-A/B and D2 scores, which are more specific instru-
ments for the assessment of attentional abilities. These
results show a convergent validity for both modalities of
evaluation in dementia.’* We also explored TP’s test-re-
test reliability. We revaluated 30 subjects of the control
group six months after the baseline assessment and con-

cluded that their performances remained stable across
the time. This was shown by the high Pearson correla-
tion values (r> 0.80) obtained when the two evaluations
were compared.® This property is of extreme impor-
tance once it shows that TP performances remain stable
over assessments in controls, being therefore appropri-
ate for use in longitudinal research to identify pathologi-
cal decline in dementia.

We further explored differences between groups, as
well as the optimal cut-off points for maximum accuracy.

The analysis of group differences suggested that TP
was able to distinguish between clinical and control
groups, as well as between the clinical conditions tar-
geted in this study. Furthermore, we observed statisti-
cally significant differences between the performances
of the three groups in each one of the five indexes of
TP which reinforces its discriminative power. The re-
sults showed the projected tendency to obtain worse
performances in AD group in comparison with both
MCI and controls. These findings were congruent with
previous studies concerning the assessment of atten-
tion in early AD and showed that after an early amnesic
stage, attention is one of the first non-memory domains
to become impaired, even before the emergence of
deficits in language and visuospatial skills.>'* More spe-
cifically, we found that all three groups committed omis-
sion mistakes, possibly due to a pattern of distractibility
but that the presence of errors was only verified in the
AD group and in a-MCI-multidomain patients who have
the lowest scores in cognitive screening measures. This
pattern of impulsivity is congruent with what was previ-
ously described in these patients which typically reveal
attentional and oculomotor abnormalities that can have
a negative impact on visual processing and associated
cognitive functions.?” Through an overall performance
analysis concerning the three groups, we observed that
AD patients seem to have severe difficulties to under-
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stand task instructions and are not able to memorize the
models proposed in the header. These features lead to a
high slow response pattern and also a very low speed of
attentional switching, culminating in very low work ef-
ficiency scores. This was also demonstrated in previous
studies,***! showing that early AD patients have signifi-
cant deficits in sustained attention and visuo-perceptive
skills which may affect performances on global cogni-
tive testing and therefore should be taken into account
during clinical assessments. This impulsivity pattern was
verified not only when patients committed errors but
also while they were completing the test itself. They
seem to be very confused regarding what they have
to do and frequently start to mark all the squares re-
peatedly. This can also explain the weak performances
in WE index as well as higher levels in the dispersion
index. The overall performance of AD patients in TP is
also congruent with an impairment of inhibitory control
and processing speed abilities, that was also observed
in TMT A/B scores and illustrated by the high Pearson
correlation values obtained when correlating both the
instruments, providing a mark of working memory and
attentional dysfunction in AD.*?

As far as we know, there is no international study
encompassing both AD patients and the TP, making cul-
tural or geographical comparisons unfeasible. Regarding
other attentional tests, it was recently found that the
direct assessment of attention through different tasks
can help to identify AD patients at a prodromal stage,
showing that, there is a gradual impairment in tests of
working memory and attentional control in both multi-
domain MCI and AD, as above-mentioned.® It was also
found that MCI patients may present deficits related
with response inhibition, switching and cognitive flex-
ibility skills, confirming the presence, in some cases,
of deficits in attention and executive functions besides
memory,* which is congruent with the results we found
in some of the a-MCI-multidomain patients.

One of the main focus of our study was to explore
the diagnostic accuracy of the TP in the spectrum of AD.
As expected, the analysis of the diagnostic validity of the
TP suggests a higher discriminative potential of the TP
indexes for AD than for MCl patients. Effectively, for the
optimal cut-off points established, the respective AUC
and diagnostic parameters were higher for AD patients.
Regarding the capacity of the test to distinguish between
controls and MCl’s, the two main indexes showed a fair

sensitivity and, consequently, a not-so-good classifica-
tion accuracy (percentage of correct predictions). On
the other hand, for AD patients we observed high sen-
sitivity and specificity values, leading to an excellent di-
agnostic accuracy. So, for the MCI group, the observed
sensitivity and classification accuracy should be viewed
as an indicator of high likelihood to have false-negative
cases and the obtained cut-off points should be used
carefully. At the same time, better effect sizes were
observed for AD (TP-WE: n?= 0.54; TP-DI: 2= 0.29),
when compared to MCI patients (TP-WE: n*= 0.17;
TP-DI: 1)*= 0.05), corroborating the more suitable use
of this neuropsychological instrument for evaluating at-
tentional processes during disease progression. As so,
results offer strong evidence that TP is an excellent and
reliable psychometric tool to distinguish between cogni-
tively healthy adults and AD patients.

The main limitation of our study was the exclusion of
illiterate subjects, which represent 5% of all Portuguese
population and correspond to 25.7% of the population
over 65 years old.* However, it has been extensively
described that the educational level has a strong influ-
ence on cognitive performance, especially in complex
tests like the TP, leading to floor effects.* Furthermore,
we only included the amnestic subtype of MCI (single
and multi-domain) patients so the generalization of the
results for other types of MCl should be done carefully.

Besides these boundaries, this study has an impor-
tant set of strengths: (I) we believe that its added value
is the rigorous and meticulous methodology used; (2)
it included homogeneous clinical groups (including an
MCI group that allows to afford the knowledge about
the discriminant ability of the TP within the spectrum of
AD); (3) equivalent sample-sizes reducing the probabil-
ity of occurrence of biases in statistical analysis; and (4)
the overall matching between the three groups regard-
ing age and education (the most significant sociodemo-
graphic variables influencing test results).

Looking forward, we intend to continue focused on
TP’s psychometric properties, increasing the number
of subjects in test-retest reliability and further explor-
ing interrater reliability. Additional directions for future
research include studies regarding sub-classification ac-
cording to the MCl-cognitive profile, namely distinguish-
ing between amnesic single-domain and multidomain
MCI, since the last one seems to presents a higher risk

of future conversion to AD.*#” Similarly, it is important
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to investigate other forms of dementia namely Demen-
tia with Lewy bodies, Parkinson’s disease dementia, or
vascular dementia where attentional deficits are a key

feature explicitly considered in clinical criteria.

Conclusion

In conclusion, the novelty of our results for the Por-
tuguese population highlights the excellent diagnostic
accuracy of the TP indexes for dementia, specifically its
excellent discriminative power for AD. However, it is
relevant to mention the need for a careful use of the
TP with MCI patients, once it revealed a fair sensitiv-
ity and classification accuracy corroborating the fact that
the TP should not be used as a single neuropsychologi-
cal assessment instrument for the screening of cognitive

decline. ®
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