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Abstract
Cognitive deficits are common among post-stroke patients. Cognitive impairments of  this sort are mediated by age and edu-
cation. In Brazil, the only specific cognitive screening tool designed for post-stroke patients is the Cognitive Screening Test 
(Triagem Cognitiva — TRIACOG). The goal of  this study was to investigate validity evidence related to external variables for the 
TRIACOG. Our sample included 153 adults and elderly people (M = 60.08, SD = 9.61) from Porto Alegre and metropolitan 
area, comprising 87 post-stroke patients and 66 healthy individuals. Three-way ANOVAs were used to assess main effects and 
interactions between the variables group (clinical/control), age and education. An influence of  group and age on scores in the 
TRIACOG was found. We emphasize the relevance of  these results to the selection of  cut-off  points for the tasks and cogni-
tive functions assessed by the instrument, considering education and age, so as to allow more accurate identification of  deficits 
in post-stroke patients.
Keywords: cerebrovascular accident, neuropsychological assessment, test validity, schooling, age groups.

Evidências de Validade para o Instrumento Triagem  
Cognitiva em Pacientes com Acidente Vascular Cerebral

Resumo
Déficits cognitivos são comuns em pacientes após acidente vascular cerebral (AVC). O prejuízo cognitivo causado por esse 
evento é mediado por variáveis etárias e de escolaridade. No Brasil, o único instrumento de rastreio cognitivo específico para 
o pós-AVC é a Triagem Cognitiva (TRIACOG). O objetivo deste estudo é investigar evidências de validade relacionadas a 
variáveis externas da TRIACOG. Participaram do estudo 153 adultos e idosos (M = 60,08; DP = 9,61) de Porto Alegre e 
região metropolitana, sendo 87 pacientes pós-AVC e 66 saudáveis. Three-way ANOVA foi utilizada para indicar os efeitos e 
interações entre variáveis de grupo, etárias e educacionais. Observou-se a influência dos fatores de grupo e idade nos escores da 
TRIACOG. Ressalta-se a relevância dos resultados para a construção de pontos de corte para tarefas e funções do instrumento, 
considerando aspectos educacionais e etários, aumentando a precisão na identificação de déficits em pacientes pós-AVC.
Palavras-chave: acidente cerebrovascular; avaliação neuropsicológica; validade do teste; escolaridade; grupos etários

Evidencias de Validez del Instrumento de Cribado de  
Deterioro Cognitivo en Pacientes con Accidente Cerebrovascular

Resumen
Los déficits cognitivos son comunes en pacientes después de un accidente cerebrovascular. El deterioro cognitivo causado por 
este evento está mediado por variables de edad y educación. En Brasil, la única herramienta de detección cognitiva específica 
para después de un accidente cerebrovascular es el Cribado de Deterioro Cognitivo (TRIACOG). El propósito de este estudio 
fue investigar evidencias de validez relacionadas con las variables externas de TRIACOG. Participaron en el estudio un total de 
153 adultos y ancianos (M = 60.08; DS= 9.61) de Porto Alegre y región metropolitana, de los cuales, 87 eran pacientes posictus 
y 66 eran sanos. Se utilizó Three-way ANOVA para indicar los efectos y las interacciones entre las variables de grupo, edad y 
escolarización. Se observó la influencia de factores de grupo y edad en las puntuaciones del TRIACOG. Se enfatiza la relevancia 
de los resultados para la construcción de puntos de corte para tareas y funciones del instrumento, teniendo en cuenta aspectos 
educativos y de edad, aumentando la precisión en la identificación de déficits en pacientes posictus. 
Palabras clave: accidente cerebrovascular, evaluación neuropsicológica, validación de test, escolarización, grupos por edad.

Introduction

Post-stroke cognitive impairments have 
heterogeneous manifestations, with a variety of  neu-
ropsychological profiles occurring among patients 

(Milinavičienė et al., 2011). Individual clinical profiles 
comprise several variables that influence post-stroke 
cognitive and functional outcomes (Sagnier et al., 2019). 
Such variables include stroke-specific neurological char-
acteristics (such as stroke type and location; Wei et al., 
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2015), post-event cognitive profile (Sagnier et al., 2019), 
and sociodemographic aspects, such as age and educa-
tion (Bento-Torres et al., 2017). A number of  studies 
show an effect of  age and schooling in performance 
and results of  post-stroke neuropsychological assess-
ments. Hence, those variables must be considered when 
constructing and investigating the psychometric prop-
erties of  new instruments (Bento-Torres et al., 2017; 
Pinto et al., 2018).

Low education is related to increased incidence of  
cerebrovascular conditions and poor results in neuro-
psychological assessments, especially when associated 
with socioeconomic factors. Studies show that education 
is protective factor in neurological and neurodegenera-
tive conditions, possibly due to the association between 
high educational level and greater cognitive reserve, 
which promotes greater cognitive adaptation capacity 
following neurological events (Bento-Torres et al., 2017; 
Stern, 2009). Individuals with low educational levels 
also have lower access to information about risk factors 
and stroke prevention, resulting in a higher frequency 
of  stroke in this population (Stelmach et al., 2004).

As for age, younger individuals affected by cere-
brovascular disease show better cognitive outcomes 
in neuropsychological assessments, as well as more 
successful recovery (Tang et al., 2018). Some studies 
point out that age can be a proxy for accumulated life-
time experiences that affect cognitive function (Patel, 
Coshall, Rudd &Wolfe, 2002).

Analyses of  post-stroke cognitive deficits reveal 
heterogeneous profiles of  cognitive impairment, 
including a variety of  neuropsychological deficits, the 
most common of  which are: Impaired processing 
speed, hemispatial neglect, attention deficits, aphasia, 
apraxia, and memory impairment (Saa et al., 2019). 
Up to 80% adults who suffer a stroke exhibit neuro-
psychological alterations in cognitive domains such as 
memory, language, and executive functions (Sun, Tan & 
Yu, 2014), with a fraction of  these (around 40%) show-
ing no improvement in neuropsychological profile after 
the stroke (Blackburn et al., 2013).

When assessing post-stroke cognitive deficits, 
it’s important to conduct a comprehensive neuropsy-
chological assessment, investigating each cognitive 
function that may be relevant to the clinical profile 
(Barker-Collo & Feigin, 2006). However, administering 
assessment instruments is impractical in some contexts, 
such as neuropsychological evaluation of  in-bed post-
stroke patients, due to factors such as limited period 
during which many patients are hospitalized, and 

the time required for that type of  assessment, which 
may compromise the results of  such assessments 
(Bento-Torres et al., 2017). In such cases, Nys et al. 
(2005) recommended the administration of  cognitive 
screening instruments.

Instruments for post-stroke cognitive screening 
used in Brazil include the Montreal Cognitive Asses-
sment – MoCA (Nasreddine et al., 2005) and the 
Mini-Mental State Examination (MMSE) (Folstein, 
1999). However, these instruments are appropriate only 
for severely impaired patients (Stolwyk et al., 2014). 
Even if  some cognitive domains measured by these 
tests are compatible with deficits observed in stroke 
patients, specific instruments to assess this condition 
are still needed (Kosgallana et al., 2019). 

The Cognitive Screening Test was developed to 
fill this gap (TRIACOG; Rodrigues, Bandeira & Salles, 
2021). The TRIACOG was constructed based on theo-
retical models in which neuropsychological functions 
rely on a broad and integrated network of  interrelated 
cognitive functions (Rodrigues, Bandeira, & Salles, 
2020). The instrument comprises tasks that measure 
multiple cognitive functions impacted by stroke. It 
also includes tasks to assess subprocesses of  cogni-
tive domains such as language and executive functions, 
which are seldom measured by the most commonly 
administered tests (i.e., MMSE and MoCA; Rodrigues, 
Bandeira & Salles, 2020).

The TRIACOG comprises 21 tasks that can be 
completed in approximately 25 minutes, and assess 
eight cognitive functions grouped into five domains: 
Memory Domain (orientation, attention/work-
ing memory, episodic-semantic verbal memory, and 
visual memory); Praxis Domain (constructive praxis 
and ideomotor praxis); Executive Functions Domain 
(verbal fluency, rapid serial naming, and processing 
speed); Language Domain (listening, writing, naming, 
vocabulary, reading, inference processing, repetition, 
and dictated writing tasks); and Numerical Processing 
Domain (transcoding and calculation).

To investigate how external variables influence 
results in the TRIACOG, as well to support inter-
pretations of  those results, psychometric properties 
are needed, including validity evidence (American 
Educational Research Association [AERA], Ameri-
can Psychological Association [APA] & National 
Council on Measurement in Education [NCME], 
2014; Pasquali, 2010). Validity evidence indicates the 
extent to which interpretations of  test results are sup-
ported by evidence and theory, considering how the 
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instrument was conceived to be used. Currently, valid-
ity is no longer characterized as a property of  tests, but 
rather of  test interpretations (AERA, APA & NCME, 
2014; Pacico, Hutz, Schneider, & Bandeira, 2015). For 
Valentini and Damásio (2016), validity evidence for 
a test can be obtained through systematic research 
that confirms or adds empirical evidence or supports 
its use. It is preferable to have multiple sources of  
validity evidence when investigating whether inter-
pretations of  an instrument are valid; instruments 
supported exclusively by psychometric analyses of  
comparisons between clinical and non-clinical groups, 
for example, are considered lacking (AERA, APA & 
NCME, 2014). Specifically, for post-stroke cognitive 
conditions and their heterogeneous manifestations, 
such evidence should also include age and variables 
related to education, identified in other studies as rel-
evant in neuropsychological assessments (Pawlowski, 
Segabinazi, Wagner, & Bandeira, 2013). 

In a previous study, interpretations of  the TRI-
ACOG showed validity evidence and significant 
performance differences in all tasks between post-stroke 
patients and healthy individuals. Patients’ performance 
was worse compared to a group of  healthy individu-
als, with effect sizes ranging from medium to large 
for most tasks (Rodrigues, Salles, & Bandeira, 2020). 
That study controlled for the effects of  age and edu-
cation on participants’ performance in comparative 
analyses of  performance differences between post-
stroke patients and the control group (Rodrigues, 
Salles, & Bandeira, 2020). 

Considering the influence of  age and education 
in post-stroke cognitive outcome (Bento-Torres et al., 
2017; Pinto et al., 2018), the current study aims to obtain 
further validity evidence for the TRIACOG, expanding 
the sample studied by Rodrigues, Salles, and Bandeira 
(2020) and analyzing the effect of  external variables on 
test results. This was done by assessing main effects and 
interactions between the variables group type (clinical/
control), age (groups of  individuals between 40–59 
and 60–75 years of  age), and education (3–7 and 8–11 
years of  formal study).

Methods

Participants
The study was conducted with 153 participants, 

88 females (57.5%) and 65 males (42.5%). This sample 
comprised 87 adults who suffered stroke and 66 neu-
rologically healthy adults from the city of  Porto Alegre 

and its metropolitan region, between 40 and 75 years of  
age (M = 60.08; SD = 9.61). Patients were invited to the 
study at the Special Care Unit of  Hospital de Clínicas 
de Porto Alegre (HCPA). The clinical group included 
individuals who had suffered a stroke of  any type (diag-
nosed by neuroimaging exams), in either hemisphere 
or any brain region. To obtain data on post-stroke 
specific cognitive functions without interference from 
other variables, we excluded illiterate patients with a 
history of  learning impairments in school, neurological 
injury — such as traumatic brain injury or brain tumor 
(according to neuroimaging tests) — and individuals 
who reported use of  illicit drugs.

Control participants were members of  the gen-
eral community and were recruited following the same 
steps as those employed by Rodrigues et al. (2020) in the 
construction and investigation of  validity evidence for 
the TRIACOG. Illiterate individuals, those with poor 
performance in the Mini Mental State Examination - 
MMSE (using a cut-off  point adjusted for education: 
22 points for individuals with up to 7 years of  formal 
education and 23 points for those with 8 to 11 years 
of  formal education; Kochhann et al., 2010), and those 
who scored above 9 points on the BDI-II screening test 
for depressive symptoms (Gorenstein et al., 2011) were 
excluded from the control group. The sample was split 
into two groups by age, and two groups by years of  
formal education, as shown in Table 1.

This study was approved by the Research Ethics 
Committee and by the Ethics Committee. All individu-
als or their guardians signed an informed consent form 
before participating in the study.

Instruments and procedures
The instruments and questionnaires used in this 

study were administered to the clinical group in the 
hospital bed, sitting on the bed or on a chair, with the 
help of  a table and clipboard to answer the tasks. For 
the control group, data collection occurred in reserved 
rooms at the Federal University of  Rio Grande do Sul 
(UFRGS). The following instruments and question-
naires were employed:

a)	 Questionnaire on health conditions and sociocul-
tural aspects for the clinical group: this instrument 
includes questions about age, education, premor-
bid clinical history, as well as specific information 
about the stroke (type of  stroke and lesion loca-
tion) and qualitative information on post-injury 
cognitive-behavioral and motor aspects;
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b)	 Questionnaire on health conditions and sociocul-
tural aspects for the control group: this instrument 
collects data on age, education and clinical history;

c)	 Cognitive Screening (TRIACOG; Rodrigues, Ban-
deira, & Salles, 2021) for both groups: a screen-
ing test composed of  tasks that assess eight 
main neuropsychological functions, allowing to 
determine, in a short time, whether a patient has 
cognitive deficits and requires neuropsychologi-
cal assessment and intervention. The instrument 
consists of  21 subtests encompassing eight main 
neuropsychological functions: orientation (time); 
episodic-semantic verbal memory (immediate and 
delayed recall); praxis (constructive and ideomo-
tor); visual memory; auditory attention/work-
ing memory; executive functions (verbal fluency, 
processing speed, inhibition, and alternation); 
language (listening and listening, vocabulary, read-
ing, inference processing, repetition, and dictated 
writing); and numerical processing (transcod-
ing and calculation).

d)	 Beck Depression Scale (BDI-II) (Gorenstein et 
al., 2011) administered only to the control group: 
this instrument, adapted for the Brazilian con-
text, is a self-report questionnaire with 21 items. 
For each item, four alternatives can be selected, 
with scores ranging from 0 to 3, except in items 
16 and 18, for which there are seven alternatives, 
which does not change the score. Respondents 
select the alternative that best describes how they 
have been feeling in the past two weeks. The items 

refer to progressively increasing levels of  depres-
sion severity. The overall score is the sum of  indi-
vidual items, with a maximum of  63 points. This 
score is categorized as mild, moderate, or severe 
levels of  depression intensity. The BDI-II has a 
satisfactory reliability estimate based on Cron-
bach’s alpha with a value of  .86, indicating that 
the instrument is sufficiently accurate to measure 
the intensity of  depressive symptoms (Paranhos, 
Argimon & Werlang, 2010).

e)	 Mini-Mental State Examination – MMSE (Fols-
tein, 1999) administered only to the control 
group: a screening instrument that assesses cog-
nitive functions grouped into seven categories: 
spatial orientation, temporal orientation, word 
registration, attention and calculation, word 
recall, language and visual constructive skills. 
With a score ranging from 0 to 30, the MMSE 
detects cognitive impairment when a score below 
23 points is obtained. The choice of  this cut-
-off  point considered a study by Kochhann et 
al. (2010) and Lourenço and Veras (2006) on the 
psychometric characteristics of  the MMSE, prio-
ritizing greater sensitivity.

Data analysis
Descriptive statistics (mean and standard devia-

tions) were computed for the sociodemographic data 
of  the total sample. To evaluate the effects of  the 
variables group (clinical or control), age, and years of  
formal education on cognitive function and TRIACOG 

Table 1. 
Sociodemographic Data for Post-Stroke Patients and Controls, by Age and Education

Variables Groups
Age groups 40 – 59 60 – 75
Education 3 – 7 8 – 11 3 – 7 8 – 11

N P 13 23 37  14
C 14 23 16 13

Age (M, SD) P 53.1 (4.7) 52.3 (5.3) 68.4 (4.3) 67.4 (3.9)

C 51.6 (6.6) 50.1 (6.4) 69.4 (5.0) 64.2 (3.8)
Years of  formal education (M, DP) P 5.2 (1.7) 9.3 (1.4) 4.43 (1.3) 9.14 (1.4)

C 5.1 (1.1) 9.7 (1.5) 4.5 (0.7) 9.8 (1.2)

Note. M = mean; SD = Standard deviation; P = Patients; C = Controls.
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subtests, a three-way analysis of  variance (ANOVA) 
was performed, with post-hoc pairwise Bonferroni 
comparisons to analyze interactions. Statistical analy-
ses were carried out using the Statistical Package for 
the Social Sciences (SPSS) for Windows, version 
24.0 (IBM Inc., 2016).

Results

Clinical condition influenced performance in all 
cognitive functions, with healthy individuals perform-
ing better than patients (Table 2, 3, 4, and 5). Age had a 
significant effect on the performance of  both the clini-
cal and control groups, with older individuals showing 
reduced performance on the TRIACOG. This variable 
significantly influenced scores on tasks for almost all 
cognitive functions (with the exception of  calcula-
tion) and on most subtests, except for clock drawing, 
listening, naming, reading/inference processing, and 
written comprehension (Table 4 and 5). Education 
influenced performance of  both groups — clinical and 
control — on all cognitive functions and half  of  the 
subtests, except for orientation and calculation. Specifi-
cally, lower education levels were associated with lower 
scores on the instrument (Table 2, 3, 4 and 5).

Interactions were observed between group (clini-
cal vs control) and age in the cognitive functions of  
orientation, praxis, calculation, and processing speed; 
and in the subtests figure copying, vocabulary, and 
repetition/dictated writing. The variables group and 
education interacted only in the verbal fluency sub-
test (Table 4 and 5), with the worst performance being 
found in participants with post-stroke cognitive impair-
ment and low educational level. Patients with fewer 
years of  formal education, in both age groups, had sig-
nificantly lower verbal fluency scores than controls.

Discussion

This study investigated how external variables 
influence results on the TRIACOG. Careful consid-
eration of  the variability and interpretation of  the 
results (therefore, of  whether these results are use-
ful to hypothesis testing or generation) is an essential 
step in validating an instrument (AERA, APA & 
NCME, 2014). The specific type of  validity evidence 
discussed here is based on the relationship with other 
variables, that is, on the extent to which performance 
on the TRIACOG is related to presence or absence of  
stroke, age, and education.

All three variables affected performance on the 
TRIACOG. We expected such results, since those fac-
tors are often found to influence neuropsychological 
assessments (Bento-Torres et al., 2017; Mancuso et al., 
2016). As shown by the interactions, age and education 
have distinct effects on performance depending on 
group (clinical vs control).

In this study, all cognitive functions and 70% of  
the subtests in the TRIACOG showed an effect of  
group (clinical/control), with the exception of  the 
subtests of  ideomotor praxis, listening comprehen-
sion, writing comprehension and repetition/dictated 
writing. This effect consisted in a decrease in the per-
formance of  post-stroke individuals. This result was 
already expected, considering previous meta-analyses 
describing poorer performance in cognitive scree-
ning of  patients following cerebrovascular events 
(Kuzma et al, 2018; Makin et al., 2013) as well as stu-
dies by Rodrigues (2017) and Rodrigues, Salles and 
Bandeira (2021), which provided evidence for the sen-
sitivity of  TRIACOG to differentiate patients from 
healthy individuals.

Age also had an effect on all cognitive functions. 
Elderly patients had a larger number of  impaired func-
tions compared to healthy individuals of  the same age 
group, in both education groups. Additionally, older 
individuals with fewer years of  formal education had 
a significantly lower performance compared to those 
with more years of  formal education.

Several studies point out that, with advanced age, 
widespread deficits are observed in multiple cognitive 
functions. In healthy aging, this reduction in cogni-
tive performance occurs, but does not compromise 
individuals’ everyday routine (Coco, Lopez & Corrao, 
2016; Umarova et al., 2019). Thus, even in the absence 
of  dementia—which substantially impairs the ability 
to carry out everyday activities — aging alters cogni-
tive abilities, reducing the efficiency of  functions such 
as episodic memory, long-term memory, attention, 
working memory and executive functions, which are 
generally the first cognitive functions to show deficits 
in elderly people (Coco, Lopez & Corrão, 2016).

In this study, strong interactions between group 
(clinical/control) and age were observed in the 
domains of  orientation, praxis; and in the subtests of  
figure copying, vocabulary, repetition/dictated writing, 
calculation, and processing speed. On the other hand, 
functions such as visual memory, episodic-semantic 
verbal memory, executive functions, attention/working 
memory, and language — described above as those that 
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Table 2. 
TRIACOG performance of  patients and healthy, by age group and years of  study

Cognitive Domais/
Tasks Groups

Age 40 – 59  60 - 75
Schooling 3 – 7  8 – 11 Sig. 3 – 7  8 – 11 Sig.
Age (M; SD) C 53,1 (4,7) 52,3 (5,3) 0,66 68,4 (4,3) 67,4 (3,9) 0,42

H 51,6 (6,6) 50,1 (6,4) 0,51 69,4 (5,0) 64,2 (3,8) 0,01*
Sig 0,51 0,21 0,49 0,008*
Years of  study C 5,2 (1,7) 9,3 (1,4) < 0,001* 4,43 (1,3) 9,14 (1,4) < 0,001*

H 5,1 (1,1) 9,7 (1,5) < 0,001* 4,5 (0,7) 9,8 (1,2) < 0,001*
Sig 0,80 0,42 0,91 0,21
Orientation (M; SD; 
Min-Max)

C 1,78 (0,55) 
(0 – 2)

1,91 (0,30) 
(1 - 2)

0,70  1,37 (0,76) 
(0 – 2)

1,50 (0,80) 
(0 – 2)

0,98

H 2,0 (a.) (2 
– 2)

1,96 (0,21) 
(1 – 2)

0,44 1,93 (0,26) 
(1 – 2)

2,0 (a.) (2 
– 2)

0,33

Sig. 0,15 0,48 0,01* 0,01*
Attention/Working 
Memory (M; SD; 
Min-Max)

C 4,82 (1,47) 
(3 – 7)

5,17 (2,50) 
(1 – 10)

0,75 2,17 (1,49) 
(0 – 6)

4,17 (2,52) 
(0 – 8)

0,01*

H 5,29 (2,52) 
(1 – 10)

6,22 (2,81) 
(1 – 10)

0,32 4,87 (2,33) 
(1 – 8)

6,23 (2,39) 
(2 – 10)

0,11

Sig 0,13 0,47 0,02* 0,19
Episodical-Semantic 
Verbal Memory (M; 
SD; Min-Max)

C 5,09 (2,21) 
(1 – 10)

5,56 (2,38) 
(1 – 12)

0,93 3,1 (1,65) (0 
– 6)

4,42 (2,02) 
(1 – 9)

0,05*

H 6,29 (1,86) 
(4 – 10)

6,39 (1,88) 
(3 – 11)

0,87 4,07 (1,28) 
(2 – 7)

6,08 (2,02) 
(3 – 10)

0,002*

Sig. 0,86 0,04* 0,02* 0,006*
Immediate (M; SD; 
Min-Max) Max)

C 4,0 (1,22) (1 
– 6)

4,17 (1,23) 
(1 – 6)

0,69 2,83 (1,39) 
(0 – 5)

3,58 (1,24) 
(1 – 6)

0,11

H 4,50 (0,86) 
(3 – 6)

4,57 (0,95) 
(2 – 6)

0,83 3,60 (0,99) 
(2 – 5)

4,62 (1,12) 
(3 – 6)

0,01*

Sig. 0,23 0,15 0,01* 0,12
Late Memory (M; 
SD; Min-Max)

C 1,13 (1,42) 
(0 – 6)

1,23 (1,42) 
(0 – 6)

0,83 0,27 (0,52) 
(0 – 2)

0,83 (1,80) 
(0 – 6)

0,35

H 1,79 (1,53) 
(0 – 5)

1,83 (1,40) 
(0 – 5)

0,94 0,47 (0,92) 
(0 – 3)

1,46 (1,20) 
(0 – 3)

0,01*

Sig. 0,10 0,008* 0,20 0,25
Visual Memory (M; 
SD; Min-Max)

C 9,64 (4,72) 
(0 – 17)

11,39 (7,70) 
(0 – 20)

0,74 5,97 (6,20) 
(0 – 20)

6,50 (8,13) 
(0 – 23)

0,65

H 15, 36 (6,02) 
(0 – 22)

19,04 (3,81) 
(7 – 23)

0,05* 11,87 (5,97) 
(0 – 18)

16,92 (3,88) 
(9 – 24)

0,01*

Sig. < 0,001* 0,08 < 0,001* < 0,001* < 0,001
Praxis (M; SD; Min-
Max)

C 22,55 (4,48) 
(15 – 29)

24,61 (6,48) 
(8 – 33)

0,75 16,47 (10,02) 
(0 – 31)

21,25 (10,93) 
(2 – 33)

0,23

(Continued)
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Table 2. 
TRIACOG performance of  patients and healthy, by age group and years of  study (Continuation)

Cognitive Domais/
Tasks Groups

Age 40 – 59  60 - 75
H 30,36 (2,17) 

(27 – 34)
30,96 (1,58) 
(27 – 33)

0,38 28,47 (2,29) 
(23 – 32)

30,15 (3,00) 
(23 – 33)

0,07

Sig. < 0,001* 0,17 0,004* 0,02*
Figure Copy (M; SD; 
Min-Max)

C 15,08 (5,90) 
(2 – 23)

16,65 (6,75) 
(0 – 24)

0,49 12,33 (7,97) 
(0 – 23)

15,33 (8,45) 
(0 – 24)

0,29

H 21,79 (1,76) 
(19 – 24)

22,30 (0,97) 
(20 -24)

0,33 21,00 (1,13) 
(19 – 23)

21,54 (2,18) 
(17 – 24)

0,34

Sig. 0,01* 0,41 0,01* 0,02*
Ideomotor Praxis 
(M; SD; Min-Max)

C 0,96 (0,21) 
(0 – 1)

0,98 (0,21) 
(0 – 1)

0,46 0,83 (0,38) 
(0 – 1)

0,83 (0,39) 
(0 – 1)

0,99

H 1,0 (a.) (1 
– 1)

1,0 (a.) (1 
– 1)

1,00 0,93 (0,26) 
(0 – 1)

1,0 (a.) (1 
– 1)

0,38

Sig. 0,33 0,32 0,008* 0,35
Clock Draw (M; SD; 
Min-Max)

C 4,83 (3,08) 
(0 – 9)

5,46 (1,66) 
(3 – 7)

0,43 3,30 (2,49) 
(0 – 8)

5,08 (2,81) 
(1 – 9)

0,14

H 7,57 (0,94) 
(6 – 9)

7,65 (1,91) 
(5 – 9)

0,83 6,53 (2,26) 
(1 – 9)

7,62 (1,04) 
(5 – 9)

0,10

Sig. < 0,001* 0,14 0,002* 0,05*
Executive Functions 
(M; SD; Min-Max)

C 18,82 (6,31) 
(5 – 26)

21,61 (6,60) 
(0 – 26)

0,44 18,33 (6,24) 
(8 – 27)

19,23 (5,12) 
(11 – 27)

0,88

H 24,43 (2,47) 
(18 – 28)

25,09 (2,02) 
(21 – 28)

0,38 24,27 (1,98) 
(21 – 27)

25,62 (1,12) 
(23 – 27)

0,11

Sig 0,01* 0,33 < 0,001* 0,15

Note. * p ≤ 0,05; M = Mean; SD = Standard Deviation; C = Clinical; H = Healthy.

decline earliest in healthy aging — showed the largest 
main effects of  group (clinical/control) and age, with no 
interactions. Thus, the cognitive functions that gener-
ally decline in healthy aging were most strongly affected 
by the group factor — that is, they were impaired more 
severely by stroke — regardless of  age.

These findings are in line with studies that 
describe effects of  aging on human cognition (Bento-
Torres et al., 2017; Bettio, Rajendran & Gil-Mohapel, 
2017). Additionally, a combined effect of  cerebro-
vascular event and age is often reported; this was 
also observed in the current study. More severe and 
widespread deficits usually affect older individuals, 
aggravating preexisting impairments and increasing 
the risk for dementia (Lee et al., 2014). Thus, based 
on the current results, we hypothesize that cognitive 

impairment caused by stroke affects more promi-
nently cognitive functions that are more vulnerable 
to the aging process. In elderly patients, stroke seems 
to more extensively affect cognitive functions that are 
already impaired by age-related decline, accentuating 
deficits that may already exist and compromising other 
functions, as shown by the larger number of  cognitive 
functions and subtests significantly impaired in older 
patients compared to younger ones.

A combined effect of  education and cerebrovas-
cular condition on executive functions and language 
tasks has also been reported before (Sarno et al., 2005; 
Schmidt et al., 2017). The analysis of  the verbal fluency 
subtest of  the TRIACOG, as well as of  the subpro-
cesses required by this subtest, clearly shows that this 
task engages cognitive processes such as lexical access, 
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Table 4. 
Effects and interactions of  group (patients/controls), age, and education on performance in the TRIACOG

Cognitive Domain/Task

P/
C

 (F
)

A
ge

E
du

ca
tio

n 
(F

)

P/
C

 &
 A

ge
 (F

)

P/
C

 &
 E

du
ca

tio
n 

(F
)

A
ge

 &
 E

du
ca

tio
n 

(F
)

P/
C

 &
 A

ge
 &

 
E

du
ca

tio
n 

(F
)

Orientation 8.92* 5.11* 0.05 5.13* 0.09 0.17 0.04
Episodic-Semantic Verbal Memory 16.48* 13.57* 3.72* 0.12 0.77 2.02 0.28
Immediate 7.0* 10.50* 5.58* 1.78 0.09 1.10 0.14
Delayed 14.39* 7.89* 0.70 1.12 1.23 1.93 0.39
Attention/Working Memory 10.21* 4.84* 8.29* 1.86 0.13 0.61 0.64
Praxis 25.84* 8.76* 4.30* 5.16* 0.73 0.62 0.72
Figure Copying 21.79* 7.39* 3.52* 4.96* 1.10 0.40 0.90
Ideomotor Praxis 1.70 3.74* 0.14 2.33 0.14 0.25 0.04
Clock Drawing 20.15* 6.22 3.75* 2.64 0.10 1.53 0.25
Attention/Working Memory 10.21* 4.84* 8.29* 1.86 0.13 0.61 0.64
Executive Functions 11.19* 5.18* 4.71* 2.50 1.60 0.53 0.88
Verbal Fluency 3.71* 6.97* 12.19* 2.77 3.24* 1.03 0.29
Rapid Serial Naming 10.01* 3.63* 2.63* 1.92 0.99 0.42 0.79
Processing Speed 9.61* 7.01* 4.66* 3.60* 0.61 0.21 0.44

Note. * p ≤ .05; P/C = Patients/Controls.

Table 5. 
Effects and interactions of  group (clinical/control), age, and education on performance in the TRIACOG

Cognitive Domain/Task

P/
C

 (F
)

A
ge

E
du

ca
tio

n 
(F

)

P/
C

 &
  

A
ge

 (F
)

P/
C

 &
  

E
du

ca
tio

n 
(F

)

A
ge

 &
  

E
du

ca
tio

n 
(F

)

P/
C

 &
 A

ge
 &

 
E

du
ca

tio
n 

(F
)

Language 7.66* 3.84* 3.54* 2.27 1.22 0.75 1.00
Listening Comprehension 3.18 0.77 0.53 0.79 0.57 0.17 0.22
Naming 5.66* 2.25 2.41 2.18 1.18 0.24 0.25
Vocabulary/Semantic memory 3.84* 4.24* 3.06* 3.04* 2.52 2.63* 0.23
Reading and inference processing 4.18* 0.51 2.59 0.39 2.75 1.04 1.08
Written comprehension 2.97 1.09 0.14 1.10 0.02 0.70 0.94
Repetition and dictated writing 3.46 5.96* 1.76 3.01* 0.05 0.30 0.94
Calculation 15.11* 2.69 2.57 3.37* 0.22 0.37 0.52
Visual memory 44.64* 15.62* 5.10* 2.43 2.76 0.15 0.81

Note. * p ≤ .05; P/C = Patients/Controls
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inhibition, and processing speed, skills that are coor-
dinated mainly by executive functions and language 
(Pereira et al., 2018). Since both of  these functions 
are often impaired by cerebrovascular conditions, our 
results corroborate earlier findings that demonstrate a 
relationship between schooling and tasks that require 
both executive and language skills, such as verbal flu-
ency (Beckenkamp et al., 2019).

We also found that education had an effect on 
the performance of  cognitively healthy participants. 
Statistically significant differences between individuals 
with distinct educational levels, in both age groups, 
were found in a larger number of  tasks in the con-
trol group, compared to the patient group. This is in 
line with previous findings that education has a size-
able effect, sometimes larger than the effect of  age, 
on the performance of  adult participants in neuro-
psychological tests (Bento-Torres et al., 2017). These 
results are also in agreement with those of  Parente 
et al. (2009) and Umarova et al. (2019), who showed 
that cerebrovascular disease normalizes the effects of  
higher education, making the results of  patients with 
different educational levels more similar. Although 
education had a larger effect in the control group, 
patients with higher levels of  education were impaired 
on a smaller number of  cognitive functions compared 
to those with lower educational level, indicating that 
more of  years of  formal studies are an important 
protective factor for post-stroke cognition (Bento-
Torres et al., 2017).

The variables age and education proved to be 
relevant to understand cerebrovascular conditions, 
corroborating hypotheses about how cognitive func-
tion may be altered by factors other than neurological 
damage. In addition to reiterating the need for cogni-
tive assessment instruments specific to stroke patients, 
our data show that diagnosis of  post-stroke cognitive 
deficits can be more accurate and exhaustive when per-
formed using cognitive screening tools that measure 
performance in each cognitive domain affected. Such 
instruments allow evaluators to investigate a greater 
number of  neuropsychological profiles and minimizes 
the rate of  false negatives by detecting impaired skills 
even before the patient leaves the hospital. This repre-
sents an investment in primary care of  stroke patients, 
providing accurate data in relatively little time, with low 
costs and avoiding exposure of  patients to risk (such as 
premature return to work). Moreover, the data obtained 
with such assessments are highly relevant for later reha-
bilitation treatments.

Conclusions

Neuropsychological studies have shown that 
multivariate analyses must be employed to evaluate 
cognitive deficits after neurological events, considering 
specific aspects of  the injury as well as sociodemo-
graphic characteristics, for example. Therefore, it is 
essential to investigate the validity of  the TRIACOG 
based on the relationship with external variables, since 
such variables are well established as influential in post-
stroke cognitive outcomes.

Our results confirm the need to understand the 
role of  age and, particularly in countries with edu-
cational differences such as Brazil, schooling in the 
variability cognitive deficits caused by cerebrovascular 
events. Considering how these contextual factors influ-
ence performance increases assessment accuracy, thus 
reducing underdiagnosis.

In this study, participants were selected by con-
venience, particularly those in the clinical group, with 
data in this group being collected from patients avail-
able at the ECU. This leads to some limitations in terms 
of  gender (studies show a higher incidence of  stroke 
in men, but several aspects such as epidemiological 
factors, risk factors and cognitive outcomes still need 
investigation; Bushnell et al., 2018). Furthermore, other 
variables not controlled for may interfere with per-
formance in this type of  instrument. For example, in 
preliminary studies by Rodrigues (2017), patients who 
suffered more than one cerebrovascular event displayed 
worse performance compared to those who had suf-
fered their first stroke.

Thus, further studies are needed to investigate 
how performance in the cognitive functions and 
subtests of  this instrument changes as a function of  
neurological variables involved in stroke, as well as 
associated psychological factors (Santos, Rodrigues, 
& Salles, 2019). We expected that the TRIACOG 
will be employed by health professionals to identify 
patients at risk for vascular cognitive impairment 
and for other neurological conditions to which this 
instrument may apply.
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