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ARTICLE

ABSTRACT
Background: Central nervous system changes associated to systemic arterial hypertension (SAH) are progressive and may cause negative 
effects on cognitive performance. The objective of this study was to investigate the relation between SAH and the components of executive 
functions (EF), inhibitory control (IC), updating and shifting, comparing a control group (without SAH) to patients with SAH, in two levels 
of severity. Methods: The protocol included the following tests to evaluate EF components: T.O.V.A. Test (IC), Backward Digit Span from 
Wechsler Adults Intelligence Scale (WAIS-III), Phonemic and Semantic Verbal Fluency (updating), and Trail Making Test Part B (shifting). 
Results: A total of 204 participants was included: 56 from the Control Group (CG), 87 SAH stage 1, and 61 SAH stage 2. The groups were not 
different for age (52.37±12.29) and education (10.98±4.06). As to controlled blood pressure (BP), duration of hypertension treatment and 
number of drugs, the SAH 2 group had a worse BP control, longer duration of hypertension treatment and use of more drugs when compared 
to the SAH 1. The findings revealed that patients with more severe hypertension presented worse performance in updating (Backward Digit 
Span, phonemic and semantics VF) and shifting (Trail Making Test Part B). Conclusion: The results suggest that patients with SAH have 
a significant impairment in EF, more specifically in updating and shifting. Besides that, such damage may be directly proportional to the 
severity of SAH. It is suggested that future studies include neuroimaging exams to exclude possible cerebrovascular diseases.
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RESUMO
Introdução: As alterações do sistema nervoso central associadas à hipertensão arterial sistêmica (HAS) são progressivas e podem 
ocasionar efeitos negativos no desempenho cognitivo. O objetivo deste estudo foi investigar a relação entre a HAS e os componentes das 
funções executivas (FE), controle inibitório (CI), atualização e alternância, comparando um grupo controle (sem HAS) a pacientes com HAS, 
em dois níveis de gravidade. Métodos: O protocolo incluiu os seguintes testes para avaliar os componentes das FE: T.O.V.A. Test (CI), Dígitos 
Ordem Indireta da Escala de Inteligência Wechsler para Adultos (Wechsler Adults Intelligence Scale – WAIS-III), Fluência Verbal fonêmica 
e semântica (atualização) e Teste de Trilhas parte B (alternância). Resultados: Foram incluídos 204 participantes, sendo 56 do Grupo 
Controle (GC), 87 HAS estágio 1 (HAS 1) e 61 de HAS estágio 2 (HAS 2). Os grupos não foram diferentes em relação à idade (52,37±12,29) e 
escolaridade (10,98±4,06). Em relação à pressão arterial (PA) controlada, tempo de tratamento da HAS e número de medicações, o grupo 
HAS 2 apresentou pior controle de PA, mais tempo de tratamento da HAS e uso de maior número de medicações quando comparado ao grupo 
HAS 1. Os achados revelaram que os pacientes com HAS em estágio mais grave apresentaram pior desempenho nos testes de alternância 
(Teste de Trilhas parte B) e atualização (Dígitos Ordem Indireta, FV fonêmica e semântica). Conclusão: Esses resultados sugerem que 
pacientes com a HAS possuem prejuízo significativo em FE, especificamente em alternância e atualização, e que esse prejuízo pode ser 
diretamente proporcional à gravidade da HAS. Sugere-se que, em estudos futuros, incluam-se exames de neuroimagem com o objetivo de 
excluir possíveis doenças cerebrovasculares.

Palavras-chave: Hipertensão; Cognição; Função Executiva.

Systemic arterial hypertension and cognition 
in adults: effects on executive functioning
Hipertensão arterial sistêmica e cognição em adultos: efeitos no funcionamento executivo
Natália Cristina MORAES1, Henrique Cotchi Simbo MUELA2, Claudia Maia MEMÓRIA1,  
Valéria Aparecida da COSTA-HONG3, Michel Ferreira MACHADO3, Mario Amore CECHINHI1,  
Ricardo NITRINI1, Luiz Aparecido BORTOLOTTO3, Monica Sanches YASSUDA1

1Universidade de São Paulo, Department of Neurology, São Paulo SP, Brazil.
2Universidade Agostinho Neto, Faculty of Medicine, Department of Physiology, Luanda, Angola.
3Universidade de São Paulo, Hypertension Unit, Heart Institute, São Paulo SP, Brazil.

Natália Cristina MORAES  https://orcid.org/0000-0002-8439-6828; Henrique Cotchi Simbo MUELA  https://orcid.org/0000-0002-0071-9555; 
Claudia Maia MEMÓRIA  https://orcid.org/0000-0003-3951-3543; Valéria Aparecida da COSTA-HONG  https://orcid.org/0000-0003-1639-8095; 
Michel Ferreira MACHADO  https://orcid.org/0000-0003-2326-5231; Mario Amore CECHINHI  https://orcid.org/0000-0001-5853-3422;  
Ricardo NITRINI  https://orcid.org/0000-0002-5721-1525; Luiz Aparecido BORTOLOTTO  https://orcid.org/0000-0002-4865-6442;  
Monica Sanches YASSUDA  https://orcid.org/0000-0002-9182-2450

Correspondence: Natália Cristina Moraes; E-mail: moraes.na@gmail.com

Conflict of interest: There is no conflict of interest to declare.

Received on October 24, 2019; Received in its final form on January 27, 2020; Accepted on March 30, 2020.

https://doi.org/10.1590/0004-282X20200039
https://orcid.org/0000-0002-8439-6828
https://orcid.org/0000-0002-0071-9555
https://orcid.org/0000-0003-3951-3543
https://orcid.org/0000-0003-1639-8095
https://orcid.org/0000-0003-2326-5231
https://orcid.org/0000-0001-5853-3422
https://orcid.org/0000-0002-5721-1525
https://orcid.org/0000-0002-4865-6442
https://orcid.org/0000-0002-9182-2450
mailto:moraes.na@gmail.com


413Moraes NC et al. SAH and cognition in adults: effects on EF

INTRODUCTION

Systemic arterial hypertension (SAH) is a chronic disease, 
with multifactorial causes associated to functional, structural 
and metabolic changes1. More recently, researchers have exam-
ined the impact of SAH on cognition. There is a consensus 
regarding a significant relation between cerebral and cardiovas-
cular health2, such as how the chronic increase in blood pres-
sure (BP) contributes to negative outcomes in brain functions3,4.

There is evidence to suggest that white matter lesions are 
more prevalent among persons with SAH, and that chronically 
elevated BP may be associated to lesion severity5. SAH is also 
associated to changes in the small arteries and arterioles that 
supply blood to the subcortical white matter and the basal 
ganglia and may result in small vessel disease6. Although the 
course of cerebrovascular disease may be asymptomatic, 
silent infarcts in the white matter may affect the connec-
tions between the prefrontal cortex and the deep subcorti-
cal nuclei, and may interrupt the connectivity between these 
regions, resulting in altered functioning in the frontal lobes7. 
In general, individuals with frontal lobe damage demonstrate 
impairment related to executive functions (EF)8. 

The concept of EF involves several abilities that include 
various components of cognitive processing. It is of utmost 
importance to everyday life, because of its essential role in 
regulating thoughts and behaviors in an ever-changing envi-
ronment, which demands constant flexibility9. When think-
ing about health, EF can play an important role in the devel-
opment of positive behaviors, such as physical activity, which 
requires organization and planning, and the avoidance of 
negative behaviors, such as smoking, considering that inhibi-
tory control is essential. It is possible that the associations 
between SAH and EF are reciprocal, that is, small vessel dis-
ease may impact EF deficits over time, and EF, in turn, may 
influence disease progression by its negative impact on medi-
cation adherence and other health behaviors10.

Some theoretical models consider inhibition (inhibitory 
control), updating (working memory) and shifting or cogni-
tive flexibility as the main domains of EF11,12. Inhibitory con-
trol (IC) refers to the ability to inhibit responses or behaviors 
if a reaction is inappropriate in a given context. Updating is 
responsible for clearing and updating working memory for 
efficient use of processing capacity when information is no 
longer relevant to current objectives. Shifting is the ability to 
alternate between different tasks, or stimuli, requiring rules 
to be maintained or disengaged as needed11,12,13,14.

Few studies have investigated the effect of SAH on the dif-
ferent components of EF, which may be affected differently 
by this condition. Thus, the present study investigated which 
domains of EF are more significantly affected by the presence 
of SAH, at two levels of severity, in a sample not affected by 
dementia. In addition, it aimed to test if changes in attention 
and processing speed might explain possible deficits observed 
in EF among participants with SAH in the control group. 

METHODS

Participants
The sample consisted of hypertensive patients followed up 

at Instituto do Coração (INCOR), São Paulo City, at two levels 
of disease severity: stage 1, moderate (n=87); and stage 2, severe 
(n=61), and by a control group (normotensive, CG, n=56). 

Patients from the Hypertension Unit of INCOR were con-
secutively recruited from June 2013 to December 2015. The CG 
participants were recruited among patients without cardio-
vascular disease followed up yearly at INCOR, as part of a pro-
tocol for cardiovascular assessment in healthy participants15.

Patients with the following conditions were excluded: 
age<21; cerebrovascular disease (previous stroke or transient 
ischemic attack); diabetes mellitus; current smoker; arrhyth-
mias; heart failure with left ventricular dysfunction; known 
neurodegenerative or psychiatric disease; and illiteracy. 
The study was submitted to the local ethics committee and 
later approved. It received the protocol number 1.328.094 
and all participants provided their written informed consent. 

Procedures

Blood pressure measurement
Patients with SAH were divided into 2 levels of SAH sever-

ity, according to their BP levels or medication use (SAH 1: BP, 
140–159/90–99 or use of 1 or 2 antihypertensive drugs; 
SAH 2: BP, ≥160/100 or use of ≥3 drugs). Three groups were 
comparatively analyzed: normotensive, SAH 1, and SAH 2. 
The automatic device Omron, model HEM-750 CP, was used 
in the right upper limb, with the participant sitting after 
five minutes of rest. The measurement was performed three 
times with 1-minute intervals between them to calculate the 
mean of the three measurements. 

Assessment of executive function
All participants completed a neuropsychological battery 

examination. The Mini-mental State Examination (MMSE) 
and Montreal Cognitive Assessment (MoCA) were used to 
assess global cognition. The MMSE cutoff scores were used 
to identify abnormal cognition in this study: ≤22 for patients 
with one to five years of education; ≤23 for those with 
six-11 years of education; and ≤24 for those with ≥12 years of 
education16. The MoCA score of ≥26 was considered normal17. 

The neuropsychological tests were chosen accord-
ing to the guidelines offered by the National Institute of 
Neurological Disorders and Stroke-Canadian Stroke Network 
standards18 and by the recommendations of the Brazilian 
Academy of Neurology19. 

In order to assess the EF components, following the mod-
els of Miyake et al.11 and Diamond13, the following tests were 
used: T.O.V.A. Test (Test of Variable Attention Test) for IC, 
Backward Digit Span and Verbal Fluency (VF) Phonemic and 
Semantic for Updating, and Trail Making Test Part B (TMT-B) 
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for Shifting. The T.O.V.A. Test requires the participant to press 
a microswitch when a target stimulus appears at the top of the 
computer screen and not press it when the stimulus appears 
at the bottom. In the Backward Digit Span, the participant is 
asked to repeat a sequence of numbers from the last to the 
first. For VF tasks, the participant is requested to say words 
from a given semantic category or begging with a certain let-
ter. Finally, in the TMT-B, the participant alternates between 
numbers and letters, with numbers in a crescent order and 
letters in alphabetical order, demanding that the rule be 
maintained and disengaged. Participants also completed the 
Trail Making Test Part A (TMT-A) and Forward Digit Span to 
evaluate attention. As for measuring speed of cognitive pro-
cessing, participants completed the Digit Symbol test. 

For assessing other aspects of cognition, the proto-
col included the Boston Naming Test, Rey Auditory-Verbal 
Learning Test (RAVLT), Rey-Osterrieth complex figure test 
(ROCF) and Clock Drawing Test. 

Participants also answered the Self-Reporting 
Questionnaire (SRQ-20), which investigates non-psychotic 
symptoms associated to common mental disorders, such as 
insomnia, fatigue, irritability, forgetfulness, difficulty in con-
centrating, and somatic complaints20.

Statistical analysis
The Kolmogorov-Smirnov test was used to verify if the scores 

of the variables followed a normal distribution. Descriptive sta-
tistics were performed comparing the three clinical groups 
(CG versus SAH 1 versus SAH 2) using ANOVA for data following 
normal distribution, and Mann-Whitney or Kruskal-Wallis test 
for data not following normal distribution. When there was a sig-
nificant difference between groups, multiple comparisons were 
carried out with the Bonferroni test. Effect sizes (Hedge g value) 
were calculated for the differences between the means, stan-
dardized by the standard deviation of all neuropsychological test 

scores, between the CG versus SAH 1, and the CG versus the SAH 
2. The Hedge g values of 0.2, 0.5 and 0.8 can be considered small, 
medium and large effects, respectively21. Additionally, ANCOVA 
were performed with IC, updating and shifting, controlling for 
the effects of attention measures (TMT-A) and speed of cogni-
tive processing (WAIS-III Digit Symbol).

RESULTS

Sample characteristics
The characteristics of the sample are presented in Table 1. 

The groups were not significantly different in terms of age, 
gender and schooling. The mean age was 52.37±12.29, ranging 
from 21 to 80 years old, mean schooling was 10.98±4.06, rang-
ing from 4 to 22 years. The sample consisted of 71.2% of women. 
The SAH 1 group differed as to race compared to the CG. There 
was a greater presence of Caucasian people in the SAH 1 group. 
The SAH 2 group presented higher weight and, consequently, 
higher BMI when compared to the CG. The SAH 2 group had 
more SAH time (time of diagnosis), number of medications, 
worse BP control, compared to the SAH 1. SAH 1 and 2 scored 
higher on the SRQ-20 than the CG, indicating greater presence 
of symptoms compatible with common mental illness. 

Cognitive performance
For global cognition there was a significant difference 

between the groups for the MMSE and the MoCA (Table 2). 
For the MMSE, the SAH 2 had a lower score than the CG. 
For  the MoCA, the SAH 2 group had lower scores than the 
CG and the SAH 1 group, and the latter two did not differ. 
For episodic memory tests, there was a significant difference 
between the clinical groups in the RAVLT, in the sum of the 
recall scores (A1-A5). The SAH 2 group performed worse than 
the CG and SAH 1, which did not differ. The SAH 2 group also 

Variables CG 
(n=56)

SAH 1 
(n=87)

SAH 2 
(n=61) p-value

Age, mean±SD, y 53.75±13.5 52.44±12.7 51.02±10.5 0.354

Gender, women, n (%) 32 (58.2) 49 (55.7) 36 (59.0) 0.912(*)

Education, mean±SD, yr 11.73±3.65 11.16±4.0 10.03±4.35 0.052

Skin color, Caucasian, n (%) 34 (61.8)b 68 (77.3)a 36 (59.0) <0.001(*)

Height, mean±SD (kg) 72.13±14.55c 77.65±14.69 83.19±13.49a <0.001

BMI, mean±SD (kg/m²) 26.54±3.95c 28.63±49.8 30.30±4.60a <0.001

BP controlled, n (%) - 50 (57.5)c 22 (36.1)b 0.010*

SAH Time, mean±SD, y - 7.66±6.84c 13.31±9.05b <0.001**

Number of drugs - 1.43±0.74c 3.92±1.17b <0.001*

SRQ 20 4.75±3.77b,c 6.65±4.31a 8.07±4.65a <0.001

Table 1. Sociodemographic and clinical characteristics of the sample.

Total Sample n=204; CG: Control Group; SAH 1: Systemic Arterial Hypertension Stage 1; SAH 2: Systemic Arterial Hypertension Stage 2; BMI: Body Mass Index; 
BP controlled: Blood Pressure Controlled; SAH Time: Time of treatment of Systemic Arterial Hypertension; p-value refers to the Kruskal-Wallis test, Chi-square 
test (*) and Mann-Whitney test (**); Bonferroni multiple comparisons: a — differs significantly from CG (p<0.05); b — differs significantly from the SAH 1 group 
(p<0.05); c — differs significantly from SAH 2 group (p<0.05).
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performed worse in the delayed recall of the ROCF, when 
compared to the CG. In the attention tasks, the SAH 2 group 
was slower in the TMT-A, when compared to the CG. The 
same occurred in the Digit Symbol test, in which the CG 
obtained higher performance than the SAH 2 group.

Executive functions performance
For IC, there was no statistical difference between groups 

(Table 3). For updating, there were significant differences 
between the clinical groups in Backward Digit Span, and VF 
(semantic and phonemic). For the Backward Digit Span test, 

Table 2. Cognitive performance according to the presence and severity of SAH.

Variable CG
(n=56)

SAH 1
(n=87)

SAH 2
(n=61) p-value

CG X SAH 1 CG X SAH 2

gHedges 95%CI gHedges 95%CI

Global Cognition

MMSE 27.73±2.04c 27.41±2.07 26.77±2.03a 0.021 -0.155 -0.92–0.181 -0.472 -0.84–0.104

MoCA 25.05±3.31c 24.94±2.83c 23.50±3.45a,b 0.01* -0.036 -0.372–0.299 -0.458 -0.826–0.091

Episodic Memory

RAVLT
A1-A5 42.05±7.76c 42.55±9.62c 38.27±9.13a,b 0.014* 0.056 -0.28–0.392 -0.445 -0.812–0.077

RAVLT late 8.66±3.1 8.42±3.66 7.38±3.63 0.098 -0.07 -0.405–0.266 -0.378 -0.744–0.012

REY late 13.64±7.84 13.96±8.16 11±7.15 0.066* 0.04 -0.296–0.376 -0.353 -0.718–0.013

Language

BNT 54.82±4.68 53.37±5.87 52.91±5.66 0.081 -0.267 -0.604–0.071 -0.366 -0.732–0.001

Attention

Digit Span Forward 7.42±1.89 7.77±2.33 6.92±1.58 0.18 0.161 -0.175–0.498 -0.288 -0.653–0.076

TMT-A (seconds) 56.52±37.59c 66.40±51.39 72.92±35.16a <0.001 0.212 -0.124–0.549 0.451 -0.084–0.819

Processing Speed

Digit Symbol 51.96±19.06c 47.37±18.2 41.85±16.79a 0.014 -0.248 -0.585–0.089 -0.564 -0.934–0.195

Praxia

REY copy 32.31±7.17c 31.15±6.75 30.16±7.78a 0.037 -0.168 -0.504–0.169 -0.287 -0.651–0.078

CDT 4.38±1.10 4.14±1.48 4.10±1.32 0.441 -0.178 -0.515–0.158 -0.23 -0.593–0.134

Total Sample n=204; CG: Control Group; SAH 1: Systemic Arterial Hypertension Stage 1; SAH 2: Systemic Arterial Hypertension Stage 2; 95%CI: 95% confidence 
interval; error of commission MMSE: Mini Mental State Examination; MoCA: Montreal Cognitive Assessment; RAVLT A1-A5: sum of the five evocations of the Rey 
Auditory-Verbal Learning Test; RAVLT late: Late evocation of Rey Auditory-Verbal Learning Test; REY late: evocation after 30 minutes of the Rey Complex Figure; 
BNT: Boston Naming Test; Digit Span Forward: Subtest Digit Span Forward from Wechsler Adult Intelligence III; TMT-A: time of execution of the Trail Making Test 
part A; Symbol Digits: Subtests Symbol Digit from of Wechsler Adult Intelligence III; CDT: Clock Drawing Test corrected by Shulman score; p-value refers to the 
Kruskal-Wallis test; *ANOVA test; Bonferroni multiple comparisons: a — differs significantly from CG (p<0.05); b — differs significantly from the SAH 1 group 
(p<0.05); c — differs significantly from SAH 2 group (p<0.05).

Total Sample n=204; CG: Control Group; SAH 1: Systemic Arterial Hypertension Stage 1; SAH 2: Systemic Arterial Hypertension Stage 2; 95%CI: 95% 
confidence interval; errors of commission T.O.V.A.: Errors of commission of the Test of Variables of Attention; Digit Span: Subtest Backward of Wechsler Adult 
Intelligence III; VF semantic: Verbal Fluency Semantic; VF phonemic: Verbal Fluency Phonemic; TMT-B: Trail Making Test part B; TMT-B minus TMT-A: time in 
seconds of part B execution minus the time in seconds of part A of the Trail Making Test; p-value refers to the Kruskal-Wallis test;*ANOVA test; Bonferroni 
multiple comparisons:  a  —  differs significantly from CG (p<0.05); b — differs significantly from the SAH 1 group (p<0.05); c — differs significantly from 
SAH 2 group (p<0.05).

Table 3. Performance in the tests that evaluate the EF components according to the presence and severity of SAH.

Variables CG
(n=56)

SAH 1
(n=87)

SAH 2 
(n=61) p-value

CG x SAH 1 CG x SAH 2

gHedges 95%CI gHedges 95%CI

Inhibitory Control

Errors of 
commission T.O.V.A. 9.20±8.53 11.3±9.39 11.38±11.59 0.223 0.232 -0.105–0.569 0.213 -0.151–0.577

Updating

Digit Span Backward 4.84±1.60c 4.63±1.99 3.78±1.59a 0.004 -0.114 -0.45–0.222 -0.665 -1.037–0.292

VF semantic 17.27±4.93c 17.25±5.00c 13.95±3.55a,b <0.001* -0.004 -0.34–0.332 -0.778 -1.154–0402

VF phonemic 36.50±10.82c 34.54±10.53c 29.93±11.07ª,b 0.003 -0.184 -0.521–0.152 -0.6 -0.971–0.229

Shifting

TMT-B (seconds) 131.9±94.02c 144.03±76.59 172.10±109.92a 0.015 0.145 -0.191–0.481 0.392 -0.026–0.758

TMT-B minus TMT-A 82.55±85.92 89.37±63.33 106.13±94.61 0.135 0.093 -0.243–0.429 0.26 -0.104–0.625
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the CG and SAH 2 were statistically different, with the CG 
obtaining a higher score. In VF tests, the SAH 2 group had 
worse scores than the CG and SAH 1, which did not differ 
from each other. As to shifting, there was a significant dif-
ference between the SAH 2 and the CG groups, with worse 
scores for the SAH 2 group in the TMT-B. 

To accomplish the second objective of the study, the anal-
yses described in Table 2 were repeated, controlling for mea-
sures of attention (TMT-A, Forward Digit Span) and cognitive 
processing speed (Digit Symbol). The results were statisti-
cally equivalent to those observed in Table 2. These results 
suggested that the group differences observed in Table 2 were 
not explained by the variability of attention and processing 
speed tests.

DISCUSSION

This study aimed to investigate the relation between 
SAH and EF, comparing normotensive patients with hyper-
tensive ones at two levels of severity. The results indicated 
that participants in the more severe hypertension stage had 
worse performance in EF tasks. When EF tasks were divided 
into three components (IC, updating and shifting), results 
indicated that updating and shifting were affected in the 
most severe SAH stage. There was no statistical difference 
between groups in relation to IC. Additionally, variability 
in measures of attention and speed of cognitive processing 
did not explain group variability in updating and shifting. 
In addition, it should be noted that there was no difference 
in cognitive scores between the CG and the SAH 1 groups. 
This may suggest that cognitive deficits associated to SAH 
is observable in more severe stages of the disease. This find-
ing highlights the need to classify individuals with SAH in 
levels of severity in studies about the effects of the disease 
in target organs. 

Global cognition
SAH 2 participants presented worse scores in the tests 

of global cognition (MMSE and MoCA) when compared 
to the other groups. This finding is in line with a previous 
study22, in which the association between SAH and worse 
global cognition was evidenced as well. Similar findings 
were reported by Hannesdottir et al.23, when the MoCA test 
seemed more sensitive in identifying cognitive deficits asso-
ciated to HAS. Webb et  al.17 compared impairment in the 
MMSE versus the MoCA in a sample of participants with 
SAH. The MoCA was significantly more sensitive to identify 
cognitive impairment associated to SAH. These findings are 
divergent from Fitri and Rambe24, as in this study there was 
no significant difference in the total MoCA score between 
hypertensive and normotensive individuals. However, there 
was a statistical significance in the subtests of EF and visuo-
spatial function.

Executive functions performance

Inhibitory control
According to the literature review by Moraes on SAH 

and EF25, IC is altered in people with SAH, and the most 
frequently used task to evaluate this ability is the Stroop 
Test. In the studies by Li et al.26, Bucur and Madden27, the 
participants with SAH performed worse in the Stroop Test 
when compared to the normotensive ones. However, in the 
present study, this effect was not observed. An explana-
tion for this incongruence refers to the choice of IC test, 
because the Stroop Test and the T.O.V.A may assess IC dif-
ferently. The T.O.V.A. Test is a simple, continuous perfor-
mance computerized task that evaluates IC measures and 
attention with errors of commission, i.e, which may relate 
to impulsivity28. In this task, IC is evaluated by the individ-
ual’s ability not to click on a switch when the target stimu-
lus appears at the bottom of the screen. In the Stroop test, 
the task is more complex, as in plate 3 there is the need to 
inhibit an almost automatic activity (reading of the written 
word), in favor of naming the color of the ink, in which the 
word is printed.

Thus, data from the present study seem to suggest that 
very simple IC tasks are not able to identify possible changes 
in this ability in association with SAH. New studies should 
include more complex measures of IC, such as the Stroop 
test, go-no-go tasks or similar measures.

Updating
The measures chosen to measure updating in the present 

sample were the Backward Digit Span, semantic and phone-
mic VF. The results showed significantly lower scores in the 
SAH 2 group than the CG in these tests, in disagreement with 
studies in literature.

The study by Hannesdottir et  al.23 aimed to investigate 
which cognitive abilities were most affected by SAH in par-
ticipants treated pharmacologically versus untreated ones 
and healthy controls. The group with untreated hyperten-
sion obtained significantly worse scores in phonemic VF, 
when compared to the group with treated hypertension and 
the normotensive ones. However, there was no significant 
difference between groups in the Backward Digit Span task. 
Similarly, in Bucur and Madden27, there was a significant dif-
ference between the SAH and normotensive groups in pho-
nemic FV performance, suggesting that the presence of SAH 
could influence EF updating.

However, other evidence suggests that the updating is 
not impaired among people with SAH, such as, for example, 
in the studies of Waldstein et al.29 and Alipour and Goldust30. 
Waldstein et al.29, for instance, found no difference between 
normotensive and hypertensive adults in measures of updat-
ing (Phonemic VF and Backward Digit Span). Alipour and 
Goldust30 found a statistical difference between the normo-
tensive and hypertensive groups in the Backward Digit Span 
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task, with better performance among the participants with 
SAH and no difference between the groups in phonemic VF.

Shifting
In the present study, participants with more severe SAH had 

significantly lower performance in the TMT-B. To exclude the 
possibility of visual scanning ability interfering with this find-
ing, we calculated the TMT-B minus TMT-A scores. This vari-
able did not differentiate the clinical groups, lending some sup-
port to the idea that SAH-associated changes in visual attention 
could interfere in shifting. Previous studies that analyzed the 
impact of SAH in the TMT-B revealed results compatible with 
those of the present investigation, such as Li et al.26, Bucur and 
Madden27 and Vicario et al.31. Vicario et al.31 reported that sig-
nificant deficits in the TMT-B were present in 46% of hyperten-
sive older adults versus 13% among normotensive ones. 

In summary, the findings of the present investigation sug-
gest that severe SAH is associated to worse performance in 
measures of updating and shifting. The clinical groups did 
not differ as to IC, but this finding may be related to the 
use of a less complex measure of the aforementioned abil-
ity. Among study limitations, we cite that participants did 
not complete neuroimaging exams, and, therefore, it was not 
possible to completely rule out the presence of cerebrovascu-
lar disease among participants. Considering that EF perfor-
mance is greatly important for occupational roles and activ-
ities of daily living (ADL), future studies should investigate 
whether changes in updating and shifting have negative con-
sequences for the daily routine of patients. Seen that indirect 
measures of ADL suffer from informant bias, we suggest the 
use of direct measures of ADL, such as the Direct Assessment 
of Functional Status32.
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