
249Bali Medical Journal 2023; 12(1): 249-254 | doi: 10.15562/bmj.v12i1.3789

ORIGINAL ARTICLE

 ABSTRACT

Muhammad Akbar1, Jumraini Tammasse1, Andi Kurnia Bintang1, 
Herpan Syafii Harahap2*

Background: Executive dysfunction is a common form of intellectual weakening that interferes with the functional activity 
of the stroke survivors. Detection of executive dysfunction in the subacute segment of ischemic stroke allows the patients to 
receive appropriate interventions for optimal clinical outcomes. This study aims to investigate the frequency and determinants 
of executive dysfunction among subacute ischemic stroke patients in West Nusa Tenggara. 
Methods: This study involved 192 subjects divided into two groups: ischemic stroke (n=96) and control groups (n=96). 
Categorical data collected from both ischemic stroke and control subjects were age, gender, education level, occupation, 
hypertension, diabetes mellitus, Trail Making Test Part B, verbal fluency test, backward digit span scores and executive 
function status. Besides the data previously mentioned, clinical data that were also collected in ischemic stroke subjects was 
infarct size. The significant difference in the frequency of executive dysfunction between ischemic stroke and control groups 
was analyzed using chi-square test. The association between the determinants of executive dysfunction and the frequency of 
this executive dysfunction was analyzed using logistic regression. 
Results: This study discovered that the frequency of executive dysfunction among subjects with subacute phase of ischemic 
stroke was 52.1% and it was significantly higher compared with controls (p<0.0001). Further, lower education level was the 
only determinant significantly correlated with the increased risk of executive dysfunction in the subjects (Odds ratio [OR] 
=3.47; 95% confidence interval [CI] = 1.47 – 10.26). 
Conclusion: There was high frequency of subacute ischemic stroke-associated executive dysfunction associated with lower 
education level.
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INTRODUCTION
Cognitive impairment is an vital value 
of ischemic stroke. Its prevalence is 
in the range of 25 – 80% in stroke 
patients involving one or more cognitive 
domains.1,2 In the subacute phase of 
ischemic stroke, the prevalence of 
ischemic stroke-associated cognitive 
impairment is found to be higher, up to 
91% and 64% of them are found in the 
form of executive dysfunction.3 In general, 
cognitive impairment, including executive 
dysfunction, which occurs in the subacute 
segment of ischemic stroke is subtle and 
difficult to be recognized by the patients 
and their relatives. However, the subacute 
phase of ischemic stroke is the most 

important phase for the improvement 
of cognitive function associated with 
neural plasticity in the brain.4 Thirty-
seven percent of stroke patients obtain 
optimal improvement on intellectual role 
in the subacute segment,5 while in the 
chronic phase, those who obtain optimal 
improvement on cognitive function 
are only 7.8%.6 In addition, ischemic 
stroke-associated cognitive impairment 
that becomes more severe will lead to 
permanent dependence of the patients 
on their caregivers to carry out their 
daily functional activities and this in turn 
increases the health, social, and economic 
burden on patients, their relatives and the 
healthcare system.7 Therefore, detection 
and management of cognitive impairment, 

including executive dysfunction in the 
subacute segment of ischemic stroke is 
likely to benefit in stabilizing its clinical 
course.

Ischemic stroke-associated cognitive 
impairment may involve one or more 
subsequent cognitive fields, namely 
attention, executive function, delayed 
memory, language, and constructional 
praxis.8 Among them, executive function 
is the domain mostly affected in ischemic 
stroke.9 Since several brain structures, 
including prefrontal and parietal cortices, 
basal ganglia, thalamus, and cerebellum 
carry out executive function, ischemic 
stroke involving these structures as 
well as their white matter connections 
will lead to executive dysfunction.10 

The frequency and determinants of 
executive dysfunction among patients with 

subacute phase of ischemic stroke in 
West Nusa Tenggara, Indonesia
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dysfunction in patients with subacute 
ischemic stroke in West Nusa Tenggara, 
Indonesia, sought to determine its 
prevalence and determinants.

METHODS
Study design and sample
This is a case-control study involving 
subacute ischemic stroke and control 
subjects recruited from three main 
hospitals in Mataram City, West Nusa 
Tenggara Province. This study was 
conducted from August 2019 to May 
2021. The sample size was calculated using 
formula of n1=n2= [(Zα√2PQ + Zβ√(P1Q1 
+ P2Q2)):(P1-P2)].2 By using the prevalence 
data of ischemic stroke-associated 
executive dysfunction in the previous 
study was 39%, α=0.05, Zα=1.96, β=0.2, 
and Zβ=0.84, the sample size needed 
for each group was 96.20 The inclusion 
criteria for subjects in subacute phase 
of ischemic stroke were ischemic stroke 
patients (confirmed by head CT scan 
examination), beyond 2 weeks to 12 weeks 
from stroke onset, aged 18-70 years old, 
fully conscious, and having a minimum 
of 6-year-education attainment. Control 
subjects were recruited from couple or 
relatives of the patients or subjects with 
other medical condition visiting the 
hospitals. The inclusion criteria for control 
subjects were subjects without prior 
history of stroke, aged 18-70 years old, 
fully conscious, and having a tiniest six 
years education attainment. The exclusion 
criteria for both groups were significant 
hearing and visual loss that could not be 
modified, history of cognitive impairment 
and psychiatric disorders prior stroke 
event, currently taking antidepressant, 
antipsychotic, and anti-anxiety drugs at 
the time of executive function assessment. 

Data collection
Socio-demographic, clinical, and outcome 
data collected from study sample included 
categorical data of age group, gender, 
education level, occupation, hypertension, 
diabetes mellitus, Trail Making Test Part B 
(TMT-B) score, animal category of verbal 
fluency test (VFT) score, backward digit 
span (BDS) score, and executive function 
status. Age was categorized into young 
adults (<60 years old) and older adults 
(≥60 years old). Gender was categorized 

as male and female. Education level was 
categorized into low (≤12 years) and 
higher (>12 years) educational levels. 
Occupation was categorized into workers 
and non-workers. Data on hypertension 
and diabetes mellitus were collected based 
on information provided in their medical 
records.

In TMT-B, the subjects were instructed 
to connect circles containing numbers 
or letters randomly printed on a piece 
of paper in an alternate number/letter 
sequence and the result was categorized 
into normal (test completion time ≤180 
seconds) and impaired (test completion 
time >180 seconds). In animal category of 
VFT, the subjects were directed to generate 
the names of animals as many as possible 
within 60 seconds and the result was 
categorized into normal (able to generate 
≥14 animal names) and impaired (able to 
generate<14 animal names). In BDS test, 
the subjects were requested to reverse the 
sequence of numbers mentioned by the 
examiner and the result was categorized 
as normal (able to reverse ≥4 number 
sequences) and impaired (able to reverse 
<4 number sequences). Based on the 
results of these three tests, the status of 
executive function was categorized into 
normal (2 out of 3 tests showed normal 
results) and executive dysfunction (<2 
tests showed normal results), as described 
in previous study.21

The socio-demographic and clinical 
data derived only from subjects with 
subacute phase of ischemic stroke as the 
categorical variables comprising all of the 
categorical variables mentioned above 
and supplemented with the data of infarct 
size based on head CT scan examinations. 
Infarct size was characterized into small 
(<15 mm in diameter) and larger (≥15 
mm in diameter) size.3

Data analysis
Socio-demographic, clinical, and outcome 
data from both subacute ischemic stroke 
and control subjects were presented as 
frequency (n) and percentage (%). The 
first analysis was performed to determine 
the differences in the frequencies of socio-
demographic variables, clinical variables, 
and outcome variables between subacute 
ischemic stroke and control subjects. 
The differences in the frequencies of all 

Executive dysfunction after an ischemic 
stroke causes patients to struggle with 
planning, concept modification, and 
decision-making.11 Accordingly, it causes 
loss of their productivity and higher 
functional dependence on their caregivers 
compared to those with impairments in 
other cognitive domains.12 However, the 
available data regarding the prevalence and 
the risk factors of executive dysfunction 
among ischemic stroke patients is still 
scarce. According to earlier research, 39 
to 64 percent of stroke survivors exhibit 
executive impairment.3,13 However, these 
data have not been updated. In addition, to 
our knowledge, similar data regarding the 
frequency and determinants of executive 
dysfunction among Indonesian ischemic 
stroke survivors are not available. Growing 
older, being a woman, having a low level 
of education, being unemployed, having 
a lacunar infarct, having high blood 
pressure, and having diabetes mellitus 
are some factors linked to an increased 
risk of executive dysfunction in ischemic 
stroke patients.14 Intervention with 
these identified risk factors helps these 
individuals’ executive dysfunction from 
progressing.15  

Early evaluation of cognitive 
function allows the patients to obtain 
early intervention and optimal clinical 
outcomes.12 Regarding the determination 
of the critical period for evaluation 
of cognitive function, some studies 
performed this evaluation in the acute 
segment.5,16 The others performed it 
in the subacute phase.3,17 Since up to 
75% ischemic stroke patients may have 
delirium in the acute phase, which can 
be associated with the involvement of 
ischemic lesion in right hemisphere and 
this condition interfere the results of the 
evaluation of executive dysfunction.18 It 
is wise to consider that the critical period 
for cognitive evaluation is in the subacute 
rather than acute segment of ischemic 
stroke.

West Nusa Tenggara is one of the 
provinces in Indonesia with a low Social 
Sustainability Index (SSI) characterized 
by the lack of access to education and 
healthcare services for its population.19 

This area has the potential to be studied, 
thus it provides updated epidemiological 
data. This initial investigation on executive 
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variables mentioned above between the 
two groups were examined using chi-
square test. 

The second analysis was performed to 
determine the association between socio-
demographic and clinical variables as well 
as the frequency of executive dysfunction 
in subjects with subacute phase of ischemic 
stroke. The association between categorical 
variables (independent variables), i.e age 
(older adults vs young adults), gender 
(male vs female), occupation (workers 
vs non-workers), education level (low 
vs higher), infarct size (small vs larger), 
hypertension, and diabetes mellitus 

Table 1. 	 Comparison of socio-demographic, clinical, and outcome variables 
between subacute ischemic stroke and control subject groups.

Variables
Frequency (%)

p-valueStroke subjects 
(n=96)

Control subjects 
(n=96)

Socio-demographic variables
Age
        Older adults (≥60 years) 23 (24.0) 19 (19.8) 0.485
        Young adults (<60 years) 73 (76.0) 77 (80.2)
Gender
        Female 27 (28.1) 37 (38.5) 0.126
        Male 69 (71.9) 59 (61.5)
Occupation
        Workers 67 (69.8) 65 (67.7) 0.755
        Non workers 29 (31.2) 31 (32.3)
Education level
        Higher (>12 years) 30 (31.2) 38 (39.6) 0.227
        Low (≤12 years) 66 (68.8) 58 (60.4)
Clinical variables
Hypertension
        Yes 86 (89.6) 49 (51.0) <0.001*
        No 10 (10.4) 47 (49.0)
Diabetes mellitus
        Yes 35 (36.5) 33 (34.4) 0.763
        No 61 (63.5) 63 (65.6)
Outcome variables
TMT-B score
        Normal 33 (34.4) 73 (76.0) <0.001*
        Impaired 63 (65.6) 23 (24.0)
Animal category of VFT score
        Normal 34 (35.4) 53 (55.2) 0.006*
        Impaired 62 (64.6) 43 (44.8)
BDS test score
        Normal 79 (82.3) 75 (78.1) 0.469
        Impaired 17 (17.7) 21 (21.9)
Executive function status
       Executive dysfunction 50 (52.1) 20 (20.8) <0.001*
       Normal 46 (47.9) 76 (79.2)

*Significant difference (p<0.05); OR=odd ratio; TMT-B=Trail Making Test B Part B; VFT=verbal 
fluency test; BDS=backward digit span

and frequency of executive dysfunction 
(dependent variable) in subacute ischemic 
stroke subjects were observed with simple 
binary logistic regression analysis. The 
independent variables showing p<0.25 
were recorded in a multiple logistic 
regression model in odds ratio (OR) with 
95% confidence interval (CI). The analysis 
was accomplished using computer 
program and the cutoff for statistical 
significance was p<0.05.

RESULTS
The comparison in socio-demographic, 
clinical, and outcome characteristics 

between subacute ischemic stroke and 
control subjects showed in Table 1. Of the 
192 study samples, 96 of them were subjects 
with subacute phase of ischemic stroke and 
the remaining 96 were control subjects. 
With comparable socio-demographic and 
clinical characteristics between the two 
subject groups, except hypertension, the 
frequency of executive dysfunction in the 
ischemic stroke group was significantly 
higher than in the control group (p<0.05). 
The frequency of executive dysfunction in 
ischemic stroke group was 52.1%. 

The association between demographic 
and clinical variables and the frequency 
of executive dysfunction among subacute 
ischemic stroke subjects showed in Table 
2. Gender, occupation, and education level 
were eligible variables for further analysis 
(p<0.25). Furthermore, the subjects with 
low education level (≤12 years) were the 
only variable associated with the increase 
risk of executive dysfunction in subacute 
phase of ischemic stroke patients (OR 
= 3.48, 95% CI = 1.36 – 8.90, p = 0.006), 
while female gender and workers were not 
significantly associated (p >0.05).

 
DISCUSSION
This is an preliminary study designed at 
investigating the frequency of executive 
dysfunction in subacute ischemic stroke 
patients living in West Nusa Tenggara 
and identifying its determinants. This 
study found that with comparable socio-
demographic characteristics but not 
with almost all clinical characteristics, 
excluding hypertension, there was a high 
frequency of executive dysfunction in 
subacute ischemic stroke patients (52.1%) 
and it was significantly higher than 
controls. This result is constant with that 
of earlier research by Jaillard et al. and Nys 
et al.3,13 Since the data on the prevalence 
of executive dysfunction from the two 
studies are quite old and there is currently 
no recent similar data, The findings of 
this study provide an update to those of 
the earlier investigations. High prevalence 
of ischemic stroke-associated executive 
dysfunction indicates the high potential 
for disability in patients as well as the 
economic burden on patients and their 
families.

This investigation also exposed that 
education level was the only determinant 
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Table 2. 	 Multivariate logistic regression analysis showing variables associated with executive dysfunction in subacute 
ischemic stroke subjects.

Variables

Executive function status 
[n (%)]

Crude odd ratio (95% CI)a p-value
Adjusted odd ratio 

(95% CI)b p-valueNormal 
(n=46)

Executive 
dysfunction 

(n=50)
Age
      Older adults 11 (47.8) 12 (52.2) 1.00 (0.39 – 2.57) 0.992 - -
      Young adults 35 (47.9) 38 (52.1) Reference
Gender
      Male 37 (53.6) 32 (46.4) 2.31 (0.91 – 5.86) 0.077 1.75 (0.63 – 4.86) 0.281
      Female 9 (33.3) 18 (66.7) Reference Reference
Occupation
      Non-workers 11 (37.9) 18 (62.1) 1.79 (0.74 – 4.36) 0.200 1.37 (0.51 – 3.69) 0.528 
      Workers 35 (52.2) 32 (47.8) Reference Reference
Education level
      Low 25 (37.9) 41 (62.1) 3.83 (1.52 – 9.66) 0.004 3.48 (1.36 – 8.90) 0.009*
      Higher 21 (70.0) 9 (30.0) Reference Reference
Infarct size
      Larger 8 (53.3) 7 (46.7) 1.29 (0.43 – 3.90) 0.648 - -
      Small 38 (46.9) 43 (53.1) Reference
Hypertension
      Yes 41 (47.7) 45 (52,3) 1.10 (0.30 – 4.07) 0.889 - -
      No 5 (50.0) 5 (50.0) Reference 
Diabetes mellitus
      Yes 17 (48.6) 18 (51.4) 1.04 (0.45 – 2.39) 0.923 - -
      No 29 (47.5) 32 (52.5) Reference

aSimple logistic regression analysis; bMultiple logistic regression analysis; *Significant association (p<0.05); BMI=body mass index 

associated with the risk of executive 
dysfunction in subacute phase of ischemic 
stroke. This result is in line with  the 
result of a study led by Levine et al.22 The 
education level, together with occupation, 
are the main components of cognitive 
reserve needed to maintain the integrity 
of person’s cognitive status against the 
presence of ischemic lesions in the brain.23 
Stroke patients with higher level of 
education will have better improvements 
in the efficiency of synaptic connectivity in 
the brain disrupted after ischemic stroke 
and are able to preserve proper executive 
function.11

Since West Nusa Tenggara is one of the 
provinces with low access to education 
and health services as well as limited 
availability of advanced diagnostic 
facilities but with a high frequency of 
subacute ischemic stroke-associated 
executive dysfunction based on our 
findings, detection and intervention of 
executive dysfunction associated with 
ischemic stroke is challenging. This is 
because the success of rehabilitation 

and intervention programs specifically 
designed for executive dysfunction for 
these patients is mainly determined by 
their ability to understand the instructions 
given to them.12 Therefore, the active 
participation of family members as well as 
caregivers of the patients is important.

This study also showed that the 
prevalence of subacute ischemic stroke-
associated cognitive loss was not 
substantially correlated with the vascular 
risk factors, such as hypertension and 
diabetes mellitus, that were found 
in patients with subacute ischemic 
stroke. Previous research also produced 
conflicting findings on the relationship 
between these stroke features, vascular risk 
factors, and the prevalence of executive 
dysfunction brought on by ischemic 
stroke. All of the vascular risk variables 
previously described were connected to 
the prevalence of executive dysfunction 
in ischemic stroke patients, according to 
research by Zulkifly et al.14 Meanwhile, 
Qu et al showed no association about 
it.1 The different results between the two 

studies and our findings were most likely 
due to differences in the sample size, the 
socio-demographic characteristics of 
the subjects, and the study methods. The 
reason for the study’s somewhat limited 
sample size is primarily that the subjects 
were stroke patients who had completed at 
least six years of education within the first 
three months of their stroke’s onset. Since 
the presence of these vascular risk factors 
may independently impair the integrity of 
the frontoparietal white matter resulting in 
executive dysfunction, their identification 
and management remains an important 
part of stroke-associated executive 
dysfunction prevention strategies.24

This study contains a number of 
restrictions. First, this study was conducted 
with a small sample size that could 
influence the significance of the findings. 
Further study with a larger sample size 
to better represent the population in 
West Nusa Tenggara is recommended. 
Second, due to limited availability of 
diagnostic facilities, identification of 
stroke characteristics was based only on 
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head CT scan. This could also influence 
the significance of the findings. Third, 
due to unavailability of baseline data on 
the cognitive function of patients before 
stroke onset, information regarding the 
presence of a prior history of cognitive 
impairment in this study was based on 
information provided by the patients and/
or their relatives. Therefore, the possibility 
that executive dysfunction detected in this 
investigation was a preexisting condition 
could not be ruled out. Due to the scarcity 
of data on the prevalence of subacute 
ischemic stroke-associated executive 
dysfunction and its correlates, especially 
among the Indonesian population, 
our findings are valuable as a basis for 
developing rehabilitation and intervention 
strategies by healthcare providers in West 
Nusa Tenggara and other provinces in 
Indonesia and other developing countries 
with similar income category.

CONCLUSIONS
This study discovered that the frequency 
of executive dysfunction among subjects 
with subacute phase of ischemic stroke 
was 52.1% and it was significantly higher 
than controls. Further, education level was 
the determinant of the high frequency 
of subacute ischemic stroke-associated 
executive dysfunction. It is important to 
develop an early intervention strategy 
specific for executive dysfunction among 
ischemic stroke patients with regard to 
their educational level.
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