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Abstract

Background : Behavioral and Psychological Symptoms of Dementia (BPSD) frequently
occur in patients with Vascular Cognitive Impairment (VCI) after stroke and significantly
affect functional outcomes. However, data regarding the association between lesion
characteristicsand BPSD remain limited.

Objectives : To determine the relationship between the location and number of lesions
on head CT scanand BPSD in post-ischemic stroke patients with VCI.

Methods : Cross-sectional study involving post-ischemic stroke patients at the Neurology
Outpatient Clinic of Kariadi Hospital Semarang. An evaluation was conducted on the
location and number of stroke lesions in relation to the occurrence of Behavioral
Psychological Symptoms of Dementia, based on Abe's Behavioral Psychological
Symptoms of Dementia Score. The confounding variables of the study were age,
occupation, education level, nutritional status, and caregiver. Analysis was conducted
using the Independent T test, Mann Whitney U and Kruskal-wallis. Significant results
p<0.05.

Results : The mean ABE BPSD score was 7.17 with a median of 4. The most common
symptoms were depression/low mood, irritability, and sleep disturbance (33.3% each),
followed by excitement and agitation (28.6%). Of the total subjects, 31% had stroke in the
non-dominant hemisphere, 26.2% in the dominant hemisphere, and 42.9% in both
hemisphere. A total of 64.3% had frontal lesions, while 35.7% had non-frontal lesions.
Based on the number of lesions, 54.8% had single lesions and 45.2% had multiple lesions.
The location of the lesions in the frontal region (p<0.001), the number of multiple lesions
(p<0.001) and younger age (p=0.042) were significantly associated with a more severe
ABE BPSD score.

Conclusion : Frontal lesion location, multiple lesions, and younger age are significantly
associated with increased severity of BPSD in post-ischemic stroke patients with VCI.

Keywords : BPSD, number of lesions, location of lesions, ischemic stroke, VCI.
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INTRODUCTION

The sign and symptoms of disruptions in perception,
thinking content, mood, or behavior are known as
Behavioral and Psychological Symptoms of Dementia
(BPSD). An essential component of dementia's natural
progression is BPSD. Aggression, psychosis, agitation,
despair, apathy, wandering, sleep difficulties, and a
variety of socially unacceptable behaviors are all signs of
BPSD. These symptoms are one of the most complex
aspects of care and result in significant adverse health
outcomes for patients, including morbidity, mortality,
and hospital admissions.!

BPSD has been linked to greater rates of
pharmaceutical use, poor prognosis, and high caregiver
load, all of which raise the social effect and financial needs
of dementia patients.> Caregivers of dementia patients report
BPSD, particularly symptoms such as agQression and
shouting, as the most challenging issues to manage.* From
mild cognitive impairment to dementia, BPSD is a diverse
collection of non-cognitive symptoms and behaviors that
are frequently seen across the board. If left untreated,
BPSD can lead to accelerated disease progression,
worsening of daily functioning, impaired quality of life,
increased healthcare needs, increased stress on
caregivers, reduced quality of life for dementia patients
and their families, and higher economic burdens on
caregivers.*®

BPSD can accompany vascular cognitive
impairment (VCI), thereby significantly impacting the
functional and cognitive status of post-stroke patients.®
VCl is a heterogeneous group of disorders with various
types of cerebrovascular lesions contributing to cognitive
dysfunction up to dementia.”!*” More than 55 million
people worldwide are living with dementia, and over
90% of people with dementia experience behavioral and
psychological symptoms.” Based on a study involving
30 studies worldwide, the prevalence of BPSD varies
from 4% (mania) to 32% (apathy).® A study in Singapore
found that the prevalence of BPSD ranges from 67.9%,
with 30% of the population experiencing three or more
BPSD episodes in the past month.” In a study of 76 post-
stroke patients with vascular cognitive impairment at
Adam Malik Hospital in Medan, 30 patients (39.47%)
experienced at least one BPSD symptom. The most
common symptoms were apathy and indifference
(19.7%), followed by depression and a gloomy mood
(17.1%). The least common symptom was aggression,
observed in only 2 patients (2.6%).8

Research shows that certain stroke characteristics
explain the increased risk of dementia in stroke patients.
Lacunar stroke and hemorrhagic stroke are predictors of
post-stroke dementia, according to studies examining
stroke subtypes. The presence of multiple lesions, infarct
volume, and stroke location (e.g., left hemisphere) have
also been identified as risk factors for post-stroke

164

dementia. According to neuroimaging research,
leukoaraiosis and medial temporal lobe atrophy, two
common white matter abnormalities linked to subcortical
stroke injury, can raise the risk of memory loss and
cortical gray matter thinning, which in turn raises the risk
of cognitive impairment.” The emergence of conditions
such as decreased interest and apathy may be caused by
medial frontal lobe atrophy, while reduced
neurotransmitter function in monoaminergic circuits and
decreased frontal and temporal lobe volume are
associated with depressive mood.!® Additionally, it is
hypothesized that stroke may trigger neurodegenerative
processes by disrupting amyloid clearance or by
activating an autoimmune response to brain antigens
produced post-stroke. Therefore, the likelihood of
dementia following a stroke is most likely to be
influenced by persistent cerebrovascular injury brought
on by vascular risk factors, immunological processes, and
pathogenic mechanisms.!!-1?

The meta-analysis found that vascular
impairment is significantly associated with an increased
prevalence and severity of behavioral and psychological
symptoms of dementia (BPSD).’

Epidemiological data on BPSD and research on the
relationship between the location and number of stroke
lesions and BPSD remain limited. The location and
number of stroke lesions are significantly suspected to
influence the occurrence of BPSD as one form of Vascular
Cognitive Impairment in post-stroke patients. The aim of
this study is to demonstrate the relationship between the
location and number of lesions based on CT scan of the
head and BPSD. The potential role of location and total
number of lesion in identifying patients may benefit
from closer BPSD screening and caregiver/rehabilitation
planning.

METHODS

Design and Location

This study is an observational analytical study with a
cross-sectional approach, conducted at Dr. Kariadi
General Hospital in Semarang over a six-month period
from July 2024 to December 2024. Ethical clearance was
obtained from the Health Research Ethics Committee
(KEPK) of Dr. Kariadi General Hospital in Semarang with
No.468/EC/KEPK/FK-UNDIP/IX/2024.

Population and Criteria

The study subjects were post-ischemic stroke patients at
the Neurology Outpatient Clinic of Dr. Kariadi General
Hospital in Semarang. The study sample was obtained
using consecutive sampling, yielding a total of
42 respondents. Inclusion criteria were first-ever
ischemic stroke confirmed by CT scan, onset 3 months-1
year, MoCA-INA score <26, age <75 years, and ability to
communicate. Exclusion criteria included severe aphasia,
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sensory impairment, delirium, severe disability, prior
psychiatric or dementia history and anemia.

Research Procedures

The procedure began with the selection of subjects who
had experienced their first ischemic stroke with onset
3 months-1 year prior, met the inclusion criteria, and did
not meet the exclusion criteria. After obtaining informed
consent, a medical history is taken, a questionnaire-based
examination is conducted, and CT scan data is retrieved
from medical records. Cognitive function is assessed
using the MoCA-INA, and if the score is < 26, the Abe's
BPSD Score was administered based on information
obtained from the primary caregiver. Nutritional status is
assessed using the MNA-SF.

Data Analysis

Data analysis included univariate analysis to describe
variable characteristics, bivariate analysis to assess the
relationship between CT scan lesions and BPSD
symptoms using statistical tests appropriate for the data
distribution, and multivariate analysis with linear
regression for significant variables (p<0.25) to determine

the most influential factors, with results considered
significant if p<0.05.

RESULTS

Evaluation of 42 subjects with ischemic stroke
accompanied by cognitive impairment based on the
MoCA-INA score conducted at Kariadi Hospital,
Semarang produced the following findings.

A total of 42 subjects were included, with a mean
age of 53.79 + 8.75 years. Most patients were female
(52.4%). Lesions were predominantly located in both
hemispheres (42.9%) and in the frontal region (64.3%).
Single lesions were slightly more common (54.8%) than
multiple lesions. The most common BPSD symptoms
were depression, irritability, and sleep disturbances
(33.3%), followed by agitation (28.6%). Bivariate analysis
showed that frontal lesion location and multiple lesions
were significantly associated with higher BPSD scores
(p<0.001). In contrast, hemisphere location was not
significantly associated (p=0.960). Age was also
significantly associated with BPSD severity (p=0.042),
with younger patients showing higher scores.

TABLE 1
Characteristics of Research Subjects

Variahle n (%) Mean + SD Median (min-max)
Age 53.79+8.75 55.5 (32-68)
<36 years old 1(2.4)
36-45 years old 8(19)
46-55 years old 12 (28.6)
56-65 years old 17 (40.5)
>65 years old 4(9.5)
Sex - -
Male 20 (47.6)
Female 22 (52.4)
Hemispheric location - -
Hemisphere non-dominant 13 (31)
Hemisphere dominant 11 (26.2)
Both hemisphere 18 (42.9)
Location of lesions by region - -
Frontal 27 (64.3)
Non-Frontal 15 (35.7)
Number of lesions - -
Single 23 (54.8)
Multiple 19 (45.2)
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TABLE 2

Characteristics of Behavioral Psychological Symptoms of Dementia hased on ABE BPSD

Variahle n (%)

Mean + SD Median (min-max)

ABE BPSD -
Pacing inside/outside the house

Yes 8(19)

No 34 (81)
Eating and toilet problems

Yes 8(19)

No 34 (81)
Delusion and hallucination

Yes 5(11.9)

No 37(88.1)
Speaking rudely / offensively

Yes 11 (26.2)

No 31(73.8)
Day and night upside down

Yes 14 (33.3)

No 28 (66.7)
Excitation and agitation

Yes 12 (28.6)

No 30 (71.4)
Apathetic and indifferent

Yes 10 (23.8)

No 32(76.2)
Depression and gloom

Yes 14 (33.3)

No 28 (66.7)
Acts of violence

Yes 2(4.8)

No 40 (95.2)
Easily offended

Yes 14 (33.3)

No 28 (66.7)

7.17 £7.46 4 (0-26)

Multivariate analysis revealed that lesion location,
number of lesions, and age were independent predictors
of BPSD severity.

Based on the Table 2, the mean total score of ABE
BPSD (Assessment of Behavioral and Psychological
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Symptoms of Dementia) was 7.17 + 7.46 with a median
value of 4 (range 0-26), indicating a fairly large variation
in symptoms between individuals. The symptoms most
commonly experienced by patients included changes in
sleep patterns such as being inverted between day and
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TABLE 3

Relationship hetween location, number of lesions and age with BPSD

Variable

ABE BPSD p

Hemisphere location
Hemisphere non-dominant
Hemisphere dominant

Both hemisphere

0.9607

7.46 + 8.82; 4 (0-26)
6.82 * 6.63; 7 (0-19)
7.17 £7.30; 4.5 (0-26)

Location of lesions by region <0.001*
Frontal 9.70+7.77; 7 (0-26)
Non-Frontal 2.60 +4.03; 1 (0-15)
Total number of lesions <0.001"
Single lesion 3.13+2.43;3(0-8)
Multiple lesions 12.05 + 8.58; 12 (0-26)
Age 0.0421
<36 years old 32+0;32(32-32)
36-45 years old 13.38 £9.02; 14 (0-6)
46-55 years old 8.42 + 8.40; 4.5 (1-26)
56—65 years old 3.29 £ 3.25; 3 (0-11)
>65 years old 4.5+2.38;4.5(2-7)
TIndependent t-test; ¥Mann Whitney U; YKruskal-Wallis; significant p<0.05
TABLE 4
Factors associated with BPSD
Variahle Unstandardized Coefficient Standardized t Sig. Cl 95%
B Std. Error Coeff B Lower Upper
BPSD Age -.382 .085 -.449 -4.481 <.001 -.555 -.210
Total number of lesions 5.537 1.508 374 3.673 <.001 2.485 8.589
Location of lesions by region -6.030 1.465 -.392 -.392 <.001 -8.996 -3.064

Linear regression; significant p<0.05

night (33.3%), irritability (33.3%), and depression and
gloom (33.3%). Excitation and agitation were found in
28.6% of patients, while harsh/offensive speech
appeared in 26.2%. In contrast, the least frequently
reported symptoms were acts of violence (4.8%) and
delusions/hallucinations (11.9%).

ABE BPSD scores were significantly higher in
patients with lesions in the frontal region compared to
non-frontal (p<0.001), and in patients with multiple
lesions compared to single lesions (p<0.001). These
findings suggest that involvement of the frontal region
and a higher number of lesions significantly contribute to

the severity of behavioral and psychological symptoms of
dementia. In contrast, no significant differences were
found based on cerebral hemisphere location (p = 0.960),
indicating that hemisphere laterality does not
significantly affect the manifestation of BPSD in patients
in this study.

The results of the analysis showed that there was a
significant difference in ABE BPSD scores based on age
group (p = 0.042). The highest score was found in the age
group <36 years (mean 32), followed by 36-45 years
(13.38 + 9.02), while older age groups, especially
56-65 years and >65 years, showed significantly lower
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scores.

A joint evaluation of the factors influencing the
ABE BPSD score showed that the strongest influencing
factors were thelocation of the lesions based on the region
(p<0.001), the number of lesions (p<0.001) and age
(p<0.001). Frontal lesions location (B=-6.03; CI95% -8.99-
(-3.06)), a greater number of lesions (B= 5.53; CI95%
2.48-8.58) and younger age (B=-0.38; CI95% -0.55-(-0.21))
were associated with higher ABE BPSD scores.

DISCUSSION

Based on the results of the study, the average age falls into
the elderly category (53.79 years). Aging is the strongest
unmodifiable risk factor for stroke, which doubles every
10 years after the age of 55. Approximately three-quarters
of all strokes occur in people aged =65 years. As the
number of people aged 265 years is projected to increase,
the number of stroke events in older adults is expected to
rise. With advancing age, both cerebral microcirculation
and microcirculation undergo structural and functional
changes. Neurovascular coupling, compromised cerebral
autoregulation, and endothelial dysfunction are the
mechanisms behind age-related microcirculatory
alterations. defective cerebral autoregulation canresultin
microvascular damage, endothelial dysfunction
encourages neuroinflammation, and defective
neurovascular coupling will encourage cortical
dysfunction. Human intracranial and extracranial
cerebral arteries undergo numerous notable alterations
with aging in healthy persons, which can be used to
predict the risk of stroke in the future.?

Gender-specific stroke risks include those
associated with oral contraceptive pill (OCP) use,
pregnancy, menopause, and hormone replacement
therapy (HRT), in addition to age. Although stroke
incidence is lower in reproductive-age women, OCP use
significantly increases stroke risk, with the highest risk
associated with high-oestrogen OCPs. Oestrogen has
many positive cardiovascular effects, but it also increases
coagulation and may increase the risk of coagulation in
women taking OCPs containing estrogen.’* Although
men generally have a higher incidence of ischemic stroke
during early and middle adulthood, stroke risk increases
among women with advancing age and after menopause.
Declining ovarian sex hormones, particularly estrogen,
may contribute to changes in vascular risk during the
menopausal transition. Recent evidence indicates that
early menopause is associated with an increased risk of
ischemic stroke, with menopause before approximately
43 years of age associated with a higher risk of ischemic
stroke.!

The frontal lobe is the dominant location in stroke
events, which is attributed to the emergence of decreased
interest and apathy caused by medial frontal lobe
atrophy, while decreased neurotransmitter function in
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the monoaminergic circuit and decreased frontal and
temporal lobe volume are associated with depressive
mood."” Furthermore, it is hypothesized that stroke could
initiate neurodegenerative processes by interfering with
the removal of amyloid or by triggering an
immunological reaction to brain antigens generated after
a stroke. Thus, it is very likely that the risk of dementia
after stroke may be influenced by persistent
cerebrovascular injury brought on by vascular risk
factors, immune system functions, and pathogenic
mechanisms.!!

The symptoms generally do not present as severe,
but the proportion of symptoms such as depression and
sleep pattern disturbances is quite prominent and
requires clinical attention in further management.
Apathy, depression, irritability, agitation, and anxiety are
the most prevalent individual symptoms of BPSD in
dementia patients, whereas euphoria, hallucinations, and
disinhibition are the least prevalent. The three symptoms
that are most clinically significant are anxiety, apathy,
and depression. Approximately 50% of patients have at
least four neuropsychiatric symptoms simultaneously.!®
Apathy, depression, anxiety, and agitation are the most
common forms of BPSD.’* However, BPSD can also be
diagnosed in non-dementia cognitive disorders, such as
mild cognitive impairment (MCI), although the
prevalence of patients is generally lower in MCI
compared to dementia.!” Research found the frequency
of BPSD in patients with dementia to be 63.2%,
significantly higher than in MCI (30.8%).'® Due to its size,
the frontal lobe is frequently implicated in strokes.
Ischemic or hemorrhagic involvement of the middle
cerebral artery causes the majority of strokes, and
damage to the motor cortex's precentral gyrus (pre-
Rolandic area) is the main cause of their clinical
manifestations."

The anatomical distribution of brain lesions may
influence the manifestation of BPSD. Neuroimaging
studies have demonstrated associations between
neuropsychiatric symptoms and structural alterations
within frontal and fronto-limbic circuits. Apathy has
been associated with abnormalities involving the medial
and inferior frontal cortex, orbitofrontal cortex, anterior
cingulate cortex, and temporal regions, whereas agitation
has been associated with structural changes in frontal
regions and the temporal pole. Depressive symptoms
have also been linked to atrophy involving the inferior
frontal, insular, limbic, and temporal regions.”’ Agitation
has been associated with various macrostructural cortical
changes, such as global atrophy and reduced volume in
the right posterior cingulate, left hippocampus, and front
limbic regions. The rate of progression of regional
atrophy, particularly in the lateral frontal or parietal
lobes, correlates with the severity of BPSD.!82!

Multiple cerebral infarcts can arise from several
mechanisms, including large-artery atherosclerosis and
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cardioembolism, although the underlying etiologies are
heterogeneous. Large-artery atherosclerosis can cause
arterial stenosis or occlusion and subsequent cerebral
ischemia, whereas cardioembolic sources such as atrial
fibrillation can generate emboli that occlude cerebral
arteries and produce infarcts in multiple vascular
territories. In addition, vascular comorbidities such as
hypertension, diabetes mellitus, and dyslipidemia
contribute to vascular injury, atherosclerosis, and
thromboembolic risk, thereby increasing the likelihood of
ischemic stroke and multiple cerebral infarctions. >

The analysis results showed a significant
association between age and ABE BPSD scores (p = 0.042),
with younger age groups tending to exhibit more severe
behavioral and psychological symptoms. The highest
scores were recorded in the <36 years age group (32),
followed by the 36-45 years age group (13.38 £ 9.02).
Conversely, older age groups such as 56-65 years and
>65 years had lower scores. This is related to age in
relation to several BPSD components, namely depression,
anxiety, agitation, and sleep or eating disorders. In their
study noted that younger age is associated with a
diagnosis of personality disorder. The pattern of average
cumulative MOAS scores shows that younger
individuals (18-29 years) are significantly more
aggressive than older individuals (>50) (p < 0.001).%
Adolescents and young adults, particularly women, are
particularly susceptible to eating disorders, anxiety
disorders, and depression. Higher disease load, worse
prognosis, and more severe symptoms are linked to
eating disorders that co-occur with anxiety or depression.
High anxiety/depression is associated with more severe
eating disorder symptoms. Older age and greater
impairment in mood dysregulation, self-esteem, and
perfectionism are associated with more severe eating
disorder symptoms. Younger age is thought to strengthen
the association between anxiety/depression and eating
disorder symptoms.?* Our findings suggest that routine
assessment of location and total number of lesion on head
CT may provide clinically useful information for
identifying post-stroke VCI patients who may benefit
from closer behavioral and psychological assessment. In
particular, the presence of frontal or multiple ischemic
lesions may prompt earlier behavioral assessment and
closer follow-up. Recognition of BPSD may also facilitate
caregiver education and individualized non-
pharmacological interventions.”-*

CONCLUSION

Behavioral and psychological symptoms (BPSD) in post-
ischemic stroke patients with vascular cognitive
impairment (VCI) are significantly associated with
several key clinical factors. The location of lesions in the
frontal region and the presence of multiple lesions based
on head CT scan results have been shown to play an

important role in increasing the severity of BPSD.
Additionally, younger age is associated with higher
BPSD scores, indicating differences in neuropsychiatric
responses across age groups. On the other hand,
confounding factors such as occupation, educational
level, nutritional status, and the presence of a caregiver do
not show a significant association with BPSD in the
studied population. Further research is recommended to
consider caregiver training as well as controlling for
therapeutic variables and the onset of ischemic stroke to
minimize bias and enhance the validity of BPSD-related
outcomes in post-stroke patients.
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