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Abstract

Introduction: Brain tumors are the leading cause of death among all systemic tumors both primary and metastatic
types. Cognitive impairment is an early symptom in approximately 58% of brain tumor patients, particularly affecting
executive functions. Brain tumors can lead to physical disability, reduced hope and quality of life, and increased
financial burden. However, cognitive impairment is often not recognized in its early stages and subsequently becomes a
psychological burden for both patients and their families due to the resulting decline in quality of life. Early recognition
of cognitive decline provides more time and opportunity to prevent further deterioration. Methods: This cross-sectional
study was conducted from September 2024 to February 2025 at the outpatient neurology clinic of Dr. Saiful Anwar
General Hospital, East Java, Indonesia. Adult patients with primary or metastatic brain tumors on contrast-enhanced
MRI were enrolled. Cognitive function was assessed using MoCA-INA, and associated factors were analyzed using
simple and multiple binary logistic regression. Results: Of 92 patients analyzed, 56 (60.8%) had cognitive impairment.
In bivariate analysis, tumor type, lesion count, and several tumor locations were significantly associated with cognitive
impairment. In multivariable analysis, only tumor type and lesion count remained independent predictors. Primary tumors
were associated with lower odds of cognitive impairment than metastatic tumors (aOR 0.265; 95% CI 0.095-0.742;
p = 0.011), while fewer lesions were associated with lower odds compared with multiple lesions (aOR 0.442; 95%
CI 0.226-0.864; p = 0.017). Conclusion: Cognitive impairment was common in patients with brain tumors. Tumor
type and lesion count were independently associated with cognitive dysfunction, with metastatic tumors and multiple
lesions showing higher risk.
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Introduction

Cognition is a mental action or process of acquiring
knowledge and understanding through thoughts,
experiences, and senses. Cognition encompasses various
aspects of high-level intellectual functions and processes
such as attention, memory, knowledge, decision-making,
planning, reasoning, judgment, perception, understanding,
language, and visuospatial functions. Cognitive impairment
includes attention, language, memory, executive, and
visuospatial impairments [1].

Although brain tumors are not among the three
most common malignancies, they remain a major cause
of cancer-related mortality among both primary and
metastatic tumors. Cognitive impairment is reported
as an early symptom in approximately 58% of patients

with brain tumors and most commonly affects executive
function. In addition to causing physical disability, brain
tumors may reduce hope and quality of life and impose a
substantial financial burden on patients and their families
[2,3].

Despite the clinical importance of this issue, evidence
from low- and middle-income countries remains limited.
In Indonesia, studies specifically examining factors
associated with cognitive impairment in patients with
brain tumors are still limited [4, 5]. This represents
an important gap in the literature, as local patterns of
presentation, referral, diagnostic delay, and treatment
access may differ from those reported in other settings.
Consequently, findings from other populations may not be
fully generalizable to Indonesian patients. Locally derived
evidence is therefore needed to better characterize the
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burden of cognitive impairment and to identify patients
at increased risk in routine clinical practice [6-8].

This study aimed to identify factors associated with
cognitive impairment in patients with brain tumors treated
at Dr. Saiful Anwar Hospital, East Java, Indonesia. To our
knowledge, no previous study in Indonesia has specifically
examined the relationship between cognitive impairment
and brain tumor characteristics in this population. By
identifying clinical and tumor-related characteristics
associated with cognitive dysfunction, this study may
contribute to improved screening strategies and earlier
recognition of high-risk patients in neuro-oncological
practice.

Materials and Methods

An analytical observational study with a cross-
sectional design was carried out over six months, from
September 2024 to February 2025, at the outpatient
neurology clinic of Dr. Saiful Anwar General Hospital in
East Java, Indonesia. Patients older than 18 years whose
contrast-enhanced brain MRI findings indicated either
a primary or metastatic tumor and who attended the
neurology clinic were recruited by purposive sampling.
Individuals with impaired consciousness, aphasia, or who
were within eight months post-whole brain radiotherapy
(WBRT) were excluded.

Independent variables comprised sex, age, tumor
location (including frontal, parietal, temporal, occipital,
infratentorial, or other regions), tumor type (primary
versus metastatic), and lesion count (single or multiple,
defined as fewer than three or three or more). The
dependent variable was the presence of cognitive
dysfunction, evaluated using the Indonesian version of the
Montreal Cognitive Assessment (MoCA-INA). The chi-
square test was selected to analyze categorical variables
due to its robustness in handling non-parametric data,
which is common in clinical research samples. To ensure
reliability, all assessors underwent standardized training
for administering the MoCA-INA, including calibration
exercises to minimize inter-rater variability.

Statistical analyses were conducted using SPSS
version 26.0. Cognitive impairment, assessed using the
MoCA-INA, was treated as the binary dependent variable
(impaired vs normal). The independent variables evaluated
were age, sex, tumor type, lesion count, and tumor
location categories (frontal, parietal, temporal, occipital,
infratentorial, and other locations). Each variable was
initially analyzed using simple binary logistic regression
to evaluate its association with cognitive impairment.
Variables with a p-value < 0.25 in the simple binary
logistic regression analysis were entered into a multiple
binary logistic regression model to determine independent
predictors of cognitive impairment. Adjusted odds ratios
(aORs) and 95% confidence intervals (ClIs) were reported.
Statistical significance was set at p < 0.05.

Results

During the six-month study period, we enrolled 121
patient samples after applying the exclusion criteria, 29
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were excluded, leaving 92 sample for analysis of patient
demographics (age, sex, clinical presentation) and tumor
characteristics (tumor type, number of lesions and tumor
location), as detailed in Table 1.

The bivariate logistic regression analysis (Table 2)
demonstrated that tumor type, number of lesions, frontal
location, parietal location, and other tumor locations were
significantly associated with cognitive impairment (all p
< 0.05). Primary tumor type was significantly associated
with a lower likelihood of cognitive impairment, reducing
the odds by 62.1% (OR 0.379; 95% CI 0.160-0.899;
p = 0.028). Likewise, a lower number of lesions was
significantly associated with reduced odds of cognitive
impairment by 57.3% (OR 0.427; 95% CI 0.243-0.751;
p=0.003).

By contrast, tumors located in the frontal lobe and
parietal lobe were associated with significantly increased
odds of cognitive impairment. Frontal lobe location
increased the odds by approximately 2.6-fold (OR 2.639;
95% CI 1.112-6.262; p = 0.028), while parietal lobe
location was associated with a 2.6-fold increase in the odds
of cognitive impairment (OR 2.600; 95% CI 1.037-6.519;
p =0.042).

In contrast, age, sex, and temporal, occipital, and
infratentorial tumor locations were not significantly
associated with cognitive impairment in the bivariate
analysis. Variables with p values < 0.25 in the bivariate
logistic regression analysis (Table 3) were considered
candidates for inclusion in the multivariable logistic
regression model. Based on this criterion, tumor type,
number of lesions, frontal location, parietal location, and
other tumor locations were included in the multivariable
analysis.

Based on the results of the bivariate logistic regression
analysis, several tumor characteristics were found to be
significantly associated with cognitive impairment in
patients with brain tumors (Table 4). Tumor type showed
a significant association with cognitive impairment (OR
0.379; 95% CI 0.160-0.899; p = 0.028). An OR of less
than 1 indicates that primary tumors had a protective effect
against cognitive impairment compared with metastatic
tumors. Clinically, patients with primary tumors had
approximately a 62.1% lower likelihood of experiencing
cognitive impairment than those with metastatic tumors.

The number of lesions was also significantly associated
with cognitive impairment (OR 0.427; 95% CI 0.243—
0.751; p = 0.003). An OR of less than | indicates that
patients with fewer lesions had a lower risk of cognitive
impairment. In other words, an increasing number of
lesions was associated with a greater likelihood of
cognitive dysfunction.

Tumor location in the frontal lobe was significantly
associated with an increased risk of cognitive impairment
(OR 2.639;95% CI 1.112-6.262; p=0.028). This indicates
that patients with frontal lobe tumors had approximately
2.6 times higher odds of cognitive impairment than
those without frontal lobe involvement. This finding is
consistent with the role of the frontal lobe in executive
function, attention, and behavioral regulation.

Similarly, tumors located in the parietal lobe were
also associated with an increased risk of cognitive



Table 1. Major Characteristics of The Studied Population
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Variable Total (n=92) Cognitive Function p-value
Normal (n=36) Impaired (n=56)
n % n %

Age (mean + SD) 49.16 £ 11.365 47.54 £ 12.687 50.18 +£10.447 0.284
<40 years 17 (18.47%) 9 25% 8 14.28% 0.871
40-60 years 62 (67.40%) 20 55.55% 42 75%
>60 years 13 (14.13%) 7 19.45% 6 10.71%

Gender
Female 62 (67.40%) 25 69.44% 37 66.07% 0.736
Male 30 (32.60%) 11 30.56% 19 33.93%

Clinical Symptoms
Neurological Deficit 27 (29.30%) 12 33.33% 15 26.79% 0.515
Headache 47 (51.10%) 19 52.78% 28 50.00%

Both 18 (19.60%) 5 13.89% 13 23.21%

Tumor Type
Primary 54 (58.70%) 16 44.44% 38 67.86% 0.026
Metastasis 38 (41.30%) 20 55.56% 18 32.14%

Number of Lesions
Single 30 (32.60%) 6 16.67% 24 42.85% 0.01
Multiple (< 3) 31 (33.70%) 12 33.33% 19 33.93%

Multiple (> 3) 31 (33.70%) 18 50.00% 13 23.22%

Tumor Location
Frontal 54 (58.6%) 16 44.40% 38 67.80% 0.026
Parietal 35 (38%) 9 25% 26 46.40% 0.039
Temporal 19 (20.6%) 7 19.40% 12 21.40% 0.819
Occipital 6 (6.5%) 1 2.70% 5 8.90% 0.244
Infratentorial 20 (21.7%) 7 19.40% 13 23.20% 0.669
Others 7 (7.6%) 6 16.60% 1 1.70% 0.009

impairment (OR 2.600; 95% CI 1.037-6.519; p=0.042),  impairment.

with approximately 2.6 times higher odds compared with
tumors in other locations. This may be explained by the
role of the parietal lobe in attention, sensory integration,
and working memory.

In contrast, tumors classified under other locations
showed a protective association with cognitive impairment
(OR0.091;95% C10.010-0.791; p=10.030), although the
relatively wide confidence interval suggests substantial
data variability.

Overall, the bivariate analysis showed that tumor
characteristics particularly tumor type, number of lesions,
and frontal and parietal locations played an important role
in the occurrence of cognitive impairment in patients with
brain tumors. Variables meeting the criterion of p < 0.25
were subsequently entered into the multivariable analysis
to identify independent factors associated with cognitive
impairment.

In the bivariate logistic regression analysis, tumor type,
number of lesions, frontal location, parietal location, and
other tumor locations were significantly associated with
cognitive impairment (p < 0.05) (Table 5). However, after
multivariable analysis was performed to control for the
effects of other variables, only tumor type and number of
lesions remained independently associated with cognitive

Primary tumor type was shown to reduce the likelihood
of cognitive impairment by 73.5% compared with
metastatic tumors (adjusted OR 0.265; 95% CI 0.095-
0.742; p = 0.011). This finding indicates that metastatic
tumors carry a greater risk of cognitive dysfunction than
primary tumors.

The number of lesions also remained a significant
independent factor. Patients with fewer lesions had a
55.8% lower likelihood of cognitive impairment than
those with multiple lesions (adjusted OR 0.442; 95% CI
0.226-0.864; p = 0.017). In contrast, frontal and parietal
tumor locations, which were previously significant in the
bivariate analysis, were no longer significantly associated
with cognitive impairment after adjustment for other
variables in the multivariable model. This finding suggests
the possibility of confounding effects between tumor
location and either tumor type or number of lesions.

The final logistic regression model had a Nagelkerke
R? of 0.294, indicating that approximately 29.4% of the
variability in cognitive impairment could be explained
by the variables included in the model. Further analysis
confirmed that both lesion count and tumor type
significantly influenced the likelihood of cognitive
dysfunction. The regression coefficients showed that
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Table 2. Factors Associated with Cognitive Impairment (MoCA-INA): Bivariate Logistic Regression

B Sig. Exp(B) 95.0% C.I.for EXP(B)

Lower Upper

Tumor_type -0.97 0.028 0.379 0.16 0.899

Constant 0.865 0.004 2.375

Nagelkerke R Square 0.071

Lesion_count -0.85 0.003 0.427 0.243 0.751

Constant 1.353 0.001 3.87

Nagelkerke R Square 0.134

Age 0.021 0.278 1.021 0.983 1.061

Constant -0.583 0.546 0.558

Nagelkerke R Square 0.018

Sex 0.155 0.736 1.167 0.475 2.869

Constant 0.392 0.13 1.48

Nagelkerke R Square 0.002

Frontal 0.97 0.028 2.639 1.112 6.262

Constant -0.105 0.746 0.9

Nagelkerke R Square 0.071

Parietal 0.956 0.042 2.6 1.037 6.519

Constant 0.105 0.691 1.111

Nagelkerke R Square 0.063

Temporal 0.122 0.819 1.13 0.398 3.208

Constant 0.417 0.081 1.517

Nagelkerke R Square 0.001

Occipital 1.233 0.27 3431 0.384 30.651

Constant 0.376 0.086 1.457

Nagelkerke R Square 0.022

Infratentorial 0.225 0.669 1.252 0.446 3.517

Constant 0.394 0.101 1.483

Nagelkerke R Square 0.003

Lainnya -2.398 0.03 0.091 0.01 0.791

Constant 0.606 0.008 1.833

Nagelkerke R Square 0.1

multiple lesions carried greater odds of impairment: each
step up in lesion category single, multiple fewer than
three, or multiple three or more was associated with an

Table 3. Variable Selection for Multivariable Logistic
Regression Analysis

Variabel p-value Candidate
Tumor type 0.028 YES
Lesion count 0.003 YES
Age 0.278 NO
Sex 0.736 NO
Frontal 0.028 YES
Parietal 0.042 YES
Temporal 0.819 NO
Occipital 0.27 NO
Infratentorial 0.669 NO
Others 0.03 YES

odds ratio of 0.347 (p = 0.001). Likewise, primary tumor
status had a protective effect, with an odds ratio of 0.255
(p = 0.007), corresponding to a 74.5% reduction in the
odds of cognitive impairment.

Discussion

Characteristics of the Study Participant
Participants in this study were diagnosed with
brain tumors based on contrast-enhanced brain MRI

Table 4. Variable Selection for Multivariable Logistic
Regression Analysis

Note: based on cutoff p <0.25
3658 4sian Pacific Journal of Cancer Prevention, Vol 27

Variable Crude OR 95% CI p-value
Tumor type 0.379 0.160-0.899 0.028
Lesion count 0.427 0.243-0.751 0.003
Frontal location 2.639 1.112-6.262 0.028
Parietal location 2.6 1.037-6.519 0.042
Other locations 0.091 0.010-0.791 0.03
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Table 5. Bivariate and Multivariable Logistic Regression Analysis of Factors Associated with Cognitive Impairment

Variable Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
Tumor type 0.379 (0.160-0.899) 0.028 0.265 (0.095-0.742) 0.011
Lesion count 0.427 (0.243-0.751) 0.003 0.442 (0.226-0.864) 0.017
Frontal location 2.639 (1.112-6.262) 0.028 1.854 (0.672-5.113) 0.233
Parietal location 2.600 (1.037-6.519) 0.042 1.642 (0.589-4.579) 0.343
Other locations 0.091 (0.010-0.791) 0.03 0.307 (0.028-3.345) 0.332

Note: Nagelkerke R? (Final Model) = 0.294

and subsequently underwent cognitive screening using
the Indonesian version of the Montreal Cognitive
Assessment (MoCA-INA). MoCA-INA was selected
because it has demonstrated good sensitivity (90%)
and specificity (87%—100%) for cognitive screening in
Indonesia and is practical for routine clinical use [9].
Histopathological confirmation was not available for
all patients because of prolonged surgical waiting times
at our center and the limited study period; therefore,
MRI-based diagnosis was used to allow inclusion of a
sufficient number of participants. In addition, patients
within eight months after whole-brain radiotherapy were
excluded to minimize the influence of treatment-related
cognitive decline, as previous evidence suggests that
neurocognitive deficits after whole-brain radiotherapy
are most pronounced during this period before later
stabilization or improvement [10].

In this study, most participants were aged 40-60
years (mean 49.16 £ 11.37), female, and presented
predominantly with headache (51.1%). However,
age and sex were not significantly associated with
cognitive impairment. These findings suggest that,
in this cohort, demographic characteristics were less
important determinants of cognitive dysfunction than
tumor-related factors. These findings suggest that, in this
cohort, demographic characteristics were less important
determinants of cognitive dysfunction than tumor-related
factors [11]. This is consistent with previous reports
indicating that cognitive outcomes in brain tumor patients
are more strongly influenced by disease burden, lesion
characteristics, and treatment-related factors than by
demographic variables alone [3, 10, 12]. Nevertheless,
the absence of association in the present study should be
interpreted cautiously, as the relatively modest sample
size and the concentration of participants within a limited
age range may have reduced the ability to detect smaller
effects.

Cognitive Dysfunction in Brain Tumors

Cognitive impairment was common in this study,
affecting 60.8% of patients with brain tumors. This
prevalence is comparable to previous literature reporting
cognitive dysfunction in approximately 58% of patients
with intracranial tumors, supporting the view that
cognitive impairment is a frequent and clinically
important manifestation of brain tumors. The relatively
high prevalence observed in our cohort may reflect the
characteristics of a tertiary referral population, in which
patients are more likely to have advanced or clinically
complex disease [ 13]. In addition, the use of MoCA-INA

may have facilitated detection of mild cognitive deficits
during routine screening [11, 14].

Cognitive domains such as memory, attention,
language, executive function, and visuospatial skills
may all be affected [15]. A previous study by Miotto,
et.al (2011) identified a 91% prevalence of cognitive
deficits in frontal and temporal tumors, predominantly
impacting executive function [16]. In metastatic disease,
lesion burden rather than lesion count drove impairment.
Gondi, et.al (2012) reported cognitive deficits in 90% of
brain metastasis patients at initial presentation, likely due
to microinfiltrative growth and diaschisis, with memory
as the most vulnerable domain [17].

These findings reinforce the importance of early
cognitive assessment in brain tumor patients, particularly
because cognitive decline may substantially affect
functional independence, treatment adherence, and quality
of life. At the same time, because MoCA-INA is a screening
tool rather than a comprehensive neuropsychological
battery, the results should be interpreted as evidence of
global screening-detected dysfunction rather than detailed
domain-specific impairment

Relationship Between Tumor Location and Cognitive
Impairment

In the bivariate analysis, frontal and parietal tumor
locations were associated with cognitive impairment,
but these associations were no longer significant after
adjustment in the multivariable model. This pattern
suggests that the initial association between tumor location
and cognitive dysfunction may have been confounded by
other tumor characteristics, particularly tumor type and
lesion burden. Previous studies have shown that frontal
and parietal lesions are often linked to deficits in executive
function, attention, and memory, so the direction of the
bivariate findings in the present study is biologically
plausible [18]. However, our adjusted analysis indicates
that location alone may not independently explain
cognitive dysfunction once broader disease-related factors
are considered.

Each region of the brain plays a distinct role in
regulating specific cognitive functions; thus, tumors
located in particular areas may disrupt the cognitive
domains governed by those regions. Lesions involving
multiple lobes, or even a single large lesion, are more
likely to result in pronounced cognitive impairment.
The type of cognitive deficit often corresponds to the
lobe affected for instance, tumors in the frontal lobe
are typically associated with impairments in executive
functioning, while lesions in the parietal lobe tend to affect
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visuospatial abilities, attention, and memory. Meanwhile,
involvement of the temporal lobe may compromise long-
term memory, language comprehension, and emotional
processing [19].

Previous studies have shown that frontal and parietal
lesions are often linked to deficits in executive function,
attention, and memory, so the direction of the bivariate
findings in the present study is biologically plausible [14,
19]. A study by Taphoorn, et.al (2004) who emphasized
that tumors located in the frontal and parietal lobes are
more frequently associated with global cognitive deficits,
whereas lesions in other regions tend to produce more
focal and specific impairments [2]. Additionally, Duffau
etal. [20] highlighted the critical role of the frontoparietal
network in supporting neuroplasticity and cognitive
compensation in patients with brain tumors. Cognitive
deficits observed in patients with non-dominant or
infratentorial lesions are often not a direct consequence
of the lesion’s location but rather result from extensive
edema, which exerts a mass effect on adjacent cortical
or subcortical circuits, potentially leading to secondary
complications such as hydrocephalus [21]. However, our
adjusted analysis indicates that location alone may not
independently explain cognitive dysfunction once broader
disease-related factors are considered [14, 19].

The discrepancy between the unadjusted and adjusted
findings may also reflect methodological limitations.
Several location subgroups were small, reducing statistical
power, and the study did not account for hemisphere
dominance, tumor size, or peritumoral edema, all of
which may influence the neurocognitive impact of lesion
site. Therefore, the present findings suggest that tumor
location may contribute to cognitive impairment, but its
effect appears to be less robust than that of tumor type
and lesion burden in this cohort.

Relationship Between Tumor Type and Cognitive
Impairment

Tumor type remained independently associated with
cognitive impairment after multivariable adjustment,
with primary tumors showing significantly lower odds of
cognitive dysfunction than metastatic tumors. This finding
is consistent with previous studies indicating that patients
with brain metastases frequently experience substantial
neurocognitive impairment at presentation [18]. A
plausible explanation is that metastatic brain tumors are
more likely to be multifocal, more diffusely distributed,
and associated with greater peritumoral edema, resulting
in broader disruption of neural networks involved in
cognition. In contrast, many primary brain tumors may
initially remain more localized, although their cognitive
impact may still be substantial depending on size, growth
pattern, and location [14].

Primary brain tumors may contribute to cognitive
dysfunction through multiple direct and indirect
pathophysiological mechanisms. Cognitive impairment
may arise even before the tumor is clinically diagnosed.
One important mechanism is the mass effect of the tumor,
which can compress adjacent brain regions involved
in cognitive processing, particularly within the frontal,
temporal, and parietal lobes, thereby disrupting regional
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cognitive networks and impairing cognitive function [ 14].

The stronger association observed for metastatic
tumors in this study may therefore reflect greater overall
intracranial disease burden rather than tumor origin alone.
This interpretation is supported by the fact that lesion
count was also independently associated with cognitive
impairment in the final model [22]. A study has described
brain metastases as having a microinfiltrative nature and
the potential to induce diaschisis, a condition in which
dysfunction occurs in regions distant from the lesion
itself. Furthermore, metastatic lesions exhibit a more rapid
angiogenic process, leading to the formation of immature
neovasculature that contributes to extensive perifocal
edema. This perifocal edema is generally more severe
in metastatic tumors than in primary brain tumors due
to these underlying pathophysiological mechanisms. As
a result, the mass effect tends to be more pronounced in
metastatic lesions, often producing multidomain cognitive
impairments [23].

Brain metastases usually disseminate hematogenously
and commonly localize at the gray—white matter
junction and arterial watershed regions, where they often
present as multiple lesions. These lesions are frequently
accompanied by substantial vasogenic peritumoral edema,
which can exert mass effect on adjacent brain structures
and contribute to neurological and cognitive dysfunction.
In the present study, however, a small proportion of
metastatic tumors presented as a single lesion (12.5%)
[24]. Although lower than that reported in some prior
series, this finding is consistent with the recognized
heterogeneity of brain metastasis presentation, as a
substantial minority of patients may present with solitary
lesions. By contrast, most primary brain tumors in our
cohort appeared as solitary lesions confined to a single
lobe, particularly within the cerebral hemispheres, which
is in keeping with the generally localized growth pattern
of many primary intracranial neoplasms. Nevertheless, a
considerable proportion of primary tumors involved more
than one lobe, likely reflecting increasing tumor size, mass
effect, and associated peritumoral edema, which may
extend structural compression and functional disruption
into adjacent regions [24—-26]. However, this result should
be interpreted with caution because tumor classification
in the present study was based on MRI findings rather
than histopathological confirmation, and primary tumors
were not subclassified by histology or grade. As a result,
the tumor-type variable may not have fully captured
biological heterogeneity within the primary tumor group.

Relationship Between Number of Lesions and Cognitive
Impairment

Lesion count was also independently associated with
cognitive impairment, with fewer lesions showing lower
odds of dysfunction than multiple lesions. This finding
is in agreement with previous literature suggesting that
patients with multiple brain lesions generally have poorer
cognitive performance than those with solitary lesions
[27]. Lesions may disrupt multiple cortical and subcortical
networks simultaneously, resulting in cumulative
effects on attention, memory, and executive function.
In metastatic disease, multiple lesions may additionally



indicate more disseminated intracranial involvement and
greater edema, both of which may worsen global cognitive
performance [28].

The higher incidence of multiple brain lesions can
be attributed to several factors, including the increasing
prevalence of malignancies, improved detection of
systemic cancers and their metastases, and advancements
in cancer treatment modalities that have extended patient
survival. As patients live longer, their likelihood of
developing brain metastases correspondingly increases
[17, 28]. Previous studies suggest that cognitive
dysfunction is present from the early symptomatic stage in
a substantial proportion of patients with brain metastases,
likely reflecting the microinfiltrative nature of metastatic
growth and the contribution of diaschisis. Nevertheless,
the severity of cognitive impairment cannot be explained
by lesion count alone. Prior studies have highlighted
the importance of lesion location and volume as major
determinants of neurocognitive outcome. Thus, even
a single lesion located in a functionally critical region,
including the frontal lobe, temporal lobe, hippocampus,
or prefrontal cortex, may cause clinically meaningful
cognitive deficits [17, 27, 28].

Nevertheless, lesion count should not be interpreted
as the sole determinant of cognitive dysfunction. Prior
studies have suggested that lesion volume, location, and
associated edema may be equally or more important than
lesion number alone. This may explain why some patients
with single lesions still demonstrate clinically important
impairment when lesions are located in strategically
important brain regions. In the present study, data on
lesion volume, edema severity, and other treatment-related
factors were not available, which limits more detailed
interpretation of the observed association. Even so, the
persistence of lesion count as an independent factor in the
multivariable model suggests that overall lesion burden is
a meaningful marker of cognitive risk in this population.

Limitations of the Study

The results of this study could be impacted by a
number of limitations and confounding variables. The
cross-sectional nature of this study limits our ability to
infer causality between tumor characteristics and cognitive
impairment, warranting longitudinal studies for more
definitive conclusions. Limitations of the study First,
there may be bias in the results because the MoCA-INA
completion was completed by a large number of people.
Second, because inclusion criteria are based solely on
contrast-enhanced head MRI results rather than anatomical
pathology results, research variables are still perceived
as being lacking in cases where tumor types are only
differentiated based on primary and metastatic. Third,
there is no differentiation between the dominant and
non-dominant hemispheres in terms of tumor location.
Fourth, samples do not distinguish between treatments
that have already been administered to patients, such as
radiotherapy, chemotherapy, surgery, chemoradiotherapy,
or no intervention at all. Fifth, information about
other clinical symptoms and therapy already received
by samples, such as ASM in patients with epilepsy
symptoms, other ICP increase signs, and KPS score during

DOI:10.31557/APJCP.2026.27.10.3655
Cognitive Imapairment and Brain Tumor

examination, is not displayed. The only clinical symptoms
that are differentiated in patients are headache, seizures,
and other neurological deficits. Sixth, there are too many
sample size differences in the distribution of primary
tumor types and metastases, which could influence
research findings. As a result, more research is required.

In conclusion, cognitive impairment was frequent
among patients with brain tumors in this study.
Multivariable analysis showed that only tumor type and
lesion count were independently associated with cognitive
impairment, whereas tumor location was not retained
in the final model. Patients with metastatic tumors and
greater lesion burden had a higher likelihood of cognitive
dysfunction. These findings highlight the importance
of incorporating early cognitive assessment into the
evaluation of high-risk brain tumor patients, particularly
those with metastatic disease or multiple lesions. Further
prospective studies are warranted to validate these findings
and to determine their implications for risk stratification,
monitoring, and early intervention in neuro-oncological
practice.
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