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KEYWORDS  ABSTRACT:

Background: The prefrontal cortex (PFC) plays a crucial role in regulating executive functions such
as working memory, planning, attention, and cognitive flexibility. Structural and functional
abnormalities of the PFC have been implicated in a variety of psychiatric disorders. This study aims to
correlate morphological changes in the PFC with executive function deficits in individuals diagnosed
with major psychiatric illnesses.
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biomarker. Methods: A cross-sectional observational study was conducted from March 2020 to March 2021 with
a sample size of 100 participants (50 patients with diagnosed psychiatric disorders and 50 age- and
sex-matched healthy controls). Structural magnetic resonance imaging (MRI) and functional MRI
(fMRI) were used to assess gray matter volume and prefrontal activity. Executive functions were
evaluated using standardized neuropsychological tests, including the Wisconsin Card Sorting Test
(WCST) and the Stroop Test.

Results: Patients with psychiatric disorders demonstrated significant reductions in gray matter
volume and functional hypoactivation in the dorsolateral and orbitofrontal regions of the PFC
compared to controls (p < 0.05). These neuroanatomical changes strongly correlated with poorer
performance on executive function tasks.

Conclusion: Structural and functional alterations in the PFC are closely associated with executive
dysfunction in psychiatric disorders. These findings support the role of the PFC as a central neural
substrate underlying cognitive deficits in mental illness and highlight its potential as a biomarker for
early diagnosis and targeted intervention.

INTRODUCTION important in the modulation of cognitive control and
emotional regulation, respectively [1][2]. The PFC’s
involvement in these cognitive tasks is also supported
by its extensive connectivity with other brain regions,
including the parietal cortex, temporal lobes, and

subcortical structures [3].

The prefrontal cortex (PFC) is critically involved in the
regulation of higher-order cognitive functions,
collectively referred to as executive functions. These
include processes such as working memory, decision-
making, cognitive flexibility, inhibitory control, and

problem-solving. Structurally, the PFC is one of the
most complex areas of the brain, with distinct regions
contributing to different aspects of executive
functioning. The dorsolateral prefrontal cortex (DLPFC)
and orbitofrontal cortex (OFC) are particularly
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Alterations in the structure and function of the PFC are
associated with deficits in executive functioning, which
are commonly observed in various psychiatric
disorders. Psychiatric conditions such as schizophrenia,
bipolar disorder, major depressive disorder, and anxiety
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disorders have been linked to impairments in PFC-
related cognitive functions. Studies have shown that
individuals with schizophrenia, for example, exhibit
reduced PFC volumes and altered activation patterns
during tasks involving working memory and cognitive
flexibility [4][5]. Similarly, in bipolar disorder,
structural abnormalities in the PFC, particularly in the
DLPFC, have been correlated with deficits in decision-
making and inhibitory control [6][7].

Magnetic Resonance Imaging (MRI) and functional
MRI (fMRI) are invaluable tools in investigating the
neuroanatomy and functionality of the PFC. Structural
MRI provides high-resolution images that can quantify
PFC volume and identify atrophy in psychiatric
populations [8]. fMRI, on the other hand, measures
blood oxygenation level-dependent (BOLD) signals,
offering insights into neural activation during cognitive
tasks. These imaging techniques have helped identify
structural and functional discrepancies in the PFC that
correlate with cognitive deficits in psychiatric disorders
[9][10]. Furthermore, Diffusion Tensor Imaging (DTI)
allows for the assessment of white matter integrity in
PFC-associated tracts, revealing abnormalities that may
contribute to cognitive impairments [11].

Given the growing body of evidence linking PFC
dysfunction to executive function deficits in psychiatric
disorders, this study aims to explore the structural and
functional neuroanatomy of the PFC and its relationship
with executive function deficits in patients diagnosed
with schizophrenia, bipolar disorder, major depressive
disorder, and anxiety disorders. By examining these
correlations, this study seeks to contribute to a deeper
understanding of the neurobiological underpinnings of
executive dysfunction in psychiatric conditions.

MATERIALS AND METHODS
Study Design

This study is a prospective, observational, cross-
sectional study designed to investigate the relationship
between the structural and functional neuroanatomy of
the prefrontal cortex (PFC) and executive function
deficits in individuals diagnosed with various
psychiatric disorders. The study will be conducted from
March 2020 to March 2021, involving 100 participants.

307

Participants

A total of 100 participants will be recruited for this
study, including individuals diagnosed with psychiatric
disorders (e.g., schizophrenia, major depressive
disorder, bipolar disorder, and anxiety disorders) who
are aged 18-60 years. Participants will be selected using
the following criteria:

Inclusion Criteria:
o  Male and female patients aged 18—60 years.

o  Diagnosis of a psychiatric disorder based on DSM-
5 criteria.

o Informed consent obtained.
Exclusion Criteria:

o  History of neurological disorders (e.g., stroke,
epilepsy).

o  Substance abuse or dependence within the past 6
months.

o  Severe cognitive impairment (as determined by
clinical assessment).

o  Uncontrolled medical conditions (e.g., diabetes,
hypertension).

The study will also include a control group of 30 age-
and gender-matched healthy participants without any
history of psychiatric or neurological disorders to serve
as a comparison for brain structure and function
analysis.

Ethical Considerations

The study will be conducted in compliance with the
Declaration of Helsinki and approved by the
institutional ethics committee. Written informed consent
will be obtained from all participants prior to their
inclusion in the study.

Neuroimaging Procedure
1. Magnetic Resonance Imaging (MRI)

o High-resolution structural MRI will
be performed using a 3 Tesla MRI scanner (e.g.,
Siemens Skyra or Philips Achieva) to obtain detailed
anatomical images of the brain. This will include T1-
weighted, T2-weighted, and FLAIR sequences.
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o Special attention will be given to the
prefrontal cortex to measure volumes of specific
regions, including the dorsolateral prefrontal cortex
(DLPFC) and orbitofrontal cortex (OFC). Automated
software (e.g., FreeSurfer) will be used for image
processing and volumetric analysis.

2. Functional MRI (fMRI)

o Functional MRI will be performed to
assess the neural activation patterns in the prefrontal
cortex during executive function tasks.

o A block-design or event-related
paradigm will be used to measure blood oxygen level-
dependent (BOLD) signals during cognitive tasks
involving working memory, decision-making, and
response inhibition.

3. Diffusion Tensor Imaging (DTI)

o DTI will be used to evaluate the
integrity of white matter tracts connecting the prefrontal
cortex to other brain regions. This will allow for the
assessment of axonal integrity in the prefrontal cortex
and its connectivity with regions involved in executive
functions.

Neuropsychological Testing

Participants ~ will undergo a  comprehensive
neuropsychological assessment to evaluate executive
function deficits, including:

1. Working Memory: Assessed using the Digit
Span Task and N-back task.
2. Cognitive Flexibility: Assessed using the

Wisconsin Card Sorting Test (WCST).

3. Inhibitory Control: Assessed using the Stroop
Test and Go/No-Go task.

4. Planning and Problem-Solving: Assessed using
the Tower of London task.

The scores on these neuropsychological tests will be
used to identify executive function deficits and correlate
them with structural and functional abnormalities in the
prefrontal cortex.
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Statistical Analysis

1. Descriptive Statistics: Mean and standard
deviation will be used to summarize demographic data
and neuropsychological test scores.

2. Group Comparisons: The differences in brain
structure and function between the patient group and the
control group will be evaluated using independent
sample t-tests (for normally distributed data) or Mann-
Whitney U tests (for non-normally distributed data).

3. Correlation Analysis: Pearson or Spearman
correlation coefficients will be used to examine the
relationships between brain volume measures (e.g.,
prefrontal cortex volumes) and performance on
executive function tasks. Additionally, the relationship
between BOLD activation patterns and task
performance will be explored using regression analysis.

4. Multivariate Analysis: A multiple regression
analysis will be performed to assess the combined effect
of brain structure, function, and demographic variables
(age, gender) on executive function performance in
psychiatric patients.

5. Statistical Software: All statistical analyses
will be conducted using SPSS version 27 (IBM, USA)
or R statistical software (R Core Team, 2020). A p-value
of <0.05 will be considered statistically significant.

Data Management and Quality Control

. Data collection will be managed and stored
securely in a password-protected electronic database.

. Quality control measures will be implemented
for neuroimaging, including visual inspection of MRI
and fMRI scans to exclude any motion artifacts or
image distortions.

3 Neuropsychological testing will be
administered by trained clinicians, and inter-rater
reliability will be assessed to ensure consistency in
scoring.
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RESULTS AND OBSERVATIONS;

Table 1: Demographic Characteristics of Study
Participants

Characteristic Patient Control p-
Group (n | Group (n | value
=70) =30)

Age (Mean * | 356%82|341+7.9 |0.36

SD)

Gender

- Male 40 14 0.47

- Female 30 16

Diagnosis

- Schizophrenia | 20 - -

- Major | 25 - -

Depressive

Disorder

- Bipolar | 15 - -

Disorder

- Anxiety | 10 - -

Disorders

London Task

Table 3: Structural MRI Findings - Prefrontal
Cortex Volume

Region Patient Control p-
Group Group value
(Mean + | (Mean =
SD) SD)

Dorsolateral 123 +|15.6+21 | <0.001

Prefrontal Cortex | 2.5

(DLPFC) Volume

(cm?)

Orbitofrontal 82+16 | 10.3+1.3 | <0.001

Cortex (OFC)

Volume (cm3)

Prefrontal Cortex | 26.5 + | 32.0+3.6 | <0.001

Total Volume | 3.2

(cm?)

Table 4: Functional MRI Findings - BOLD
Activation during Executive Function Tasks

Table 2: Neuropsychological Test Scores of
Participants

Task Patient Control p-
Group Group value
(Mean + | (Mean %
SD) SD)

Working Memory | 32.1+54 | 45.2+6.3 | <0.001

Task (DLPFC

Activation)

Cognitive 28.3+49 | 39.7+5.0 | <0.001

Flexibility —Task

(OFC Activation)

Inhibitory Control | 25.8 +3.7 | 35.4+4.6 | <0.001

Task (Prefrontal

Cortex

Activation)

Test Patient Control p-
Group Group value
(Mean £ | (Mean +
SD) SD)

Digit Span 52+11 |71+12 <0.001

N-back Task 28+09 |42+10 <0.001

Wisconsin 55.2 +| 805 + | <0.001

Card Sorting | 15.4 12.3

Test (WCST)

Stroop Test 60.3 +|90.1 + | <0.001
20.8 10.5

Go/No-Go 72.6 +|954+56 | <0.001

Task 12.3

Tower of | 85+21 |11.2+1.3 | <0.001
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Table 5: Diffusion Tensor Imaging (DTI) - White Table 6: Correlation between Brain Volume and
Matter Integrity Executive Function Performance
White Matter | Patient Control p- Executive Function | Correlation p-
Tract Group Group value Task Coefficient (r) value
(Mean + | (Mean = —
. <0.
SD) SD) Digit Span 0.62 0.001
N-back Task 0.55 <0.001
Dorsolateral 037 + 045 +|<0.001
Prefrontal Cortex | 0.06 0.05 Wisconsin Card | 0.67 <0.001
(DLPFC)  Tract Sorting Test (WCST)
(FA Value) Stroop Test 0.61 <0.001
Orbitofrontal 031 +]042 +|<0.001
Go/No-Go Task 0.58 <0.001
Cortex  (OFC) | 0.07 0.05
Tract (FA Value) Tower of London Task | 0.65 <0.001
Prefrontal Cortex | 0.34 + | 0.43 + | <0.001
Total Tract (FA | 0.05 0.04
Value)
Correlation between Brain Volume and Executive Function Performance
%
o
P
P
&
Tower of London Task
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Correlation Coefficient (r)
Table 7: Correlation between fMRI Activation and Cognitive Flexibility | 0.68 <0.001
Executive Function Performance Task (OFC Activation)
Task Correlation p- Inhibitory Control Task | 0.64 <0.001
Coefficient (r) | value (Prefrontal Cortex
Working Memory Task | 0.70 <0.001 Activation)
(DLPFC Activation)
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DISCUSSION

The prefrontal cortex (PFC) plays a pivotal role in
higher-order cognitive functions, including working
memory, decision-making, inhibitory control, and
cognitive flexibility. This study aimed to investigate the
structural and functional neuroanatomy of the PFC and
explore how its alterations correlate with executive
function deficits in psychiatric disorders such as
schizophrenia, bipolar disorder, major depressive
disorder, and anxiety disorders. The results of this study
provide compelling evidence that both structural and
functional changes in the PFC are closely associated
with cognitive impairments observed in these
psychiatric conditions.

Structural Abnormalities in the Prefrontal Cortex

Our findings revealed significant reductions in the
volume of the PFC in patients across all psychiatric
disorders, consistent with previous studies that have
reported structural abnormalities in this brain region.
Specifically, the dorsolateral prefrontal cortex (DLPFC)
and orbitofrontal cortex (OFC) exhibited the most
pronounced volumetric reductions. These results align
with studies demonstrating that individuals with
schizophrenia show reduced gray matter volume in the
PFC, particularly in the DLPFC, which is critical for
working memory and cognitive flexibility [1][2].
Similar findings have been reported in bipolar disorder,
where alterations in the DLPFC are linked to impaired
decision-making and emotion regulation [3]. The
reduction in PFC volume observed in our study may
contribute to deficits in executive functioning, as the
PFC is central to cognitive control processes that
underpin these functions.

The relationship between PFC volume and cognitive
deficits is also supported by neuroimaging studies that
have shown that reduced gray matter volume in the PFC
correlates with performance deficits in tasks assessing
working memory, cognitive flexibility, and inhibitory
control [4][5]. These findings suggest that structural
abnormalities in the PFC may directly contribute to the
executive dysfunction observed in psychiatric disorders.
Additionally, it has been suggested that these volumetric
reductions may reflect neurodevelopmental changes or
degenerative processes, further implicating the PFC in
the pathophysiology of psychiatric conditions [6].
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Functional MRI Findings: Altered Brain Activation
Patterns

Functional MRI (fMRI) results from this study
indicated significant differences in brain activation
during executive function tasks between psychiatric
patients and healthy controls. The patient group
exhibited reduced activation in the DLPFC and OFC
during tasks involving working memory, cognitive
flexibility, and inhibitory control. These findings are
consistent with previous research showing that
individuals with psychiatric disorders such as
schizophrenia and Dbipolar disorder demonstrate
hypoactivation in the PFC during cognitive tasks that
require executive function [7][8]. The reduced BOLD
response in these regions may reflect impaired cognitive
control and difficulty in coordinating complex
behaviors, which are hallmark symptoms of these
psychiatric conditions.

The reduced activation in the PFC during cognitive
tasks can be interpreted as a failure of the brain's
executive network, which is responsible for higher-
order cognitive processes such as planning, decision-
making, and error correction. It is well-established that
the PFC interacts with other brain regions, including the
parietal cortex and subcortical structures, to support
these processes [9]. The hypoactivation observed in our
study likely indicates a dysfunction in this neural
network, which may underlie the cognitive deficits seen
in psychiatric patients. Additionally, the altered BOLD
response in the OFC, a region involved in emotional
regulation and decision-making, could contribute to the
affective symptoms frequently observed in these
disorders [10].

White Matter Integrity and Diffusion Tensor Imaging
(DT

The diffusion tensor imaging (DTI) results revealed
decreased white matter integrity in the PFC-associated
tracts, particularly in the DLPFC and OFC pathways.
Reduced fractional anisotropy (FA) values in these
tracts were associated with lower performance on
executive function tasks, reinforcing the idea that
disrupted connectivity in the PFC may contribute to
cognitive impairments. This finding is consistent with
studies showing that white matter abnormalities in the
PFC and its associated tracts are linked to executive
dysfunction in  psychiatric  disorders [11][12].
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Disruption of white matter pathways may lead to
inefficient communication between the PFC and other
brain regions, exacerbating cognitive deficits in tasks
that require coordinated neural activity.

Several studies have demonstrated that individuals with
schizophrenia and bipolar disorder exhibit significant
reductions in white matter integrity, particularly in tracts
associated with the PFC [13][14]. The findings of this
study further support the role of white matter integrity
in mediating cognitive function and highlight the
potential for DTI to serve as a valuable biomarker for
understanding the neurobiological basis of executive
dysfunction in psychiatric disorders.

Correlation between Structural/Functional Changes
and Executive Function Performance

The correlation analyses in our study revealed a strong
relationship between reduced PFC volume, altered brain
activation, and executive function performance. The
significant negative correlation between PFC volume
and performance on tasks such as working memory,
cognitive flexibility, and inhibitory control indicates
that structural impairments in the PFC may directly
contribute to cognitive deficits. Additionally, the
functional correlates of these structural changes, as
demonstrated by the reduced BOLD activation during
cognitive tasks, further emphasize the role of the PFC in
mediating executive function.

These findings are consistent with prior research
showing that both structural and functional
abnormalities in the PFC are predictive of cognitive
impairments in psychiatric populations. For example,
studies have found that individuals with schizophrenia
who show reduced PFC activation during cognitive
tasks also perform poorly on executive function
assessments [15][16]. The present study adds to this
body of literature by providing further evidence that
both structural and functional changes in the PFC are
critical for understanding executive dysfunction in
psychiatric disorders.

Limitations and Future Directions

Although this study provides valuable insights into the
structural and functional neuroanatomy of the PFC in
psychiatric disorders, it is not without limitations. First,
the cross-sectional design of the study limits our ability
to draw causal inferences regarding the relationship
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between PFC alterations and cognitive deficits.
Longitudinal studies are needed to examine how
changes in PFC structure and function evolve over time
and their impact on cognitive function. Second, the
sample size, although adequate, may be expanded in
future studies to further strengthen the generalizability
of the findings.

Additionally, future research could explore the role of
other brain regions in supporting executive function, as
executive tasks typically involve a network of brain
areas, not just the PFC. Incorporating advanced
neuroimaging techniques such as resting-state fMRI and
connectivity  analysis may providle a more
comprehensive understanding of the neural networks
underlying executive dysfunction in psychiatric
disorders.

CONCLUSION

This study highlights the vital role of the prefrontal
cortex (PFC) in executive function and its impairment
across psychiatric disorders. Significant structural (e.g.,
reduced gray matter volume) and functional (e.g.,
decreased activation) abnormalities in the PFC were
observed in patients with schizophrenia, bipolar
disorder, depression, and anxiety, correlating with
executive deficits.

These findings suggest that PFC alterations are key
contributors to cognitive dysfunction in psychiatric
conditions and may serve as useful biomarkers for
diagnosis and intervention. Future studies should focus
on longitudinal tracking and targeted therapies to
further clarify these relationships and improve patient
outcomes.
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