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Abstract
Olfactory dysfunction is observed in over 95% of patients with Parkinson’s disease 
(PD). This study examines the relationship between gray matter volume (GMV) and 
olfactory impairment in a cohort of 182 subjects, including PD patients and healthy 
controls (HCs). Using the Iran Smell Identification Test, which is a standardized 24-item 
olfactory identification assessment, to evaluate the olfactory performance, PD 
patients were divided into two groups (scores ranging from 0 to 18 indicate olfactory 
dysfunction, while scores from 19 to 24 indicate normal olfaction): those with normal 
smell (PD-NS, n = 23) and those with smell disorders (PD-SD, n = 69). Differences 
in GMV were analyzed using voxel-based morphometry. Statistical analysis was 
conducted using SPSS 26. The results revealed that the PD-NS group exhibited 
reduced GMV in the right thalamus and the left parahippocampal gyrus compared 
to the HCs. Furthermore, the HC group demonstrated no statistically significant 
olfactory dysfunction. In contrast, the PD-SD group showed significant decreases 
in GMV in the right entorhinal cortex and both the right and left hippocampus 
compared to both the HC and PD-NS groups. These findings indicate that PD patients 
experience more severe olfactory dysfunction in hippocampal regions than the HC 
group, likely attributed to the initial pathological loss of gray matter in both the right 
and left hippocampus.
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1. Introduction
Parkinson’s disease (PD) is a chronic and progressive neurodegenerative condition 
that predominantly affects the dopamine-producing neurons in the substantia nigra, 
resulting in the development of motor symptoms.1 PD is acknowledged as a multifaceted 
condition that impacts various systems and is marked by a range of both motor and 
non-motor symptoms, including deficits in olfaction. Among the non-motor symptoms 
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associated with PD, olfactory dysfunction is one of the 
most prevalent.1-3

Studies have shown that over 95% of individuals with 
PD experience a notable decline in olfactory function, 
which can have a significant impact on their daily lives. 
Unfortunately, the importance of olfaction in enhancing 
the quality of life and the capacity to derive pleasure 
is frequently overlooked.4,5 Onset age, therapeutic 
intervention, treatment duration, and disease severity do 
not have an impact on olfactory dysfunction.1,6,7

Neural responses to olfactory stimuli are transmitted 
from the nasal epithelium to the olfactory bulb, then to the 
olfactory cortex along with its primary connections within 
the brain.8,9 The anterior olfactory nucleus, olfactory 
tubercle, pyriform cortex, amygdala, and entorhinal 
cortex comprise the olfactory cortex, each receiving input 
from neurons in the olfactory bulb. The pyriform cortex, 
divided into anterior and posterior segments, serves as the 
primary output region for projections from the olfactory 
bulb. Odorant identity is encoded in the anterior pyriform 
cortex, while the posterior pyriform cortex encodes 
odor quality.10 The entorhinal cortex is connected to the 
hippocampus, and its dysfunction can have an impact on 
the ability to remember and distinguish between different 
odors.11,12 The orbitofrontal cortex represents a significant 
olfactory pathway extending beyond the olfactory cortex. 
Despite its importance, the precise function of this brain 
region in olfaction remains unclear. Studies have linked 
it to tasks such as distinguishing between different odors, 
recognizing smells, and regulating olfactory attention.13-15 
Lewy bodies have been observed in the olfactory bulb, 
entorhinal cortex, and pyriform cortex during post-
mortem examinations of individuals with PD.14,15

The present study aims to investigate the relationship 
between olfactory dysfunction and gray matter volume 
(GMV) using voxel-based morphometry (VBM). VBM 
is capable of examining and assessing the structural 
alterations in brain areas affected by neurodegenerative 
disorders, such as dementia, PD, and multiple sclerosis.16-18 
The software (Computational Anatomy Toolbox [CAT], 
Structural Brain Mapping Group, Germany) was initially 
suggested and adopted as the norm by Ashburner and 
Friston19 VBM automatically assesses the volume of each 
voxel within the segmented tissues to detect differences 
that suggest gray matter (GM) atrophy or localized 
alterations in white matter (WM) density. Consequently, 
VBM remains impartial regarding structural changes in 
specific brain regions, circumventing subjective variations 
introduced by the artificial delineation of regions of 
interest. It offers an objective and thorough assessment of 
anatomical changes throughout the entire brain, capable 

of detecting even minor variations in brain volume or 
density.20-23

The goal of this study is to explore the relationship 
between olfactory dysfunction and GMV in PD, with a 
focus on comparing individuals with and without olfactory 
dysfunction.

2. Materials and methods
2.1. Subjects

This study was conducted on 182 subjects, including 
92 patients with PD (23 with normal smell [PD-NS] and 
69 with smell disorder [PD-SD]) and 90 healthy controls 
[HCs] from July 29, 2024, to December 13, 2024. A 3-week 
interval separated the first study visit and the follow-up 
visit. Informed consent was obtained from all subjects.

The exclusion criteria were as follows: individuals 
diagnosed with various neurological conditions 
(e.g., stroke), Parkinsonism syndromes (e.g., progressive 
supranuclear palsy, multiple system atrophy, and uncommon 
motor and non-motor symptoms), psychological disorders 
(e.g., severe depression), individuals for whom magnetic 
resonance imaging (MRI)’s results were contraindicated, 
and cases in which any form of artifact on MRI hindered 
accurate volumetric analysis.

The HCs did not exhibit any neurological conditions, 
such as stroke, brain tumors, or severe mental disorders. 
Furthermore, they reported no cognitive complaints.

To control for potential confounding effects of age, 
gender, and educational level on the outcomes, participants 
in the HC group were meticulously matched with those 
in the PD groups based on these covariate variables. To 
minimize potential confounders, such as cognitive status 
and medication, the cognitive status of the patients was 
evaluated using the Montreal Cognitive Assessment, and no 
significant differences were found between the two groups. 
In addition, only the L-dopa-carbidopa combination 
treatment was used for the patients in this study, and the 
effect of this variable is similar in both groups.

2.2. Olfactory assessments

In the present study, the Iran Smell Identification Test 
(ISIT), a standard 24-item odor identification test, was 
used to evaluate the olfactory performance of PD and 
HC groups according to cultural adaptation. A  score of 
0 to 18 in this test indicates a smell disorder, while 19 to 
24 indicates normal smell.24 Baseline demographic and 
clinical data, including age, gender, educational level, and 
disease duration, were documented. To develop the ISIT, 
researchers adapted the University of Pennsylvania Smell 
Identification Test (UPSIT) for the Iranian population. 
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Given Iran’s diverse ethnicities, the goal was to identify 
odors familiar to all Iranians. A  group of 90 students 
from various cultural backgrounds residing in Tehran 
dormitories was asked to review the 40 odors included 
in the UPSIT and identify those most familiar. To ensure 
better linguistic comprehension, the original UPSIT was 
translated into Farsi, and participants were asked to suggest 
local odors commonly encountered in different regions of 
Iran. The development of ISIT involved the following steps:
(i).	 Identifying and replacing unfamiliar odors.
(ii).	 Compiling a preliminary list of 40 odorants, which 

included both natural and synthetic options, while also 
producing fragrance microcapsules when necessary.

(iii).	Designing scratch-and-sniff stickers by mixing 
microcapsules with varnish ink and printing them 
using a silk screen printer on sticker paper.

A pilot study was then conducted with 43 participants 
(23  females and 20  males, aged 20 – 40) using this 
initial version of ISIT. The pilot study aimed to identify 
any deficiencies in the procedure and to select the 
most appropriate odors among the 40 items and their 
alternatives.24

2.3. VBM pre-processing

Preprocessing analysis for VBM was performed using 
the CAT12 toolbox25 on high-resolution T1-weighted 
structural images, acquired from all patients on a 1.5 
Tesla MRI scanner (Avanto, Siemens Healthineers, 
Germany), within the Statistical Parametric Mapping 
(SPM12) framework developed by the Department of 
Imaging Neuroscience Group (http://www.fil.ion.ucl.
ac.uk/spm). This analysis was conducted using MATLAB 
R2023b software (CAT, Structural Brain Mapping Group, 
Germany). Initially, the anatomical images were segmented 
into GM, WM, and cerebrospinal fluid using the unified 
segmentation module.26 After segmentation, the GM 
images were normalized to the Montreal Neurological 
Institute (MNI) standard space using the diffeomorphic 
anatomical registration through exponentiated lie algebra 
(DARTEL) algorithm.27 Following the affine and non-
linear registration of the GM templates in MNI space, the 
images were modulated to preserve the relative GMVs 
post-spatial normalization. The resulting GM images were 
then smoothed with a Gaussian kernel featuring a full 
width at half maximum of 10  mm. In summary, a VBM 
analysis comprises the following steps:
(i)	 Pre-processing: T1 images are normalized to a 

template space and segmented into GM, WM, and 
cerebrospinal fluid. The pre-processing parameters 
can be adjusted through the module “Segment Data.” 
After the pre-processing is finished, a quality check is 
highly recommended. This can be achieved through 

the modules “Display slices” and “Check sample.” 
Both options are located in the CAT12 window 
under “Check Data Quality.” Furthermore, quality 
parameters are estimated and saved in XML files for 
each dataset during pre-processing. These quality 
parameters are also printed on the report PDF page 
and can be used in the module “Check sample.” Before 
inputting the GM images into a statistical model, the 
image data needs to be smoothed.

(ii)	 Statistical analysis: The smoothed GM images are 
input into a statistical model. This requires building 
a statistical model (e.g., t-tests, analysis of variance 
(ANOVAs), and multiple regressions). This is done 
by the standard SPM modules “Specify 2nd  Level” 
or preferably “Basic Models” in the CAT12 window, 
covering the same function but providing additional 
options and a simpler interface optimized for 
structural data. The statistical model is estimated. This 
is done with the standard SPM module “Estimate” 
(except for surface-based data, where the function 
“Estimate Surface Models” should be used instead). If 
total intracranial volume (TIV) is used as a confound 
in a model to correct for different brain sizes, it is 
necessary to check whether TIV reveals a considerable 
correlation with any other parameter of interest, and 
rather uses global scaling as an alternative approach. 
After estimating the statistical model, contrasts are 
defined to get the results of the analysis. This is done 
with the standard SPM module “Results”.25,26

2.4. MRI data acquisition

All patients underwent MRI scans using a 1.5T MRI 
scanner. The choice of a 1.5T scanner is based on its 
widespread availability and effectiveness in clinical settings 
for a variety of neurological assessments. This model has 
been well-studied and is known for providing high-quality 
images while maintaining patient comfort.

The scans were performed utilizing the HE1_4 coil 
element, specifically designed for this scanner. Coil 
elements play a crucial role in MRI examinations, as they 
determine the sensitivity of the MRI equipment to the 
magnetic fields produced by the scanned tissues. The HE1_4 
coil element is optimized for head imaging, resulting in an 
improved signal-to-noise ratio and enhancing the clarity 
and resolution of the images captured. This optimization is 
essential for accurately visualizing fine anatomical details 
and potential pathological changes in brain structures.

To ensure patient comfort and minimize movement 
during the scanning process, all participants were 
instructed to lie supine on the MRI table. This position 
helps in achieving a stable and reproducible imaging setup, 
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which is critical for consistent results across all scans. In 
addition, earplugs were provided to reduce the effects of 
excessive scanner noise, which often reaches levels that can 
be uncomfortable for patients. The loud sounds produced 
during MRI scanning can lead to anxiety and involuntary 
movements, potentially compromising image quality. By 
using earplugs, we aimed to enhance patient comfort and 
cooperation during the procedure.

To further enhance stability during the MRI session, 
firm foam pads were used around the patient’s head. These 
pads served to restrict movement and help maintain the 
participants’ heads in a fixed position, which is vital for 
acquiring high-quality images. Even slight head movements 
can result in image blurring, making it difficult to analyze 
the resultant data accurately. The use of these foam pads, 
therefore, contributes significantly to the overall quality of 
the imaging process.

The MRI sequences utilized in this study included 
T1-weighted images, which are particularly effective 
for assessing anatomical structures within the brain. 
T1-weighted imaging is optimal for visualizing GM, 
WM, and the overall structure of the brain. The imaging 
parameters for the T1 sequences were set to a voxel size of 
1.2 mm × 1.0 mm × 5.5 mm, which allows for a balance 
between spatial resolution and acquisition efficiency. This 
voxel size enables the differentiation of various brain tissues 
while ensuring that the scan duration remains manageable 
for patients.

The repetition time was set to 426 ms, and the echo 
time was maintained at 8.7 ms, settings that are widely 
recognized in the literature for producing high-quality 
T1-weighted images. These parameters were carefully 
selected to optimize the contrast between different types of 
brain tissue, enhancing the visibility of anatomical details 
essential for both clinical assessment and research analysis.

In summary, the meticulous attention to the MRI 
acquisition protocol, including the choice of scanner, coil 
element, patient positioning, noise reduction strategies, 
and specific imaging parameters, underscores our 
commitment to obtaining high-quality imaging data that 
is essential for subsequent analyses and interpretations.

2.5. Statistical analysis

Statistical analysis was performed using version  24.0 of 
the Statistical Package for the Social Sciences (SPSS, IBM 
Corporation, USA) software. The paired- and independent-
samples t-test were utilized to assess the difference in 
means between two distinct groups. The utilization of 
one-way ANOVA allowed for the examination of the 
discrepancies in GMV across the different PD groups and 
the comparison of average ISIT test scores. Categorical 

variables were analyzed through the chi-squared test. 
The Spearman correlation coefficient was employed to 
assess the association between the variables. A p<0.05 was 
deemed statistically significant.

3. Results
3.1. Characteristics of the participants

The analysis included a total of 23 PD-NS, 69 PD-SD, and 92 
HCs. The demographic and clinical profiles of these three 
groups are detailed in Table 1. Age and gender exhibited 
no significant differences between the HC and PD groups 
(p>0.05). No significant difference was observed in disease 
duration, medication administration status, educational 
level, and disease severity (between PD-NS and PD-SD) 
(p>0.05). The results of the ISIT tests exhibited strong and 
significant differences between the means of the HC and 
PD groups. The ISIT scores for HC, PD-NS, and PD-SD, 
respectively, are 21.50, 19.50, and 11.40 (p<0.001).

The present study also compared the mean scores for 
drug types, family history (PD patients with first-degree 
relatives affected by the disease), first sign of the disease, 
smoking status, accommodation status, the Montreal 
Cognitive Assessment, blood types, and weights among 
the PD groups, revealing no significant differences between 
the groups (p>0.05).

3.2. Comparison of the GMV between the PD patient 
with normal smell group and the HC group

The comparison of the mean GMV in the brain of the 
participants in the PD-NS and HC groups demonstrated 
a significantly decreased volume within the right thalamus 
and parahippocampal gyrus of the PD-NS group compared 
to the HC group (Table 2 and Figure 1).

Figure  1. The magnetic resonance imaging scanning of the brain of 
the participant from the Parkinson’s disease patient with normal smell 
(PD-NS) group. (A) Right thalamus. (B) Left parahippocampal gyrus. 
The red dots indicate the Montreal Neurological Institute coordinates 
and a significant reduction in gray matter volume in the PD-NS’s brain 
compared to the healthy control group’s brain.

BA
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3.3. GMV between the PD patient with normal smell 
group and the PD patient with smell disorder group

The comparison of the mean GMV between the brains 
from the PD-NS group and those from the PD-SD group 
demonstrated a significantly decreased volume within 
the right entorhinal cortex, right hippocampus, and left 
hippocampus of the PD-SD group compared to the PD-NS 
group (Table 3 and Figure 2).

3.4. Comparison of the GMV between the PD patient 
with smell disorder group and the HC group

The comparison of the mean GMV between the brains 
from the HC group and those from the PD-SD group 

demonstrated a significantly decreased volume within 
the right entorhinal cortex, right hippocampus, and left 
hippocampus of the PD-SD group compared to the HC 
group (Table 4 and Figure 2).

4. Discussion
The present study investigated the structural changes of the 
cortical and subcortical regions in PD with and without 
olfactory dysfunction compared to the HC group. The 
findings revealed that individuals with PD and olfactory 
dysfunction had a reduction in the volume of both the right 
and left hippocampi and entorhinal cortex in comparison 
to those in the PD-NS and HC groups. In addition, the 
PD-NS group demonstrated a decrease in the volume of 
the right thalamus and left parahippocampal gyrus. These 
results align with findings from previous studies.28-30

As a primary olfactory cortex, the entorhinal cortex 
is vital for processing olfactory signals originating from 
the olfactory bulb.31 Lewy bodies initially emerge in the 
olfactory nerves. Notably, they are also present in the 
primary olfactory cortex in the early phase of PD. Their 
presence may contribute to olfactory dysfunction.32-34 In 
addition, it serves as a “gateway” for sensory information 

Table 1. Clinical and demographic characteristics of the healthy control (HC), Parkinson’s disease patient with normal smell 
(PD‑NS), and PD patients with smell disorder (PD‑SD) groups

Characteristics PD‑NS (n=23) PD‑SD (n=69) HC (n=90) p‑value

Age (years) 61.09±10.35 62.32±10.76 60.83±10.07 0.445a

Gender (male/female) 14/9 40/29 53/37 0.432b

Educational level (years) 4.18±1.42 3.30±1.22 3.31±1.49 0.390a

Disease severityd 2.62±1.03 3.17±1.05 ‑ 0.036c

Disease duration (years) 4.87±3.16 5.47±3.01 ‑ 0.550c

Medication administration statuse 1.25±0.32 1.18±0.38 ‑ 0.552c

ISIT scores 19.50±1.16 11.40±1.30 21.50±1.16 <0.001a*

Type of used drugs (L‑dopa‑carbidopa)f 21/2 64/5 ‑ 0.439b

Pharmacological treatment (years) 4.1±1.12 4.3±1.19 ‑ 0.419

Smoker (+/‑) 3/20 4/65 ‑ 0.772b

Accommodation status (metropolis/town) 8/15 19/50 ‑ 0.390b

Family history (+/‑)g 2/21 7/62 1/89 0.590b

First sign of the diseaseh i i ‑ 0.213b

MoCA scores 24.34±1.26 24.07±1.63 ‑ 0.370c

Blood types i i i 0.872b

Weight i i i 0.654b

Notes: Data are expressed as mean±standard deviation or number; *p<0.05; aOne‑way ANOVA; bChi‑squared test; cIndependent samples t‑test; dThis 
is the disease severity based on the Modified Hoehn and Yahr Scale; eThis is the number of medications the patients are taking; fL‑dopa‑carbidopa 
combination treatment of 250/25 mg or 100/25 mg one tablet every 4 h; gPD patients who have first‑degree relatives affected by PD; hThe onset of 
the first symptoms of PD with tremor, rigidity, or bradykinesia. For the clinical presentation of PD at the onset of the disease, all patients exhibited 
asymmetric tremors in the upper limbs, and at the time of enrollment, they presented with tremors, rigidity, and bradykinesia, scoring between 1 and 3 
on the Hoehn and Yahr scale. iData not presented in this table due to the presence of multiple categorical values.
Abbreviations: ANOVA: Analysis of variance; ISIT: Iran Smell Identification Test; MoCA: Montreal Cognitive Assessment.

Table 2. Comparison of the mean gray matter volume 
between the Parkinson’s disease patient with normal smell 
(PD‑NS) group and the healthy control (HC) group

Brain region PD‑NS (n=16) HC (n=90) p‑value

Right thalamus 5.35±1.39 5.86±1.50 0.021*

Left parahippocampal gyrus 3.27±1.01 3.99±1.10 0.009*

Notes: Data expressed as mean±standard deviation; Statistical 
comparisons were conducted using paired‑samples t‑test; *p<0.05.

https://dx.doi.org/10.36922/AN025110024


Advanced Neurology Brain regions in olfactory dysfunction in PD

Volume 4 Issue 3 (2025)	 65� doi: 10.36922/AN025110024

from various cortical areas to access the hippocampus. 
Recent research indicated that the direct circuit from 
the lateral entorhinal cortex to the hippocampal CA1 is 
essential for olfactory associative learning.35 In this study, 
the GMV of the entorhinal cortex in the PD-SD group was 
lower than that in the other groups. These findings align 
with pathological research suggesting that the entorhinal 
cortex may be one of the earliest brain regions affected 
by PD. Another finding of this study is that both the 
right and left hippocampi exhibited a significant positive 
correlation with olfactory dysfunction in PD patients. This 
indicates that a reduction in bilateral hippocampal volume 
is associated with olfactory deficits in these individuals. 

Selective hyposmia in PD exhibits a stronger correlation 
with hippocampal dopamine innervation than with that 
of the amygdala, ventral striatum, or dorsal striatum, 
as evidenced by diffusion tensor imaging. These results 
suggest that the mesolimbic dopamine innervation of the 
hippocampus may play a crucial role in the development 
of selective hyposmia in PD.36 Recent studies on the 
hippocampus emphasize that this structure may play a 
more significant role in olfaction.37,38

Based on the findings of the present study, one can infer 
the role of the structural network between the entorhinal 
cortex and the amygdala in PD patients.23 The entorhinal 
cortex and the hippocampus have significant connections 
with each other, and a distortion in these connections may 
disrupt the olfactory process in the patients. Furthermore, 
the reduction in brain structure volume can be an 
important factor alongside the decrease in WM volume, 
ultimately leading to functional impairments.23,39,40

Neuroimaging research has demonstrated that 
pathological alterations during aging initiate in the 
amygdala and hippocampus, particularly in the 
parahippocampus and entorhinal cortex, which play 
a crucial role in the recognition and identification of 
olfactory stimuli.41 Research showed that a decrease in 
olfactory function, occurring independently of cognitive 
decline, was associated with reductions in the volumes of 
the left hippocampus and left parahippocampus.42 Another 
study demonstrated that a decrease in the volume of the 
entorhinal cortex was not directly linked to a reduction 
in olfactory function. Instead, the reduction in entorhinal 
cortex volume correlated with a decrease in the volume 
of the parahippocampus, suggesting that the entorhinal 
cortex influences olfactory ability indirectly through its 
relationship with the parahippocampus.41,43,44 Based on 
the studies at the WM and cellular levels,45 as well as the 

Table 4. Comparison of the mean gray matter volume 
between the Parkinson’s disease patient with smell disorder 
(PD‑SD) group and the healthy control (HC) group

Brain region PD‑SD (n=69) HC (n=90) p‑value

Right entorhinal cortex 1.91±1.01 2.19±1.11 <0.001*

Left hippocampus 1.84±1.04 2.36±1.45 <0.001*

Right hippocampus 1.85±1.40 2.15±1.05 <0.001*

Notes: Data are expressed as mean±standard deviation; Statistical 
comparisons were conducted using paired‑samples t‑test; *p<0.05.

Table 3. Comparison of the mean gray matter volume 
between the Parkinson’s disease patient with normal smell 
(PD‑NS) group and the PD patients with smell disorder 
(PD‑SD) group

Brain region PD‑NS (n=23) PD‑SD (n=69) p‑value

Right entorhinal cortex 2.25±1.00 1.91±1.02 <0.001*

Left hippocampus 2.33±1.10 1.84±1.08 <0.001*

Right hippocampus 2.36±1.17 1.85±1.20 <0.001*

Notes: Data are expressed as mean±standard deviation or number; 
Statistical comparisons were conducted using paired‑samples t‑test; 
*p<0.05.

Figure 2. The magnetic resonance imaging scanning of the brain of the participant from the Parkinson’s disease patient with smell disorder (PD-SD) group. 
(A) Left hippocampus. (B) Right hippocampus. (C) Right entorhinal cortex. The red dots indicate the Montreal Neurological Institute coordinates and a 
significant reduction in gray matter volume in the PD-SD’s brain compared to the PD patient with normal smell group’s brain.

CBA
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structural findings in this study, we conclude that the 
structural connectivity between the entorhinal cortex and 
parahippocampal regions plays a crucial role in olfactory 
function. In PD patients, the reduction of volumes in these 
areas may have a more significant impact on the olfactory 
dysfunction.

Another factor that may influence a VBM study is 
the type of treatment that can influence the morphologic 
features of the VBM. For example, the study by Donzuso 
et al.46 investigated whether a neuroanatomical substrate 
might underlie the development of long-duration 
responses using structural MRI and VBM analyses. 
Their study showed that some cortical structural changes 
may predispose individual patients to developing long-
duration responses to L-dopa. Based on the results of 
the present study, it can be concluded that the type of 
treatment, along with other factors, such as olfactory 
dysfunction and the presence of cognitive impairment 
(mild/moderate/severe), may influence the morphologic 
features of the VBM.23 Furthermore, the brain regions 
exhibiting reduced volume in PD patients undergoing 
L-dopa treatment, with or without olfactory dysfunction, 
differ from those affected in PD patients with cognitive 
impairment. Future studies should focus on the effects of 
medication on brain volumetric results in PD patients. 
Accounting for comorbid disorders, such as cognitive 
impairment and olfactory dysfunction, may offer valuable 
insights.

Moreover, the interplay between pharmacotherapy 
and neuroanatomical changes may be further 
elucidated by investigating the underlying biological 
mechanisms influenced by L-dopa treatment. Research 
indicates that neuroinflammation and dopaminergic 
signaling alterations can affect neuroplasticity and 
neurodegeneration in PD.47-49 Studies employing 
advanced imaging techniques, such as VBM and 
diffusion tensor imaging, can offer critical insights into 
how L-dopa influences brain volumetric outcomes in PD, 
particularly regarding its impact on neural structure and 
the association with cognitive and olfactory function.50,51 
In addition, the incorporation of machine learning 
algorithms in volumetric analysis could facilitate the 
identification of subtle morphometric changes that 
traditional VBM may overlook. Such approaches could 
enhance our understanding of the differential effects of 
treatment modalities on brain structure and function, 
ultimately leading to more personalized therapeutic 
strategies for PD treatment.

This study encountered limitations. The MRI scanning 
was conducted at 1.5 Tesla. Acknowledging the limitations 
of 1.5T MRI, higher-field strengths in 3T or 7T MRI can 

significantly enhance sensitivity. The increased magnetic 
field strength improves the signal-to-noise ratio, leading 
to greater image clarity and the ability to detect smaller 
lesions. This could provide more in-depth results by 
examining cortical thickness and comparing it with brain 
volume.

5. Conclusion
PD patients exhibited more severe olfactory dysfunction in 
the hippocampal regions compared to the HC group. This 
may be attributed to the initial pathological loss of GM in 
both the right and left hippocampi.
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