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Introduction: Although there are several studies on the neuroanatomical 
mechanisms underlying Parkinson’s disease (PD)-associated cognitive 
impairment, the clinical usefulness of the findings from these 
investigations is limited. In this study, we aimed to identify magnetic 
resonance imaging (MRI) markers that can be practically utilized for 
diagnosing PD-associated cognitive impairment using a visual rating 
scale (VRS).

Methods: Anatomical MRIs of cognitively normal (PD-CN), and PD with 
mild cognitive impairment (PD-MCI) patients were visually evaluated for 
six bilateral cortical regions. Then, hypothesis-driven cortical thickness 
analysis (CTA) was performed in the regions obtained from VRS.

Results:  As a consequence of VRS, a significant difference was found 

between the two groups with regards to right posterior atrophy (PA) 
scores (pFDR-corr = 0.042, Cohen’s d= 1.06). Hypothesis-driven CTA 
confirmed the result of VRS by revealing cortical thinning at the 
precuneus and parieto-occipital sulcus junction (Max. T= 6.171, P= 
0.0006, MNIx, y, z

 = 11.0, -62.2, 25.4). The area under the curve was 0.75, 
showing a good association between the PD-MCI and the right PA score. 
The cut-off for maximum accuracy was ≥ 2, based on the highest sum of 
sensitivity (0.68) and specificity (0.72). 

Conclusions: Our findings indicate that right PA atrophy may be helpful 
for clinicians in the diagnosis of PD-associated cognitive impairment.

Keywords: Cortical thinning, Parkinson’s disease, Parkinson’s disease 
with mild cognitive impairment, posterior atrophy, visual rating scale

ABSTRACT

INTRODUCTION
Parkinson’s disease (PD) is the second most common neurodegenerative 
disorder (1). Although it is classically defined with motor symptomatology, 
such as bradykinesia, rigidity, and tremor, it is now known that there 
is also a wide range of non-motor symptoms (NMS) that can be seen 
from the earliest stages of the disease and some of which may precede 
motor symptoms (2). NMS of PD consists of dysautonomia, including 
chronic constipation, mood changes including depression and anxiety, 
parasomnia (REM-sleep behavior disorder), hyposmia, and cognitive 
impairment. The temporal pattern of the emergence of NMS is best 
explained by Braak’s caudo-rostral spread staging of Lewy bodies (LBs), 
the causative neurodegenerative aggregate in PD (3). Accordingly, 
constipation and anosmia correspond to stage 1, the initial emergence of 
the LBs synchronously within the lower brainstem and olfactory system 
(dorsal motor nucleus of the vagus nerve and the olfactory bulbs). This 
is followed by the involvement of pontine structures in stage 2, resulting 
in mood changes and parasomnia. Current diagnostic criteria of PD can 
finally be fulfilled in stage 3 with the involvement of the dopaminergic 
substantia nigra pars compacta in the upper brainstem, leading to 

dopaminergic deafferentation of dorsal striatum including the motor 
circuit, giving rise to asymmetric bradykinesia typical of the so-called 
Parkinsonism. However, the deafferentation of the parallel dorsolateral 
prefrontal circuit logically gives rise to cognitive impairment in the form of 
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a dysexecutive syndrome synchronously with motor symptoms. Cortical 
involvement starts in stage 4 with the involvement of the allocortex 
(CA2) and mesocortex (transentorhinal or perirhinal cortex). Progressive 
neocortical involvement is in stages 5 and 6. Therefore, stages 4 to 6 may 
be considered the neuroanatomical basis of progressive cognitive decline 
in PD.

Unlike Alzheimer’s disease (AD), cognitive impairment in PD does not 
have an amnestic core. As mentioned above, fronto-striatal dopaminergic 
deficits lead to executive dysfunction. This is probably the more “benign” 
(non-progressive) form, amenable to treatment with dopaminergic 
replacement, similar to motor symptoms. The other subtype with a 
visuo-spatial core is probably the malignant (i.e., progressive) subtype 
and may be considered as the consequence of tissue damage due to the 
spread of LBs throughout the stages 4 to 6 (4).

Cognitive impairment in PD can be classified as a continuum divided 
into four phases: cognitively normal PD (PD-CN), PD with subjective 
cognitive decline, PD with mild cognitive impairment (PD-MCI), and 
PD with dementia (PD-D) (1). Recent studies aim to identify PD patients 
with increased risk of cognitive decline. Structural magnetic resonance 
imaging (MRI) studies demonstrated that PD-D and PD-MCI patients 
have brain atrophy in the parietal, occipital, temporal, and frontal 
lobes and in the hippocampus, amygdala, caudate, putamen, thalamus, 
and substantia innominata (5, 6). Pagonabarraga et al. (2013) reported 
linear and progressive cortical thinning in the entorhinal cortex, anterior 
temporal pole, parahippocampal gyrus, fusiform gyrus, banks of the 
superior temporal sulcus, lingual gyrus, cuneus, and precuneus across 
PD cognitive impairment continuum (7). All of these studies to date have 
used cortical thickness analysis (CTA) and voxel-based morphometry 
to assess brain atrophy, by means of cortical and subcortical volume 
and thickness measurements, in PD cognitive impairment continuum. 
Cortical thickness analysis and voxel-based morphometry are computer-
aided quantitative techniques that facilitate the automated assessment of 
neuroimaging data. These methods allow for the measurement of cortical 
and subcortical volumes and thicknesses, helping to explore atrophy 
patterns specific to various diseases, particularly neurodegenerative 
disorders. While these techniques are highly beneficial for research 
purposes, they are not appropriate for use in clinical settings as they are 
very time-consuming. During visual rating, experts can make a more 
holistic assessment by correlating MRI images with the patient’s clinical 
history, age, symptoms and other factors. Automated methods do not 
directly take these contextual factors into account.

For this reason, visual rating scales (VRS) have been introduced into 
clinical practice for assessing atrophy in the diagnosis and follow-up of 
primary neurodegenerative diseases. Scheltens et al. (1992) developed 
the first VRS by objectifying the measurement of hippocampal atrophy 
by assessing medial temporal lobe (MTL) atrophy in Alzheimer’s disease 
(8). By 2011, Koedam et al. (2011) proposed the posterior atrophy (PA) 
score, which measures posterior cortical atrophy (9). Other VRSs have 
been described in subsequent studies that assess anterior temporal for 
semantic dementia and orbitofrontal, anterior cingulate, and fronto-
insular atrophy for behavioral variant frontotemporal dementia (10-
14). Harper et al. (2016) investigated the effectiveness of VRSs for the 
differential diagnosis of dementia in 184 patients with a post-mortem 
diagnosis of dementia and stated that the use of VRSs is quick and 
easy to learn and can be applied in less than 3 minutes (15). They also 
emphasized that VRSs can be a time-saving and diagnostically helpful 
tool in the routine practice of clinicians without neuroradiology expertise. 
To date, only one study combined six VRSs to assess global brain atrophy 
in PD, reporting a negative correlation between the total VRS score and 
the brain volume, but regional atrophy patterns were not evaluated in 
their study (16). 

The present study analyzes magnetic resonance imaging (MRI) data of a 
previous study, which was designed to investigate the multimodal MRI 
signatures of cognitive impairment in PD, with two papers published so 
far (17, 18). The first paper reported arterial spin labeling (ASL) MRI (17) 
and the second paper reported proton magnetic resonance spectroscopic 
imaging (1H-MRSI) (18) findings in the PD cognitive impairment 
continuum. Both papers commonly revealed “posterior cortical changes” 
in the forms of hypoperfusion and metabolic abnormalities. In this 
study, we aim to evaluate regional cortical atrophy patterns using VRS 
corroborated by CTA in PD-MCI and PD-CN patients, with the hypothesis 
that we will see similar “posterior cortical changes”.

METHODS
Participants
All participants provided written informed consent to the main study 
according to a protocol approved by the Local Ethics Committee of 
Istanbul University, Istanbul Faculty of Medicine, per the Declaration of 
Helsinki. In total, 37 right-handed PD patients (18 PD-CN, 19 PD-MCI) 
diagnosed with idiopathic PD according to the UK Parkinson’s Disease 
Society Brain Bank Diagnostic Criteria at the Istanbul University, Faculty 
of Medicine, Behavioral Neurology and Movement Disorders Unit were 
included in the study. The Unified Parkinson’s Disease Rating Scale 
(UPDRS) was applied to all PD patients. Patients with motor symptoms 
severe enough to cause motion artifact during imaging, a history of 
any neuropsychiatric diseases other than PD, or a Geriatric Depression 
Scale (GDS) score of >14 were excluded from the study. For the PD-MCI 
diagnosis, Movement Disorder Society (MDS) Level I diagnostic criteria 
were used (19). Accordingly, Addenbrooke’s Cognitive Examination-
Revised (ACE-R) cut-off score of 83 was used for PD-CN (≥83) and PD-
MCI distinction (20).

Neuropsychological Battery
ACE-R, which includes Mini-Mental State Examination (MMSE), was 
used as a screening test. A neuropsychological test battery, including the 
Stroop Task, Wisconsin Card Sorting Test (WCST), the Benton’s Judgment 
of Line Orientation Test ( JLO), and the Symbol-Digit Modalities Test 
(SDMT), was used. All neuropsychological tests were performed at the on 
period of the patients with PD.

MRI Acquisition 
All MRI data were acquired using a 32-channel SENSE coil on a 3T clinical 
MR scanner (Phillips, Achieva, Best, Netherlands) installed at the Istanbul 
University Hulusi Behçet Life Sciences Research Laboratory Neuroimaging 
Unit. High-resolution anatomical MR images were acquired at the axial 
plane aligned with the anterior commissure-posterior commissure line 
using a T1-weighted 3D Turbo Field Echo (TFE) sequence. The scan time 
was 5 minutes and 55 seconds (repetition time (TR) = 8.4 ms, echo time 
(TE) = 3.9 ms, flip angle = 8°, number of slices = 180, slice thickness = 1 
mm (without gap), voxel size = 1 mm3, and field of view (FOV) = 250 mm).

Visual Rating
The VRS of each participant was determined separately by one expert 
neurologist (with 8 years of experience, ZY) and one professor of  
neurology (with 33 years of experience, HG), both specialized in behavioral 
neurology and both specially trained for VRSs, who were blinded to all 
clinical information. T1-weighted MRI images were inspected at the axial, 
coronal and sagittal views. For each patient, the posterior cingulate sulcus 
(PCS) and the parieto-occipital sulcus (POS) posterior atrophy (PA), the 
olfactory sulcus (OS) for the orbitofrontal cortex, the anterior cingulate 
sulcus (ACS) for the anterior cingulate cortex, the circular insular sulcus 
(Ins) for the fronto-insular cortex, the anterior temporal lobe (ATL), and 
medial temporal lobe (MTA) were bilaterally evaluated. OS, ACS, Ins, 
and PA were scored Likert-type between 0-3 (0: no atrophy, 3: severe 
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atrophy), ATL and MTA were scored Likert-type between 0-4 (0: no 
atrophy, 4: severe atrophy).

Processing of Structural MRI Data 
FreeSurfer (v6.0), which is an open-source software widely used for 
morphometric analysis of anatomical MRI data enabling surface-based 
analysis by generating cortical surface models, was used for vertex-wise 
CTA (21) MRI data of all participants were analyzed using the standard 
recon-all pipeline. The implemented processing stream included: the 
removal of nonbrain tissue, transformation to the Talairach reference 
space and segmentation into the gray and white matter (22), tessellation 
of the gray matter and white matter boundary, automated topology 
correction; intensity normalization, and subvoxel representation of the 
gray matter/white matter boundary and pial surfaces (22, 23). Cortical 
thickness (CT) was calculated as the shortest distance between the 
previous surfaces at each vertex (23). Cortical maps were smoothed 
using a circularly symmetric Gaussian kernel across the surface with a 
full-width-half-maximum (FWHM) of 15 mm. The general linear model 
(GLM) was used to determine the cortical thickness differences between 
the PD-CN and PD-MCI groups. 

Statistical Analysis 
All demographic, clinical, neuropsychological, and visual rating data 
were compared using either the independent sample t-test, the Mann–
Whitney U test, or the chi-square test according to different variable types 
using the SPSS software package (version 26.0). Continuous variables that 
conformed to the normal distribution were presented as mean ± standard 
deviation, and the non-normally distributed continuous variables were 
expressed as median (interquartile range, IQR). Neuropsychological test 
scores were adjusted for age, sex, and education. The statistical significance 
was set at two-tailed p < 0.05. Interrater reliability was tested using 
Cohen’s weighted kappa, and the associated 95% confidence intervals 
(CI) were reported. In between-group VRS comparisons, false discovery 
rate (FDR) correction was used to correct for multiple comparisons at 
p<0.05, and Cohen’s d effect sizes were calculated for all differences. The 
cut-off value estimation of significant VRS score was conducted through 

a Receiver Operating Characteristics (ROC) curve analysis.

GLM analysis, which assesses vertex-wise differences in CT between the 
two groups, was conducted first for the whole brain and then for three 
bilateral posterior cortical regions (cuneus, parieto-occipital sulcus, and 
precuneus) based on Destrieux atlas (24). The specific choice of posterior 
cortical regions was based on VRS results. To compare cortical thickness 
data at the group level, a vertex-based general linear model (GLM) analysis 
was performed using FreeSurfer software. This was used to test for linear 
relationships between cortical thickness measured for each vertex and 
independent variables. Firstly, cortical surface models were created for 
each participant by means of the standard FreeSurfer pipeline. This 
involved segmenting T1-weighted MRI images, reconstructing cortical 
surfaces, and registering all surfaces in the standard fsaverage space with 
equal vertex numbers. After this process, the values of the cortical thickness 
in each vertex were calculated. The GLM for group comparisons defined 
cortical thickness values at the vertex level as the dependent variable and 
group as the independent variable. The relationships between cortical 
thickness values for each vertex and the independent variables were 
included in the model equation. To exclude possible effects, age, sex, 
education level, and the mean levodopa equivalent daily dose (LEDD) 
were added as covariates in the GLM analysis. To correct for multiple 
comparisons, a non-parametric cluster-wise Monte Caro simulation with 
10,000 iterations was performed. The vertex-wise threshold was set at p < 
0.001 for the simulation and clustering, and the clusters were considered 
as significant if they survived a cluster-wise probability of p < 0.05.

RESULTS
There were no statistically significant differences between the PD-CN 
and PD-MCI groups regarding age, gender, years of education, disease 
duration, and geriatric depression scores. However, the UPDRS-III scores 
and the LEDD of the PD-MCI group were higher than those of the PD-
CN group. The PD-MCI group had a lower ACE-R total score and sub-
scores of all five domains, except the attention/orientation domain. The 
performance of the PD-MCI group was also worse in terms of the BLO total 

Table 1. Demographic, clinical, and neuropsychological features of the study groups

PD-CN
(n = 18)

PD-MCI
(n = 19) Statistics p

Age (years), mean ± SD 66.44 ± 6.85 69.63 ± 5.07 t(35)= 1.614 0.115

Gender (male/female), n 10 / 8 16 / 3 χ2 = 3.633 0.057

Education (years), median (IQR) 10.50 (10.00) 5.00 (6.00) U(35)= 114.00 0.086

Disease duration (years), mean ± SD 5.31 ± 2.91 6.00 ± 3.29 t(35)= 0.679 0.502

UPDRS-III, mean ± SD 22.61 ± 8.18 35.16 ± 14.50 t(35)= 3.216 0.003*

LEDD, mean ± SD 634.78 ± 275.45 903.80 ± 416.31 t(35)= 2.287 0.029*

GDS score, mean ± SD 5.11 ± 3.70 5.36 ± 3.15 t(35)= 0.228 0.821

ACE-R total score, mean ± SD 88.94 ± 3.49 77.47 ± 5.46 t(35)= 7.566 < 0.001*

ACE-R attention/orientation, mean ± SD 17.67 ± 0.59 17.26 ± 1.04 t(35)= 1.453 0.157

ACE-R memory, median (IQR) 21.00 (3.75) 15.00 (7.00) U(35)= 69.50 < 0.001*

ACE-R fluency, mean ± SD 10.44 ± 1.54 8.31 ± 1.86 t(35)= 3.781 0.001*

ACE-R language, median (IQR) 25.00 (1.25) 23.00 (6.00) U(35)= 52.00 0.001*

ACE-R visuospatial, mean ± SD 15.33 ± 1.14 14.21 ± 1.44 t(35)= 2.626 0.013*

Stroop test (interference time, s), median (IQR) 60.00 (21.50) 86.00 (54.00) U(35)= 71.50 0.002*

BLO (total correct), median (IQR) 25.00 (4.00) 20.00 (10.00) U(35)= 105.00 0.046*

SDMT (total correct), mean ± SD 29.33 ± 9.01 16.68 ± 6.93 t(35)= 4.801 < 0.001*

WCST (perseverative error %), mean ± SD 20.61 ± 10.25 27.88 ± 11.09 t(35)= 2.068 0.046*

SD: Standard deviation, IQR: Interquartile range, PD-CN: Cognitively normal Parkinson’s disease, PD-MCI: Parkinson’s disease with mild cognitive impairment, ACE-R: Addenbrooke’s 
Cognitive Examination-Revised, s: Second, UPDRS-III: Unified Parkinson’s Disease Rating Scale, motor examination, LEDD: Levodopa equivalent daily dose (mg/day), GDS: Geriatric 
depression scale, BLO: Benton’s Line Orientation, SDMT: Symbol-Digit Modalities Test, WCST: Wisconsin Card Sorting Test, t: independent samples t-test χ2: Pearson chi-square test, 
U: Mann-Whitney U-test. *The significance threshold was set at p < 0.05.
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correct score, SDMT total correct score, Stroop interference score, and 
WSCT perseverative error percentage than the PD-CN group (Table 1).

The weighted kappa coefficient was almost perfect for the right 
orbitofrontal score (0.82 [0.66–0.97]; p<0.001), left orbitofrontal score 
(0.86 [0.73–0.99]; p<0.001), left anterior cingulate score (0.82 [0.66–
0.97]; p<0.001), and right posterior cortex score (0.84 [0.68–0.99]; 
p < 0.001). The weighted kappa coefficient was also substantial for the 

right anterior cingulate score (0.80 [0.65–0.94]; p < 0.001), right fronto-

insular score (0.76 [0.57–0.95]; p<0.001); left fronto-insular score (0.70 

[0.49–0.91]; p<0.001), right anterior temporal score (0.77 [0.59–0.93]; 

p < 0.001), left anterior temporal score (0.79 [0.65–0.94]; p< 0.001), right 

medial temporal score (0.70 [0.46–0.93]; p < 0.001), left medial temporal 

score (0.71 [0.50–0.91]; p<0.001) and left posterior cortex score (0.77 

[0.61–0.97]; p<0.001).

Figure 1. a) Representation 
of regions defined as a region 
of interest for CT analysis 
performed in a restricted area 
according to VRS results. Pink: 
cuneus (Cu), blue: parieto-
occipital sulcus (POs), and 
yellow: precuneus (PreCu). b) 
Representation of the cluster 
showing cortical thinning at the 
junction of POs and PreCu at 
the right hemisphere (in green).

a

b

Table 2. Comparison of visual rating scales between the PD-CN and PD-MCI groups

Visual Rating Scale
PD-CN
(n = 18)

PD-MCI
(n = 19) t pFDR* d

R Orbitofrontal 
0.61 ± 0.61 

[0 - 2]
1.05 ± 0.71

[0 - 2]
2.035 0.343 0.66

L Orbitofrontal 
0.67 ± 0.69

[0 - 2]
1.00 ± 0.75

[0 - 2]
1.413 0.581 0.48

R Anterior cingulate
0.67 ± 0.59

[0 - 2]
0.84 ± 0.76

[0 - 2]
0.776 0.563 0.26

L Anterior cingulate
0.78 ± 0.81

[0 - 2]
1.05 ± 0.78

[0 - 2]
1.053 0.600 0.36

R Fronto-insular
1.05 ± 0.62

[0 - 3]
1.11 ± 0.83

[0 - 2]
0.243 0.809 0.08

L Fronto-insular
1.28 ± 0.67

[0 - 3]
1.47 ± 0.61

[0 - 2]
0.930 0.628 0.31

R Anterior temporal
0.61 ± 0.78

[0 - 2]
0.79 ± 0.42

[0 - 1]
0.875 0.541 0.30

L Anterior temporal
0.56 ± 0.62

[0 - 2]
0.79 ± 0.63

[0 - 2]
1.141 0.734 0.39

R Medial temporal
0.28 ± 0.57

[0 - 2]
0.47 ± 0.70

[0 - 2]
0.930 0.558 0.31

L Medial temporal
0.39 ± 0.61

[0 - 2]
0.63 ± 0.68

[0 - 2]
1.139 0.614 0.38

R Posterior atrophy
1.17 ± 0.62

[0 - 2]
1.84 ± 0.69

[1 - 3]
3.134 0.042 1.06

L Posterior atrophy
1.50 ± 0.71

[1 - 3]
1.63 ± 0.68

[1 - 3]
0.575 0.663 0.19

Data are presented as mean ± standard deviation [range]. PD-CN: Cognitively normal Parkinson’s disease, PD-MCI: Parkinson’s disease with mild cognitive impairment, t: 
independent samples t-test, FDR-corr: False discovery rate correction, d: Cohen’s d (effect size), *FDR corrected threshold set at p < 0.05.
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In the between-group comparison of VRS, the right PA score of the PD-
MCI group was higher than that of the PD-CN group (pFDR-corr = 0.042, 
Cohen’s d= 1.06) (Table 2). 

No statistically significant difference was found between the two groups 
in the vertex-wise CT analysis of the whole brain. On the other hand, CT 
analysis involving the bilateral posterior cortex showed cortical thinning 
in an area covering the right parieto-occipital sulcus and precuneus in the 
PD-MCI group compared to the PD-CN group (Max. T= 6.171, P= 0.0006, 
MNIx, y, z = 11.0, -62.2, 25.4) (Figure 1b).

The ROC curve revealed that the AUC was 0.75 (95% CI, 0.57–0.93), 
showing a good association between the PD-MCI and the right PA scores 
(Figure 2). The cut-off for the right PA VRS score was set as ≥2. This cut-off 
showed the optimal sensitivity (68%) and specificity (72%). PA score >0 
had a 100% sensitivity, and PA score = 3 had a 100% specificity (Table 3). A 
cut-off points of  ≥2 for the right PA score indicates optimal performance 
with a sensitivity of 68% and a specificity of 72%. This means that 68% 
of people with PD-MCI are correctly identified, but 32% are classified 
as false negative. Similarly, 72% specificity indicates that 72% of people 
without PD-MCI are correctly identified, but 28% are classified as false 
positives.

brain cortical thickness analysis showed no difference between the two 
groups, in the PD-MCI group, not only the VRS scores of right posterior 
atrophy (combined POS and pCS evaluation) were higher, but also the 
CT analysis revealed significantly thinner POS and precuneus. A right PA-
VRS score of  ≥2 became the optimal cut-off, with >0 having the best 
sensitivity and =3 best specificity (both 100%).   These new findings add to 
our previous studies on the same cohort mentioned in the last paragraph 
of the introduction section, which we summarized as “posterior cortical-
type change.”

Lin and colleagues were the first to assess global cortical atrophy in PD 
by using VRS. They combined the 6 VRS and calculated a total VRS score. 
They showed that the total VRS score was significantly correlated with 
quantitative brain volume. They also showed the global atrophy detected 
by VRS is associated with non-motor symptoms, especially depression. 
They did not report a specific regional atrophy pattern (16). 

Several studies on brain atrophy in PD cognitive impairment continuum 
showed a linear atrophy pattern from PD-CN to PDD, particularly in 
parieto–temporal and prefrontal cortices, and parietal–temporal cortex, 
prefrontal cortex, hippocampus, and amygdala atrophy in PD-MCI 
have been reported (5). Pagonabarraga et al. (2013) observed a cortical 
thinning pattern including the entorhinal cortex, anterior temporal pole, 
parahippocampal cortex, fusiform gyrus, banks of the superior temporal 
sulcus, lingual gyrus, cuneus and precuneus in PD-MCI patients and they 
showed that this pattern is linear and progressive from PD-CN to PDD 
(7). Weintraub et al.’s (2012) study showed that cognitive decline in PD is 
associated with an atrophy pattern including the hippocampus, medial 
temporal lobe, and parieto-temporal cortex, as in AD, and they suggested 
that this AD pattern of atrophy might be a biomarker for cognitive 
decline in PD (25). Hippocampal volume has been demonstrated as a 
significant predictive factor for the progression from PD-NCI to PD-
MCI and PD-MCI to PDD (26). Although hippocampal atrophy has been 
reported in structural MRI studies, studies in other imaging modalities 
such as MRS, ASL-MRI, functional connectivity MRI, or FDG-PET showed 
metabolic abnormalities, hypoperfusion, decreased connectivity of 
intrinsic connectivity networks or hypometabolism predominantly in 
posterior cortical areas (5, 17, 18, 27). Furthermore, it can be claimed that 
hippocampal dysfunction does not play an essential role in the memory 
impairment of PD patients, whose recognition memory is largely intact 
in contrast to AD patients’ “limbic-type” or hippocampal recognition 
memory impairment. The acquisition and retrieval (free-recall) deficits 
of memory-impaired PD patients are commonly attributed to poor 
attentional/dysexecutive mechanisms rather than a primary impairment 
of the episodic memory neural network (i.e., the Papez circuit) (28).

Braak and Braak’s NFT spread in AD and Braak et al.’s LB spread in PD 
overlaps in their so-called transentorhinal cortex (TEC), better known 
as the perirhinal gyrus (PRG), corresponding to Brodmann areas 35 and 
36. The former is their stage I, and the latter is stage 4, stages 1-3 being 
non-cortical, caudo-rostral brainstem progression (3, 29, 30). However, 
interestingly, AD propagation continues by walking over the steps of first 
the intrinsic hippocampal circuit and then the Papez circuit resulting in 
a progressive amnestic syndrome. In contrast, PD spread largely neglects 
this limbic-paralimbic route and jumps over the visual neocortex resulting 
in a progressive visuo-spatial syndrome. Commenting on the subject 
matter, Braak and Del Tredici interpreted the common initial cortical 
involvement in TEC by the induction of protein misfolding via the synaptic 
contact of the long axons of non-thalamic nuclei with diffuse cortical 
projections (31). Braak et al. (2011) had already extended their staging 
of AD tau propagation, adding pre-NFT (Stage I-VI) stages a-c and 1a, 
1b. Locus coeruleus is the core structure here containing Gallyas-negative 
(non-argyrophilic), non-fibrillary, hence soluble hyperphosphorylated 
tau, named “pre-tangle” (30). This very early involvement is accompanied 

Table 3.  Right posterior atrophy VRS scores of two patient 
groups

Scores 0 1 2 3

PD-CN 2 11 5 0

PD-MCI 0 6 10 3

PD-CN: Cognitively normal Parkinson’s disease; PD-MCI: Parkinson’s disease with mild 
cognitive impairment; n: number of subjects; VRS: Visual rating scale.

Figure 2. The ROC curve for right posterior atrophy (PA) score.

DISCUSSION
We evaluated the regional cortical atrophy pattern via VRS between PD-
MCI patients and PD-CN patients. The PD-CN group outperformed the 
PD-MCI group in almost every neuropsychological measure, with the 
exception of the ACE-R Attention/Orientation subscore. Although whole 
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by the involvement of other “non-thalamic” nuclei with diffuse cortical 
projections over the course of these pre-NFT stages. Having reached 
the cortex through the involvement of TEC, they speculated a further 
cortical spread along the interconnected pathways via anterograde and 
retrograde axonal transport as the likely mechanism. 

Although innovative for the common initiation of cortical pathology, 
their discussion does not provide an explanation for the divergence of 
trajectories of spread after TEC. Additionally, for AD, they do not discuss 
the potential roles of amyloid and inflammation in NFT spread. There 
is probably more than one mechanism for NFT tau propagation in AD. 
This was already promulgated in a recent paper, which stated that one 
mechanism is indeed spread over to distant cortical sites via axonal 
connections; however, the second one is replication around a seed 
and then being taken over by the neighboring neuron by endocytosis 
(32). The authors also claimed that although both are operative during 
the initial stages after Braak & Braak III, replication becomes the sole 
mechanism for neocortical propagation. Why after III? A number of other 
recent papers shed light on this question. Insel et al., using three large 
cohorts consisting of individuals with pre-clinical AD, showed that with 
the presence of elevated Aβ42, the inferior temporal cortex (ITCx) showed 
the largest effect size, followed by the fusiform gyrus, and they concluded 
that while the medial temporal structures “play a central role in the early 
appearance of tau, it may be the inferior temporal cortex that is the critical 
region for rapid tau accumulation in preclinical Alzheimer’s disease” (33). 
Lee et al. (2022) also reported two mechanisms of tau propagation. The 
first is the lateral entorhinal cortex (interconnected with TEC) that “is 
subject to remote, connectivity-mediated amyloid-beta/tau interactions 
linked to initial tau spreading.” (34). The second is the inferior temporal 
cortex, the site of initial Aβ42/Tau co-localization, “as the region featuring 
the greatest local amyloid-beta/tau interactions and a connectivity 
profile well suited to accelerate tau propagation.” Finally, Pascoal and 
colleagues (2021) using PET ligands separately for Aβ, tau aggregates, 
and microglial activation, showed that the neocortical propagation of 
tau and the consequent evolution of AD dementia is largely driven by 
microglial activation (35). These findings suggest a local propagation to 
inferior posterior cortices, probably via a joint mechanism of replication 
and spread pathways made easier to follow by both compact amyloid 
plaques and microglia activation induced by them.

However, in PD, LBs, lacking these extra aides seems still use the distant 
pathway spread mechanisms, at least for reaching the precuneus and POS 
we found atrophied in this study. ITCx and these posteromedial cortical 
structures are interconnected by the fifth division of the cingulum bundle 
(CING V) (36). Recently, fornix integrity was proposed as a structural 
connectivity imaging (e.g., diffusion tensor imaging – DTI) marker for 
progressive cognitive decline in AD, named “the fornix sign.” (37). Our 
aim is to proceed this project to find a similar imaging biomarker for PD 
cognitive decline. A “CING V sign” would be a perfect sign.

This study has a number of limitations. The main limitation of our 
research is a small sample size, which will undoubtedly affect how broadly 
applicable our conclusions may be. Moreover, a secondary constraint 
that results in a less than ideal degree of accuracy in classification 
accuracy is the use of level I diagnostic criteria to define PD-MCI. Lastly, 
our study involved a cross-sectional comparison of two patient groups 
that prevents identification of causation, therefore future longitudinal 
assessments are crucial. 

CONCLUSION
In conclusion, this study found structural alterations, specifically 
in posterior cortical areas that we had already shown in the same 
cohort with different neuroimaging methods, revealing decreased 

perfusion and increased metabolic abnormalities. VRS, an easy and 
brief method to use by clinicians in routine clinical practice, almost 
mirrored the findings of the more sophisticated and time-consuming 
cortical thickness analysis. Posterior cortical atrophy, as revealed by 
VRS, may be a specific practical imaging marker of PD-MCI, as the VRS 
medial temporal atrophy has already been established for the typical 
Alzheimer’s disease.
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