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Abstract
Background and purpose: Parkinson's disease (PD) patients with cognitive impairment 
undergo progressive atrophy of several cortical and subcortical areas. The aim was to 
study the magnetic resonance imaging (MRI) morphometric features of PD patients with 
mild cognitive impairment (MCI).
Methods: Patients from the Parkinson's Disease Cognitive Impairment Study (PACOS) 
cohort with an available structural volumetric brain MRI and morphometric measure-
ments of the midbrain and pons areas, middle cerebellar peduncle, superior cerebellar 
peduncle width and midbrain anteroposterior diameter (A- Pdiam) were included. MCI 
was diagnosed according to the Movement Disorder Society level II criteria. Additionally, 
cortical thickness analysis was performed and correlated with morphometric brainstem 
measurements.
Results: Morphometric measurements were available for 168 subjects, of whom 67 
(39.9%) were diagnosed with PD- MCI. The mean age (± standard deviation) of the sam-
ple was 64.2 ± 9.8. Amongst patients, 84 (50%) were men with a disease duration of 
5.2 ± 5.4 years and a Unified Parkinson's Disease Rating Scale— Motor Examination score 
of 32.1 ± 12.9. In the univariate and multivariate analysis, after adjusting for age, sex, 
years of schooling and disease duration, MCI was associated with midbrain area (odds 
ratio 0.98; 95% confidence interval 0.96– 0.99; p = 0.048) and A- Pdiam (odds ratio 0.63; 
95% confidence interval 0.46– 0.86; p = 0.005). Furthermore, 121 PD patients underwent 
cortical thickness analysis, which showed the presence of cortical thinning in lateral or-
bitofrontal regions of patients with PD- MCI. No correlation was found between cortical 
thickness and brainstem morphometric measurements.
Conclusions: A mild midbrain atrophy and the presence of frontal cortical thickness re-
duction might be considered a structural MRI feature of PD patients with MCI.

K E Y W O R D S
brainstem, cognitive impairment, magnetic resonance imaging, midbrain, Parkinson's disease

 14681331, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15489 by U

niversità D
i C

atania C
entro B

iblioteche E
, W

iley O
nline L

ibrary on [14/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.wileyonlinelibrary.com/journal/ene
https://orcid.org/0000-0002-8647-8851
https://orcid.org/0000-0002-8397-3478
https://orcid.org/0000-0003-2512-6972
mailto:
https://orcid.org/0000-0001-6757-340X
https://orcid.org/0000-0002-8298-9486
mailto:anicolet@unict.it


3198  |    CICERO Et al.

INTRODUC TION

Cognitive dysfunction in Parkinson's disease (PD) is one of the most 
important non- motor features and contributes to higher disability 
and reduced survival [1]. The entire spectrum of cognitive decline 
observed in PD ranges from subjective cognitive decline to mild 
cognitive impairment (MCI), and even to PD dementia. PD- MCI is 
a heterogeneous condition characterized by cognitive deficits in 
one or more cognitive domains, but not severe enough to inter-
fere with daily living activities [2]. MCI occurs in approximately 
30% of PD, also in those patients with a short disease duration [3]. 
Phenotypically, executive functions are largely impaired in PD- MCI 
patients [4], due to the involvement of the fronto- striatal cognitive 
loop [4, 5]. However, attentive and memory functions can also be 
involved, reflecting a “posterior” cognitive phenotype which has 
been linked to a faster progression towards a more severe condi-
tion [5, 6].

Recently, attention has been paid to the definition of the clini-
cal and instrumental biomarkers of PD- MCI, in order to identify pa-
tients at higher risk of developing cognitive impairment, considered 
the strongest predictor of conversion to PD dementia [7]. Different 
neuroimaging techniques have been adopted to assess the mor-
phological correlates of cognitive impairment in PD. Voxel based 
morphometry (VBM) studies have demonstrated the presence of 
widespread areas of gray matter atrophy in PD- MCI [8, 9], and the 
relation between frontal atrophy and poorer performance in exec-
utive functions [10] has been demonstrated even at the early stage 
of the disease [11]. Studies focusing on cortical thickness provided 
similar results: Pagonabarraga et al. showed the presence of fronto-
temporal cortical thinning in PD- MCI compared to PD with normal 
cognition (PD- NC) [12], whilst Segura et al. found a posterior pattern 
of atrophy in PD- MCI mainly involving temporo- parietal areas [13]. 
On the other hand, another study found no differences between 
PD- NC and PD- MCI [14].

It is well known that brainstem structures contribute to cognitive 
processes. The midbrain is involved in the fronto- striatal cognitive 
loops whilst the posterior cortical cognitive functions are associated 
with the locus coeruleus, a noradrenergic nucleus in the pons [15]. 
Interestingly, despite their relevant role in PD [5], very few studies 
have focused on the involvement of brainstem structures in the cog-
nitive functions of parkinsonian patients [9, 16].

Quantitative measurements of brainstem structures have been 
previously developed to study several subcortical structures, such 
as the midbrain, the pons, the middle and the superior cerebellar 
peduncles, providing reliable and reproducible methods to differen-
tiate the parkinsonian syndromes [17]. Whilst the role of such meth-
odologies in the differential diagnosis of parkinsonisms has long 
been established [18], it is hypothesized that these measurements 
may be useful for differentiating PD- NC from PD- MCI.

In order to test our hypothesis, the morphometric measure-
ments of brainstem structures of PD patients with and without 
MCI were compared. Moreover, considering that these techniques 
are easily replicable in a clinical practice of movement disorders, 

an exploratory analysis was conducted to test the use of brainstem 
morphometric measurements as a proxy of cortical thickness.

This study is part of the Parkinson Cognitive Impairment Study 
(PACOS), a multicenter study on cognition in PD conducted in two 
centers in Sicily, Italy.

MATERIAL S AND METHODS

Study population

Patients affected by PD were retrospectively selected from the 
Neurologic Unit of the Policlinico Vittorio Emanuele in Catania and 
the Memory and Parkinson's Disease Center of the Policlinico Paolo 
Giaccone in Palermo, during a 6- year period (2011– 2016).

Patients were included in the present study if they underwent 
an MRI with the measurement of brainstem structures, which is rou-
tinely performed in our centers for all the parkinsonian syndromes. 
Patients with morphological abnormalities, severe vascular disease, 
intracranial lesions and artifacts on MRI were not included in the 
sample. All patients underwent a neurological examination includ-
ing the administration of the Unified Parkinson's Disease Rating 
Scale— Motor Examination (UPDRS- ME), the Hoehn and Yahr scale 
and a neuropsychological evaluation as detailed elsewhere, also in-
cluding the Mini Mental State Examination (MMSE) and the Frontal 
Assessment Battery (FAB) [3]. The impact of dopaminergic therapy 
on cognitive function was assessed using the Levodopa Equivalent 
Dose (LED) calculation [19]. Patients were classified into PD- NC 
or PD- MCI according to the modified Movement Disorder Society 
level II criteria [2] because language testing was not performed in 
all the patients. Briefly, for each cognitive domain at least two tests 
were performed: episodic memory (Rey's Auditory Verbal Learning 
Test and prose recall test with a delayed recall condition); atten-
tion (Stroop color– word test, Barrage and Trail Making Test part A); 
executive functioning (verbal fluency letter test, FAB and Colored 
Raven's Progressive Matrices); and visuo- spatial functioning (clock 
drawing test and copy of figures). Neuropsychological performance 
was considered as impaired when subjects scored two standard de-
viations below normality cut- off values.

All participants provided a written informed consent and the 
study was approved by the Ethics Committee of the Policlinico 
Paolo Giaccone (approval number 14:03/2018), in accordance with 
the Declaration of Helsinki.

Magnetic resonance imaging protocol and 
image analysis

Patients underwent MRI using a 1.5- T machine (General Electric). 
Traditional T2- weighted dual- echo fast spin echo and fluid- 
attenuated inversion recovery (FLAIR) images were acquired. A 
3D T1- weighted high- resolution spoiled gradient echo (SPGR) 
sequence with a 1.2- mm slice thickness and an isotropic in- plane 
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resolution of 0.98 mm was acquired with the following param-
eters: repetition time 14.8 ms, echo time 6.4 ms, flip angle 25°, 
115 slices, matrix size 256 × 256 and a field of view of 24 cm. In 
order to study brainstem structures, the technique developed by 
Quattrone et al. [17] was used. Briefly, the midbrain area and pons 
area were measured on midsagittal T1- weighted SPGR images as 
follows. A first line passing through the superior pontine notch 
and the inferior edge of the quadrigeminal plate was drawn. A sec-
ond line parallel to the first one passing through the inferior pon-
tine notch was also drawn. The midbrain area was traced around 
the edges of the first line and the midbrain tegmentum above it. 
The pons area was included between the lines along the anterior 
and posterior margins of the pons and the two lines. Measurement 
of the middle cerebellar peduncle (MCP) width was calculated as 
the mean between the left and right peduncles. For the superior 
cerebellar peduncle (SCP) coronal images were generated from the 
T1 SPGR sequences. Considering a section passing tangential to 
the floor of the fourth ventricle, the SCP was measured on three 
consecutive sections and then averaged between left and right. 
The Magnetic Resonance Parkinsonism Index was then calculated 
based on the following formula: (pontine area/midbrain area) × 
(MCP/SCP) [17]. As a supplementary measure of midbrain, the 
midbrain anteroposterior diameter (A- Pdiam) on axial T2 or FLAIR 
images was measured according to the technique described by 
Warmuth- Metz et al. [20]. All the measurements were performed 
by a neurologist experienced in neuroimaging analysis who was 
blinded to the diagnosis of the patients.

Regional cortical thickness measurement

Cortical reconstruction was performed using the FreeSurfer image 
analysis suite, version 5.3, documented and freely available for 
download online (http://surfer.nmr.mgh.harva rd.edu/). Briefly, this 
processing includes motion correction and averaging of multiple 
volumetric T1- weighted images, removal of non- brain tissue using 
a hybrid watershed/surface deformation procedure, automated 
Talairach transformation [21], intensity normalization, tessellation 
of the gray/white matter boundary, automated topology correction 
and surface deformation following intensity gradients to optimally 
place the gray/white and gray/cerebrospinal fluid borders at the 
location where the greatest shift in intensity defines the transition 
to the other tissue class [22]. Images are then carefully checked for 
skull stripping errors. Once the cortical models are complete, a num-
ber of deformable procedures can be performed for further data 
processing and analysis including surface inflation, registration to a 
spherical atlas which is based on individual cortical folding patterns 
to match cortical geometry across subjects, parcellation of the cer-
ebral cortex into units with respect to gyral and sulcal structure [23] 
and creation of a variety of surface- based data including maps of 
curvature and sulcal depth. This method uses both intensity and 
continuity information from the entire 3D MR volume in segmen-
tation and deformation procedures to produce representations of 

cortical thickness, calculated as the closest distance from the gray/
white boundary to the gray/cerebrospinal fluid boundary at each 
vertex on the tessellated surface [22]. Individual surface maps are 
registered to a common average surface and then smoothed using a 
Gaussian kernel of 10 mm full width at half- maximum. The following 
brain areas were considered for the regional analysis, as described 
by Desikan et al. [23]: bilateral caudal anterior cingulate gyri, caudal 
middle frontal gyri, isthmus cingulate gyri, lateral orbitofrontal gyri, 
medial orbitofrontal gyri, pars opercularis, orbitalis and triangula-
ris of inferior frontal gyri, precentral and postcentral gyri, cuneus, 
precuneus, rostral anterior cingulate gyri, rostral middle frontal gyri, 
superior frontal gyri, frontal pole, entorhinal cortex, fusiform gyri, 
inferior parietal gyri, inferior temporal gyri, lateral occipital gyri, lin-
gual gyri, middle temporal gyri, parahippocampal gyri, pericalcarine 
gyri, superior temporal gyri, superior parietal gyri, supramarginal 
gyri, temporal pole, transverse temporal gyri and insular cortex.

A cross- sectional vertex- by- vertex analysis in FreeSurfer was 
performed to assess cortical thickness patterns in PD patient 
subgroups according to their cognitive status using a general lin-
ear model, corrected by gender, age, disease duration, LED and 
UPDRS- ME. Maps showing comparisons were obtained by thresh-
olding the t statistic at p = 0.01, Monte Carlo corrected for multiple 
comparisons.

Statistical analysis

The data were analyzed using STATA 12.1 software packages. 
Variables were described using means and standard deviations 
for continuous variables and frequencies for qualitative variables. 
Student's t tests and chi- squared tests were used to compare means 
and frequencies, respectively.

To evaluate the possible association between MCI and brain 
structures, an unconditional logistic regression analysis was per-
formed considering MCI as the outcome variable. The odds ratios 
(OR) with 95% confidence intervals (CI) and p value (two- tailed test, 
a = 0.05) were calculated. For each brainstem structure a multi-
variate model was manually constructed using the likelihood ratio 
test to compare the log- likelihood of the model with and without 
a specific additional variable. Parameters were used in the model if 
they had an association in the univariate analysis with a threshold 
of p = 0.10 and considering age, sex, disease duration and years of 
schooling as a priori confounders. The association between a general 
cognitive test (MMSE) and an executive function cognitive test (FAB) 
and brainstem structures was tested using a multivariate linear re-
gression model. To test the classification power of the significant re-
gions of interest, a regression receiver operating characteristic curve 
model was constructed.

In order to test the relationship between regional cortical thick-
ness and brainstem structures, a correlation using the Spearman 
coefficient was conducted with brainstem structures significantly 
associated with MCI in the multivariate analysis and cortical struc-
tures. This correlation analysis was done separately also for PD- NC 
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and PD- MCI. The results of the correlation analysis have been cor-
rected using the false discovery rate method.

RESULTS

The full measurement of brainstem structures was available for 168 
subjects (25.5%) from the original PACOS cohort [3], of whom 67 
(39.9%) were diagnosed with PD- MCI. Demographic and clinical 
characteristics as well as brainstem measurements of the entire sam-
ple are reported in Table 1. Disease duration was significantly longer 
for PD- MCI compared to PD- NC, with PD- MCI patients showing 
fewer years of schooling. No significant differences were found 
between PD- NC and PD- MCI for UPDRS- ME score or Hoehn– Yahr 
stage. Moreover, PD- MCI patients showed midbrain area, A- Pdiam 
and MCP width values lower than PD- NC patients. In the univariate 
analysis, disease duration was positively associated with PD- MCI, 
whilst years of schooling, MMSE score, FAB score, midbrain area, A- 
Pdiam and MCP were negatively associated with PD- MCI (Table 1).

To test the association of PD- MCI for each of the brainstem 
structures, a separate multivariate model including age, sex, dis-
ease duration and years of schooling was constructed. No as-
sociation with the pons, MCP, SCP and Magnetic Resonance 
Parkinsonism Index was found. A significant association was found 
only for the midbrain area (adjusted OR [adjOR] 0.98; 95% CI 
0.96– 0.99; p = 0.048) and for the A- Pdiam (adjOR 0.63; 95% CI 
0.46– 0.86; p = 0.005). Adding LED did not improve the fit of the 

models (likelihood ratio test p = 0.589 and p = 0.113 respectively). 
The linear regression between MMSE and brainstem structures 
did not yield significant results in the univariate analysis (midbrain 
coefficient 0.001; 95% CI −0.32 to 0.13; p = 0.819; A- Pdiam co-
efficient −0.09; 95% CI −0.32 to 0.13; p = 0.413). Regarding the 
association between the FAB scale and brainstem structures, in the 
univariate analysis a borderline significant association was present 
only with the midbrain area (coefficient 1.01; 95% CI −0.12 to 2.16; 
p = 0.08) and not with the A- Pdiam (coefficient 0.02; 95% CI −0.04 
to 0.08; p = 0.576). However, in the multivariate analysis, no associ-
ation was found with midbrain (coefficient −0.007; 95% CI −0.029 
to 0.014; p = 0.476).

Cortical thickness analysis

A subgroup of patients (n = 121; 72%) had an available MRI se-
quence for the cortical thickness analysis, whilst 47 (28%) did not. 
Comparing the two groups, there were no differences for age 
(64.1 ± 9.8 vs. 64.4 ± 10.1 years, respectively; p = 0.8), sex distribu-
tion (men 59 [48.8%] vs. 25 [53.2%]; p = 0.6), UPDRS- ME score 
(31.6 ± 11.4 vs. 33.6 ± 14.8; p = 0.3), disease duration (4.8 ± 4.8 
vs. 6.4 ± 6.8 years; p = 0.09) and years of schooling (9.6 ± 4.6 vs. 
8.2 ± 4.9 years; p = 0.08). Comparison between PD- NC and PD- 
MCI showed reduced cortical thickness in PD- MCI in the follow-
ing areas: left and right lateral orbitofrontal cortex (Table 2 and 
Figure 1).

TA B L E  1  Demographic characteristics of the sample and univariate analysis

Total (n = 168) PD- NC (n = 101) PD- MCI (n = 67) OR 95% CI p value

Age 64.2 ± 9.8 63.1 ± 10.6 65.9 ± 8.4 1.03 0.99– 1.06 0.07

Sex (men), n (%) 84 (50) 45 (44.6) 39 (58.2) 1.7 0.92– 3.23 0.08

Disease duration (years) 5.2 ± 5.4 4.5 ± 4.7 6.3 ± 6.2 1.06 1.01– 1.13 0.046

Years of schooling 9.3 ± 4.7 10.4 ± 4.5 7.5 ± 4.5 0.86 0.79– 0.93 <0.001

MMSE 27.3 ± 2.0 27.6 ± 2.0 26.7 ± 1.9 0.81 0.69– 0.95 0.009

FAB 14.9 ± 3.2 15.9 ± 3.1 13.4 ± 2.7 0.65 0.56– 0.77 <0.001

UPDRS- ME 32.1 ± 12.9 31.1 ± 12.1 33.7 ± 12.9 1.01 0.99– 1.04 0.210

Hoehn and Yahr 2.2 ± 0.7 2.2 ± 0.6 2.3 ± 0.7 1.29 0.79– 2- 08 0.299

LED 339.6 ± 437.1 288.8 ± 393.6 415.4 ± 488.2 1.00 0.99– 1.00 0.069

Brainstem measurements

Midbrain 137.1 ± 24.4 141.6 ± 22.9 130.3 ± 25.2 0.98 0.96– 0.99 0.004

Pons 533.7 ± 57.0 539.6 ± 61.9 524.9 ± 5.6 0.99 0.98– 1.00 0.105

MCP 9.1 ± 0.8 9.2 ± 0.9 9.0 ± 0.8 0.62 0.41– 0.93 0.024

SCP 3.9 ± 0.3 4.0 ± 0.3 3.9 ± 0.3 0.37 0.12– 1.13 0.083

MRPI 9.3 ± 1.8 9.1 ± 1.7 9.6 ± 1.9 1.15 0.96– 1.37 0.111

A- Pdiam 16.2 ± 1.4 16.5 ± 1.2 15.8 ± 1.6 0.63 0.48– 0.83 0.001

Abbreviations: A- Pdiam, midbrain anteroposterior diameter; CI, confidence interval; FAB, Frontal Assessment Battery; LED, Levodopa Equivalent 
Dose; MCI, mild cognitive impairment; MCP, middle cerebellar peduncle; MMSE, Mini Mental State Examination; MRPI, Magnetic Resonance 
Parkinsonism Index; NC, normal cognition; OR, odds ratio; PD, Parkinson's disease; SCP, superior cerebellar peduncle; UPDRS- ME, Unified 
Parkinson's Disease Rating Scale— Motor Examination.
Significant p values are in bold.
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Receiver operating characteristic analysis

The full model considering midbrain, A- Pdiam and left and right 
lateral orbitofrontal thickness showed an area under the curve of 
0.714.

Correlation of morphometric brainstem areas with 
cortical thickness

No correlations were found between midbrain structures and bi-
lateral lateral orbitofrontal cortex either in PD- MCI or in PD- NC. 
Moreover, a correlation analysis for the whole sample did not show 
any association with cortical areas after multiple comparison correc-
tion (Table S1).

DISCUSSION

Neuroimaging has been widely used to study the characteristics of 
PD patients with cognitive impairment [24]. Indeed, several stud-
ies have evaluated the morphometric measurements of brainstem 
structures, usually with the aim of improving accuracy when making 
a diagnosis of atypical parkinsonism [17]. In particular, midbrain at-
rophy is recognized as a peculiar feature of progressive supranuclear 
palsy [17]. However, to the best of our knowledge this is the first 
study focused on the possible relationship between morphometric 
measurements of brainstem structures and PD- MCI.

The results of our study showed the association between 
atrophy of the midbrain and PD- MCI. Our finding, in line with a 
VBM study [9], suggests that midbrain atrophy could be a poten-
tial proxy of MCI in PD. Additionally, a significant difference in 

Contrast Region
Cluster 
size T x y z

PD- NC > PD- MCI

Left hemisphere Lateral 
orbitofrontal

2224 4.89 −15.0 27.4 −20.8

Right hemisphere Lateral 
orbitofrontal

1029 3.69 16.1 41.7 −20.8

Note: Coordinates (x, y, z) are in Talairach space. Results are shown at a statistical threshold of 
p = 0.01, Monte Carlo corrected, accounting for gender, age, disease duration, years of schooling, 
LED and UPDRS- ME.
Abbreviations: LED, Levodopa Equivalent Dose; MCI, mild cognitive impairment; NC, normal 
cognition; PD, Parkinson's disease; UPDRS- ME, Unified Parkinson's Disease Rating Scale— Motor 
Examination.

TA B L E  2  Cortical thickness comparison 
between PD- NC and PD- MCI

F I G U R E  1  Patterns of cortical 
thickness between PD- NC and PD- MCI. 
Warm colors represent decreased cortical 
thickness. The color bar represents t 
values. p < 0.01, adjusted for age, gender, 
disease duration, LED and UPDRS- ME and 
corrected for multiple comparisons using 
Monte Carlo correction. Abbreviations: 
L, left; LED, Levodopa Equivalent 
Dose; MCI, mild cognitive impairment; 
NC, normal cognition; PD, Parkinson's 
disease; R, right; UPDRS- ME, Unified 
Parkinson's Disease Rating Scale— Motor 
Examination. [Colour figure can be viewed 
at wileyonlinelibrary.com]
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cortical thickness of bilateral lateral orbitofrontal cortex between 
PD- NC and PD- MCI was also found. Of note, no correlation was 
found between midbrain morphometric measurements and the 
above- mentioned cortical areas, although the involvement of 
midbrain structures and frontal cortex in PD- MCI might indirectly 
represent the interplay of the mesolimbic and mesocortical path-
ways originating from the ventral tegmental area located in the 
midbrain, whose projections affect frontal areas [25, 26]. Another 
point is noteworthy: cognitive pathology in PD is mainly charac-
terized by impaired performance in executive function tasks [5], 
the latter depending on abnormality in the fronto- striatal loop 
which connects frontal cortical regions and basal ganglia struc-
tures (thalamus and midbrain). Based on this assumption, it was 
hypothesized that the atrophy of the midbrain may be part of a 
generalized degeneration of this circuit. However, the correlation 
analysis only supports the functional association between the 
midbrain and frontal cortical areas, without giving any further 
insight on PD- MCI underlying pathology. Nevertheless, the pro-
gressive involvement of these structures can cause impairment in 
executive functioning, as confirmed by several studies in PD- MCI 
patients using VBM [9, 27]. Moreover, in longitudinal studies, PD- 
MCI converters showed faster progressive atrophy of frontal and 
temporal cortical areas compared to PD- NC [28]. Of interest, in 
line with our results, a recent study by Wang et al. [29] showed 
that the presence of an abnormal white matter structural organi-
zation in PD- MCI patients mainly involved the orbitofrontal net-
work. Additionally, our results are also supported by functional 
studies investigating brain metabolism by means of fluorodeoxy-
glucose positron emission tomography, showing the presence of 
reduced cerebral glucose metabolism in the frontal cortex [30] 
and midbrain nuclei [31] in PD patients, pointing out the interplay 
between nigrostriatal pathway impairment on frontal metabolism, 
and suggesting the involvement of the midbrain in the pathogen-
esis of cognitive deficits associated with frontal dysfunction. The 
lack of association between midbrain measurements and cortical 
thickness might be related to both the small sample size and the 
different spatial measures used in the two methodologies (linear 
measurements vs. algorithm generated cortical thickness).

Our study has some limitations that should be taken into con-
sideration. First, all the MRI measurements have been performed 
manually and thus may be prone to operator variability. However, 
in our sample all the analyses have been performed by the same 
neurologist expert in neuroimaging and blinded to the diagnosis of 
the assessed subjects. Secondly, due to the cross- sectional nature of 
our study, it was only possible to assess an association rather than a 
causation; however, the reverse association between the presence 
of PD- MCI and the subsequent development of midbrain atrophy is 
biologically implausible.

On the other hand, our study has several strengths. First, the 
presence of MCI was assessed in a relatively large sample of PD pa-
tients, diagnosed according to the Movement Disorder Society level 
II criteria. Furthermore, although only for a subset of patients, the 
presence of both midbrain atrophy measured with a morphometric 

methodology and reduced frontal cortical area thickness evaluated 
with cortical thickness analysis as possible neuroanatomical features 
of PD- MCI, has been demonstrated. On these grounds, our method-
ology could be useful in the clinical/research activity of movement 
disorder centers. Indeed, morphometric measurements of the brain-
stem allow for an easy and patient- based assessment of the individual 
brainstem structures, rather than the assessment of the brainstem 
as a whole, as with most of the advanced MRI analysis techniques. 
Furthermore, quantitative measurements of brainstem structures 
have already proved to be useful in the differential diagnosis of parkin-
sonian syndromes [17] and can easily be obtained as part of the nor-
mal diagnostic work- up. A computerized algorithm has been recently 
developed to allow for a standardized measurement of such struc-
tures across different centers [32], allowing for an easy reproduction 
of the results of our study. Finally, since the morphometric measure-
ments of brainstem structures require a specific and not always avail-
able T1 SPGR sequence, the A- Pdiam, which can be manually applied 
on a simple axial T2 brain MRI image, has also been analyzed.

In conclusion, our study demonstrated the role of measure-
ments of brainstem structures with a standardized technique in the 
differentiation between PD- NC and PD- MCI. In order to verify the 
causative association and the predictive function of these measure-
ments, prospective studies on larger cohorts are needed. Moreover, 
studies using advanced MRI protocols (i.e., neuromelanin sequences) 
could provide future relevant insights on the contribution of brain-
stem structures in PD- MCI.
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