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Background: This study investigates the correlation between white matter structural damage and cognitive
impairment in patients with Parkinson’s disease (PD) and mild cognitive impairment (MCI).

Methods: A total of 40 patients with PD were divided into two groups, i.e., a mild cognitive impairment
(PD-MCI) and a normal cognitive (PDN) group, and 20 healthy patients were enrolled as the control group.
Changes in the white matter structure of patients with PD were evaluated using diffusion tensor imaging
(DTI), and cognitive function was evaluated using the Montreal Cognitive Assessment (MoCA) scale and
Mini-Mental State Examination (MMSE). Finally, the correlations between the two groups were analyzed.
Results: The Unified Parkinson’s Disease Rating Scale score was significantly higher in the PD-MCI than
in the PDN group (P=0.008). The total MoCA and MMSE scores in the PD-MCI group were significantly
lower than in the PDN and control groups (P<0.01). Patients in PDMCI group were tested by MMSE
scale, and the abnormal score rate was 60.0%. Among them, 8 PD patients with normal MMSE total score
were found to have mild cognitive impairment by MoCA evaluation. When compared with the PDN and
control groups, the MoCA scores for visual space, which is assessed as part of the MoCA scale and generally
represents bilateral parietal function; naming; memory; and attention were significantly lower in the PD-
MCI group (P<0.001). When compared with the PDN group, the fractional anisotropy (FA) values for the
right parietal and left occipital lobes were significantly lower in the PD-MCI group (P=0.005; P=0.018). The
relationship between MoCA value and right parietal white matter and left occipital white matter was 0.555,
0.474, respectively. A Pearson’s correlation test was conducted to compare the FA values and MoCA scores
of the various brain areas in the PD-MCI group and revealed a significant positive correlation between the
MoCA score and the white matter of the right parietal and left occipital lobes (P<0.01).

Conclusions: Patients with PD experience early cognitive impairment, and the MoCA scale can be used
for early screening. In addition, the D'TT of white matter can highlight early white matter damage. In the
current study, the damaged brain areas displayed by DTI were consistent with areas showing decreased

MoCA scores and were positively correlated with the severity of PD.
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Introduction

Parkinson’s disease (PD) is a chronic degenerative disease
of the nervous system, and its pathogenesis is related
to dopamine dysfunction in the substantia nigra (1). Its
clinical manifestations are static tremor, cogwheel rigidity,
bradykinesia, and abnormal posture and gait. To date,
studies have found that patients with PD may experience
mild cognitive impairment (MCI) and even dementia, as
well as other non-motor symptoms (2,3). Once dementia
occurs, the quality of life and prognosis of patients with
PD are seriously impacted. In the current context, the MCI
ranges between what occurs as a result of normal aging and
what is caused by dementia. In the future, with earlier and
easier diagnosis of PD-MCI, we may be able to effectively
slow its progression and prevent dementia (4).

Due to a lack of objective indicators for the diagnosis
of MCI, its early detection is difficult. Several studies
have revealed a correlation between the onset of cognitive
impairment and white matter lesions (WMLs) (5,6).
However, the correlation between cognitive function and
WMLs is not entirely clear. Diffusion tensor imaging
(DTI) can be used to visually and quantitatively evaluate
the microstructure of the white matter. Some researchers
believe the progression of PD to be closely related to
the degree of damage to the white matter fibers (7), and
PD with dementia is a more serious condition than non-
dementia PD with white matter damage (8). The purpose
of this study is to evaluate the changes in the white matter
structure of patients with PD using DTT, to evaluate the
cognitive function of patients with PD using the Montreal
Cognitive Assessment (MoCA) scale and the Mini-Mental
State Examination (MMSE), and to further investigate the
correlation between white matter structural damage and
cognitive impairment in patients with PD-MCI. We present
the following article in accordance with the MDAR checklist
(available at https://dx.doi.org/10.21037/qims-21-579).

Methods
Subjects

A total of 40 patients with PD who were treated in the
neurology department of our hospital from January 2019
to March 2021 were enrolled in this study, including 19
males and 21 females with an average age of 66.7+7.5 years.
The patients were divided into two groups (n=20 in each)
according to their MoCA score, i.e., the normal cognitive
function (PDN) and MCI (PD-MCI) groups, and 20
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subjects whose gender, age, and cultural backgrounds
matched those of the PD groups were enrolled as a control
group (MoCA score >26 points).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the ethics committee of the First Affiliated
Hospital of the Bengbu Medical College (No. 2020-181),
and all study subjects signed an informed consent form.

Inclusion criteria

() Diagnostic criteria for PD: The European Federation
of Neurological Societies’ guidelines (2013) for the
diagnosis of PD are as follows: (i) the presence of
bradykinesia; (ii) the presence of at least one of the
following symptoms: static tremor, myotonia, and
postural imbalance; and (iii) the presence of the
following three conditions: gradual worsening of the
patient’s condition, effective treatment with L-dopa,
and the course of the disease is >4 y.

(II) Diagnostic criteria for PD with MCI: (i) meeting the
diagnostic criteria for PD published by the Movement
Disorder Society (9); (ii) slow and progressive
cognitive decline confirmed by an informed person
or clinician; (iii) decline in cognitive function in
accordance with a neuropsychological rating scale or
international cognitive rating scale, and a score in at
least one cognitive domain of <1.5x standard deviation
(SD); and (iv) daily life is essentially normal.

(II) Exclusion criteria: (i) Parkinson’s syndrome (including
vascular, metabolic toxic, infectious, traumatic, and
neoplastic syndromes); (ii) patients with PD undergoing
surgical treatment; (iii) patients complicated with
important organ diseases (such as heart, liver, and
kidney disease); (iv) patients with a severe mental
disorder who could not cooperate with the treatment; (v)
patients unable to undergo magnetic resonance imaging
(MRI) scanning due to a metal implant or poor overall
body condition; (vi) a standard self-rating depression
scale score >50; (vii) patients who met the criteria for
PD with dementia (PDD; 2013 version); and (viii)
patients with other diseases that cause dementia (such
as delirium, stroke, depression, metabolic diseases,
medication side effects, and trauma).

Research methods

This study used a combination of a questionnaire survey
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Table 1 Comparison of general data between PD patients with different cognitive function states and control group

Item Control group PDN group PDMCI group P value
Cases 20 20
Gender, n (%)
Male 11 (36.7) 9 (30.0) 10 (33.3) 0.819
Female 9 (30.0) 11 (36.7) 10 (33.3)
Age 66.05+7.870 63.70+7.672 69.70+7.190 0.053
Blood glucose 6.15+1.221 5.76+1.124 5.65+1.074 0.265
Triglyceride 1.70+£0.574 1.72+0.535 1.81+0.629 0.805
Cholesterol 4.45+0.754 4.13+0.994 4.19+1.003 0.595
Smoking, n (%) 8 (38.1) 7 (33.3) 6 (28.6) 0.741
Drinking, n (%) 7 (46.7) 4 (26.7) 4 (26.7) 0.449
Hypertension, n (%) 7 (38.9) 6 (33.3) 5(27.8) 0.720
UPDRS score 33.95+9.849 43.45+11.445 0.008

PD, Parkinson’s disease; MCI, mild cognitive impairment; UPDRS, Unified Parkinson’s Disease Rating Scale.

and clinical examination. All patients and healthy controls
were provided with informed consent forms, which they
signed as confirmation for inclusion in the study.

General information survey: Information about age, gender,
stroke history, blood pressure, blood glucose, triglycerides,
cholesterol, smoking, and drinking were recorded.

The Unified Parkinson’s Disease Rating Scale (UPDRS)
was used to evaluate the condition of all patients with PD.

The Chinese version of the MMSE and MoCA scale
were used to evaluate the cognitive function of the subjects.
The MMSE scoring criteria were as follows: when
uneducated subjects scored >17 points, subjects with <6 y of
education scored >20, and subjects with >6 y of education
scored >24 points, the scores were considered normal. A
MoCA score of <26 indicated cognitive impairment. All the
tests were completed by the subjects themselves.

Diffusion tensor imaging: All subjects underwent a
head scan with a 3.0T MRI machine (GE Healthcare,
UK), and the routine sequences included T'1 weighted
image (WI), T2WI, fluid-attenuated inversion recovery,
diffusion-weighted imaging, and DTI. The DTI images
were processed using an Advantage Workstation 4.4 and the
Functools image analysis software package. The fractional
anisotropy (FA) values of the white matter nerve fibers
in different regions of interest (ROIs) were measured,
including ROIs selected from the bilateral symmetrical
parts of the pons, thalamus, substantia nigra, red nucleus,
frontal lobe, parietal lobe, temporal lobe, and occipital lobe.
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All data were measured three times by two staff members
with the title of deputy chief physician, and the average
values were calculated and used as the results.

Statistical analysis

In this study, the SPSS Statistics version 19.0 software
package (IBM, USA) was used for data analysis.
Measurement data were expressed as mean = SD (¥ + SD)
and were first subjected to an intergroup comparison
using analysis of variance and then subjected to multiple
comparisons among the means using the Student-Newman-
Keuls q test. The count data were expressed as percentages
(%) and compared using the chi-squared test (y). Pearson’s
correlation was used to analyze the associations between the
FA values and MoCA scores in each brain area, and P<0.05
was considered statistically significant.

Results

Comparison of the general data between patients with
Parkinson’s disease with different cognitive functional
states and the control group

There were no significant differences in age and gender
between the PDN, PD-MCI, and control groups (P>0.05).
The UPDRS score was significantly higher in the PD-MCI
group than in the PDN group (P<0.05; see Table I).
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Table 2 Comparison of total scores of MoCA and MMSE between PD patients with different cognitive function states and control group

Item Control group PDN group PDMCI group P value
MMSE score 28.35+1.461 28.80+1.58 25.35+3.68" <0.01
MoCA score 28.40+1.14 27.50+1.32 22.75+1.97 <0.01

Compared with the PDN group *P<0.01, compared with the control group *P<0.01. PD, Parkinson’s disease; MoCA, Montreal Cognitive

Assessment; MMSE, Mini-Mental State Examination.

Table 3 Comparison of MoCA score of different brain areas between PD patients with different cognitive function states and control group

Characteristic Control group PDN group PDMCI group t value P value
Visual space 4.90+0.308 4.75+0.444 3.30+0.979 37.48 <0.001
Naming 2.75+0.444 2.55+0.510 2.15+0.366 9.46 <0.001
Memory 4.70+0.470 4.60+0.598 2.80+1.322 29.49 <0.001
Attention 5.65+0.671 5.40+0.598 4.90+0.788 6.12 0.004
Language 2.65+0.587 2.70+0.571 2.50+0.513 0.70 0.503
Abstract 1.90+0.308 1.85+0.366 1.85+0.366 0.14 0.872
Directional ability 5.85+0.366 5.65+0.587 5.35+0.851 3.66 0.063

PD, Parkinson’s disease; MoCA, Montreal Cognitive Assessment.

Comparison of the total scores on the Montreal Cognitive
Assessment scale and Mini-Mental State Examination
between patients with Parkinson’s disease with different
cognitive functional states and the control group

The total scores on the MoCA and MMSE in the PD-MCI
group were significantly lower than in the PDN and control
groups (P<0.01), but the difference between the scores in
the control and PDN groups was not statistically significant.
The patients in the PD-MCI group were tested using the
MMSE, and the abnormal score rate was 60.0%, but eight
patients with PD with a normal MMSE score were found
to have MCI by the MoCA scale. These results suggest that
when assessing the cognitive function of patients with PD
patients, the sensitivity of the MoCA scale is better than the
MMSE (see Table 2).

Comparison of the Montreal Cognitive Assessment results
for cognitive function in various cognitive domains between
the Parkinson’s disease groups and the control group

The differences between the PD-MCI, PDN, and control
groups in terms of the MoCA scores for visual space,
naming, memory, and attention were statistically significant

(P<0.01; see Table 3).
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Comparison of the fractional anisotropy values between the
Parkinson’s disease mild cognitive impairment and normal
cognitive function groups

When compared with the PDN group, the FA values for
the right parietal and left occipital lobes were significantly
lower in the PD-MCI group (P<0.05). However, the
differences in the FA values for the other brain areas were
not statistically significant (see Table 4 and Figure I).

Pearson’s correlation analysis between the fractional
anisotropy values and the Montreal Cognitive Assessment
scores of various brain areas in the PD-MCI group

An analysis of the FA values and the MoCA scores of
various brain areas in the PD-MCI group using Pearson’s
correlation revealed a significant positive correlation
between the MoCA and the right parietal white matter
(correlation coefficient: 0.555) and between the MoCA
and the parietal white matter of the left occipital lobe
(correlation coefficient: 0.474; P<0.01; see Tuble 5).

Discussion

PD can present with motor symptoms and can also be
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Table 4 Comparison among brain regions in PD patients with different cognitive function states

Position PDN group PDMCI group P value
Pons

Left 0.49+0.073 0.48+0.076 0.684

Right 0.53+0.058 0.51+0.062 0.213
Thalamus

Left 0.36+0.102 0.34+0.108 0.606

Right 0.33+0.103 0.32+0.100 0.935
Substantia nigra

Left 0.71+0.148 0.70+0.136 0.869

Right 0.71+0.080 0.69+0.085 0.512
Red nucleus

Left 0.55+0.081 0.55+0.078 0.870

Right 0.55+0.074 0.53+0.069 0.407
Frontal lobe

Left 0.39+0.081 0.37+0.083 0.628

Right 0.38+0.072 0.37+0.068 0.636
Temporal lobe

Left 0.45+0.093 0.44+0.082 0.668

Right 0.45+0.050 0.43+0.056 0.339
Parietal lobe

Left 0.39+0.054 0.38+0.055 0.390

Right 0.41+0.045 0.37+0.051 0.005
Occipital lobe

Left 0.41+0.068 0.37+0.039 0.018

Right 0.40+0.055 0.39+0.045 0.597

PD, Parkinson’s disease.

accompanied by cognitive impairment, sleep disorders, and
other non-motor symptoms (10,11). Studies have shown
that in people over the age of 65 years, the incidence of PD
is 1.7% (12,13). PD with cognitive impairment has become
a popular topic in neuroscience and includes PD-MCI and
PDD. The cognitive function of patients with PD-MCI
falls between normal cognition and dementia.

By closely focusing on PD-MCI and studying its
pathogenesis and risk factors in detail, early detection and
intervention should be possible and will assist in controlling
or delaying the progression of PD to dementia, thereby
improving the quality of life of patients with PDD.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

An existing study (14) revealed that PD-MCI can
present with impairments in visual space, executive ability,
attention, language function, and memory. This study
revealed no significant differences in age, gender, blood
glucose, and other conventional indicators between the
PD and control groups (P>0.05), and the UPDRS score
of patients with PD gradually increased as cognitive
impairment worsened (P<0.05), suggesting that with the
development of Parkinson’s motor symptoms, cognitive
function will decrease. To some degree, the present study
revealed the sensitivity of the MoCA scale and MMSE in
evaluating PD-MCI, suggesting the possibility of the early
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Figure 1 MR DTT shows white matter fiber bundle shape. MR

DTTI, magnetic resonance diffusion tensor imaging.

detection, diagnosis, and determination of the severity of
PD-MCI, thereby providing a basis for its early prevention
and treatment.

In the current study, patients in the PD-MCI group
were tested using the MMSE, with an abnormal score rate
of 60.0%. However, eight patients with PD who achieved
a normal MMSE score were found to have MCI when
using the MoCA scale. This result suggests that when
screening the cognitive function of patients with PD, the
sensitivity of the MoCA scale is better than the MMSE.
To some degree, the MMSE is influenced by educational
level, which can cause false positive or false negative
results. In addition, memory and attention tests may be
too simple, and there are more language items than non-
language items. Biundo et 4/. (15) used the MoCA scale and
MMSE to evaluate the cognitive impairment of patients
with PD, and the results indicated that both approaches
could identify cognitive impairment in patients with PD.
However, the MoCA scale is more sensitive in this regard
than the MMSE. Some patients with an MMSE score >26
had local cognitive impairment affecting memory and visual
space. However, a total MoCA score <26 suggested that
patients with a negative MMSE test result may still have
MCI, which is supported by the results of the present study.
A possible reason for this may be that when compared with
the MMSE, the items of abstraction, executive function,
reasonably delayed recall, attention, and other cognitive
functions are included in the MoCA scale and, accordingly,
improve the requirements for testing complex visual spatial,
memory, and language abilities.

The mechanism of cognitive impairment caused by
WMLs may be as follows: WMLs result in the destruction
of the integrity of the white matter fibers and interrupt
the connections between the cerebral cortex of the lobes.
As a result, the connection between the two cerebral
hemispheres becomes abnormal, and the neural circuits

Table 5 Pearson’s correlation analysis between FA values and MoCA scores of various brain areas in the PDMCI group

Position Correlation coefficient (r) P value
White matter of right parietal lobe 0.555 <0.01
White matter of left occipital lobe 0.474 <0.01

FA, fractional anisotropy; MoCA, Montreal Cognitive Assessment.
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related to emotion and thinking are damaged (16). DTTis a
new diffusion imaging technology through which an image
is obtained by implementing sensitive gradients in multiple
linear directions. The process is a non-invasive testing
method that can quantitatively analyze the dispersion of
water molecules in cell matter to reveal microscopic changes
in white matter fibers in the brain at the cellular and
molecular levels (17). In addition, FA is the most sensitive
index for reflecting anisotropy between different tissues
and can illuminate the state of injury to the nerve fiber
tissue. The higher the FA value, the more consistent the
fiber shape of the tissue structure. Conversely, when they
are closely arranged, structural damage is indicated. The
FA value can indirectly show the shape and arrangement of
the white matter fiber tracts, which can be used to evaluate
the integrity of the white matter microstructure (18).
More studies are using DTT to explore changes in the
white matter fibers of patients with PD. Braak ez 4/ (19)
conducted a DTT analysis of the striatum in patients with
PD and healthy volunteers, and the results revealed a
significantly lower FA value for the striatum in patients
with PD. Li er al. (20) studied the relationship between
PD with depression and the thalamus using whole-brain
analysis, and the results revealed that the FA values for the
bilateral medial and dorsal thalamus were lower in patients
with PD and depression than in healthy patients and that
the decrease in FA in the thalamus may reflect a decrease in
white matter tracts.

In the current study, when compared with the control
and PDN groups, the MoCA scores revealed that patients
with PD-MCI exhibited a functional decline in visual space,
naming, memory, and attention, and D'TT detection showed
significantly decreased FA values for the right parietal and
left occipital lobes, and the differences were statistically
significant. The Pearson’s correlation analysis between
the FA values and the MoCA scores for various brain
areas in the PD-MCI group revealed a significant positive
correlation between the MoCA score and the FA values of
the white matter of the right parietal and left occipital lobes
(P<0.01). Another study (21) adopted arterial spin labeling
technology to detect the cerebral blood flow in patients with
PD-MCI, and the results showed that when compared with
healthy subjects, the blood flow was lower in the posterior
parietal lobe, the parieto-occipital junction area, and the
precuneus lobe, suggesting that the decline in cognitive
function was related to abnormal brain function in these
areas. Another study (22) indicated that when compared
with patients with normal cognitive function, patients with

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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cognitive impairment exhibited decreased metabolism in the
parieto-occipital lobe and bilateral frontal and middle lobes.
These results comprehensively suggest that the posterior
parietal lobe and parieto-occipital junction may be linked
to episodic memory and visual space. These findings are
supported by the current study.

The present study had some limitations. (I) The
sample size was small, and no dynamic change study was
conducted. It is expected that the correlation between the
deterioration in cognitive function and the aggravation
of white matter damage in the later stage will be further
investigated in future studies. (II) This study only focused
on the relationship between white matter damage and
cognitive impairment. Additional research should include
the relationship between changes in gray matter volume and
cognitive impairment in patients with PD-MCI. (III) For
ethical reasons, D'TT of the white matter was not conducted
in the control group.

In summary, many patients with PD experience early
cognitive impairment. The MoCA scale can be used for
early screening, and the D'TT of white matter can show early
white matter damage. The damaged brain areas displayed
by DTT are consistent with the areas with decreased MoCA
scores and are positively correlated with the severity of PD.
Therefore, the MoCA scale combined with the DTT of the
white matter can provide an important clinical basis for the
early diagnosis of PD-MCI.
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