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Early Detection of White Matter Changes with Cognitive
Decline in Parkinson's Patients

Abstract

Objective:
The aim of this study was to detect changes in white-matter in patients with Parkinson's

disease applied by diffusion tensor imaging to predict cognitive impairment.

Methods:

Montreal cognitive assessment was applied to 50 Parkinson's disease patients to confirm
cognitive decline (M: F = 41:9; age: 62.72+9.07 years).and to 20 Parkinson's disease patients
with no cognitive impairment as a control (M: F =13:7; age 58.95%£11.22). All patients
underwent disease severity testing by:using Modified Hoehn and Yahr Scale, Unified Parkinson
disease rating scale and Diffusion tensor imaging (DTI) for the corpus callosum and cingulum
including their involved parts to define affected tracts.

Results:

In PD with cognitive<impairment subjects, the cognitive affection correlated with
abnormal DTI parameters of the corpus callosum and cingulum. There were FA or MD
differences in both. the corpus callosum and cingulum pathways. These findings were

independent.of age, sex and total white matter volume.

Conclusion:
Patients with Parkinson's disease associated with cognition decline are detected by

tractography changes of the corpus callosum and cingulum.
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Abbreviations

DTI Diffusion tensor imaging

FA Fractional anisotropy

MD Mean diffusivity

MMSE Mini-Mental State Examination
MOCA Montreal Cognitive Assessment

PD Parkinson’s disease

PDD Parkinson’s disease dementia

UPDRS Unified Parkinson disease rating scale
MUH Mansoura University Hospital
PD-NC Parkinson’s disease normal cognition

Introduction

Parkinson’s disease defined as a neurodegenerative disorder diagnosed by cardinal
manifestations, including tremor, rigidity, bradykinesia, and postural instability. Cognitive
dysfunction is a common non-motor manifestation in PD. There were six-fold increased risk for
developing-cognitive impairment accompanies PD Patients with older age those with age above
60 years at disease onset, increased severity and long duration of the disease are risk factors for
development of dementia in PD. Parkinson’s disease dementia is usually subcortical with altered
personality; psychomotor retardation, and memory problems. (1)

Executive dysfunction is one of the most common cognitive impairment reported in PD.
It is considered as an early signs of cognitive dysfunction that involves the prefrontal cortex of
the brain and the dopamine system. White matter changes represent degeneration of axons and

myelin damage, and white matter degeneration is increasingly recognized in patients with PD (2)



DTI as a novel functional MRI sequence has been applied in PD to understand the
mechanisms of various clinical manifestations, it is valuable for assessing the clinical severity
based on an investigation of the correlation between FA in the corpus callosum and cognitive

dysfunction .DTI provides promising biomarkers for the clinical manifestations of PD (3)

The main objectives of our study were to evaluate cognitive dysfunction in a selected
group of PD patients and correlated it with DTI parameters of corpus callosum and cingulum
through evaluation of the role of demographic, socioeconomic, co-existing conditions, disease
severity, and stage of disease progression.

Patients and methods

This is a case control study approved by the Ethical Committee of faculty of medicine,
Mansoura University, conducted on 70 individuals; 50 patients diagnosed as Parkinson’s disease
with cognitive impairment according to UK Parkinson Disease Society Brain Bank clinical
diagnostic criteria and 20 Parkinson’s disease patients with normal cognition as a control.

Patients and controls were selected from the Movement Disorders Clinic at the
Mansoura University Hospital (MUH). Parkinson’s disease patients were consecutively recruited
like controls. All patients and control underwent cognitive testing using the Mini-Mental Status
Examination (MMSE) and Montreal cognitive assessment a quantitative measurement of
multiple domains. of cognition. Disease severity was assessed using the Unified Parkinson
disease rating scale (UPDRS), Modified Hoehn and Yahr Scale.

The. followings were excluded from our study; Parkinson disease patients with history of
repeated . strokes, “repeated head injury, definite encephalitis, neuroleptic treatment at onset of
symptoms, supranuclear gaze palsy, cerebellar signs ,early severe autonomic involvement and

oculogyric crises early severe dementia with disturbances of memory, language, and praxis.

Controls were PD without cognitive impairment. The controls showed no impairment in

the cognitive tests, and had no history of psychiatric diseases.

Our participants underwent thorough medical and neurological history taking and

examination with stress on clinical PD features, coexisting conditions, Motor manifestation of



PD patients by Unified Parkinson disease rating scale (4), Modified Hoehn and Yahr Scale (5)
and Cognitive assessment by Mini-Mental State Examination(MMSE) (6,7) Montreal Cognitive
Assessment (MOCA) (Arabic version) (8). None contrast conventional MR 3 Tesla scanner,
examination including TIWI, T2WI, and FLAIR in axial, sagittal and coronal planes to exclude

any structural lesions.

Diffusion Tensor imaging with fiber tracking (Tractography). Two methods of
determining regional FA and MD in specific tracts are manual region of interest (ROI) analysis
and tractography. Region of interest analysis enables the measurement of FA and MD at
predefined locations on particular slices of a magnetic resonance ‘image. Regions of interest
(ROIs) were manually placed over corpus callosum, 3 regions of corpus callosum ‘were evaluated
(genu, body and splenium). And cingulum tractography : The cingulum was divided into two
regions bilaterally Fiber tracts were required to traverse the most distal points of each segment as
well as a point located midway. Left and right tracts were analyzed separately and values were
averaged over the defined area of interest.

Basic activity of daily living BADL was used for assessing ADL while the brief mood
introspection scale BMIS was used for assessing Behavior and mood. SPSS version 21 software

was used for statistical analysis SPSS version 21.

Results

The age of the studied.groups ranged from 52 to 76 years in patients with PD with
cognitive impairment and from 53 to 65 years in control group. Meanwhile, there is younger age
ranges«in control group but with no statistically significant differences (P= 0.147). Out of the
studied 50 patients with PD with cognitive impairment, 41 patients were males (82%). As regard
the control groups; there were 13 males (65%).



Tablel:- disease severity and cognitive assessment among studied subjects.

Variables

Cases group
(n=50)

Control group
(n=20)

Test of
significance

p-value

Modified Hoehn &
Yahr stage

1

2

2.5

3

2.53+0.49

1 (2%)
17 (34%)
9 (18%)
23 (46%)

1.80+0.48

5 (25%)

13 (65%)
2 (10%)
0 (0%)

t=5.53

<0.001*

<0.001*

Unified Parkinson disease rating scale

Mentation, Behavior
and Mood

9.24+3.05

7.65%1.42

0.029*

Activities of Daily
Living

21.72+6.15

20.95%5.69

0.631

Motor Examination

28.96+4.68

24.30+£3.11

<0.001*

Mini-Mental state
examination

22.28+1.67

29.70%0.65

<0.001*

Montreal
assessment

MC: Monte Carlo test

cognitive

15.88+4.42

29.55+0.68

<0.001*

There were significantly lower MMSE‘and Montreal cognitive scores in the case than in
the control (P<0.001). The severity of PD measured by Modified Hoehn & Yahr was
significantly higher in case than control (P<0.001). In Unified Parkinson disease rating scale,

although there was significant increase in Mentation, Behavior and Mood score as well as motor

examination score in case than control (P=0.029), (P<0.001) respectively, there was no

significant difference of Activities of Daily Living score between the two groups (P=0.631).

Table 2:- Tractography derived DTl parameters for three regions of the corpus callosum and two regions of the
cingulum among the studied groups *

Variables

Cases group
(n=50)

Control group
(n=20)

p-value

FA

0.368+0.05

0.805+0.13

<0.001*

MD

1.07+0.23

0.400+0.04

<0.001*

Number of fibers

26774.4+5227

27446.6+9338

0.703

Corpus callosum region of interest (ROI)

Genu

Genu FA

0.534+0.20

0.974+0.32

<0.001*

Genu MD

0.861+0.12

0.580+0.16

<0.001*

Body

Body FA

0.502+0.14

0.992+0.32

<0.001*

Body MD

0.925+0.16

0.613+0.12

<0.001*

Spelinum

Spelinum FA

0.578+0.161

0.875+0.09

<0.001*




Spelinum MD 0.915+0.09 0.669+0.12 . <0.001*
Cingulum

left anterior
FA 0.457+0.09 0.877+0.14 <0.001*
MD 0.867+0.11 0.524+0.12 <0.001*
Right anterior
FA 0.420+0.09 0.938+0.22 <0.001*

MD 0.859+0.13 0.447+0.13 <0.001*
left posterior
FA 0.507+0.18 0.784+0.08 <0.001*
MD 0.791+0.08 0.528+0.07 <0:001*
Right posterior
FA 0.515+0.11 0.871+0.12 <0.001*
MD 0.810+0.07 0.476+0.13 <0.001*

Among the two studied groups FA of corpus callosum was decreased in cases than
controls so, MD was higher in cases as it showed statistical significant difference (p <0.001).
Moreover, there is no statistical significant difference between cases and control as regard
number of fibers of corpus callosum (p=0.703). In addition, There is decreased of FA and
increased of MD of anterior and posterior part of cingulum in both side in comparison between
case and control groups which had statistically significant difference (p<0.001) (Fig 1).
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Figure (1): FA and MD among cases and control groups



Table (3): Correlation between Modified Hoehn & Yahr stage, Montreal cognitive assessment and other variables in
cases group

Modified Hoehn & Yahr stage Montreal cognitive assessment
R p R p

Disease duration / m 0.832 <0.001* 0.139 0.335
FA 0.022 0.879 0.159 0.276
MD -0.072 0.619 -0.153 0.290
Number of fibers 0.290 0.350 -0.134 0.352
Genu FA -0.079 0.587 0.645 <0.001*
Genu MD -0.145 0.315 -0.610 <0.001*
Body FA 0.124 0.392 0.677 <0.001*
Body MD -0.110 0.448 -0.628 <0.001*
Spelinum FA -0.045 0.759 0.091 0.531
Spelinum MD 0.159 0.269 -0.115 0.427
Left body FA -0.310 0.028* 0.081 0.575
Left body MD 0.050 0.730 -0.052 0.721
Right body FA 0.144 0.319 0.001 0.999
Right body MD -0.121 0.402 -0.269 0.059
Left posterior FA -0.084 0.563 0.639 <0.001*
Left posterior MD 0.086 0.554 -0.694 <0.001*
Right posterior FA 0.024 0.868 0.221 0.123
Right posterior MD -0.086 0.553 -0.014 0.924

Variables

There was high significant positive correlation between modified Hoehn & Yahr stage,
and the duration of Disease .in.cases group (p<0.001). Also, there was significant positive
correlation between the Montreal cognitive assessment and FA of Genu and body of corpus
callosum (p<0.001*) (Fig 2). Montreal cognitive assessment had significant positive correlation
with FA_of posterior part of Left cingulum (p <0.001*) and inverse correlation between the
Montreal cognitive assessment with MD of posterior part of Left cingulum, Genu and body of
corpus callosum (p <0.001*) (Fig 3).Also, there was statistical significant inverse correlation
between the Modified Hoehn & Yahr stage and FA of Left body of cingulum (r = -0.310,
p=0.028%*).
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Figure (2): Scatter diagram for positive correlation between Montreal cognitive assessment and Genu FA.
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Figure (3): Scatter diagram for negative correlation between Montreal cognitive assessment and Genu MD

Table (4): Correlation between Unified parkinson disease rating scale and other variables in cases group

Mentation, Behavior Activities of Daily
Variables and Mood Living

R P r p r p

FA -0.015 0.921 0.501 -0.110 0.453

MD 0.360 0.010* 0.029* 0.218 0.127

Number of fibers -0.073 0.615 0.080 -0.002 0.987

Genu FA -0.092 0.528 0.824 0.003 0.983

Genu MD 0.087 0.546 0.675 0.042 0.772

Body FA -0.080 0.579 0.269 -0.012 0.934

Motor examination




Body MD <0.001*
Spelinum FA 0.076
Spelinum MD 0.054
Left body FA 0.901
Left body MD 0.870
Right body FA 0.942

Right body MD 0.780
Left posterior FA 0.323
Left posterior MD 0.322
Right posterior FA 0.580
Right posterior MD 0.761

There was significant positive correlation between the Mentation, Behavior and Mood
and MD of corpus callosum (Fig4) as well as posterior region of cingulum (Fig5) (P=0.010%),
(p=0.031*) respectively. Also, there was statistical significant positive correlation between

activities of Daily Living scores and MD of Body of corpus callosum (p<0.001) (Fig 6)
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Figure (4):-Scatter diagram for positive correlation between Mentation, Behavior and Mood and MD
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Figure (5 ): Scatter diagram for positive correlation between Mentation, Behavior and Mood and Left posterior MD

Group: Cases group

1784 r=0.525, p=<0.001

1.50

1.00-] ° ‘j?/”_f—’fﬁ;
t 3 — 8 s
H——
{_—-//’;’r_ 2 .

T T T T T
10.00 15.00 20.00 2500 30.00

Activities of Daily Living

Figure (6): Scatter diagram for positive correlation between Activities of Daily Living.and Body MD

Table (5): Linear regression analysis for independent predictors for Montreal.cognitive assessment

Independent predictors Std. Error
Genu FA 3.040
Genu MD 5.039
Body FA 4,603

Body MD 4.048
Left posterior cingulum FA 3.454

Left posterior cingulum 7.099
MD

After linear regression analysis and adjusting confounding factors the following were
independent predictors. for cognitive impairment in PD; Genu FA (R2=17.1%), Body FA
(R2=31.4%) and Left posterior cingulum FA (R2=32.6%).

Discussion

Diffusion Tensor Imaging (DTI) is a novel functional MRI technique that can measure
the thermal motion of water molecules. Distribution is isotropic when water molecules move in
all directions randomly and there is no structure that inhibits their free motion (9).

Our study demonstrated that PD patients experience cognitive impairment, manifested by
significant low scores on MOCA (15.88+4.42) than controls (29.55+£0.68) (p<0.001). That comes
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in agreement with (10) who conducted a study about the findings concerning the typical
cognitive deficits associated with PD.

Tractography derived DTI parameters for corpus callosum and cingulum in our study
showed that Cases had statistical significant decreased FA and increased MD of corpus callosum
in comparison to control (p <0.001). However, there is no statistical significant difference
between cases and control as regard number of fibers of corpus callosum (p=0.703). Also, there
is decreased FA and increased MD of anterior and posterior part of cingulum.in both side in
comparison between case and control groups which had statistically. significant:difference
(p<0.001).this can be explained by white matter microstructural changes .that. may not be severe

in early stages of dementia.

Thais and collegues 2018 (11) who conducted his study on 120 newly diagnosed
patients with early stage Parkinson’s disease (27 with mild cognitive impairment PD-MCI and
93 with normal cognition PD-NC) along with 48 controls agreed with us regarding significant
changes in both DTI parameters, FA decreasing and MD increasing significantly. However,
compared to PD-NC, the PD-MCI group showed significant MD changes. Patients with PD-MCI
had significant lower FA than controls in posterior aspect of cingula (p < 0.05). However,
Katie’s study revealed no difference between PD and PDD regarding FA and MD of corpus

callosum and cingulum (12)

Katie et al., (2017)(12) agreed with us regarding Tractography of the corpus callosum
that revealed correlations of MD values in all regions of the corpus callosum (p<0.05), by using
manual region of interest(ROI) analysis of determining regional FA and MD in specific tracts ,
namely the two anterior and the posterior regions of the corpus callosum.

This study revealed significant positive correlation between UPDRS part I, 11 with MD
of corpus callosum (P=0.01), (P =0.029) respectively. Also showed significant positive
correlation between part | and MD of posterior region of cingulum (p=0.031), where part 1l
showed statistical significant positive correlation with MD of Body of corpus callosum
(p<0.001). This is comes in agreement with (12) (Katie et al., 2017) Parkinson’s disease and
PDD groups had significantly higher UPDRS scores than controls (p<0.05). (Rebecca et
al.,2013) also agreed with that result as he conducted his study on twenty five patients with PD

11



(fourteen males, eleven females) and twenty six healthy controls (thirteen males, thirteen
females) , his study showed that the UPDRS total motor score correlated positively with MD in
white-matter underlying the corpus callosum (p <0.01) (14). These findings suggest that PD is
associated with widespread microstructural degradation and that DTI may have value as an
imaging marker for PD. other studies proved The correlations between nigral dopaminergic
neuronal degeneration and PD severity as characterized by total UPDRS scores have been
observed in PET(15,16)and SPECT(17,18) studies.

Our study showed statistical significant positive correlation’ between: the Montreal
cognitive assessment and FA of corpus callosum and cingulum: (p<0.001). And significant
statistical inverse correlation with MD of Left posterior part of cingulum (p.<0.001) and MD of
Genu and body of corpus callosum (p<0.001). Kamagata et al., (2013), conducted a study which
revealed significant changes in MD (increase) and FA (decrease) in the corpus callosum. It has
been shown that the deterioration of the corpus callosum genu is linked to PD dementia as well
as executive and attention dysfunctions (19), (20).

Limitations of our study include lack of postmortem diagnosis. A side from diagnostic
uncertainty, it is possible that some patients diagnosed with PD also had other comorbid
neurological conditions that may have skewed the outcome of this study. The sample size is
relatively low, and thus power issues make it difficult to reach statistical significance. Not all
patients with PD had measurable cognitive impairment. Thus, it is possible that more
pronounced changes and stronger associations with cognition would have been detected if we
had focused on patients with PD with established MCI. Only FA and MD mean diffusivity were
evaluated, whereas other parameters, such as redial diffusivity, axial diffusivity, were not
explored.

Conclusion

PD patients with cognitive impairment achieve lower scores on MMSE and MOCA. Cognitive
dysfunction in Parkinson disease patients (PD) includes executive dysfunction, visuoperceptual /
visuospatial tasks and impairments in both immediate and delayed story recall. Using DTI

tractography in patients with PD or PDD to determine if subtle pathologic changes are present in
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these white matter tracts. Tractography of corpus callosum and both cingulua revealed
significant decreased FA and increased in MD in case than control group.

Consent and Ethical Approval:

As per international standard or university standard guideline participant consent and ethical approval
has been collected and preserved by the authors.
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