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2. ABBREVIATIONS

ACE Addenbrooke Cognitive Examination

AUC Area under curve

BDI Beck Depression Inventory

DSM-5 Diagnostic and Statistical Manual of Mental Disorders 5th edition

EQ-5D EuroQol 5D Instrument

EQ-VAS Az ED-5D Visual Analogue Scale

ESS Epworth Sleepiness Scale

HAM-A Hamilton Anxiety Scale

HYS Hoehn-Yahr Scale, Hoehn-Yahr Stage

HRQolL Health-Related Quality of Life

ICD Impulse control disorders

LARS Lille Apathy Rating Scale

MADRS Montgomery-Asberg Depression Rating Scale

MC Motor complications (MDS-UPDRS part IV.)

MDRS Mattis Dementia Rating Scale

MDS Movement Disorders Society

MDS-UPDRS Movement Disorders Society—sponsored Unified Parkinson’s Disease Rating
Scale

ME Motor Examination (MDS-UPDRS part lll.)

M-EDL Motor Experiences of Daily Living (MDS-UPDRS part Il.)

mHYS Modified Hoehn-Yahr Scale

MMSE Mini Mental State Examination

MoCA Montreal Cognitive Assessment

nM-EDL Non-motor Experiences of Daily Living (MDS-UPDRS part |.)

NMS Non-motor symptoms

NMSS Non-Motor Symptoms Scale

PDQ-8 Parkinson’s Disease Questionnaire -8 items version

PDQ-39 Parkinson’s Disease Questionnaire — 39 items version

PDQ-39 SI Parkinson’s Disease Questionnaire— 39 items version Summary Index

PDQL Parkinson’s Disease Quality of Life Questionnaire

PDSS Parkinson’s Disease Sleep Scale

PDSS-2 Parkinson’s Disease Sleep Scale 2nd version

PK Parkinson’s Disease

PK-ICD Patients with Parkinson’s disease and impulse control disorders

Quip Questionnaire for impulsive-compulsive disorders in Parkinson's disease
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ROC

SD

SEM
SES
SF-36
SPECT
VAS
UDysRS
UPDRS

Receiver operating characteristic

Standard deviation

Standard error of measurement
Schwab-England Scale

Short-form 36 Health Survey

Single-photon emission computed tomography
Visual Analogue Scale

Unified Dyskinesia Rating Scale

Unified Parkinson’s Disease Rating Scale



3. INTRODUCTION

The first description of four basic symptoms of Parkinson's disease (bradykinesia,
tremor, rigidity, and postural instability) can be related to Ferenc Papai-Pariz [1]. However,
the disease became well-known to the medical community 127 years later, after James
Parkinson published his famous paper in 1817 [2].

Parkinson's disease is considered to be the second most common neurodegenerative
disease after Alzheimer's disease [3]. There is no clear answer to the question of why PK
develops. In a pathological viewpoint, PK is characterized mainly by the damage to dopamine-
producing cells in the substantia nigra and the presence of a-synuclein-containing Lewy bodies
in certain regions of the nervous system. In addition, the damage of the noradrenergic and
cholinergic neurotransmitter systems can be also responsible for the extremely complex
symptomology of PD. [3].

3.1. CLINICAL STAGES OF PARKINSON'S DESEASE

At the onset of the first symptoms of Parkinson's disease, the death of a significant
proportion of the dopamine-producing cells in the substantia nigra is already assumable. This
also implies the existence of a preclinical state which can be last for years (Figure 3.1).

The progress of Parkinson's disease can be divided into different clinical stages

according to the classification updated in 2014 [9], as shown in Figure 3.1
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Figure 3.1. The clinical stages of PD

3.2. DIAGNOSIS OF PARKINSON'S DISEASE

At present, the diagnosis of PK can only be made by histological examination. However,
careful analysis of the clinical symptoms can allow us to make the clinical diagnosis with
sufficient accuracy. In clinical trials, the diagnosis is mainly based on the UK Brain Bank
Diagnostic Criteria [14, 15]. New clinical criteria system of Movement Disorders Society (MDS)
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available since 2015 [7], however, clinicopathological confirmation of it is still ongoing, so in
my clinical research, the UK Brain Bank Criteria System was used [14, 16].

3.3. SYMPTOMS OF PARKINSON’S DISEASE

3.3.1. Motor symptoms

The starting point for clinical diagnosis is the appearance and detection of motor
symptoms. (Table 3.2)

Table 3.2. The major symptoms of Parkinson’s Disease

Motor (movement related) symptoms Non-motor symptoms
e bradykinesia (a combination of Early-stage symptoms

slowness and motion with decreasing e Nausea

amplitude and / or speed) e Constipation

e rigidity (a type of muscle tone e Hyposmia

enhancement where agonist and e Depressive mood
antagonist muscle tones are abnormally e Apathy

increased) e Anxiety

e tremor e Sleeping disorders

e Daytime sleepiness

Symptoms of advanced stage of the e Fatigue

disease: e Pain

*  Postural instability e Difficulty in concentration

e  Motor complicatons

o Medication duration Symptoms of advanced stage of the
shortened disease:

o ON-OFF fluctuation e Urinary problems

o Biphasic dyskinesia e  Erectile dysfunction

© Dystonia e  Sexual disfunction

o Delayed ON e Salivation

o No ON phenomenon

e Increased sweating
e  Orthostatic hypotension
e Hallucinations

e Neurocognitive disorders

List of the most common and important motor and non-motor symptoms of Parkinson's disease. By dyskinesia is

meant choreiform hyperkinesia and dystonia [17].

As the disease progresses, the effectiveness of the medication will be reduced (wearing
off), along with alternating periods of good and bad movement performance (ON-OFF



fluctuation). Unintentional hypermobility or abnormal posture may also occur (dyskinesia and
dystonia).

3.3.2. Non-motor symptoms
Possible changes in dopamine level play an important role not only in the performance

of various movements, but also in a variety of non-motor areas such as pleasure, motivation,
mood control, rewarding and development of addiction. All of these provide a significant basis
for the diversity of symptoms of Parkinson's disease [18]. In addition, certain problems that
occur during illness can severely impair patients' ability to work, such as sleep disorders,
abnormal fatigue, and reduced ability to concentrate. Cognitive disorders, urinary problems,
and increased salivation in the more severe stages of PK may also have serious consequences
for the quality of life of PK patients.

In some cases, non-motor symptom variability limits patients' health-related quality of
life (HRQoL) more than motor symptoms.



4. OBJECTIVES

In the clinical examination of the non-motor symptoms of Parkinson's disease, | set the
following objectives:

1. In a large cross-sectional study, the incidence and severity of non-motor
symptoms in Hungarian patients with Parkinson's disease were assessed. In
addition to the epidemiological survey, the further aim of my study was to
clarify the role of female sex in quality of life, which is currently controversial
in the literature. (Chapter 5.)

2. Validation of the Hungarian, self-completed version of the Parkinson's Anxiety
Scale, and examination of the basic clinimetric features of the questionnaire.
(Chapter 6.)

3. Assessing the incidence and severity of anxiety among Hungarian PD patients
in a large sample sized clinical trial. (Chapter 6.)

4. Examination of relationship between impulse control disorders and Internet

use and Internet addiction in Parkinson's disease. (Chapter 7.)

| discuss all of the clinical studies in separate chapters, as the patient populations |

studied and the methods | used differ significantly.



5. EXAMINATION OF NON-MOTOR
SYMPTOMS IN PARKINSON'’S DISEASE

Recently the nonmotor symptoms (NMS) of Parkinson’s disease (PD) have been
increasingly recognized as a major burden of the health-related quality of life (HRQol) [20,
21]. There are also NMS symptoms in Parkinson's disease that occur as a side effect of
medication, such as impulse control disorders (ICD) or psychosis. The importance of non-
motor symptoms is further enhanced by the finding that health-related quality of life (HRQoL)
is often more severe than motor symptoms.[22, 33].

The effect of female sex on the onset of PK symptoms has been confirmed by several
studies, including that there may be differences in the appearance patterns of motor and non-
motor symptoms by sex. However, when we examine the health-related quality of life, the
effect of the female sex is not sufficiently clarified. A large number of studies argue that female
sex, as an independent factor, may be a predictor of poorer quality of life, but other studies
suggest that this phenomenon is due to sex-specific non-motor symptomology.

5.1. OBJECTIVE

With the help of my team, we have evaluated the incidence and severity of non-motor
symptoms in patients with Parkinson's disease using a large sample size cross-sectional study.
This has not been studied systematically in Hungarian PK patients with this large sample size.
In addition, we wondered if female sex is able to independently influence health-related
quality of life also independently of other non-motor symptoms in Parkinson's disease.

5.2. METHODS

5.2.1. Patients

In our cross-sectional study 621 Parkinson's patients took part, they were all treated

at the Neurological Clinic of the University of Pécs, patients were diagnosed according to the
UK Brain Bank Criteria System [14].

5.2.2. Assessment of motor symptoms

The severity of Parkinson's disease symptoms was assessed by the Hungarian version
of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS) [40, 41] and the Hoehn-Yahr
Scale (HYS) [42]

5.2.3. Assessment of hon-motor symptoms and quality of life
To get a global view of non-motor symptoms, we used the Non-Motor Symptoms Scale
(NMSS) and the MDS-UPDRS Scale [40, 41, 47].




Presence and severity of sleep disturbances were specifically measured by the
Hungarian validated version of PDSS-2 [48-50], In the meantime, daytime sleepiness was
assessed by the Epworth Sleepiness Scale [51, 52]. Depression, anxiety, and apathy were
assessed by the Hungarian validated versions of the Montgomery Depression Scale (MADRS),
the Hamilton Anxiety Scale (HAM-A) [53], and the Lille Apathy Scale (LARS) [54]. Cognitive
performance was examined by the Hungarian validated versions of Mini-Mental Status
Examination (MMSE,) Addenbrooke Cognitive Examination (ACE) [55], Mattis Dementia Rating
Scale (MDRS) [55], and Montreal Cognitive Assessment (MoCA) [56]. Presence and severity of
impulse control disorders (ICD) were assessed by the questionnaire for impulsive-compulsive
disorders in Parkinson’s disease (QUIP) Health-related quality of life (HRQoL) was measured
by the Hungarian validated version of the disease-specific PDQ- 39 Summary Index (PDQ-39
SlI) [59] and the nondisease specific EuroQol instrument (EQ-5D index value) [60].

5.2.4. Statistical analysis
All statistical analyses were carried out using the IBMSPSS software package (version

22.0.1, IBM Inc., Armonk,NY, USA).: Because data from these scales followed the normal
distribution,mean and standard deviations (SD) were calculated. For group comparisons,
independent samples t-tests were applied. For categorical variables (e.g.,having or not having
a symptom) Chi-square tests were used. A multiple regression modelling using a stepwise
method was initiated to predict the PDQ-39 Sl from various clinical variables. Subsequently,
another multiple regression analysis was performed to predict the EQ-5D index values from
the same variables using a stepwise method.

.3. RESULTS

5.3.1. Demographic data
The subject population consisted of 621 consecutive PD patients (361 males, age: 66.9

1 9.2 years, disease duration: 7.6 + 6.1 years). Two-hundred and forty-seven patients had rigid-
akinetic, 194 had tremor dominant, and 180 had mixed type of PD.

5.3.2. Motor symptoms of PD
Although age at PD onset, disease duration, education years, and severity of motor

symptoms (MDS-UPDRS ME) were comparable between the males and females, men received
significantly higher dosage of antiparkinson medication (725,8 + 594,8 mg vs. 584,7 + 424,5
mg, p=0,001).

Based on the M-EDL MDS-UPDRS, the overall motor symptoms were associated with
similar disabilities in both sexes. Although the axial scores on MDS-UPDRS ME were
comparable, females had significantly worse postural instability (item 3.12) and gaitrelated
disabilities (item 2.12 ).

In the examined population, 39.9% of males and 34.6% of females had fluctuations (p
= 0.181, Chi-square test). Despite of receiving less dopaminergic medication, women had
significantly worse dyskinesia compared to men (UDysRS total score: 35.5 + 18.6 versus 30.1
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+ 17.4 points, resp., p = 0.006). However, the analysis of the patient diaries revealed that both
sexes had comparable ON and OFF time. The only statistically significant difference was the
time of daytime sleep (males: 0.711.2 hours versus females: 0.5+0.8 hours, p = 0.005).

5.3.3. Non-motor symptoms of PD

Based on the 13 screening items of nM-EDL part of MDS-UPDRS, our patientshad an
averageof 8.08+2.78 NMSsymptoms. Female patients had more severe nonmotor symptoms
in general. This finding is congruently supported by the nM-EDL part of MDS-UPDRS (15.1
7.9 versus 13.8 £ 7.5 points, p =0.034) and NMSS scores (64.1 £ 41.1 versus 57.4 £ 41.2 points,
p =0.045).

Among female PD patients the anxiety was not only significantly more frequent (85.0%
versus 76.5%, p = 0.005),but also more severe (HAM-Ascore: 16.0+ 6.9 versus 12.5+ 6.0, p =
0.001). Although the prevalence of depression was comparable between both sexes (76.2%

versus 73.7%, p = 0.386), the severity of depression was worse in women (MADRS score:
14.2+7.6 versus 11.8+8.0, p = 0.003). Similarly, the “Mood problems” section of NMSS
demonstrated more severe affective problems in the female individuals (15.3+12.3 versus
12.4+14.3, p = 0.016).

Based on the Hungarian validated threshold values for PDSS-2, 72.7% of females and
63.4% of males reported sleep-related problems (p = 0.034). Although the female PD patients
had more severe nighttime sleep disturbances (measured by the total score of PDSS-2),
daytime sleepiness was more common (39.3% versus 26.9%, p = 0.001) and more severe
among males.

Based on the screening item of MDS-UPDRS (1.12 orthostatic symptoms) and the
“Cardiovascular” section of NMSS, female patients had more often (71.5% versus 62.6%, p =
0.023) and more severe problems than males (3,8 + 4,1 vs. 2,9 + 3,8 points p = 0.004).

Based on the screening item of MDS-UPDRS (1.9 Pain) and the item 27 of NMSS (Pain),
women had more frequent (76.5% versus 67.3%, p = 0.014) and more severe (4.8 + 3.7 versus
2.1+3.1, p <0.001) pain sensations than men.

Male patients had more frequent (31.6% versus 18.1%, p < 0.001, Chi-square test) and
more severe sexual problems than females (2.9+5.8 versus 1.8+5.2, p = 0.022).

Although the prevalence of apathy was comparable (18.5% versus 21.9%, p = 0.279),
males had more severe apathetic symptoms measured by LARS than females (-20.4 + 10.8
versus -22.8 £ 8.9, p = 0.004).

No statistically significant differences were found between the sexes in the following
symptoms: Neurocognitive symptoms (MMSE, ACE, MoCA, MDRS), urinary, gastrointestinal
and hallucinatory problems and fatigue.

5.3.4. Impulse control disorders in PD
Based on the analysis of QUIP, 21.6% of male and 20.0% of female PD patients had any
type and any degree of ICD problems (p = 0.850). The prevalence and severity of pathological

gambling, compulsive eating, and punding were similar in both sexes. However, men had more
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often hypersexuality (5% versus 0%, p < 0.001) and women had more frequent and severe
compulsive buying (18.5% versus 6.4%, p < 0.001).

5.3.5. Health-related quality of life

Although both male and female PD patients had similar everyday functioning
measured by the SES (75.0 + 16.2 versus 74.1 + 19.4 points, p = 0.636), female patients had
worse HRQoL than males (EQ-5D index value: 0.620 + 0.240 versus 0.663 + 0.229, p = 0.026
and PDQ-39 SI: 27.1 £ 17.0 versus 23.5 £ 15.9, p = 0.010).

5.3.6. Determinants of HRQoL in PD

Multiple regression analysis was performed to estimate the PDQ-39 S| based on

various clinical factors. Using a stepwise method it was found that M-EDL part of MDS-UPDRS
(importance = 0,53; f =0.883, p < 0.001), PDSS-2 total score (importance =0.12; § =0.260, p
< 0.001), MADRS total score (importance = 0.09; 8 =0.423, p = 0.002), sex (coded as 1 = males
and 2 = females, importance = 0.06; f = -3.389, p = 0.010), ME part of MDS UPDRS
(importance = 0,05; f = -0.134, p = 0.012), SES (importance = 0.04; f = -0.124, p = 0.017),
UDysRS total score (importance = 0.03; f =0.166, p = 0.013), HAM-A total score (importance
=0.03; § =0.258, p = 0.019), ACE total score (importance = 0.03; f =-0.118, p = 0.027), QUIP
total score (importance = 0.02; § = 0.667, p = 0.029), and ESS total score (importance = 0.02;
B =0.186, p = 0.038) explain the highest significant amount of variance in the value of the
PDQ-SI score (intercept = 22.433, F(9, 593) = 120.400, p < 0.001, R2 adjusted = 0.741). The
other examined variables did not significantly contribute to the model.

For estimating the EQ-5D index value SES (importance = 0.47; § = 0.006, p < 0.001), M-
EDL part of MDSUPDRS (importance = 0.33; f = -0.010, p < 0.001), PDSS-2 total score
(importance = 0.11; § = -0.004, p = 0.013), ME part of MDS-UPDRS (importance = 0.04; § =
-0.002, p = 0.012), UDysRS total score (importance = 0.03; § = -0.162, p = 0.016), QUIP total
score (importance = 0.03; f =-0.011, p = 0.018), MADRS total score (importance = 0.02; S =
-0.002, p = 0.038), and sex (coded as 1 = males and 2 = females, importance = 0.04; § =0.032,
p = 0.010) contributed significantly to a model (intercept = 0.318, F(4, 309) = 46, 547, p <
0.001, R2 adjusted = 0.608).

5.4. DISCUSSION

5.4.1. Motor symptoms and motor complications
First, we were unable to detect any sex-related differences in the major demographic

data (e.g., age at disease onset, disease duration, and education level) and overall motor
performance. Although females received significantly lower dose of levodopa, the severity of
motor symptoms (MDS-UPDRS ME) and the disability related to motor symptoms
(MDSUPDRSM-EDL) were comparable between both sexes. Despite of the lower overall
levodopa dosage, women had worse dyskinesia measured by UDysRS.

Because previous studies demonstrated that female sex is associated with significantly
worse postural instability and more frequent falls [66-68], therefore, we separately analyzed
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items 3.12 “Postural instability” and 2.12 “Walking and balance” of MDS-UPDRS. In these two
items, women had significantly worse. The other items of MDS-UPDRS M-EDL and ME did not
differ between man and women (data not shown).

5.4.2. Non-motor symptoms
Based on our data, more than 99% of the patients had at least one NMS with an

average number of 8 out of the 13 items screened by theMDS-UPDRS. The most prevalent
NMS problems were fatigue, anxiety, depression, daytime sleepiness, and pain. These findings
are congruent with the literature [70, 71].

Consistent with the previously published data, we demonstrated that anxiety [23, 34,
35], pain [23, 35, 36], nocturnal sleep difficulties, and orthostatic symptoms were more
frequent among female PD patients while the prevalence of sexual dysfunction[23, 38, 39, 72]
and daytime sleepiness were more common among males [23, 73]. Although depression was
similarly common among both sexes [25], the depressive symptoms were more severe in
females [74, 75]. Contrarily, the apathetic symptoms were more pronounced in males despite
of their similar occurrence in both sexes. In our cohort, we could not find any sex-related
differences in the frequency and severity of fatigue. This result is partly contradictory to
previous research data [23, 63, 76, 77].

We did not find significant differences in the prevalence of global ICD symptoms
between both sexes. Though total ICD frequency was similar for men and women, there were
notable sex differences in the frequency of specific ICDs, with hypersexuality more common
in males and compulsive buying and binge eating were more prevalent in women. These sex-
related differences were previously reported [82].

5.4.3. Determinants of HRQoL in PD

The role of sex on HRQoL in PD is highly controversial. In more detail, we can divide

the currently available results into four categories: (1) In some previous studies, no
relationship was observed between female sex and quality of life [83-91, 22]. (2) Studies have
also been published that have not statistically evaluated the influence of sex as an
independent factor on quality of life. [92-94, 20]. (3) Some of the studies published so far have
shown sex differences in the quality of life of Parkinson's patients, but have failed to confirm
the role of the female gender in this. [95, 96] (4) However, there have been many studies that
have shown that female sex is adversely affect the quality of life of Parkinson's patients [97-
104].

Based on the above, it is likely that methodological and sociocultural reasons may be
behind some of the varied, often conflicting results. The present study has shown that feale
sex is able to induce different motor and non-motor symptoms, but as an independent factor,
it can negatively influence quality of life.

It is likely that the sex differences in the symptoms of Parkinson's disease may be due
to the complex mechanism of action of estrogen. Due to its complex mechanisms, estrogen
can influence neurotransmission, dopamine reuptake, production, and excretion. [105].
Animal studies suggest that estrogen may be able to prevent damage to certain neurons [106],
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and possibly because of this, a higher incidence of PK can be identified in men. In addition,
estrogen may also play a role in increasing the bioavailability of levodopa [107], this may
explain the more severe dyskinesia in female PK patients, even with lower dopaminergic
medication [108].

5.4.4. Limits of the study
However, many factors may limit the evaluation of the results obtained, in particular

the monocentric nature of the study and the differences between the tests we use and those
used in the previous studies.

5.5. CONCLUSIONS

For the first time in Hungary, the incidence and severity of motor and non-motor
symptoms in Parkinson's disease were assessed using a large cross-sectional study. Our results
show that 99.1% of patients have some non-motor symptoms, as well as non-motor symptoms
and motor complications more severely in women than in men.

Multivariate stepwise regression analysis has shown that female sex may be
independent predictors of quality of life in Parkinson's disease, independently from non-
motor symptoms. Based on previous studies and our own results, it can be assumed that
socio-cultural differences, different patient samples, and the use of different test batteries
may be behind the often contradictory studies on the effects of female gender.
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6. EXAMINATION OF ANXIETY IN
PARKINSON'’S DISEASE

6.1. INDRODUCITON

One of the most important non-motor symptoms of Parkinson's disease (PK) is
affective problemsAccording to epidemiological studies, anxiety disorders are more
common than depression, with an incidence of 25-49% Along with the feeling of suffering,
anxiety has a serious impact on everyday life and health-related quality of life (HRQoL) [89].

The Parkinson Anxiety Scale (PAS) is a 12-item tool which can be either rated by a
trained professional (observer version) or by the patients themselves (patient-rated
version). The PAS make up three different subscales describing the persistent anxiety (5
items), episodic anxiety (4 items), and avoidance behavior (3 items) [114]. Each item can
be scored on a 5-point Likert scale, with “0” meaning “not or never” and “4” meaning
“severe or almost always” implying a maximum of total score of 48 points. Based on a
multinational, multicenter, and cross-sectional validation study enrolling 360 PD patients,
the PAS had better clinimetric properties than any other existing scale making it a brief and
nevertheless valid and highly reliable tool. The aim of this study to validate Hungarian
version of PAS scale for determining the prevalence and severity of anxiety in a large pool
of Hungarian subjects with PD in a cross-sectional study.

6.2. MATERIALS AND METHODS

6.2.1. Patients
While in the validation part of the study, 190 consecutive patients fulfilling the

clinical criteria for PD were enrolled, another 590 PD subjects participated in the
subsequent part assessing the prevalence of anxiety. Besides recording demographic data
disease-specific data were also noted.

6.2.2. Validation of the Hungarian Parkinson Anxiety Scale
Two native Hungarian speakers fluent in English translated independently the PAS into

Hungarian, and an English speaking psychologist back-translated the PAS into English.
Subsequently, the original and the back-translated versions were compared and any
discrepancies were fixed to achieve the first Hungarian patient-rated and observer-rated PAS.
Cognitive debriefing was applied on 25 patients before field testing.

6.2.2.1. Neurological and neuropsychological assessments

The severity of PD-related symptoms was globally assessed by the Hungarian-
validated version of the MDS-UPDRS [69, 118]. As a part of the MDS-UPDRS, the Hoehn and
Yahr Scale (HYS) was also taken to detect the overall severity of PD. Disease severity was
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categorized as mild (HYS 1 and 2), moderate (HYS 3), and severe (HYS 4 and 5) [119, 120].

The nM-EDL part of the MDS-UPDRS has items evaluating the presence and severity
of 13 NMS including depression and anxiety [69]. To assess nonmotor symptoms globally,
the Nonmotor Symptoms Scale (NMSS) was also included [122, 123]. Severity of
depression was assessed by the Hungarian-validated versions of the Montgomery
Depression Scale (MADRS) [124] whereas, the severity of anxiety was measured by the
Hamilton Anxiety Scale (HAM-A) [53] and the PAS, and apathy was rated by the Lille Apathy
Rating Scale (LARS) [125].

Patients were screened for the presence of mild and major neurocognitive disorders
by validated neurocognitive tests[126] (Montreal Cognitive Assessment, cutoff scores
<23.5 and <20.5, respectively, and Mattis Dementia Rating Scale, cutoff scores <139.5 and
<132.5 points, resp.) [127, 128]. Health-related quality of life (HRQoL) was measured by the
Hungarian-validated version of the disease-specific PDQ-39 Summary Index (PDQ-39 SI)
[129, 130]. Subsequently, the presence of anxiety in accordance with the DSM-5 criteria
[117] was assessed by a trained neuropsychiatrist in the validation phase.

6.2.2.2. Statistical analysis
Statistical Analysis. For variables following the normal distribution (e.g., age, disease

duration), means + standard deviations (SD) were calculated. Data quality was defined as
the proportion of computable data. The criterion for an acceptable amount of missing data
is <10% [131]. For acceptability, the floor and ceiling effect should be kept <15% [132], and
the skewness should range between -1 and +1 [133].

Before the structure of the scale was explored by a factor analysis, the value of
Kaiser-Meyer-Olkin measure of sampling accuracy (KMO) was calculated. A KMO >0.60 is a
minimum requirement; whereas, KMOs >0.90 are considered as excellent for factor
analysis. We accepted only those factors having an eigen value >1 and a Scree test for factor
analysis. In our study, the internal consistency was evaluated by four different approaches
[135]: (1) Cronbach’s a should be >0.70 [136]. (2) Corrected item-total correlation should
be >0.30 for each item. (3) Item homogeneity coefficient should be >0.30 (4) Test-retest
properties (Intraclass Correlation Coefficient, ICC should be >0.6) [49]. The retest
properties of the PAS were analyzed on a subset of patients (n = 89) one day after the initial
examination.

The validity of our study was based on three different methods:

e Convergent validity: The total score and the subscores of PAS were
compared to the “Anxiety” item of MDS-UPDRS and HAM-A. For correlation,
Spearman’s rank correlation coefficients were calculated.

e Internal validity: the correlation between the domains (subscales) should
not be too low (rS< 0.300) or too high (rS> 0.700) either [138].

e Divergent validity: We tested the discriminative validity of the PAS against
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apathy (Lille Apathy Rating Scale), depressive syndromes (BDI and MADRS),
and cognitive functioning (MoCA) by calculating Spearman rank correlation
coefficients [114].

The precision of the PAS was estimated by the standard error of measurement
(SEM), where the value of SEM should be less than the half of the standard deviation.

In order to establish a cutoff value for the total score of the PAS, which can reliably
differentiate PD patients with and without anxiety, we applied receiver operating curve
(ROC) analysis. Patients were categorized by the DSM-5 criteria for anxiety disorders. This
categorization served as the state variable and the PAS total score as the test variable. The
best cutoff value was estimated as the point on the ROC curve closest to the point of (0.1).
Besides, the area under the curve, specificity, sensitivity, and positive and negative
likelihood ratios were calculated for the best cutoff value. After establishing the optimal
threshold for the whole population, separate cutoff limits were calculated for the different
disease severity categories.

All statistical analyses were carried out using IBM SPSS software package (version
24.0.0.1, IBM Inc., Chicago, USA). Statistical significance level was set to 5%.

6.2.3. Determining the frequency of anxiety in Hungarian patients

with Parkinson's disease
Using newly established cutoff score for anxiety, screening was performed on a

large number of Parkinson's patients (n=590). The presence and severity of anxiety was
assessed by the patient-rated version of PAS.

6.3. RESULTS

6.3.1. The validation of Hunagarian Parkinson Anxiety Scale
The subject population consisted of 190 PD patients without major neurocognitive

disorder.

The KMO value was sufficiently high (0.909) to enable a factor analysis. The Scree
test supported a three-factor solution explaining 67.6% of the variance. Using the Principal
Component Analysis extraction method with Promax rotation, we identified the same
factor structure as it was originally described.

The value of Cronbach’s a for the total score and the persistent, episodic, and
avoidance domains was acceptable (0.935, 0.897, 0.828, and 0.724, resp.). All the items
reached the 0.30 threshold value for the item-total correlation. Item homogeneity index
values were acceptable for all subdomains and the total score of PAS. The total score of
PAS demonstrated high Spearman’s rank correlation coefficient with both HAM-A and
MDS-UPDRS “Anxiety” item (0.618 and 0.602). The internal validity for the subdomains of
PAS was acceptable (rS values in the range of 0.300—0.700). The test-retest validity was also
acceptable (ICC = 0.824). As far as the discriminative properties were considered, the total
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score of PAS had poor correlation with LARS (rho = 0.226, p <0 05), MoCA (rho =-0.185, p
< 0 05), and moderate correlation with depression (MADRS rho = 0.536, p < 0 05, and BDI
rho = 0.586, p < 0 05, overall population). In patients without anxiety, the rho values were
0.219 and 0.317 for MADRS and BDI; whereas, in the presence of anxiety, these values
increased to 0.504 and 0.584, respectively. These discriminant values were similar to those
of the original PAS validation study [114] and the Italian language validation study [115].
The precision was acceptable for both the domains and the total score of PAS. Based on
the DSM-5 criteria, 78 patients (41.1%) had an anxiety disorder. Generalized anxiety was
found in 52 (27.3%), agoraphobia and social phobia in 48 patients (25.3%), and panic
disorder in 31 patients (16.3%).

The cutoff value for PAS which best discriminated the presence of anxiety from the
absence was 12.5 points. Therefore a PAS score > 13 points may suggest the presence of
anxiety (sensitivity of 88.6%, specificity of 79.9%, positive likelihood ratio: 2.64, and
negative likelihood ratio: 0.17). The area under the curve (AUC) was 0.847 whereas the ROC
analysis yielded the statistical significance level (p < 0 001). The optimal threshold values
for mild, moderate, and severe disease stages were slightly different (10.5, 12.5, and 13.5
points, resp.). Subsequently, we also calculated the most optimal threshold values for each
subscale (Table 6.2).

Table 6.2. Calculation of the optimal cutoff levels for detecting anxiety based on receiver operating curve

analysis.
Scale Clinical Cutoff Sensitivity Specificity | AUC p-value
correspondence

Total score of PAS Any anxiety disorders 12.5 88.6% 79.9% 0.847 | p<0.001
Persistent anxiety | Generalized anxiety | 9.5 89.3% 81.2% 0.875 | p<0.001
subscale disorder

Episodic anxiety subscale | Panic disorder 4.5 92.1% 81.5% 0.921 | p<0.001
Avoidant anxiety | Avoidant anxiety | 3.5 78.4% 82.4% 0.835 | p<0.001
subscale disorders

Anxiety disorders characterized by avoidance are agoraphobia and social phobia (here taken together as
avoidant anxiety disorders). ROC = receiver operating characteristics; AUC = area under the curve; PAS =
Parkinson Anxiety Scale.

6.3.2. Prevalence of anxiety among Hungarian PD patients

Based on the general threshold (12.5 points), anxiety occurred in 211 patients
(35.8%). While persistent anxiety was found in 172 (29.2%), only 122 patients (20.7%) had
episodic anxiety and another 99 patients (16.8%) had an avoidant anxiety disorder. Patients

with anxiety had more severe PD-related symptoms (higher scores on all domains of MDS-
UPDRS), depressive symptoms (BDI and MADRS), worse neurocognitive performance
(MDRS and MoCA), and worse HRQoL (measured by PDQ-39).
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6.4. DISCUSSION

The aim of the present study was to validate the Hungarian patient-reported version
of the PAS by assessing its fundamental clinimetric properties and subsequently
determining the prevalence and severity of anxiety among Hungarian PD patients. After a
standardized translation and backtranslation of the scale, we initiated a hospital-based
validation study on a large diversity of patients having disease severity from minimal to
severe. Our results demonstrated excellent data quality, high reliability and validity, and
good precision. These findings are consistent with the results of the original [114] and the
[talian [115] validation studies.

Based on the obtained cutoff threshold, we identified the prevalence of anxiety
among Hungarian PD patients of which 35.8% is in the range of the internationally
published rangeA létrejott hatarérték alapjan a magyar PK betegek korében a szorongas
gyakorisaga 35.8% [109, 110]. Similar to previous findings, we also demonstrated that the
presence of anxiety was associated with worse motor performance, cognitive performance,
and more severely impaired health-related quality of life[139, 140].

6.5. CONCLUSIONS

The Hungarian patient-rated version of the Parkinson Anxiety Scale is a valid, highly
reliable, and sensitive tool for assessing the presence and severity of the anxiety symptoms.
Although our uniform threshold value may efficiently identify patients with anxiety, different
threshold values may be utilized for different disease stages.
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7. EXAMINATION OF RELATIONSHIP
BETWEEN IMPULSE CONTROL DISORDERS
AND INTERNET ADDICTION IN
PARKINSON'S DISEASE

Z.1. INTRODUCTION

Although the impulse control disorders (ICDs) and related behaviors are increasingly
recognized as the side effects of antiparkinsonian medications [141], recent studies
demonstrated that compulsive gambling, buying, sexual and eating behaviors, and
hobbyism may present in drug naive Parkinson’s disease (PD) [142] as well. Because PD
patients with ICDs (PD-ICD) usually feel being ashamed of their compulsive behavior, the
majority of them try to hide and deny their overwhelming and uncontrollable problems.

Therefore, the correct and early detection of ICD symptoms is quite challenging.

Analyzing the history and behavior of our PD-ICD patients, we recognized that the
majority of them performed their compulsive gambling and sexual behavior on the
Internet. Moreover, some patients with compulsive buying preferred online shopping over
the traditional shopping methods.

We propose that the overuse of Internet or Internet addiction per se might be an
indicator for the presence of ICDs, and consequently, the additional screening for the
problematic Internet use might help identify PD-ICD patients at earlier stages and higher
sensitivity. Taking into consideration the presumable link between Internet overuse and
ICDs in PD, we designed a prospective study to test the hypothesis that a screening for
excessive Internet use or Internet addiction might improve the identification of PD-ICD
patients.

7.2. MATERIALS AND METHODS
In this study, 150 consecutive PD patients fulfilling the UK Brain Bank criteria

without known ICD were enrolled. Each patient underwent the screening for ICD in the
following sequence:

e The comprehensive neuropsychological examination (including the validated
Hungarian versions of the Montreal Cognitive Assessment, MoCA [127, 128],
Montgomery-Asberg Depression Rating Scale, MADRS [126], Parkinson Anxiety Scale,
PAS [145], and Lille Apathy Rating Scale, LARS[146] for measuring cognition,
depression, anxiety and apathy was assessed

e Patients were asked to rate the QUIP.

e Knowing the findings of the neuropsychological assessments and the QUIP, highly
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experienced healthcare professional assessed the mMIDI.

e Based on the DSM-V diagnostic criteria for gambling disorder [117] and binge eating
[117], and the proposed criteria for compulsive sexual behavior and compulsive buying
[147] the patients were categorized as either having or not having ICD problems. This
categorization is referred to as the standard approach in the manuscript.

e The International Parkinson’s Disease and Movement Disorders Society sponsored
version of Unified Parkinson’s Disease Rating Scale, MDS-UPDRS [118] and the Unified
Dyskinesia Rating Scale, UDysRS [148] if applicable, were assessed. The purpose of
these tests was not only the phenomenological description of patients but also taking
their mind off the topic of ICDs.

e Subsequently, the patients were asked to rate their Internet use by the self-rated
Problematic Internet Use Questionnaire (PIUQ) [149].

e Subsequently, the same health care professional reassessed the mMIDI knowing the
results of the QUIP and PIUQ. If excessive Internet use was detected, specific questions
on the Internet-related habits were also asked. Internet addiction was diagnosed
based on the proposed criteria [150]; whereas Internet overuse was defined as the
excessive use of the Internet not fulfilling the criteria for Internet addiction. Again, the
patients were categorized as either ICD positive or negative (standard+PIUQ
approach).

To compare the two ICD screening methods (standard vs. standard+PlUQ
approaches), nonparametric tests were used (IBM SPSS, version 24.002, Armonk, NY).

7.3. RESULTS
Out of 150 PD patients screened, only 106 patients (70.7%) reported regular
Internet use.

Based on the standard evaluation approach, we identified three patients with
pathological gambling. However, we found six additional patients with online gambling
problems using the standard+PIUQ approach. Therefore, the standard+PlIUQ approach
performed statistically significantly better (p = 0 031, the McNemar test). The gambler PD-
ICD patients identified by only the standard+ PIUQ method had shorter ICD disease
duration (6 2 £ 34 months vs. 18 4 + 7 6 months, p < 0 05), milder symptoms and seemingly
less serious consequences than the patients picked by the standard approach.

Compulsive sexual problems were recorded in two cases with the standard
approach. Based on Internet overuse, another six patients were diagnosed with
hypersexuality-type ICDs. Again the standard+PIUQ screening approach was superior (8 vs.
2 patients, p=0031, the McNemar test). Patients picked by the PIUQ had apparently milder
problems and consequences associated with the ICDs.

As far as the compulsive eating was concerned, both screening methods identified
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the same number of patients.

The standard approach demonstrated compulsive buying in seven subjects,
whereas the standard+PIUQ method picked eight patients (p = 1 000, the McNemar test).

Hobbyism, punding, and other compulsive problems were identified in seven
instances by QUIP and mMIDI alone. Of note, none of the patients reported Internet
addiction per se. Using the standard+PIUQ method, a total of 13 patients were picked. Out
of these patients, 5 had Internet addiction syndrome per se. Therefore, the standard+PIUQ
screening process is superior in identifying hobbyism spectrum ICDs (p = 0 031, the
McNemar test).

While the standard approach identified 19 patients out of 106 (17.9%) with any type
of ICD, the standard+PIUQ screening process picked 29 patients (27.4%, Supplementary
Materials). Therefore, the standard+PIUQ method had a significantly better efficacy (p =0
004, the McNemar test).

In PD-ICD patients, not only the overall PIUQ score was higher (322 +54vs. 192 +
0 4, p < 0.001) but also the nonmotor experiences of daily living MDS-UPDRS and the
dopamine agonist Levodopa equivalent dosage.

Z.4. DISCUSSION

Our pilot study suggests that the screening for problematic Internet use by PIUQ is
an effective, feasible, and easy-to-use add-on method for identifying PD-ICD patients more
efficiently and probably at earlier stages. Based on our results, compulsive gambling
(especially online gambling and betting), hypersexuality, hobbyism/punding, and Internet
addiction per se can be more efficiently identified.

Z.5. CONCLUSIONS

Our pilot study supports the idea that the active screening for Internet overuse or addiction
in a PD population may help identify ICD problems with higher accuracy and presumably at
earlier stages than the standard approach. Further, preferably longitudinal and
multicenter, studies are required to more precisely determine the accuracy of this
screening approach.
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8. SUMMARY OF NEW RESULTS

The results of my clinical research are as follows:
e For the first time in Hungary, we evaluated the incidence and severity of non-
motor symptoms of Parkinson's disease in a large patient population (N = 621).
Our findings contribute to the clinical question of whether female sex, as an

independent factor, leads to poorer quality of life in Parkinson's disease.

e We performed the validation of the Parkinson's Anxiety Scale on a
Hungarian sample to provide a valid, highly reliable, and sensitive tool for
measuring the presence and severity of anxiety symptoms in Parkinson's

disease.

e For the first time in Hungary, we evaluated the frequency and severity of

anxiety in a large sample of patients with Parkinson's disease.

e We have demonstrated that screening for excessive Internet use can more
effectively identify the presence of impulse control disorders. We
hypothesized that surveying the use of the Internet would not only identify

ICD problems with greater accuracy, but also at earlier stages.
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