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General introduction

Background

Parkinson’s disease (PD) is a neurodegenerative disorder, with an estimated prevalence of
1,350 per 100,000 in the Netherlands (1). The disease is best known for its characteristic
motor symptoms: brady- and hypokinesia, rigidity, tremor and postural instability.
However, the disease is also accompanied by a variety of non-motor symptoms, including
autonomic failure, cognitive dysfunction, sleep disturbances and neuropsychiatric
disorders (2).

According to Braak’s hypothesis (3), PD is caused by a neuropathological process that
predominately progresses in a caudal to rostral direction through the central nervous
system, from the lower brainstem and olfactory system, via the basal ganglia and thalamus,
to the cortex. The characteristic motor symptoms of PD develop when approximately 50%
of the dopaminergic neurons in the substantia nigra have degenerated (3). In addition,
due to neuropathological involvement of other areas of the brain, non-motor symptoms
are highly prevalent throughout the course of the disease, from the prodromal phase until
the end stage of PD (3, 4). Autonomic failure in PD is mainly associated with brainstem
pathology and includes disturbances in the regulation of blood pressure, gastrointestinal
and urogenital functions (5). Cognitive impairment in PD initially involves executive
disturbances, visuospatial dysfunction and working memory deficits, while episodic
memory remains relatively unaffected (6). At the time of diagnosis, about 15% of PD
patients already fulfil criteria for Mild Cognitive Impairment (MCl) (7). MCl is defined as
a gradual cognitive decline as experienced by the patient or observed by an informant
or clinician, supported by the presence of cognitive deficits on neuropsychological
testing, but insufficient to interfere significantly with functional independence (6). MCl
is a predictor of PD dementia (PDD), with an annual conversion rate from MCI to PDD of
approximately 11% (8).

PD-associated neuropsychiatric disorders include psychosis, apathy, anxiety, depression
and impulse control disorders (ICD) and other PD-related impulsive-compulsive behaviors
(ICBs) (9). Neuropsychiatric disorders in PD have a multifactorial etiology: they result
from a combination of psychological, social and neurobiological factors. Anxiety and
depression can be partially viewed as a reaction to receiving the diagnosis of an incurable,
progressive disease like PD, and the development of disabling motor and non-motor
symptoms leading to loss of independent functioning. However, the neurochemical
changes resulting from the neurodegenerative process also play an important causal
role. In neuroimaging studies, the presence and severity of depression and anxiety in
PD were associated with mesolimbic dopaminergic degeneration (10). In addition to the
dopaminergic system, the noradrenergic, serotonergic and cholinergic systems are also
involved in the pathophysiology of these neuropsychiatric disorders (10). Moreover, PD
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patients are prone to a disturbance of their circadian rhythm, which is a risk factor for
depression and sleep disorders (11, 12).

Sleep, anxiety and depression in PD

Sleep disturbances are common in PD patients, varying from excessive daytime
sleepiness to insomnia (13). More than half of all PD patients experience insomnia, with
sleep fragmentation and early morning awakening being more common than problems
with sleep initiation (14), whereas excessive daytime sleepiness occurs in 20 — 60% (13).
Specific sleep-wake disorders, like Rapid Eye Movement (REM) sleep behavior disorder
(RBD) and restless legs syndrome, occur more frequently in PD patients than in the
general population (15, 16). In RBD, there is a loss of physiological atonia during REM-
sleep, resulting in dream enactments. These dream enactments can be violent in nature
and hence result in injury of either the patient or his/her bed partner (15). Sleep disorders
in PD are not only associated with fatigue, daytime sleepiness and an increased risk of car
accidents due to ‘sleep attacks, they also have a significant impact on quality of life and
the severity of motor and non-motor symptoms (13).

Anxiety disorders occur in approximately one-third of PD patients (17), with about 12%
having multiple comorbid anxiety disorders (18). Anxiety in PD is associated with more
severe motor and non-motor symptoms (19, 20) and a decreased health-related quality
of life (21-23). Generalized anxiety disorder, social phobia and specific phobias are the
most common anxiety disorders in PD patients (17). However, a substantial number of PD
patients experience clinically relevant symptoms of anxiety without fulfilling criteria for
a specific anxiety disorder as defined in the Diagnostic and Statistical Manual of mental
disorders (DSM) (17, 18).

Clinically relevant depressive symptoms are experienced by approximately one third of
PD patients, with an estimated prevalence of major depressive disorder (MDD) of 17%
(24). According to the DSM-5, MDD is characterized by a depressed mood and/or loss of
interest or pleasure (see Table 1) (25). Depression in PD is associated with a more rapid
deterioration of motor and cognitive functioning, greater disability and a higher mortality
rate (26-29). Moreover, depression is the most important neuropsychiatric symptom
influencing health-related quality of life in PD patients (30).
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Table 1: DSM-5 criteria for Major Depressive Disorder (25)

A.

Five (or more) of the following symptoms have been present during the same
2-week period and represent a change from previous functioning; at least
one of the symptoms is either (1) depressed mood or (2) loss of interest or
pleasure.

1. Depressed mood most of the day, nearly every day, as indicated by
either subjective reports or observation made by others;

2. Markedly diminished interest or pleasure in all, or almost all, activities
most of the day, nearly every day;

3. Significant weight loss when not dieting or weight gain, or a decrease

or increase in appetite, nearly every day;

4, Insomnia or hypersomnia, nearly every day;

5. Psychomotor agitation or retardation, nearly every day;

6. Fatigue or loss of energy, nearly every day;

7. Feelings of worthlessness or excessive or inappropriate guilt, nearly
every day;

8. Diminished ability to think or concentrate, or indecisiveness, nearly
every day;

9. Recurrent thoughts of death, recurrent suicidal ideation without a

specific plan, or a suicide attempt or a specific plan for committing
suicide.

The symptoms cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning.

The episode is not attributable to the physiological effects of a substance or
to another medical condition.

The occurrence of the major depressive episode is not better explained by a
schizoaffective disorder, schizophrenia, schizophreniform disorder, delusional
disorder, or other specified and unspecified schizophrenia spectrum and
other psychotic disorder.

There has never been a manic episode or a hypomanic episode.
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Cross-sectional studies provide evidence for a positive association between insomnia,
depression and anxiety (31-34), and anxiety and depression co-occur in approximately
40% of PD patients (35). Moreover, these neuropsychiatric symptoms show overlap with
other PD-related dysfunctions. For example, trembling, perspiration and dizziness can
be attributed to motor or autonomic failure in PD patients, but may also be symptoms
of a panic attack. This symptom overlap makes the diagnostic process in PD patients
more difficult, which may contribute to both under- and overdiagnosis of anxiety and
depression in daily clinical practice (36, 37). To complicate things even further, motor and
psychiatric symptoms in PD have a reciprocal influence. For example, the re-emergence of
motor symptoms in the OFF phase can have a substantial psychological impact, whereas
the visibility of motor symptoms can contribute to the development of social anxiety (23,
38).Vice versa, anxiety and depression are associated with an increase in motor symptoms,
like freezing of gait (39). In addition, the treatment of one PD-related symptom can have
a negative impact on another. For example, treatment with antidepressant medications
can worsen motor symptoms (40). A clinician treating PD patients should therefore
have a holistic view of both diagnosis and treatment, and collaborate closely with other
(para)medical professionals in the case of possible symptom overlap and conflicting
treatment effects. A better understanding of anxiety, depression and sleep disorders,
their interaction and relationship with other PD-related disturbances, will contribute to
improved recognition, diagnosis and treatment of these disorders in PD patients.

Treatment

In daily clinical practice, MDD in PD is commonly treated with antidepressants, including
Selective Serotonin Reuptake Inhibitors (SSRIs), Serotonin and Noradrenalin Reuptake
Inhibitors (SNRIs), Tricyclic Antidepressants (TCAs), and MAO Inhibitors (MAOIs). A recent
meta-analysis by Zhuo et al. (2017) demonstrated a significantly larger reduction of
depression scores as compared to placebo for all antidepressants except for the MAOIs
(41). Moreover, several randomized-controlled trials (RCTs) demonstrated a positive effect
of dopamine agonists on mood and motivational symptoms in PD patients (42, 43). A
potential negative adverse effect of dopamine agonists, however, is the development of
ICD and ICBs (44).

To date, there are no RCTs in PD patients on the pharmacological treatment of anxiety as a
primary outcome measure. However, one RCT studying the effects of antidepressants on
anxiety as a secondary outcome measure suggests a positive effect of TCAs (45).

The pharmacological treatment options for sleep disturbances in PD depend on its causes.
For example, poor sleep due to an overnight increase in parkinsonism may improve with
slow-release formulations of either levodopa or dopamine agonists, while insomnia
associated with depression can be ameliorated with adequate antidepressant treatment
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(46). While sleeping pills are frequently prescribed for insomnia in PD patients (32), only
one RCT on their efficacy was published, showing a positive effect of eszopiclon on the
number of awakenings and sleep quality (47). For the treatment of RBD, there is evidence
for a positive effect of clonazepam and exogenous melatonin (48).

Unfortunately, all pharmacological treatment options have potential adverse effects.
Nausea, somnolence and orthostatic hypotension are reported by PD patients as adverse
effects of both antidepressants and dopamine agonists (49). Moreover, dopamine agonists
can provoke hallucinations, ICD and ICBs, while antidepressants can have anticholinergic
effects which can negatively impact cognitive functioning, and might worsen motor
function (40, 41, 49). Benzodiazepines prescribed for insomnia carry a risk of dependency
and an increased propensity to falls (50). Moreover, adding extra medications can decrease
overall treatment adherence in PD patients (51, 52) and polypharmacy carries the risk
of unfavourable interactions. Therefore, non-pharmacological interventions, like light
therapy (LT), transcranial magnetic stimulation (TMS) and psychotherapy have become
increasingly popular.

The scientific evidence for the efficacy of LT is reviewed in Chapter 6. A systematic review
on the effects of TMS on depression and cognition in PD by Dinkelbach et al. (2017)
showed a positive effect of repetitive TMS of the dorsolateral-prefrontal cortex on mood
(53). One case series on the effects of electroconvulsive therapy (ECT) in PD showed
promising results on both motor function and mood (54), but no further efficacy studies
in PD patients with MDD have been conducted. The efficacy of psychotherapy, especially
Cognitive Behavioral Therapy (CBT), for depression, anxiety and insomnia in PD patients is
supported by an increasing amount of evidence (40, 46, 55). However, for PD patients with
cognitive dysfunction, psychotherapy may not be a feasible treatment option.

Overall, there is insufficient evidence to support the efficacy of either pharmacological
or non-pharmacological treatment options for depression, anxiety and sleep disorders
in PD patients. More well-designed RCTs with a larger study sample and a longer study
duration are needed before we can make strong evidence-based recommendations for
the treatment of these disorders. Due to the potential adverse effects of drug therapy
and the risks of polypharmacy, more research on the feasibility and efficacy of non-
pharmacological treatment options in PD patients is needed.
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Aims and outline of this thesis

This thesis can be divided into two parts. Part 17 aims at gaining a better understanding
of anxiety, depression and sleep disorders in PD, their interaction with one another
and with other PD-related disturbances, providing potential starting points for the
improvement of the diagnostic process in clinical practice. Part 2 focuses on the effects of
non-pharmacological treatment options for anxiety, depression and sleep disorders in PD
patients, including psychological interventions and LT.

To gain more insight in the phenomenon of anxiety in PD, we start Part 1 of this thesis
with a cross-sectional study on anxiety in 294 PD patients, as reported in Chapter 2. We
performed a principal component analysis to explore the underlying ‘factors’ or symptom
dimensions of anxiety covered by the Beck Anxiety Inventory (BAI) (56). The dimensionality
of the BAl in PD patients was studied before by Leentjens et al. (2008), but no satisfactory
factor solution could be found, probably due to heterogeneity of the study sample (57).
In this chapter, we describe the different symptom dimensions of anxiety, as well as their
relatedness to depression, autonomic dysfunction and motor disability.

Since better knowledge of the risk factors for the development of anxiety in PD can
facilitate the recognition of anxiety in daily clinical practice, we studied predictors of
anxiety in patients with early-stage PD in Chapter 3 (58). With the exception of one
longitudinal study assessing the effect of the initiation of dopamine replacement therapy
on the course of neuropsychiatric symptoms in PD (59), all previous studies on predictors
of anxiety in PD had a cross-sectional design. In Chapter 3, we describe the results of
a longitudinal study using data from the Parkinson’s Progression Markers Initiative
(PPMI), an international prospective cohort study that aims to identify markers for the
progression of PD. We assessed the predictive value of 20 different demographic and
clinical characteristics for the course of symptoms of anxiety during two years follow-up
in a subsample of PD patients that were not using any psychopharmacological agents at
baseline.

The results of the studies described in Chapters 2 and 3 show a close relationship between
anxiety, depression and insomnia in patients with PD. However, this does not necessarily
imply a temporal relationship in the course of their development. Based on previous
studies in non-PD samples, two hypotheses were postulated. The first hypothesis, based
on two epidemiological studies in the general population, in which anxiety and depression
were found to precede insomnia, holds that affective disorders increase the risk of sleep
disturbances (60, 61). However, other population-based studies suggest that insomnia
increases the chance of developing an anxiety or depressive disorder (62, 63), giving rise
to the second hypothesis, namely that insomnia is a risk factor for the development of
an anxiety and depression in PD patients (60, 64-66). In Chapter 4, we report the results
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of the first longitudinal study on the temporal relationship between depression, anxiety
and insomnia in PD patients, exploring both hypotheses (67). For this study we used data
obtained during the first six months of follow-up in a subsample of PD-medication naive
patients of the PPMI cohort.

In Part 2 of this thesis, we shift focus from screening and diagnostics to treatment. As
discussed previously, psychological interventions are an attractive alternative to
pharmacological treatment of depression and anxiety in PD patients. Previous meta-
analyses have shown a positive effect of CBT on anxiety and depression in PD (40, 55). In
the last couple of years, mindfulness-based treatments (MBTs) are increasingly popular.
However, up to this date, no meta-analysis has described the effects of MBTs on depression
oranxietyin PD patients.In Chapter 5 we describe a meta-analysis of the available literature
on the effects of both CBT and MBTs on psychological distress, including symptoms of
depression and anxiety, in patients with PD, Huntington’s disease and multiple sclerosis
(68). These three neurodegenerative disorders are thought to have a similar response to
psychotherapeutical interventions since they are all progressive neurological diseases
with a reciprocal interaction between physical symptoms and psychological distress.

Chapter 6 introduces a new treatment option for insomnia and depression in PD. In this
chapter, we introduce the hypothesis that circadian dysfunction is a common underlying
factor for the frequent (co-)occurrence of insomnia and depression in PD (69). In PD
patients, a variety of factors can negatively influence the circadian system, resulting in
desynchronization of the patient’s circadian rhythm with his or her environment, which
is a known causal factor in the development of insomnia and mood disorders (11, 12,
70). In Chapter 6, we discuss the various factors that make PD patients prone to a
desynchronization of the circadian rhythm, and hence the option of using LT to improve
sleep and mood by a restoration of the circadian rhythm.

Although the results of previous studies are promising (71-74), no RCT on the effects of
LT on either motor or non-motor symptoms in PD had been performed up to 2012. In
Chapter 7, we present the results of a multicenter RCT on the safety and effectiveness
of Spectramax LT as an adjunctive treatment for PD. In this study, 92 participants were
randomized to SpectramaxLT (blue/green LED light, 950 lux) or control LT with a bandwidth
and intensity not expected to influence the circadian rhythm (white LED light, 100 lux).
The Spectramax LT device was specifically designed for the treatment of PD patients. Blue
light is more effective than white light in the suppression of melatonin secretion and
the shift of circadian rhythms (75, 76), but PD patients may be less sensitive to blue light
due to yellowing of the lens and other conditions associated with advancing age (77).
The Spectramax LT device was therefore designed to emit narrow band blue/green light.
The primary outcome of this RCT was the change in severity of PD, as measured with the




Chapter 1

composite score of the Movement Disorders Society Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) Parts |, land lll. Secondary endpoints included sleep, neuropsychiatric
symptoms, individual MDS-UPDRS components and quality of life.

In the next two chapters, we zoom in on the effects of LT on depression in PD. Chapters
8 and 9 demonstrate the study design and results, respectively, of an RCT studying the
efficacy of LT on depressive symptoms, as compared to a control condition (78, 79). In the
clinical trial presented in Chapter 9, we randomized 83 PD patients with PD and MDD to
treatment with Bright LT (daylight spectrum light, 10,000 Lux) or a control light (daylight
spectrum light, 200 Lux). The primary outcome of the study was the Hamilton Depression
Rating Scale (HDRS). Secondary outcomes were objective and subjective sleep measures
and salivary melatonin and cortisol concentrations.

The final chapter, Chapter 10, provides a summary of the findings and a review of all
study results in the context of the existing literature. This chapter includes a discussion
of the methodological limitations and the clinical implications of our study findings, and
highlights potential future directions for research on depression, anxiety, sleep disorders
and circadian dysfunction in PD.
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Abstract

Introduction

Anxiety disorders are highly prevalent in patients with Parkinson’s disease (PD)
and have a major impact on wellbeing. They nevertheless receive limited scientific
attention. This study aimed to establish the symptom dimensions of anxiety in PD,
and their relationship with depression, autonomic failure and motor symptoms.

Methods

In this cross-sectional observational study, symptoms of anxiety were measured with
the Beck Anxiety Inventory (BAI) in 294 PD patients. Symptom dimensions of anxiety
in PD were explored through principal component analysis (PCA) of BAI items. The
relationship between anxiety and depressive, autonomic and motor symptoms was
assessed through PCA and regression analyses.

Results

Clinically relevant symptoms of anxiety were present in 45% of patients. PCA of the
BAI resulted in five subscales, corresponding to a single affective and four somatic
symptom dimensions (thermoregulation, hypotension, hyperventilation and trembling)
of anxiety. Symptoms of anxiety and depression displayed a large overlap. All somatic
BAl subscales were significantly influenced by motor and autonomic symptoms, while
the affective subscale was not.

Conclusion

Anxiety in PD comprises affective and somatic symptom dimensions. The affective
subscale of the BAIl is not influenced by motor or autonomic symptoms, and may
therefore prove useful for future research. Scores on the somatic subscales of the
BAIl were associated with autonomic failure and motor impairment, demonstrating a
strong interplay between motor and non-motor symptoms in PD. These results stress
the importance of a holistic approach of anxiety in PD.
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Introduction

Despite a high prevalence and a major impact on daily functioning and quality of life
in patients with Parkinson’s disease (PD), anxiety has only recently attracted scientific
attention. Estimates suggest that 40-50% of PD patients experience clinically relevant
symptoms of anxiety (1, 2), and approximately one third suffers from an anxiety disorder as
specified by the Diagnostic and Statistical Manual of mental disorders (DSM) IV-TR criteria
(1-4). Generalized anxiety disorder, social phobia and anxiety disorder not otherwise
specified (NOS) are most frequently diagnosed in this population (2, 3, 5). Anxiety
disorders are more common in PD patients than in the general population, in primary
care clinics or in patients with other chronic medical conditions, where prevalence rates
vary between 5 and 11% (4). Anxiety in PD patients is associated with increased subjective
motor symptoms (6), more severe gait problems (7), dyskinesias (7), freezing (8), motor
response fluctuations (6), and a decrease in health-related quality of life (9).

In clinical practice, anxiety disorders are often underdiagnosed in PD patients (10). In a
large proportion of patients with PD that report clinically relevant anxiety, the symptoms
do not meet the criteria of a discrete DSM-IV disorder and are therefore classified as
an anxiety disorder NOS (3). This suggests that anxiety disorders may have an atypical
presentation in this population. The poor recognition of anxiety might also be explained
by the overlap and interaction with PD-related motor and non-motor symptomes, such as
depression, motor symptoms and autonomic failure.

An improvement of the diagnostics of anxiety in PD could be aided by an in-depth study of
the symptom dimensions covered by self-report questionnaires such as the Beck Anxiety
Inventory (BAI) (11) and their relatedness to other motor and non-motor symptoms.
Factor analysis is a statistical technique that can help to explore the underlying factors
or symptom dimensions covered by a questionnaire. In non-PD samples factor analysis
has shown that the BAI comprises cognitive and somatic factors and that the BAl is able
to differentiate between symptoms of anxiety and depression (12, 13). Dimensionality of
the BAl in PD patients was only addressed in a single study (14), but no satisfactory factor
solution was found, possibly due to the heterogeneity of the study sample.

In the present study, we analysed the symptom dimensions of the BAI within a large

sample of PD patients. Secondly, we assessed the overlap of symptoms of anxiety with
depression, autonomic dysfunction and motor disability in PD.
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Methods
Subjects

For this cross-sectional study, we used data collected during routine clinical assessments at
the outpatient clinic for movement disorders of the VU University medical center (VUmc)
in Amsterdam, the Netherlands, between May 2008 and January 2013. In this period, 383
PD patients were assessed. Patients were clinically diagnosed with idiopathic PD using
the United Kingdom PD Society Brain Bank (UKPDSBB) criteria. The clinical diagnosis was
supported by both magnetic resonance imaging (MRI) and dopamine transporter single-
photon emission computed tomography (DAT-SPECT) scans in 244 patients, by MRI only in
37 patients and by DAT-SPECT scan only in 23 patients. In the remaining 79 patients, no
brain imaging was performed. All included patients gave written informed consent to use
their clinical data for scientific purposes. Patients with severe cognitive decline, defined as
a Mini Mental State Examination (MMSE) score < 24, were excluded.

Measurements

Anxiety

Symptoms of anxiety were measured with the BAI. The BAIl is a 21-item self-report
instrument asking for symptoms of anxiety over the past week (11). Patients answer on
a four-point Likert scale, ranging from 0 (not at all) to 3 (severely). In patients with PD,
clinically relevant anxiety is defined as a BAl-score > 12 (14). This cut-off score is lower than
in the general population, due to a lower construct validity of the BAl in PD patients (14).

Clinical and demographic factors

Age, gender and the use of dopaminergic medication (0 = no, 1 = yes) were registered for
use in statistical analyses. The independent variables of major interest were symptoms
of depression, motor dysfunction and autonomic failure. We evaluated symptoms of
depression with the Beck Depression Inventory (BDI) (15). Severity of motor symptoms
was assessed using section lll and V (Hoehn and Yahr stage) of the Unified Parkinson
Disease Rating Scale (UPDRS) (16). We used the Scales for Outcomes in Parkinson’s disease
— Autonomic (SCOPA-AUT) (17) to assess autonomic failure. The SCOPA-AUT includes
five questions on sexual function: item 22, 23 and 23a apply to men, and item 24 and 25
to women. The answers to these questions were unreliable on multiple occasions, e.g.
patients choosing “not applicable” for all five items, or male patients answering question
24 or 25. Therefore, we decided to exclude the sexual items of the SCOPA-AUT from the
analyses.
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Statistical analyses

We performed all analyses using IBM SPSS Statistics 20 for Windows. The significance level
was set at p < 0.05 with two-sided testing. Acceptability of missing values on the BAI,
BDI and SCOPA-AUT was determined as less than 16.67% of items. In the event of more
missing data, we excluded the patient for the analysis by pair-wise exclusion. When less
than 16.67% of data was missing, we filled in missing values by mean imputation. We
performed no imputation of missing data on the UPDRS-II, since we considered this to be
unreliable for this scale.

In the first analysis, we assessed dimensionality of the BAI with a principal component
analysis (PCA). To determine the number of extracted factors we combined the Cuttman-
Kaiser Eigenvalue greater-than-one rule and the “scree plot” criterion. We used oblimin
rotation because we expected the different factors to correlate with each other. The
factors obtained in this analysis can be considered as subscales of the BAI or symptom
dimensions of anxiety. Scores on the derived subscales of the BAIl were used in further
analyses.

Second, we studied the relationship between the BAI, BDI, SCOPA-AUT and UPDRS-III,
by conducting multiple linear regression analyses. Assumptions for regression analyses
(normality and homoscedasticity of residuals) were checked. Multicollinearity was
evaluated with a correlation matrix and calculation of the variance inflation factor (VIF).

The total BAI score was the dependent variable in the first set of regression analyses. In
the second set, it was the score on the subscale of the BAI, derived with PCA previously.
The independent variables of interest were the total score on the BDI, SCOPA-AUT and
UPDRS-IIl. We conducted all analyses first with only the independent variable of interest
(unadjusted model). We then adjusted the model stepwise for age and gender (model
1), use of dopaminergic medication (model 2), and the other two independent variables
of main interest, i.e. the BDI, SCOPA-AUT and/or UPDRS-IIl score (model 3). Finally, we
examined confounding in all models.

Results

Of the original sample of 382 PD patients, 75 patients met exclusion criteria (MMSE < 24).
An additional 13 patients were excluded from the analyses for not meeting our standards
of acceptability of missing values on the BAL This resulted in a total sample size of 294
patients. Due to missing data on the BDI, UPDRS-IIl and/or SCOPA-AUT, 3 to 18 additional
patients were excluded pair-wise during statistical analyses. The majority of patients was
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male. Mean age was 64.5 years. Patients had a mean UPDRS-III score of 25.8 and a median
Hoehn and Yahr stage of 2. Demographic and clinical characteristics of the sample are
giveninTable 1.

Table 1: Demographic and clinical characteristics of subjects (n = 294).

Mean SD Range
% Female 39.5
Age 64.5 10.3 27-89
Disease duration (yr) 5.1 5,6 0-40
MMSE score 28.0 1.7 24-30
BDI score 1.4 8.0 0-36
SCOPA-AUT score 35 10.0 0-64
UPDRS-Ill score 258 123 2-58
Hoehn &Yahr stage 2 (median) 1-5
% use dopaminergic medication 48.6

MMSE = Mini Mental State Examination, BDI = Beck Depression Inventory, SCOPA-AUT = Scales for Outcomes in Parkinson’s

disease - Autonomic; UPDRS = Unified Parkinson’s disease Rating Scale

Occurrence and symptom dimensions of anxiety in PD

The mean score on the BAl was 14.2 (SD 9.8, range 0 - 50). Forty-five percent of patients in
our sample had a BAI score of 12 or more, which is considered to be a clinically relevant
level of anxiety (14).

The Eigenvalue > 1 criterium suggested that five factors should be extracted. This was
confirmed by an inspection of the scree plot (see Figure S1 in the supplementary material).
Items 3 'wobbliness in legs; 7 ‘heart pounding/racing’and 18‘indigestion’had a loading of
less than 0.4 on all factors and were therefore excluded from the factor solution.

The five obtained factors were interpreted as anxiety, thermoregulation, hypotension,
hyperventilation and trembling. The factor solution explained 62.7% of variance. Figure 1
demonstrates the distribution of the BAI items over the five factors, with corresponding
factor loadings.
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Associations between anxiety, depression, motor dysfunction and autonomic failu-
rein PD

Histograms demonstrated that the residuals of both the total BAl score and subscales of
the BAI had a positively skewed distribution. Transformation of the data did not improve
normality. To maintain interpretability of results, we decided to use the original data for
the analyses. Homoscedasticity was confirmed by plotting the regression standardized
predicted value against the regression standardized residual. Both the correlations (see
Table 2) and the VIF (ranging from 1.005 to 1.610) indicated non-collinearity of the data.

Results of the multiple regression analyses with the BAl total score and subscales of the BAI
as dependent variable are presented in Table 3. In this table, the final, adjusted models are
displayed, showing the influence of each independent variable on the outcome variable.
The unadjusted and adjusted models, including detailed information on confounding,
can be found in Supplementary Table S1.

Table 2: Matrix of the Pearson’s correlation coefficients (r) for the BAI, BDI, SCOPA-AUT,
UPDRS-IlIl and age.

BAI BDI SCOPA-AUT UPDRS-III age
BAI 1.000 0.735%* 0.616** 0.234** 0.100
BDI 0.735%* 1.000 0.535%* 0.230** 0.120*
SCOPA-AUT 0.616** 0.535%* 1.000 0.330** 0.277**
UPDRS-III 0.234** 0.230** 0.330** 1.000 0.300**
age 0.100 0.120* 0.277** 0.300** 1.000

* p-value < 0.05, ** p-value < 0.01 (2-tailed)

BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory, SCOPA-AUT = Scales for Outcomes in Parkinson’s disease —
Autonomic; UPDRS = Unified Parkinson’s disease Rating Scale

The BAI total score was significantly influenced by age and gender: younger patients and
females had a higher score on the BAI than older patients and men. The BAI score also
increased with a higher score on the BDI and SCOPA-AUT. The UPDRS-III score no longer
significantly influenced the BAI score after adjustment for score on the BDI and SCOPA-
AUT.

All subscales of the BAI were influenced by the BDI score. Moreover, the subscales
thermoregulation and hyperventilation were significantly influenced by the SCOPA-AUT,
the trembling subscale by the UPDRS-III, and the hypotension subscale by both. The affect
subscale was only significantly influenced by the BDI score, and not by the SCOPA-AUT
and UPDRS-III.
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The relationship between the BAI total score and the subscales of the BAI and the
BDI, SCOPA-AUT and UPDRS-IIl were influenced by confounders, as mentioned in the
addendum of Supplementary Table S1. The confounding variables were age and the BDI,
SCOPA-AUT and UPDRS-III score. Although, as demonstrated in Table 2, these variables
were all significantly correlated with each other, VIF remained within acceptable bounds.

Discussion

In this study, clinically relevant symptoms of anxiety were present in 45% of patients in our
sample, which corresponds with previously reported rates (1, 2). PCA of the BAI revealed
one affective and four somatic symptom dimensions (thermoregulation, hypotension,
hyperventilation and trembling) of anxiety. The finding of a distinct affective factor and
multiple somatic factors is in line with previous research on dimensionality of the BAI
in non-PD samples (11, 13, 18, 19). In these studies, less than five factors were found,
probably because the samples consisted of psychiatric patients with a mean age under
40 years. These patients are less likely to experience somatic symptoms than the patients
in our sample, who have a variety of PD-related motor and non-motor symptoms that
overlap with somatic anxiety equivalents. Moreover, differences in the methodology of
the factor analysis, such as the choice of rotation method, can lead to a different number
of obtained factors

The BDI significantly influenced all subscales of the BAI, as well as the BAI total score.
Moreover, there was a high correlation between the BAland BDI. This suggests that the large
overlap between anxiety and depression that is found in psychiatric patients (20), is present
in PD patients as well. In previous studies, anxiety and depressive disorders coexisted in 19
to 40% of patients with PD, which is higher than in matched controls (21-23).

Autonomic symptoms significantly influenced the total score on the BAI and on the
hypotension, thermoregulation and hyperventilation subscales, while severity of motor
symptoms influenced the score on the trembling subscale. The most obvious explanation
for these observations is that the BAl is designed to measure episodic anxiety, such as in
panic disorder, which is accompanied by somatic equivalents of anxiety (19). Alternatively,
symptoms of PD-related autonomic and motor dysfunction might be misinterpreted as
anxiety, resulting in overdiagnosis of anxiety disorders in PD patients (24). In this study, we
demonstrated that the score on the affect subscale was not influenced by the SCOPA-AUT
or the UPDRS-IIl score. One might therefore conclude that the affect subscale constitutes
the most reliable measure of anxiety in PD, because it is not affected by‘noise’generated by
motor and autonomic symptoms. The use of questionnaires excluding somatic symptoms
for the screening of psychiatric disorders in the elderly has been advocated for this reason
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(25). In PD patients, however, attempts to make a clear distinction between autonomic
symptoms caused by anxiety and PD-related autonomic dysfunction will probably prove
futile. The diagnostic criteria for anxiety disorders underline that physical symptoms
comprise an integral part of the syndrome ‘anxiety’ (26). Moreover, PD-related autonomic
symptoms and anxiety frequently co-occur and overlap in symptomatology (2, 24), and
there is an interplay between anxiety and somatic symptoms (2, 3, 24). The development
of autonomic failure in PD may lead to a pathophysiological predisposition towards
somatic symptoms of anxiety. This hypothesis is supported by research in non-PD patients
suffering from autonomic failure. For example, in patients with pure autonomic failure,
hyperventilation causes a larger decrease in blood pressure than in healthy controls (27,
28). In a case-report on a patient with pure autonomic failure who experienced dizziness
during emotional stress, a significant decrease in blood pressure after stressful events
was demonstrated (29). Moreover, PD patients with failure of both the sympathetic
and parasympathetic nervous system had higher levels of anxiety and depression than
healthy controls or de novo PD patients (30). One may therefore expect that the presence
of autonomic failure in PD patients gives rise to a stronger physical response to anxiety.
The presence of anxiety is also associated with an increase in motor symptoms in PD (6-
8). Vice versa, PD-related motor symptoms, such as wearing-off, can give rise to anxiety: a
substantial number of PD patients suffers from situational anxiety, with phobic avoidance
related to fear of experiencing off-periods or freezing (3). The clinical finding that many
PD patients with response fluctuations experience anxiety and autonomic symptoms
during wearing-off (6, 31, 32), suggests that dopaminergic transmission is involved in the
etiology of both motor and non-motor symptoms of PD (33, 34). These findings make the
distinction between anxiety and other motor and non-motor symptoms of PD appears
artificial. In line with this, the MDS task force on rating scales for PD recommends an
“inclusive approach” when rating possible symptoms of anxiety in PD patients, without
trying to attribute them to either anxiety or other PD-related symptoms (35). The finding
of an affect subscale of the BAI, that is not influenced by motor or autonomic symptoms,
might nevertheless be relevant for research purposes. Moreover, our results can be useful
in the development of new measures for anxiety in PD.

This study has some limitations. The only measure of anxiety in this study was the BAI.
The BAI can be used to assess symptoms of anxiety, but is not a diagnostic instrument.
Moreover, the BAI is more suitable for measuring episodic anxiety than the non-episodic
anxiety that occurs in generalized anxiety disorder (18), which is one of the most prevalent
anxiety disorders in PD patients (2). Strengths of the present study are the large number
of patients included, and the homogeneity of the sample. Moreover, this is the first study
that has successfully performed a factor analysis of the BAl in a sample of PD patients.
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Conclusions

In this study, we demonstrated that anxiety in PD patients, as measured with the BAlI,
comprises one affective and four somatic symptom dimensions. Scores on the BAIl and
BDI are highly correlated, which can be explained by symptom overlap and frequent co-
occurrence of anxiety and depression in PD.

The score on the somatic subscales of the BAI is significantly influenced by autonomic
failure and motor dysfunction, whereas the affect subscale is not. This finding suggests
that the affect subscale may be a more reliable measure of anxiety in PD patients. However,
somatic symptoms cannot be completely disregarded in the diagnostic process of anxiety
disorders. Furthermore, anxiety, autonomic failure and motor dysfunction in PD may share
underlying etiological mechanisms. The strong interplay between motor and non-motor
symptoms in PD warrants a holistic approach to anxiety in clinical practice. Hopefully, the
findings in this study will stimulate the development of new and more specific measures
of anxiety in PD.

37




Chapter 2

Supplementary material

Figure S1: Scree plot of the principal component analysis of the BAI.
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Abstract

Aim

Anxiety has a negative impact on daily functioning and quality of life in patients with
Parkinson’s disease (PD). This study aims at assessing which sociodemographic and
clinical characteristics predict the course of anxiety in early PD.

Methods

The participants of this two-year prospective cohort study were recently diagnosed
PD patients not receiving psychiatric medications or dopamine replacement therapy
at baseline. Assessments were performed annually after baseline. The primary
outcome measure was anxiety, as measured with the State-Trait Anxiety Inventory
(STAI). Covariates were age, gender, family history, striatal dopamine transporter
binding ratios, and severity of motor and non-motor features of PD at baseline. Data
were analyzed using a mixed model analysis.

Results

Inclusion criteria were met by 306 subjects. An increase in STAI total score was
predicted by older age, lower score on the Montreal Cognitive Assessment, and the
presence of a probable REM-sleep behavior disorder (RBD) at baseline. A decrease in
STAI total score over time was predicted by a higher baseline score on the 15-item
Geriatric Depression Scale, compulsive behavior at baseline and a family history of PD.

Conclusions

More severe baseline anxiety was associated with compulsive behaviorand depressive
symptoms. These symptoms had a parallel course, showing a decrease over time. An
increase in anxiety was predicted by older age, worse cognitive functioning and the
presence of RBD. Our findings, when replicated in a sample of PD patients in a more
advanced disease stage, could provide starting points for prevention of anxiety in PD
patients.
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Introduction

About 25% of PD patients experience clinically relevant symptoms of anxiety, and
approximately one-third suffers from an anxiety disorder as specified by the Diagnostic
and Statistical Manual of Mental Disorders (DSM) (1). Anxiety frequently predates the
development of motor symptoms in PD, and might be considered as one of the earliest
manifestations of PD. Once motor symptoms develop, anxiety remains more frequent
in PD patients than in controls (2). It can be socially disruptive, constitutes a source of
disability (3), and has a negative impact on health-related quality of life (4). However, in
neurological practice, anxiety is often under-recognized (5), and anxiety in PD has received
little scientific attention.

The pathophysiology of anxiety in PD patients still has to be elucidated. Previous
research suggests that anxiety in PD results from an interplay of psychological, social
and neurobiological factors. Anxiety in PD may be partially explained as a psychological
reaction to the development of disabling motor and non-motor symptoms. In addition,
thereisincreasing evidence that anxiety disorders are directly related to the neurochemical
changes in PD. Patients with response fluctuations may report anxiety when the effect
of dopaminergic medication wears off (6), and some studies demonstrate a positive
effect of dopaminergic treatment on anxiety (e.g., Stacy et al. (2010)) (7). These clinical
findings suggest that the dopaminergic system is involved not only in the etiology of
motor symptoms, but also in the development of anxiety. Dopamine transporter (DAT)
single-photon emission computed tomography (SPECT) studies demonstrate a negative
correlation between striatal DAT availability and symptoms of anxiety and depression in
PD patients (8, 9). Besides the dopaminergic system, the noradrenergic and serotonergic
systems are thought to be involved in the neurobiology of anxiety in PD, as well (9).

A better knowledge of risk factors for anxiety in PD might provide new starting points for
both fundamental research on the pathophysiology of anxiety in PD, and for clinical studies
on screening, prevention and treatment. In previous studies, anxiety in PD patients was
associated with female sex, a history of anxiety disorders, a current depressive or impulse-
control disorder, the severity of motor symptoms, striatal dopamine transporter (DAT)
availability and autonomic failure (4, 6, 8, 10-12). An important limitation of most previous
research on risk factors for anxiety in PD is the cross-sectional nature of the design. One
longitudinal study on the course of neuropsychiatric symptoms has been performed (13),
but this study only focused on the initiation of dopamine replacement therapy (DRT) as a
risk factor for anxiety. The current study therefore aims at assessing which factors predict
the course of anxiety in patients with early-stage PD, with a primary focus on clinical and
sociodemographic predictors, and an assessment of striatal dopamine DAT availability.
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Methods
Study design

For this study, we used data from the Parkinson’s Progression Markers Initiative (PPMI), an
ongoing multi-center cohort study designed to identify PD progression biomarkers (14).
Follow-up assessments took place one (T1) and two years (T2) after baseline assessment
(TO). The study received ethical approval from the institutional board at each site. For a
complete overview of study procedures we refer to Marek et al. (2011) (14). We used data
that were collected between June 2010 and November 2014.

Study population

Subjects with a recent diagnosis of idiopathic PD were eligible for inclusion. None of the
subjects had yet started DRT at TO. All subjects provided written informed consent. We
used the screening criteria for the PPMI study, as stated in the study protocol on the PPMI
website (http://www.ppmi-info.org).In order to obtain proper assessments of the outcome
measure and covariates of this sub-study, we also excluded subjects aged under 30 years
at PD onset and subjects with a bipolar disorder, psychotic disorder or current substance
abuse. Since psychiatric medications, especially antidepressants and anxiolytic/hypnotic
medications can decrease the severity of anxiety symptoms and stabilize the affective
status, we also excluded subjects that were using these medications already at baseline.
The start of psychiatric medications during follow-up was allowed. We assessed the effect
of the start of antidepressants and anxiolytic/hypnotic medications during follow-up on
the association between anxiety and the predictors with a post hoc analysis.

Outcome and covariates

The primary outcome measure of this study was the total score on the State-Trait Anxiety
Inventory (STAI) (15), measured at TO, T1 and T2. The STAI has a high validity and acceptable
internal consistency and test-retest reliability in non-PD samples (16). While the STAI has
not been validated in a sample of PD patients, the Movement Disorders Society task
force on rating scales for PD suggests that it is a suitable outcome in PD subjects, based
on experience with the STAI in previous studies in PD populations (17). The inventory
comprises two subscales: a State and Trait subscale. The STAI has not been validated as an
outcome measure in longitudinal studies. However, the State subscale was designed to
measure a temporary state of anxiety, while the Trait subscale measures a more enduring
pattern of anxiety. The combined STAI total score is therefore expected to be sensitive to
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change. Clinically relevant anxiety is commonly defined as a STAI State score of > 39 (18). For
secondary research outcomes, we used the scores on the State and Trait subscales.

Age, sex, a self-reported family history of PD, and the severity of PD symptoms at baseline
were included as covariates in the prediction model. The Movement Disorders Society -
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) was used to assess motor and non-
motor symptoms (19). Since item 1.4 inquires about an anxious mood, we omitted this item
from the MDS-UPDRS part la and total score. Part IV covers motor complications and was not
used in the analysis because these are uncommonin early, unmedicated PD. Other covariates
were the total score on the Scales for Outcomes in Parkinson’s disease — Autonomic (SCOPA-
AUT), the Montreal Cognitive Assessment (MoCA), and the 15-item Geriatric Depression
Scale (GDS-15) (20-22). Depression in PD is associated with the presence of a rapid eye
movement (REM)-sleep behavior disorder (RBD) and excessive daytime sleepiness (EDS)
(23, 24). Given the frequent co-occurrence of anxiety and depression in PD (25), RBD and
EDS might also be markers for developing anxiety in PD. In this study, the presence of a
probable RBD was defined as a score =6 on the REM-sleep Behavior Disorder Screening
Questionnaire (RBDSQ) (26). The presence of a probable impulse control disorder (ICD) or
compulsive behavior was determined with the cut-off scores on the abbreviated version
of the Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease (QUIP) as
described in the validation study by Weintraub et al. (27). Probable EDS was defined as a
score =10 on the Epworth Sleepiness Scale (ESS) (28, 29).

Finally, we used the SPECT DAT binding ratios of the left and right caudate nucleus
and putamen separately. For the procedures involving DAT scanning and calculation of
binding ratios, we refer to the SPECT manual on the PPMI website.

Statistical analysis

Percentages or mean scores with standard deviations were calculated for demographics
and clinical characteristics of the study population.

A linear mixed model analysis was used to determine which covariates at baseline
predicted a change in STAI scores over the course of two years. Mixed models analysis is
considered to be particularly suitable for analyzing longitudinal data. This technique has
the advantage that it handles missing data by placing the data in long format, where the
available data of each measurement are nested within persons. Therefore, imputation of
missing values is not necessary.

The STAI total, State and Trait subscale score were the outcomes used in these analyses. For
the selection of covariates with a significant contribution to the model, i.e. the predictors
of anxiety, we used a stepwise forward selection procedure. Alpha was set at p<0.10, which
is common in a selection procedure for a prediction model (30). We assessed whether the
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change in STAl scores over time was influenced by the baseline values of the covariates, by
adding interaction terms with time (covariate by time) to the model. Random intercepts
were included for study site and patient within study site. We calculated the regression
coefficient with standard error (SE), Wald-statistic and 95% confidence interval for the
interactions between covariate and time with a significant contribution to the regression
model. Assumptions for mixed model analyses were checked.

For the mixed model analysis, we used MLwiN v2.32. All other analyses were performed
with IBM SPSS Statistics 20.

Results
Subjects

At the time of analysis, PPMI had enrolled 423 subjects, of which 383 subjects completed
the T1 and 229 subjects the T2 assessments. We excluded 114 subjects using psychiatric
medications. Three additional subjects were excluded due to missing data for all three
assessments of the STAI, resulting in a total sample size of 306 subjects. At the time of
analysis, T1 assessment was completed by a total of 257 subjects, and T2 assessment by
171. A flow chart of this sub-study can be found in Figure 1.

Figure 1: Flow chart

Assessed for eligibility (n = 423)

sC Total cohort de novo PD subjects PPMI

Excluded (n=132)

- Use of psychofarmacological agents (n = 114)

- Missing data for all STAl assessments (n = 3)
TO Total study sample at baseline (n = 306)

Withdrawn (n = 12)

T1 assessment not yet completed (n = 37)
T1 T1 assessment completed (n = 257)

Withdrawn (n = 8)

T2 assessment not yet completed (n =78)
T2 T2 assessment completed (n=171)
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As a sensitivity analysis, we compared the mean STAI total score for subjects that were
included and excluded with an independent samples t-test. Subjects that were excluded
had a higher mean STAI total score at baseline (72.5 vs. 62.9, t =-4.30, df = 160.4, p < 0.001),
which was still significantly higher at T1 (69.1 vs. 63.6, t = -2.56, df = 356.0, p < 0.05), but
not atT2 (68.4 vs. 63.8, t =-4.68, df = 237.0, p = 0.06).

Demographic and clinical characteristics of the study sample are presented in Table 1.

Table 1: Demographic and clinical characteristics of the study population (n =306).

% Mean (SD) Range

Female 32.0%

Age (yrs) 61.5(10.1) 34-84

Family history of PD 24.3%

H&Y stage
Stage | 46.1%

Stagelll 53.3%
Stage lll 0.7%
MDS-UPDRS total . .4 30.2(12.5) 7-71
MDS-UPDRS part 1A, ... 0.7 (1.0) 0-5
MDS-UPDRS part IB 3.9(2.9) 0-14
MDS-UPDRS part Il 5.5 (4.0) 0-22
MDS UPDRS part Il 20.1(8.8) 4-51
SCOPA-AUT total score 8.9 (5.8) 0-39
MoCA total score 26.9 (2.4) 17 -30
GDS-15 total score 2.0(2.3) 0-14
RBDSQ total score 3.9(2.6) 0-12
Probable RBD 22.9%

QUIP total score 0.3(0.8) 0-8
Probable ICD 9.2%
Compulsive behavior 11.1%

ESS total score 5.8(3.4) 0-20
Probable EDS 15.7%

DAT binding ratio
right caudate nucleus 2.04(0.59) 0.68 - 3.98
left caudate nucleus 2.03(0.57) 0.57-3.72
right putamen 0.87 (0.35) 0.14-2.35
left putamen 0.82(0.33) 0.27-2.32

*score on item 1.4 of the MDS-UPDRS was not included in the sum score

H&Y = Hoehn & Yahr; MDS-UPDRS = Movement Disorders Society - Unified Parkinson’s Disease Rating Scale; SCOPA-AUT =
Scales for Outcomes in Parkinson’s disease — Autonomic; MoCA = Montreal Cognitive Assessment; GDS-15 = 15-item Geriatric
Depression Scale; RBDSQ = REM-sleep behavior disorder Screening Questionnaire; RBD = REM-sleep behavior disorder; QUIP
= Questionnaire for impulsive-compulsive disorders in Parkinson’s disease; ICD = impulse control disorder; ESS = Epworth
Sleepiness Scale; EDS = Excessive Daytime Sleepiness; DBR = DAT-binding ratio
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Occurrence and course of anxiety

The mean STAI total score at baseline was 62.9 (SD + 16.5) and, at group level, changed
little over time. Across all visits, approximately 20% of subjects had clinically relevant
symptoms of anxiety (see Supplementary Material).

Predictors of the course of anxiety

For an overview of the univariate analyses, we refer to the Supplementary material. Final
models resulting from the multivariate mixed models analyses are presented in Table 2.
To facilitate interpretation, the influence of the predictors on the STAI total scores are
illustrated in Figure 2a - 2e. Note that in these figures, it is assumed that the values of all
other predictors are zero.

Predictors of STAl total score

The first column of Table 2 displays details of the interactions between covariate and
time with a significant contribution to the prediction model for the STAI total score. The
value of the regression coefficient of the covariate indicates whether the association
between the predictor at baseline and the STAI total score is positive or negative. The
value of the regression coefficient of the interaction of the covariate with time indicates in
which direction the association changes over time. E.g., for the subjects with compulsive
behavior, there was a positive association with STAI total score at baseline, while the
negative interaction with time (p < 0.05) indicates that the difference in mean STAI total
score between the subjects with and without compulsive behavior decreased over time
(and at some point might even reverse). The course of anxiety in these subgroups is
demonstrated in Figure 2a.

A decrease in STAI total score over time was also predicted by a higher GDS-15 score at
baseline (p < 0.05). In Figure 2b, subjects were divided into two groups based on the
cut-off GDS-15 score = 5, indicative of clinically relevant symptoms of depression (31).
Subjects with clinically relevant symptoms of depression at baseline had a higher mean
STAI total score at baseline that decreased over time, whereas the mean STAI total score in
the subgroup without depression was lower at baseline and increased during follow-up.
A positive family history of PD also predicted a decrease in STAI total score (see Figure 2¢),
but this association was less strong (0.05 > p < 0.10).
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Anincrease in STAl total score over time was predicted by older age (p < 0.05) and the presence
of probable RBD at baseline (p < 0.05). Figure 2d demonstrates that subjects with probable
RBD had higher mean STAI scores at baseline, which increased over time, while the subjects
without RBD had a lower mean STAI baseline score, which decreased further during follow-up.
In the subgroups for age, divided using a median split for age, the mean STAI total scores at
baseline differed little, and showed a fluctuating course over time (see Figure 2e).

Figure 2: Course of the mean STAI total score over two years for different subgroups

Figure 2a: Mean STAI total score over the course of two years for subjects with and
without compulsive behavior at baseline
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Figure 2b: Mean STAI total score over the course of two years for subjects with and
without a clinically relevant symptoms of depression
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Figure 2, continued

Figure 2¢c: Mean STAI total score over the course of two years for subjects with and
without a self-reported familiy history of PD
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Figure 2d: Mean STAI total score over the course of two years for subjects with and
without a probable RBD
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Figure 2e: Mean STAI total score over the course of two years for older and younger
subjects

Age category
1204
—  Older
------- Younger
E 1004 e
E 804
[
]
H
60-

40 T T T

0 1 2
Time of assessment

55




Chapter 3

Predictors of STAI State and Trait subscale scores

Details of the interactions between covariate and time with a significant contribution to
the prediction models for the STAI State and Trait score are displayed in Table 2. For an
illustration of the course of the STAI subscale scores for these predictors, we refer to the
Supplementary material.

A decrease in STAI State score over time was predicted by compulsive behavior at baseline
(p <0.05).The negative association between STAI State score and the interaction of afamily
history of PD with time was less strong (0.05 > p < 0.10). A lower baseline MoCA score
predicted an increase in STAI State score (p < 0.05). Supplementary Figure S1c presents
the differences between subjects with and without probable cognitive impairment,
based on a MoCA cut-off score < 26 (20). Subjects with probable cognitive impairment at
baseline showed an increase in mean STAI State score over time, while the STAI State score
remained stable in subjects without cognitive impairment.

A decrease in STAI Trait score was predicted by compulsive behavior (p < 0.05) and a
higher GDS-15 score (p < 0.05) at baseline. An increase in STAl Trait score was predicted by
older age (p < 0.01) and the presence of probable RBD (p < 0.05) at baseline.

As a post hoc analysis, we assessed the influence of the initiation of antiparkinsonian
agents (DRT, amantadine or parasympaticolytics), antidepressants or anxiolytics on the
prediction models of the STAI total, State and Trait scores. There was no confounding
effect of these medications during follow-up.

Discussion

This is the first study to identify predictors of the course of symptoms of anxiety in early-
stage PD patients. The longitudinal course of neuropsychiatric symptoms in PD was
only studied previously by de la Riva et al. (2014), in the complete PPMI cohort, with a
specific focus on the initiation of DRT as risk factor for anxiety (13). The start of DRT was
not associated with new-onset anxiety, which is in line with the results of our post hoc
analysis on the effect of DRT. Another post hoc analysis demonstrated that the start of
antidepressants or anxiolytics also had no significant influence on the relation between
the predictors and anxiety in our study population.

In a previous cross-sectional study, there was a positive association between higher
anxiety scores and a younger age at PD onset (4). In our study, younger subjects also had
higher anxiety scores at baseline compared to older subjects, but an older age predicted
an increase in anxiety during follow-up. Of note, age had only a small effect on anxiety.
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A decrease in STAI scores over time was predicted by higher GDS-15 baseline score,
compulsive behavior at baseline, and a family history of PD. Since a family history of PD
was not a strong predictor (0.05 > p < 0.10), we will not discuss this finding in detail. Our
findings are in contrast with previous studies demonstrating that a history of mentalillness
is associated with a higher prevalence of anxiety disorders in PD (4, 6). Figures 2a and 2b
suggest that these results are accounted for by the phenomenon of ‘regression to the
mean’ (32). Subjects with compulsive behavior and a higher depression score also have
higher levels of anxiety at baseline. Due to regression to the mean, subjects in the higher
part of the distribution of STAI scores at baseline are less likely to have high STAI scores
at follow-up assessments (32). An alternative explanation is that symptoms of anxiety,
depression and compulsive behavior in our sample can be regarded at least partly as a
reaction to the recent diagnosis of PD. The decrease in these symptoms might reflect a
psychological adjustment over time. Unfortunately, subjects participating in PPMI were
not asked whether they had started non-pharmacological treatment for symptoms of
anxiety, such as psychotherapy. Therefore, we were unable to control for this factor.

Worse cognitive functioning at baseline was associated with an increase in STAI State
score over time. This may be a reflection of the underlying neurodegenerative process:
neuropathological research demonstrates involvement of the limbic system in PD
subjects with MCI, which might explain co-occurrence of cognitive dysfunction and
anxiety (33). Alternatively, it may be a psychological reaction to the experienced cognitive
changes. Disturbances of executive functions, which constitute the core feature of
neuropsychological deficits in PD patients, reduce the capacity to control cognitive,
emotional and behavioral responses to challenging environmental situations (34). In
clinical practice, PD patients report that they can get anxious when confronted with
unexpected events, or when they feel flooded by an excess of stimuli. Moreover, the
subjective experience of cognitive deterioration can elicit anticipatory anxiety for
disease progression and future disability. In PD patients with early cognitive dysfunctions,
improving executive control using cognitive rehabilitation strategies might increase the
resilience to the development of anxiety. Moreover, future research on the effects of
cholinesterase inhibitors should include the effect on symptoms of anxiety in PD patients
with more severe cognitive dysfunctions.

Subjects with probable RBD had more symptoms of anxiety at baseline that increased over
time, whichisinlinewithaprevious study (24). A potential explanationfor thisfindingisamore
diffuse neurodegenerative process in PD subjects with RBD, which is expressed in a different
phenotype. Indeed, the presence of RBD in PD is associated with a higher risk of developing
dementia, and more autonomic and psychiatric symptoms (35). Alternatively, the reduced
quality of sleep caused by RBD leads to anxiety. Patients with PD and RBD display instability
in the wake—sleep and non-REM-REM sleep transitions (36), that may result in a lower sleep
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quality. Sleep plays an important role in maintaining adaptive emotional regulation and
reactivity (37) and sleep disturbances increase the risk of developing an anxiety disorder
(38). Further research is necessary to assess whether pharmacological treatment of RBD in
PD patients decreases or prevents symptoms of anxiety in this population.

In contrast to previous studies (8, 9), striatal DAT-binding ratio was not found to be
significantly associated with anxiety. This is probably due to the fact that we investigated
a study sample of patients that recently entered the symptomatic phase of PD, while the
subjects in the abovementioned studies had a longer disease duration and therefore
probably a more advanced stage of dopaminergic neurodegeneration.

This brings us to the limitations of our study. Throughout the study, STAI scores were
relatively low and changed little over time. Approximately 20% of our subjects suffered
from clinically relevant symptoms of anxiety, which is substantially lower than in other
studies in PD patients (1). Although this may be partially explained by the use of different
instruments to measure anxiety across studies, it is probably due to a selection bias. All
subjects in our study are early-stage, medication-naive PD patients, and we excluded
subjects using psychiatric medications at baseline. Sensitivity analysis showed that the
excluded subjects demonstrated higher mean STAl total scores during follow-up. With our
in- and exclusion criteria, we thus selected a study sample that is presumably mentally
healthier than the general PD population. This limits the generalizability of our results.
Conversely, the exclusion of subjects taking psychiatric medications or dopaminergic
agents at baseline, ensured that there was no influence of these pharmacological agents
on the assessment of anxiety at, or shortly after, baseline assessment. Moreover, our study
sample comprised PD patients in an early stage of their disease. These characteristics of
our study sample are unique compared to other studies on anxiety in PD.

As follow-up of the PPMI cohort continues, we expect to find larger changes in both motor
and non-motor symptoms within subjects. Therefore, it will be informative to repeat this
study when the subjects in the PPMI cohort have progressed to a more severe disease stage.
We did, however, identify potential risk factors for anxiety in PD that warrant future research
and might be relevant for clinical practice. Of note, we realize that the clinical relevance of
the observed changes in STAI scores is questionable, and therefore we want to emphasize
that we present the implications of our findings for clinical practice with reserve.

In conclusion, we found that the course of anxiety over two years in a sample of early-
stage PD patients was predicted by age, cognitive functioning, the severity of depressive
symptoms, and the presence of a RBD and compulsive behavior at baseline. These findings
may provide new starting points for research on the pathophysiology, prevention and
treatment of anxiety disorders in PD.
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Supplementary material

Table S1: Overview of anxiety measures at baseline (T0), after one year (T1) and two years

(T2) of follow-up.

TO T1 T2
(n =306) (n=257) (n=171)
Mean (SD) Range Mean(SD) Range Mean(SD) Range
STAl total score 62.9(16.5) 40-120 63.6(18.1) 40-117 63.8(17.3) 40-132
STAI State score 31.7(9.1) 20-60 31.7 (9.6) 20-63 31.8(9.4) 20-66
STAI Trait score 31.2(8.8) 20-63 31.8(9.4) 20-60 32.0(9.2) 20-66
Clinically relevant symptoms 22.7% 22.9% 21.4%

of anxiety*

* Defined as a STAI State score of > 39.
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Figure S1: Course of the mean STAI State score over two years for different subgroups

Figure S1a: Mean STAI State score over the course of two years for subjects with and without
compulsive behavior at baseline
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Figure S1b: Mean STAI State score over the course of two years for subjects with and
without a self-reported family history of PD
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Figure S1c: Mean STAI State score over the course of two years for subjects with and
without probable cognitive impairment
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Figure S2: Course of the mean STAI Trait score over two years for different subgroups

Figure S2a: Mean STAI Trait score over the course of two years for subjects with and without
compulsive behavior at baseline
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Figure S2b: Mean STAI total score over the course of two years for older and younger subjects
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Chapter 4

Abstract

Introduction
While anxiety, depression and insomnia frequently (co-)occur in Parkinson’s disease
(PD) patients, little is known about their temporal relationship. In this study, we tested
two hypotheses: i) insomnia predicts an increase in symptoms of depression or
anxiety and ii) anxiety or depression at baseline predicts insomnia in PD patients six
months later.

Methods

We used longitudinal data from a prospective cohort study of early-stage, medication-
naive PD patients. Primary outcome measures were: anxiety symptoms, measured
with the State-Trait Anxiety Inventory (STAI); depressive symptoms, measured with
the 15-item Geriatric Depression Scale (GDS-15) and insomnia, defined as a score >
2 on item 1.7 of the Movement Disorder Society — Unified Parkinson’s Disease Rating
Scale. We performed linear and logistic regression analyses, correcting for baseline
value of the respective outcome variable.

Results

Baseline insomnia was not associated with GDS-15 or STAI total score at follow-up.
In a post hoc analysis, we found that insomnia predicted a higher STAI State score
(B (SE) = 2.50 (1.07), p < 0.05), while the association with the STAI Trait score was not
significant. Baseline STAI scores (B (SE) = 0.02 (0.01), p = 0.001) and GDS-15 score (B
(SE) = 0.15 (0.05), p <0.001) were significantly associated with insomnia at follow-up.

Conclusion

Symptoms of anxiety and depression may constitute a risk factor for insomnia in PD.
The relationship between insomnia and anxiety is bidirectional, which suggests that
both anxiety and sleep disorders can start a negative spiral in PD patients, where one
enhances the other. Independent clinical attention for these symptoms in PD patients
is therefore warranted.
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Introduction

Parkinson’s disease (PD) is accompanied by many non-motor symptoms, including sleep
disorders, anxiety and depression. Anxiety and depression are associated with an increase
of motor symptom severity and cognitive impairment and have a major negative impact
on daily functioning (1-3). Clinically relevant symptoms of depression occur in 35%
(6), and of anxiety in approximately 25% of PD patients (7). These prevalence rates are
substantially higher than in age-matched controls or the general population (5, 8, 9). Co-
occurrence of anxiety and depression is common, with a prevalence reported up to 40%
(10). Insomnia, including complaints of an insufficient amount of sleep due to difficulties
falling asleep, sleep fragmentation or early awakening, occurs in up to 40% of PD patients
(4,5).

Despite the frequent occurrence and negative impact of anxiety, depression and insomnia
in PD patients, little is known about their course and interaction. In various cross-sectional
studies, an association between insomnia and both depression and anxiety was found (5,
11-13). To our knowledge, however, no longitudinal study has examined the association
between sleep disturbances and anxiety and depression in PD patients.

A better understanding of the temporal evolution of these symptoms might provide
starting points for preventive strategies. Therefore, in this study, we analysed the
relationship between insomnia and symptoms of depression and anxiety using data
of an on-going prospective cohort study in early-stage, medication-naive PD patients.
We selected this study sample for two reasons. Firstly, clinical and research findings
suggest that treatment with dopaminergic agents can affect sleep and mood in PD
patients. Administration of levodopa suppresses REM sleep and lengthens REM sleep
latency, while long-term treatment with dopamine agonists is associated with excessive
daytime sleepiness and ‘sleep attacks’ in PD patients (19). Research and clinical findings
also suggest that dopamine agonists may improve depressive symptoms (20). Selection
of a study sample of medication-naive PD patients thus enabled us to assess the
association between sleep and mood in PD, without the interference of treatment with
antiparkinsonian agents. Secondly, research on starting points for prevention of insomnia
and anxiety and depressive disorders should be aimed at early-stage PD patients, since
their prevalences increase with disease duration (4, 21).

In this study, we performed a bidirectional analysis of the relationship between insomnia
and symptoms of depression and anxiety in PD patients, in order to test two hypotheses:
i) insomnia at baseline predicts an increase in symptoms of depression and/or anxiety
over time and ii) the severity of anxiety or depression at baseline predicts the subsequent
occurrence of insomnia in PD patients.
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Methods
Design and study procedures

We used data from the Parkinson’s Progression Markers Initiative (PPMI) (10), an
international, multicenter prospective cohort study that collects longitudinal data
to assess disease progression in PD patients. The study received ethical approval from
institutional boards of all 24 participating centers. Subjects participating in PPMI were
recruited by their physician. All subjects provided written informed consent.

Inthefirst year of participation in PPMI, assessments took place every three months. For this
sub-study, we used the data that were collected at baseline (T0) and after approximately
six months of follow-up (T1), since depression and anxiety measures were not assessed at
the initial three-month follow-up visit.

Study population

The study population consisted of early-stage, medication-naive PD patients. For details
on the inclusion criteria, we refer to the study protocol on the PPMI website: www.ppmi-
info.org. In some subjects, PD medication needed to be initiated within six months from
baseline. In this case, the subject was asked to come in for an advanced assessment instead
of the regular follow-up assessment, so a final PD medication-free assessment could be
performed. We excluded subjects in whom antiparkinsonian agents were initiated within
three months from baseline, or between three and six months from baseline without
having a medication-free assessment before T1. Finally, we excluded subjects with missing
data for any of the primary outcome measures at T1.

Sample size

PPMI finished enrolment of 423 subjects in April 2013. Six-month follow-up data was
collected for 402 subjects. As a rule of thumb, the number of subjects needs to be ten
times the number of covariates added to a prediction model. Since we added a maximum
of 8 covariates to the prediction model (see section ‘Outcome measures’ below), we
expected this sample size to be sufficiently powered.

Outcome measures
The primary outcome measures of our study were: anxiety, measured as the total score of

the State-Trait Anxiety Inventory (STAI) (22), depressive symptoms, measured as the total
score of the 15-item Geriatric Depression Scale (GDS-15) (23), and insomnia, defined as
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a score = 2 on item 1.7 of the Movement Disorder Society — Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) (24).

The STAI is a self-report questionnaire, which contains a “state” subscale, designed
to measure a temporary state of anxiety, and a "trait” subscale that measures a more
persistent pattern of anxiety (22). Clinically relevant anxiety in geriatric patients is defined
as a STAI State score > 54 (25). The GDS-15 is a 15-item self-report questionnaire regarding
depressive symptoms (25). In patients with PD, a score = 5 is indicative of clinically
relevant symptoms of depression (26). Insomnia was rated on item 1.7 of the Movement
Disorder Society — Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) (24). Item 1.7 is
a single question: “Over the past week, have you had trouble going to sleep at night or
staying asleep through the night? Consider how rested you felt after waking up in the
morning.”. Although this is a one-item insomnia rating, it appears to be quite reliable (27).
In this study, we considered a MDS-UPDRS 1.7 score > 2, indicating mild to moderate sleep
problems causing difficulties in getting a full night of sleep, to be suggestive of insomnia.

Statistical analyses

All analyses were performed with IBM SPSS Statistics 22 (Armonk, NY, USA). Demographics
and clinical characteristics of the research population at baseline, and values of the
outcome variables after approximately six months of follow-up, were summarized using
percentages or mean scores with standard deviations. Correlations between continuous
variables at baseline were calculated using Pearson’s correlation coefficients.

We used a linear regression analysis to assess whether the presence of insomnia at baseline
predicted the severity of depressive symptoms after six months of follow-up. We corrected
for baseline severity of depression by adding the baseline GDS-15 score to the model.
Finally, we examined whether sex, age, severity of motor symptoms (measured with the
MDS-UPDRS section Ill score) (24), global cognitive function (assessed with the Montreal
Cognitive Assessment (MoCA) score) (28), and the use of antidepressants or anxiolytic /
hypnotic agents were confounding variables. Significant confounding was defined as a
change in the regression coefficient of 10% or more. To assess whether sleep problems
at baseline predicted anxiety after six months of follow-up, this analysis was repeated
with the STAI total score as the dependent variable. To evaluate the inverse temporal
relationship between these variables, we performed a logistic regression analysis with the
presence of insomnia (0 = insomnia not present, 1 = insomnia present) as the dependent
variable, and either severity of depression or anxiety at baseline as independent variables.

Alphawas setatp <0.05.We present the crude model (Model 1) and the model adjusted for
baseline value of the outcome variable (Model 2). For the final linear regression models we
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calculated the regression coefficient (B) with standard error (SE), standardized regression
coefficient (), 95% confidence interval and p-value. For the multinomial regression
analyses we will report the odds ratio (OR) with its 95% confidence interval and p-value.

Assumptions for regression analyses (normality and homoscedasticity of residuals) were
checked. Multicollinearity was evaluated using the variance inflation factor (VIF). As a
sensitivity analysis, we assessed whether there were significant differencesin demographic
and clinical characteristics at baseline between the included and excluded participants,
using t-tests for continuous variables and Chi?-tests for categorical variables.

Results

Subjects

A flow chart of the study is presented in Figure 1. The total sample size of this sub-study
consisted of 361 subjects.

Figure 1: Flow chart.

Enrollment by PPMI
n=423

Exclusion

- Start PD medication <3 months: n = 22

- No PD-medication free assessment
3-6 months:n=19

- Missing data: n =19

n=63

Premature withdrawal
n=2

Sample size sub-study
n=361

n = number, PPMI = Parkinson’s Progression Markers Initiative, PD = Parkinson’s disease
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As a sensitivity analysis, we compared the proportion of males and females, mean age,
and mean total baseline score of the STAI, GDS-15, MDS-UPDRS section Il and MDS-
UPDRS item 1.7 for subjects that were included and excluded. There were no significant

differences between these groups.

Demographic and clinical characteristics of the study population are presented in Table 1.

The prevalence of insomnia at baseline was 23.0%. Clinically relevant symptoms of anxiety
and depression were present in 3.6% and 14.0% of subjects, respectively.
At baseline, the GDS-15 and STAI score had a moderate positive correlation (r = 0.65, p
< 0.01). The MDS-UPDRS Ill score had a weak positive correlation with the STAI score (r =
0.12, p < 0.01) and a weak negative correlation with the MoCA score (r =-0.12, p < 0.05).

There were no significant correlations between the other baseline measures.

Table 1: Demographic and clinical characteristics of the study population at baseline (n =361).

% (n) Mean (SD) Range

Female 33.5% (121)
Age (yrs) 61.8(9.6) 34-85
MDS-UPDRS Il score 21.0(8.7) 4-51
H&Y stage

Stage 1 42.2% (153)

Stage 2 57.1% (206)

Stage 3 0.6% (2)
MoCA total score 27.1(2.4) 17 -30
STAI total score 64.9 (18.4) 40-137

STAI State score 32.7 (10.3) 20-76

STAIl Trait score 32.2(9.4) 20-63
Clinically relevant symptoms of anxiety 3.6% (13)
GDS-15 total score 2.3(2.5) 0-14

Clinically relevant symptoms of depression

14.1% (51)

Clinically relevant symptoms of insomnia

Rating of sleep problems on MDS-UPDRS item 1.7:

Missing
Normal
Slight
Mild
Moderate
Severe

23.0% (83)

0.3% (1)
48.2% (174)
28.5% (103)

15.2% (55)
5.3% (19)
2.5% (9)

MDS-UPDRS-lll= Movement Disorders Society - Unified Parkinson’s Disease Rating Scale, section Ill: Motor examination; H&Y =

Hoehn & Yahr; MoCA = Montreal Cognitive Assessment; GDS-15 = 15-item Geriatric Depression Scale; STAI = State-Trait Anxiety

Inventory
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At follow-up, the prevalence of subjects with insomnia was 25.8%, with clinically relevant
symptoms of anxiety and depression occurring in 4.2% and 18.6% of subjects. The mean
STAI total score at follow-up was 66.0 £ 19.7, the mean GDS-15 score 2.7 + 3.1. Thus, the
frequency of insomnia and severity of symptoms of anxiety and depression increased
slightly over the six-month period.

Relationship between insomnia and symptoms of depression and anxiety

Histograms demonstrated a positively skewed distribution of the residuals of the
continuous outcome measures. As log transformation of the data only slightly improved
normality of the distribution of the residuals of the STAIl total score, we decided to use the
original data for the analyses to maintain interpretability of results. Homoscedasticity was
confirmed. The VIF ranged from 1.06 to 1.08, indicating non-collinearity of the data.

Baseline insomnia was not associated with STAI total score (B (SE) = 1.75(1.81), p=0.33) or
GDS-15 total score (B (SE) = 0.49 (0.31), p = 0.11) at follow-up, after correcting the model
for baseline scores of these independent variables (see Table 2). As a post hoc analysis,
we repeated this analysis with the STAI State and Trait subscale scores at follow-up as
dependent variables (see Table 3). While the association between baseline insomnia and
STAI Trait score was not significant (B (SE) =-0.41 (0.87), p = 0.64), the presence of insomnia
at baseline was a significant predictor for a higher STAI State score at follow-up (B (SE) =
2.50 (1.07), p < 0.05).

When looking at the reverse relationships, baseline symptoms of both STAI total (B (SE) =
0.02 (0.01), p = 0.001) and GDS-15 score (B (SE) = 0.15 (0.05), p < 0.001) were significantly
associated with presence of insomnia after six months of follow-up (see Table 4). As a final
post hoc analysis, we repeated this analysis with the baseline STAI State and Trait subscale
scores as independent variables. Both baseline STAI State score (B (SE) = 0.04 (0.01), p <0
.01) and STAI Trait score (B (SE) = 0.05 (0.02), p < 0.01) were significantly associated with
the presence of insomnia at follow-up (see Table S1 in the supplementary material).

The use of anxiolytic / hypnotic medication at baseline was a positive confounder in the
association between baseline insomnia and GDS-15 total score and STAI Trait subscale
score at follow-up. However, only two subjects used anxiolytic/hypnotic medication at
baseline. In the other associations, no significant confounding occurred for sex, age,
severity of motor symptoms, global cognitive functioning, the use of antidepressants or
the use of anxiolytic / hypnotic agents (data not shown).
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Discussion

Despite the frequent occurrence and negative impact of anxiety, depression and insomnia
in PD patients, little is known about their temporal evolution. In non-PD samples, the
relationship between insomnia, anxiety and depression has been studied extensively,
leading to divergent hypotheses. The first hypothesis is that insomnia precedes
depression and anxiety, and therefore can be viewed as a risk factor for depressive and
anxiety disorders (14-17). The alternative hypothesis is that anxiety and depression cause
a disturbance of sleep (15, 18). In PD patients, an association between insomnia and
both depression and anxiety has been found in cross-sectional studies (5, 11-13), but this
study design does not allow for conclusions on directionality. Therefore, in this study, we
performed a bidirectional analysis on the relationship between insomnia and symptoms
of depression and anxiety, using data obtained in the first six months of a prospective
cohort study in early-stage, medication-naive PD patients.

When testing the first hypothesis, we found that insomnia did not predict the severity of
depressive symptoms anxiety after six months of follow-up. This is in contrast with multiple
studies in the general population, where insomnia was found to be a risk factor for the
development of a depressive disorder (16, 18). This difference may be explained by the fact
that our study participants had relatively mild mood disturbances; the prevalence rate of
clinically relevant symptoms of depression at follow-up was 18.6%, while the prevalence
was 35% in PD samples that included subjects with a more advanced disease stage (6).

We also found that insomnia was no predictor for the severity of anxiety at follow-up.
However, when differentiating between “trait” and “state anxiety, using the subscales
of the STAl in a post hoc analysis, we found that baseline insomnia was a significant
predictor for a higher STAI State subscale score at follow-up, while it was not for the STAI
Trait subscale score. State anxiety refers to a transitory experience of anxiety, whereas
trait anxiety is defined as the proneness to interpret internal stimuli or external events in
such a way that results in anxiety (22). Trait anxiety can therefore be viewed as personality
trait, which is stable over time, while state anxiety is more dynamic. This might explain
why the presence of insomnia predicted a higher STAI State score, but had no significant
association with the STAI Trait score at follow-up.

While longitudinal studies in PD patients on the association of insomnia and anxiety are
lacking, our findings are in line with studies performed in the general population, where
insomnia was found to increase the risk of developing an anxiety disorder (15, 29). Various
studies indicate that sleep is ofimportance for maintaining adaptive emotional regulation
and reactivity. Experimental sleep deprivation has been shown to result in enhanced
physiological responses to negative stimuli (30). Riemann et al. (2012) hypothesized
that a chronic fragmentation of REM sleep in insomnia might cause a disturbance of
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the emotional network, interfering with basal processes of emotion regulation(31).
This hypothesis is supported by the results of a recent study, indicating that restless
REM sleep interferes with overnight resolution of distress, which might contribute to
the development of chronic hyperarousal (32). Insomnia may therefore lead to altered
physiological and emotional responses, which facilitate the development of anxiety. In
PD patients, degeneration of brainstem nuclei that are involved in sleep-wake regulation
is thought to lead to a decreased REM stability (33). Moreover, PD patients are prone to
sleep problems due to PD symptoms that interfere with sleep, and a vulnerability for a
disturbed circadian rhythm (34). Insomnia may therefore play a role in the development
or progression of symptoms of state anxiety in PD patients.

When testing our second hypothesis, we found that baseline symptoms of both state and
trait anxiety and depression predicted the occurrence of insomnia six months later. This is
in agreement with two epidemiological studies in the general population, where anxiety
and depression were found to precede insomnia (15, 18). Various explanatory models for
this association have been proposed. Acute insomnia is generally viewed as a result of an
acute stressor in an individual that is prone to sleep disturbances due to trait factors, like
a tendency to ruminate or a genetically determined dysfunction in sleep-wake regulating
circuitries (35, 36). According to the behavioral model, maladaptive coping with sleep
problems, like daytime napping and prolongation of time spent in bed, can contribute
to the development of chronic insomnia. Moreover, conditioned arousal may act as
a perpetuating factor, in which the sleep environment becomes a stimulus for arousal
instead of rest (36). Conditioned arousal consists of cognitive (e.g. worrying about sleep
problems and their consequences) and physiological symptoms. The interaction between
these two types of arousal is thought to be mediated by heightened emotionality (36), i.e.
affect-laden cognitions are more likely to interfere with sleep than neutral thoughts. In a
synthesis of these models, insomnia can be viewed as a result of the interaction between
increased emotional, cognitive and physiological arousal, or a“ psychobiological state of
hyperarousal’ (35).

In PD patients, one can imagine that having a chronic, progressive disease, which results
in increasing disability over time, can cause negative cognitions and emotions, leading
to psychological and physiological arousal and subsequent sleep problems. Our findings
suggest that even subclinical symptoms of anxiety and depression (e.g. worrying or
feeling tense after recently receiving a diagnosis of PD), can interfere with sleep in PD
patients, and contribute to the development of insomnia.

Insomnia, depression and anxiety often co-occur in PD (5, 11-13), and insomnia is a

symptom of both depression and some anxiety disorders, for instance generalized anxiety
disorder. This may raise the question whether the associations we found can be explained
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by the fact that insomnia is an integral part of depression and anxiety disorders. However,
since we used the GDS-15 and the STAI, which do not contain items on disturbed sleep
(23, 25), there is no overlap between the measures used for anxiety and depression, and
insomnia. Moreover, we corrected for baseline severity of the outcome variable in our
analyses (i.e.,, we corrected for the presence of insomnia at baseline in the analyses on
the association between baseline depression and insomnia at follow-up). We therefore
feel confident that our results indicate that symptoms of state anxiety should be viewed
as an independent risk factor for the development of insomnia in PD, and insomnia for
increased symptoms of anxiety and depression.

To our knowledge, this is the first study to examine the longitudinal, bidirectional
relationship between sleep disturbances and symptoms of anxiety and depression in PD
patients. A strength of this study is that we studied a cohort of PD patients who were not
yet using antiparkinsonian medication, ruling out interference of dopaminergic treatment
in the association between sleep and anxiety and depression. On the other hand, the
selection of a study sample of medication-naive, early stage PD patients with relatively
short follow-up also limits the generalizability of our results to the entire PD population.
In PD patients, the occurrence of sleep disturbances, depression and anxiety increases
with progression of the disease (4, 21). Indeed, the prevalence rates of clinically relevant
symptoms of anxiety, depression and insomnia in our study sample were relatively
low compared to other PD samples (4-8). The fact that the majority of our subjects had
subclinical symptoms makes it difficult to draw definite clinical conclusions from the
study. Replication of our findings, preferably in a sample of PD patients that has been
followed for a longer time and therefore, on average, developed more severe symptoms
of anxiety, depression and insomnia, is therefore necessary. Our results do, however,
indicate that clinicians should be attentive to symptoms of anxiety in PD subjects
reporting insomnia, and vice versa, for complaints of insomnia in PD patients with anxiety
or depression. Secondly, our finding of a bidirectional association between insomnia and
state anxiety suggests that both anxiety and sleep disturbances can start a negative spiral
in PD patients, constituting of psychobiological hyperarousal, disturbed sleep, altered
emotional and physiological responses, a more disturbed sleep, etc.

In conclusion, the results of our study indicate that symptoms of anxiety and depression
can be a risk factor for the development of insomnia in PD. This finding provides a target
for research on preventive measures in insomnia. The relationship between insomnia
and anxiety is bidirectional, which suggests that both symptoms of anxiety and sleep
disorders can start a negative spiral in PD patients, where one enhances the other.To break
this negative spiral, independent clinical attention for these symptoms in PD patients is
warranted.
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Abstract

Objective

Psychological distress has a high impact on quality of life in patients with multiple
sclerosis (MS), Parkinson’s disease (PD), and Huntington’s disease (HD). Studies have
shown that cognitive behavioral therapy and mindfulness-based therapies are
successful in reducing psychological distress in patients with anxiety and depressive
disorders, and patients with chronic somatic diseases. We aimed to investigate the
effectiveness of these treatment types in MS, PD, and HD patients.

Methods

We performed a comprehensive literature search in PubMed, Psycinfo, Embase and
the Cochrane Central Register of Controlled Trials up to March 2018. Randomized
controlled trials (RCTs) investigating a psychological intervention and reporting
psychological outcome measures were included. Two separate meta-analyses were
performed; one in studies comparing the psychological intervention with a treatment
as usual or waitlist condition and one in studies with another active treatment
condition as comparator.

Results

The first meta-analysis (n = 12 studies, 8in MS and 4 in PD populations) showed a mean
effect size of g = 0.51. The second meta-analysis (n = 7 studies, all in MS populations)
showed a mean effect size of g = 0.36. No RCTs were found in HD populations. The
overall quality of the included studies was insufficient and considerable heterogeneity
was found. No evidence was found for publication bias.

Conclusion

Psychological interventions have a small to moderate effect on reducing
psychological distress in patients with PD and MS. However, more research with
better methodological quality and larger study samples is warranted, especially in HD
and PD patient populations.
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Introduction

Progressive neurological disorders, such as Multiple Sclerosis (MS), Parkinson’s disease
(PD) and Huntington’s disease (HD), are often accompanied by psychological distress (1-
3). Psychological distress symptoms have a higher impact on the quality of life of both
the patients and their caregivers than the physical symptoms (4, 5). The resemblance
between MS, PD and HD includes the progressive nature of the disease, uncertainty on
disease course, and incurability (only symptom reduction is possible), which contribute
to psychological distress. Besides these elements, psychological distress can also arise
from physical symptoms (such as spasms, rigidity, and autonomic dysregulation),
resulting in a vicious circle where physical and psychological symptoms reinforce one
another. In addition, neural circuits are affected by the disease (i.e. frontostriatal circuits),
causing disruptions in cognition, affect, motivation, behavior, and stress regulation (6, 7).
Because of these similarities, it is likely that these three patient populations can equally
benefit from psychological treatments. This hypothesis is supported by the finding that a
standardized psychosocial selfmanagement program proved to be effective in a variety of
chronic diseases, including MS, PD, and HD (8).

A considerable number of studies has investigated potential effective treatments for
stress reduction. In an extensive review and meta-analysis of Hofmann and colleagues
(9), cognitive behavioral therapy (CBT) showed to be an effective treatment for general
distress and, more specifically, anxiety symptoms in patients with psychiatric and medical
conditions. Besides classical CBT, problem solving and self-management therapies are also
considered CBT-based since these interventions are based on the same principles. In PD
patients, CBT also showed positive effects in treating anxiety and depressive symptoms
(10-12). In MS, Dennison et al. (13) concluded that CBT is effective in improving the
management of somatic symptoms and psychological distress. According to Novak and
Tabrizi (14), depression and anxiety are usually treated with medication in HD patients,
but CBT is also effective in well-selected patients. However, these recommendations for
HD patients are mostly based on expert opinion.

Besides CBT, mindfulness-based treatments (MBTs) receive increasing attention in
clinical practice. Mindfulness involves paying attention in a particular way: on purpose,
in the present moment, and non-judgmentally (15). MBTs include mindfulness-based
stress reduction, mindfulness-based cognitive therapy, meditation, and acceptance and
commitment therapy. MBTs have been proven to be effective in reducing anxiety and
depression symptoms in patients with anxiety and depressive disorders (16), and patients
with chronic pain (17). Also, small to moderate effect sizes in improving mental health
were found in populations with different chronic somatic diseases (18, 19), and medium
effect sizes were found in MBTs for MS patients (20).
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To reduce psychological distress in patients with progressive neurological disorders, CBTs
and MBTs might thus be of potential benefit. Since these interventions are considered
treatment options, it is warranted to investigate their effectiveness. In order to establish
the efficacy of CBTs and MBTs on reducing psychological stress in PD, HD, and MS patients,
we performed a meta-analysis on randomized controlled trials.

Methods
Selection of studies

A comprehensive literature search was conducted in PubMed, Psycinfo, the Cochrane
library and EMBASE through March 2018. In addition, ClinicalTrials.gov was searched
for completed but unpublished studies. The following keywords were used: “Parkinson’,

"nou " ou

“Huntington’, “Multiple Sclerosis’, “psychological distress’, “stress reduction’, “distress’,
“depressive symptoms’, “anxiety symptoms” (see the supplementary material for the
complete search string). Besides the database searches, recent meta-analyses (21-23)
were read to find additional studies. Two researchers (IG, SR) independently selected the
studies for inclusion and when they disagreed a consensus was made.

Inclusion criteria for the meta-analysis were: a study population of PD, HD, or MS
patients, availability of an English or Dutch abstract or manuscript, the examination of
a psychological intervention, availability of anxiety, depressive, or general psychological
distress outcome measures, availability of data of each study allowing the calculation of
standardized mean differences (post-treatment means, standard deviations, and number
of participants, or other statistics that allowed to calculate effect sizes). Only randomized
controlled trials (RCTs) were included in this meta-analysis.

Data extraction

All decisions on the inclusion of outcome measures, including depressive and anxiety
symptoms and/or general mental health outcome measures, were based on consensus
between two researchers (IG, SR). Outcome measures of psychological distress were
extracted by these two researchers, independently. Post-treatment measurements
were collected to examine the immediate effect of the interventions. When data was
not available, the researchers of that particular study were contacted. In addition, two
independentresearchers (RB, MH) rated the type of interventions (CBT or MBT) investigated
in the studies, based on the treatment components described in the manuscript.
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Quality assessment

The methodological quality of the included studies was assessed with seven criteria of the
risk of bias assessment tool, developed by Cochrane (24) to assess sources of bias in RCTs:

1. Random sequence generation (selection bias)

2. Allocation concealment (selection bias)

3. Blinding of participants and researchers (performance bias)
4. Blinding of outcome assessment (detection bias)
5.Incomplete outcome data (attrition bias)

6. Selective reporting (reporting bias)

7. Other bias

Criterion 3 was impossible to meet due to the nature of psychotherapeutic studies on
psychotherapeutic interventions, and was therefore always considered as biased. When
questionable or unclear risk of bias was found, this was considered a risk of bias.

Again, quality assessment was performed by two independent researchers (IG, SR).

Meta-analyses

The Hedges' g effect sizes were calculated for each study and pooled with Comprehensive
Meta-analysis (CMA; version 3 for Windows). Post-treatment means and standard
deviations measures at post-treatment were used to calculate Hedges’ g. Means and
standard deviations from anxiety, mood, and general mental health outcome measures
within each study were pooled so that one ‘psychological distress’ measure for each study
was included in the meta-analyses. Two separate main meta-analyses were conducted: the
first to investigate psychological interventions that were compared with waitlist or TAU
conditions, the second to investigate psychological interventions that were compared
with other active interventions (such as supportive listening, relaxation, and psycho-
education).

Within the first main meta-analysis, besides the combined psychological distress measure,
the individual effect sizes on anxiety, mood, and general mental health outcomes were
investigated using separate meta-analyses. Subgroup analyses were conducted for
disease type, control condition, and high vs low risk of bias. In addition, the relationship
between risk of bias and effect size was investigated with a regression analysis. Within
the second main meta-analysis, the different types of interventions of interest (CBTs and
MBTs) were investigated by performing two separate meta-analyses. There were too few
studies to perform further subgroup analyses.
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As considerable heterogeneity was expected, all analyses were conducted using the
random effects model. The I? statistic was calculated as an indicator of heterogeneity. We
calculated the 95% confidence intervals (95% Cl) around I* (25) using the non-central chi-
squared based approach within the heterogi module for Stata (26). When the I> estimate
reached 40%, this was classified as considerable heterogeneity (27).

Subgroup analyses were conducted according to the mixed-effects model (28), and the
meta-regression analysis was conducted according to the procedures developed by
Borenstein et al. (28).

Publication bias was examined with Duval and Tweedie’s trim and fill procedure (29), as
well as Egger’s test for the asymmetry of the funnel plot.

Results
Selected studies

After removing duplicate studies, 156 records were found. After inspection of the titles
and abstracts, 24 full-text articles were retrieved. In addition, four studies were included
from past meta-analyses, resulting in 28 full-text articles that were read. Figure 1 presents
the flowchart of the inclusion process with reasons for exclusion, following the PRISMA
statement (30). Eventually, 19 studies were included, of which 12 were included in the first
meta-analysis, and seven in the second meta-analysis.

Characteristics of included studies

Table 1 shows the characteristics of the included studies, displayed separately for the
two main meta-analyses. Within the first analysis, eight studies included MS patients (31-
37), four studies included PD patients (38-41), and no RCTs were found investigating HD
populations. Nine studies examined a CBT-based intervention (31, 33-38, 40, 41) and three
studies investigated an MBT (32, 39, 42).

Within the second analysis, only MS patients were investigated in the included studies.
Regarding the treatments of interest, four studies investigated a CBT-based treatment (43-
46) and three examined an MBT (47-49).

Overall, the quality of the included RCTs was suboptimal, based on the scores on the risk of

bias assessment tool. As allocation concealment was often not well reported, two studies
had a risk of detection bias (40, 47). The study by Okai et al. (40) also showed an attrition
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bias, as did the study by Calleo et al. (38). In the first analysis, four studies showed good
quality (31, 33,41, 42), as shown by a total risk of bias of 1 (only risk of performance bias).
In the second analysis, only the study by Carletto et al. had good quality (49).

Figure 1: PRISMA flow chart of selection and inclusion process.
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Treatment Effects

Meta-analysis 1: psychological intervention versus TAU or waitlist condition

Figure 2 displays the forest plot of the standardized effect sizes of psychological
interventions on psychological distress in PD and MS patients, compared with a waitlist or
TAU condition. The mean effect size (g) was 0.51 (95% Cl =0.22 - 0.80) with a heterogeneity
estimate (I%) of 66 (95% Cl = 27 - 80).

As a post-hoc analysis, the studies of Okai et al. (40), Ghielen et al. (37), and Kiropoulos et
al. (33) were excluded in a separate meta-analysis. These studies were considered outliers
since the effect sizes with their 95% confidence intervals were outside the 95% confidence
interval of the pooled main effect size. The effect size decreased to g=0.31 (95% Cl =0.13
- 0.48) and heterogeneity decreased to I>=0 (95% Cl = 0 - 56) when these three studies
were removed (see table 2).

To investigate the treatment effects on the different types of outcome measure separately,
three meta-analyses were conducted on anxiety, mood, and general psychological
distress outcome measures. The treatment effect on general mental health outcomes was
highest (g = 0.79, 95% Cl = 0.32 - 1.25 with I* = 66, 95% Cl = 0 - 85), followed by the effect
on anxiety symptoms (g = 0.36, 95% Cl = 0.03 - 0.66 with I> =59, 95% Cl = 0 — 79), and
depressive symptoms (g = 0.33, 95% Cl = 0.05 - 0.62 with I* = 60, 95% Cl = 0 - 78) (see
Table 2).

In addition, subgroup analyses were conducted (Table 2) to investigate differences in effect
size for disease type, control condition, and risk of bias (high versus low). Significantly
larger effect sizes were found in MS patient populations, TAU control condition, and
studies with a high risk of bias. Meta-regression analyses on risk of bias (3 = 0.08,95% Cl =
-0.18 - 0.33, p > 0.05) did not show a significant relationship with effect size.
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Table 2: Effect sizes and heterogeneity measures for psychological treatments in improving
psychological distress in PD and MS patients, including subgroup analyses.

N (studies) Hedges'g 95% Cl ? 95% ClI p-value NNT*
Meta-analysis 1
All 12 0.51 0.22-0.80 66 27-80 <0.01 355
Excluding outliers® 8 0.31 0.13-0.48 0 0-56 <0.01 5.75
Outcome
Depression 10 0.33 0.05-0.62 60 0-78 <0.05 543
Anxiety 8 0.36 0.03-0.68 59 0-79 <0.05 5.00
Psychological distress 5 0.79 0.32-1.25 66 0-85 <0.05 2.36
Subgroup analyses
Disease type
MS 8 0.54 0.26 - 0.82 45 0-72 <0.01 3.36
PD 4 0.37 -0.55-1.29 80 16-91 4.85
Control condition
Waitlist 7 0.39 0.18 - 0.60 26 0-68 <0.01 4.59
TAU 5 0.67 -0.16-1.49 82 49-91 2.75
Risk of Bias *
High 8 0.57 0.14-0.99 71 22-84 <0.01 3.18
Low 4 0.42 0.02-0.81 61 0-85 427
Meta-analysis 2
All 7 0.36 0.13-0.58 40 0-74 <0.01 5.00
Treatment type
CBT 4 0.45 0.26 - 0.64 0 0-73 <0.01 3.55
Mindfulness 3 0.06 -0.56 - 0.68 68 0-89 ns 29.41

MS = Multiple Sclerosis; PD = Parkinson’s Disease; CBT = Cognitive Behavioral Therapy; NNT = Number Needed to Treat; TAU =
treatment as usual; ns = non-significant

*according to Kraemer & Kupfer (50)

@ outliers include Okai et al. (40), Kiropoulos et al. (35), Ghielen et al. (39)

# low risk of bias include studies scoring 1 according to the risk of bias assessment tool, developed by Cochrane (24), a score >
1 is considered high risk of bias.

Meta-analysis 2: psychological intervention versus active control condition

Figure 3 shows the forest plot of the standardized effect sizes of psychological interventions
on psychological distress in MS patients, compared with an active control condition. The
mean effect size (g) was 0.36 (95% Cl = 0.13 - 0.58) with a heterogeneity estimate (1A of 40
(95% Cl=0-74).
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Toinvestigate the treatment effects for the types of investigated intervention, two separate
meta-analyses were conducted on CBT-based treatments and MBTs. The treatment effect
for CBT-based treatments was highest (g = 0.45, 95% Cl = 0.26 — 0.64 with I> = 0, 95% Cl =
0 - 73), followed by a small effect for MBTs (g = 0.06, 95% Cl =-0.56 — 0.68 with I* = 68, 95%
Cl =0-89) (see Table 2).

Publication bias

No evidence for publication bias was found in both meta-analyses. Inspection of the funnel
plots did not indicate significant publication bias (Figures 4 and 5). Duval & Tweedie’s
trim-and-fill procedure did not result in the imputation of studies according to a random
model. In addition, Egger’s regression intercept indicated no significant publication bias
(p > 0.05 in both analyses).

Figure 4: Funnel plot of meta-analysis 1: psychological interventions versus treatment as
usual (TAU) or waitlist (WL) conditions. The imputed studies are shown in black.
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Figure 5: Funnel plot of meta-analysis 2: psychological intervention versus active control
condition.
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Discussion

In this study, we investigated the effectiveness of psychological interventions on
psychological distress in patients with PD and MS by conducting a meta-analysis
of randomized controlled trials. There were no RCTs found studying psychological
interventions in HD populations. Nineteen studies were included in the analysis, of which
twelve compared the treatment of interest with a TAU or waitlist condition (meta-analysis
1), and seven studies compared the treatment of interest with an active control condition
(meta-analysis 2). A moderate effect size (g = 0.51) was found in the first meta-analysis,
and a small effect size (g = 0.36) was found in the second meta-analysis. In both meta-
analyses there was considerable heterogeneity, which is probably due to the variability
in hours of treatment, different delivery forms (for example by telephone or face-to-
face), and differences in comorbidity in the included subjects over all included studies.
The heterogeneity decreased when outliers were removed, when depression and anxiety
outcomes were analysed separately, when only looking at MS patient samples, when
studies with waitlist control conditions were analysed, and when studies with a low risk
of bias were analysed. In these post-hoc analyses, the effect sizes decreased to small (g
=0.31,g =033, g = 0.36, g = 0.39, g = 0.42, respectively). No evidence was found for
publication bias.

The small to moderate main effect sizes suggest that psychological interventions are
beneficial in reducing psychological distress, but only to a certain extent. Biological
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approaches, e.g. pharmacotherapy, showed a reduction of depressive symptoms in
MS patients with an effect size of 0.63 (standardized mean difference) (22). According
to the review and meta-analysis by Fiest et al. (2016), current research is insufficient
to determine the effectiveness of pharmacotherapy for anxiety in MS as no controlled
studies were found. In PD, the meta-analysis of Bomasang et al. (51) on antidepressant
medication showed an effect size of 0.54 in reducing depressive symptoms. The effect
of pharmacotherapy on reducing symptoms of anxiety in PD patients has insufficiently
been studied. Although the effect sizes of pharmacotherapy on depressive symptoms
appear to be larger than those of psychological treatment, in anxiety and global mental
health the effect is not yet investigated properly. One can imagine that pharmacological
interventions show larger effect sizes compared to psychotherapeutic interventions,
since the latter requires cognitive abilities to learn and apply the methods that are taught.
Although patients with dementia were excluded in most studies, it is possible that these
populations have reduced cognitive abilities as a result of the neurodegenerative process,
and are therefore unable to optimally benefit from CBT and MBTs. It is also argued that a
combination of psychotherapy and pharmacotherapy might be most beneficial, at least
for outpatients with chronic forms of depression (52, 53) and panic disorder (53). In adults
with an anxiety or depressive disorder without neurological comorbidity, a meta-analysis
of Cuijpers et al. (54) showed that CBT is probably effective. Although effect sizes were
larger (around g = 0.80) compared to our results, the quality of the included studies was
unsatisfactory and publication bias was present. Large effect sizes were also found for
MBTs in the treatment of anxiety and depressive symptoms (55). Here, no publication bias
was present but study quality was again unsatisfactory. CBT and MBTs appear to be more
effective in patients without compared to patients with neurodegenerative disorders.
However, the methodological quality is insufficient to draw definite conclusions.

The MS population is best represented in this meta-analysis, including fifteen RCTs
of which eight were included in the first meta-analysis. The second meta-analysis
included only studies in MS populations. Overall, the mean age of MS patient groups is
lower compared to the PD patient groups. One can imagine that having a progressive
neurological disorder in an earlier or later phase of life results in different psychosocial
issues. However, all treatments described here were adapted to the respective study
sample and no significant subgroup difference in effect size was found regarding disease

type.

A considerably large effect size was found in the pilot study of Okai et al. (40). In this study,
all PD patients additionally suffered from impulse control disorders. When the treatment
components were critically investigated, it was notable that this was the only CBT-based
intervention that included executive dysfunction education. PD patients often show
an impairment in executive functioning in an early stage of the disease (56, 57). Since
this study showed a great improvement in psychological distress, this might indicate
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that executive dysfunction plays an important role in regulating negative emotions and
cognitions, at least in PD patients with impulse control disorders. This has to be confirmed
in future research, however.

The pilot study by Kiropoulos et al. (35) also showed a large effect size (g = 1.64). This
study included newly diagnosed MS patients (< 5 years since diagnosis) and the age of
these patients was lower compared to other studies that investigated MS populations.
These patients might be less severely affected compared to other study populations.
Comparisons, however, could not be made since studies reported different measures of
disease severity. No differences were found concerning treatment components when
compared with other CBT-based interventions in MS.

An important factor is the focus of the treatment types and control conditions. The studies
by Ghielen et al. (39), Oreja-Guevera et al. (48), and Nordin et al. (47) investigated MBTs. The
first three studies showed (non-significant) negative effect sizes of g=-0.45, g=-0.37, and
g = -0.10, respectively, favoring the control condition in reducing psychological distress
symptoms. The focus of ACT is not on symptom reduction but on coping with the disease
despite of the symptoms that are present. This is achieved by improving awareness of ones
bodily sensations, thoughts and feelings. When one is more aware of his/her symptom:s,
these will also be more often reported, resulting in a higher score on questionnaires. In
addition, these studies all included an active form of control condition: physical therapy
(TAU), psycho education, and relaxation.

Another discussion concerns the suitability of questionnaires to measure treatment
effects. Since MBTs are focused on awareness and acceptance, and not aim to reduce
symptoms, questionnaires that measure the prevalence or severity of symptoms are
less appropriate. The studies by Bogosian et al. (32) and Simpson et al. (42), however,
investigated mindfulness interventions and showed effect sizes of g = 0.55 and g = 1.04,
respectively, in improving general mental health . In addition, when overall psychological
distress was measured with general mental health questionnaires, a high effect size of g =
0.79, although with considerable heterogeneity, was found. The focus of an intervention,
type of control condition, and the outcome measures used seem to be of importance
in evaluating the effectiveness, and therefo