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Abstract 
 

Parkinson’s disease (PD) is a neurodegenerative disorder that affects approximately 1% of 

persons over the age of 65. (1) PD is characterised by alpha-synuclein-immunoreactive 

inclusions, or Lewy bodies, that cause neuronal cell death in monoaminergic and cholinergic 

neurons. (2, 3) While the majority of cell death occurs in the basal ganglia, cotico-striato-

thalamo-cortical loops allow widespread areas of the brain to also be affected. (4) However, 

by the time motor symptoms first appear, 50 to 60% of niagral neurons and 70 to 80% of 

dopamine levels in the caudate nucleus have degenerated. (5, 6)   

 

PD is predominantly characterised as a motor disease, with its diagnosis dependent on the 

presence of cardinal motor symptoms, including bradykinesia, muscular rigidity, resting 

tremor and postural instability. (7) Non-motor symptoms (NMS) are also widely prevalent in 

PD, with almost all persons with PD experiencing at least one, however they are often under-

recognised and under-treated. (8, 9) The most frequently reported NMS are fatigue and 

anxiety, however they can include other neuropsychiatric symptoms, sleep disorders, 

autonomic symptoms and sensory symptoms. (8) Furthermore, NMS have been shown to 

impact quality of life (QoL) more than motor symptoms, with apathy, attention difficulties, 

fatigue, psychiatric symptoms and memory all shown to have a negative association with QoL. 

(9) 

 

Stress is a natural, short-lived response to benefit the individual in the stressful situation. (10) 

Stress works through two primary mechanisms, the hypothalamic-pituitary-adrenal (HPA) 

axis and the sympathetic-adrenal-medullary. (11, 12)  However chronic exposure to stress can 

lead to General Adaptation Syndrome, which can have detrimental impacts to an individual’s 

health. (10) This can be due to negative states, often leading to poor health practices, and 

overexposure to stress hormones such as cortisol, which can have effects on hippocampal 

volume and permanent atrophy. (13-15) Resilient individuals are better able to deal with 

stress as they have the ability to adapt to change while maintaining their relationships and 

state of system. (16) This is particularly relevant in chronic diseases such as PD due to the 

daily variability of the disease. (17)  
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This present study examines the relationships between NMS and QoL in PD with both stress 

and resilience. The intentions of this study were to: 

1. Identify the burden of perceived stress on both frequency and severity of NMS in PD 

by total score, domains and individual symptoms, with a particular focus on mood 

disorders; 

2. Identify the burden of perceived stress on QoL in PD as a total, by dimension and 

individual symptom; 

3. Identify the benefit of resilience on both frequency and severity of NMS of PD by total 

score, domains and individual symptoms, with a particular focus on mood disorders; 

4. Identify the benefit of resilience on QoL in PD as a total, by dimension and individual 

symptom. 

 

From the aims, the following hypotheses were developed: 

1. There will be a positive association between high perceived stress and increased 

frequency and severity of NMS, including mood disorders such as anxiety and 

depression; 

2. There will be a negative association between high perceived stress and QoL in PD;  

3. There will be a negative association between high resilience and increased frequency 

and severity of NMS, including mood disorders such as anxiety and depression; 

4. There will be a positive association between high resilience and high QoL in PD. 

 

This study used a cross-sectional design. Persons with idiopathic PD were recruited primarily 

through PD support groups and word of mouth. One hundred and four persons were recruited 

in South East Queensland, with 100 meeting inclusion criteria. Participants were guided 

through a number of instruments and a proforma, conducted by both the examiner and self-

performed. Descriptive and multivariate analysis was performed to analyse the data 

collected, namely Person’s Correlation and Mann-Whitney U Test.  

 

Descriptive analysis showed over half of the participants were male, and a large majority were 

Caucasian. Three quarters of participants had a carer present during the study, and three 

quarters were also referred to the study through Parkinson’s Queensland Incorporated. The 
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average age of participants was 69.1 years, and average age of diagnosis was 62.38 years. The 

mean Hoehn and Yahr (HY) Stage 2.35, and mean Movement Disorders Society Unified 

Parkinson’s Disease Rating Scale (MDS-UPDRS) motor score of 30.68. 

 

Results found a positive significant relationship between perceived stress and NMS, in both 

their overall score, severity and frequency. The domain and individual symptoms that showed 

the strongest associations belonged to the mood/cognition domain. In particular, depression 

and anhedonia showed the strongest relationships with stress. In regards to mood disorders, 

both anxiety and depression showed significant positive associations with perceived stress, 

with persons who classified as depressed and anxious having significant higher stress scores 

than those who were not.  

 

Stress was inversely associated with QoL, with an association of p<0.001 with all bar one QoL 

dimensions. Significant inverse associations also existed with 36 of the 39 QoL questions, and 

34 QoL complaints showed significantly higher stress scores for persons who had experienced 

the symptom compared to those who had not.  

 

Results also showed a negative significant relationship between resilience and NMS, in both 

their overall score, severity and frequency. Much like perceived stress, the mood/cognition 

domain showed the strongest associations for both the domain and individual symptoms. 

Anhedonia was the NMS with the strongest relationship with resilience. Anxiety and 

depression also showed inverse associations with resilience, and there was a significant 

difference in resilience between those who were anxious and depressed and those who were 

not. 

 

QoL was also inversely significantly associated with resilience, all dimensions being 

significantly associated. Emotional well-being dimension and the pertaining QoL complaints 

had the strongest associations, closely followed by the communications dimension.  

 

The results of this study suggest that NMS and QoL in PD are closely related to both stress 

and resilience. It highlights that stress has greater association with PD symptomology, which 

could be due to a combination of the stress response affecting NMS, or PD itself increasing 
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stress through its pathophysiology. In particular, this study highlighted the relationship 

between stress and resilience with mood and cognition issues in PD, which have an impact on 

QoL. The nature of these relationships however is unclear, with the direction of causality not 

yet determined. However, it is highly likely that a network causality is present. It is important 

to further study these relationships, as stress reduction mechanisms and harnessing resilience 

may improve NMS management and enhance QoL.  
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Chapter 1: Introduction 
 

This chapter presents a literature review on Parkinson’s disease (PD), as well as stress and 

resilience. It also explores the role of stress and resilience in disease, particularly in PD. In 

addition, this chapter will also outline the significance and expected outcomes of the study. 

 

1.1 Literature Review 

 

1.1.1 Parkinson’s Disease 

 

PD was first described in 1817 by James Parkinson in ‘An Essay on the Shaking Palsy’, as 

“involuntary tremulous motion, with lessened muscular power, in parts not in action and even 

when supported; with a propensity to bend the trunk forwards, and to pass from a walking to 

a running pace: the senses and intellects being uninjured”. (18) From this monograph, the 

research and understanding of PD has continued to grow, particularly with increased 

momentum in the recent years.  

 

 

1.1.2 Epidemiology of PD 

 

PD is a neurodegenerative disorder, affecting approximately 1% of the population over the 

age of 65, and up to 3% of persons over 80 years of age, making it the second most common 

disorder of its kind after Alzheimer’s. (1) Males have a higher risk of developing PD, showing 

higher prevalence in majority of epidemiological studies, significantly so within the 50 to 59 

age group. (19-25) The general trend in various epidemiology studies indicate an increasing 

of prevalence of PD with age, with some studies showing a decrease in prevalence in the 

oldest old; circa 90+ years age group, presumably due to mortality. (23, 26-34) However, the 

actual prevalence is quite varied, with the prevalence of ages 60 and over varying from 0.69% 

to 2.15%, this discrepancy unable to be attributed to ethnicity or geographical location as 

both studies were conducted in northern Spain. (29, 32) It is therefore difficult to ascertain 

the actual prevalence of PD with such discrepancies, most likely due to methodology and 
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inclusion/exclusion criteria. For example, some studies use clinical settings and medical 

records, which only consider persons who have sought medical help, whilst other studies 

were door-to-door and may carry out prior screening which may exclude potential cases.  

 

 

1.1.3 Aetiology and Risk Factors for PD 

 

The cause of PD is still uncertain, with only a small minority of cases having a monogenetic 

origin, and a wide majority of cases considered sporadic. (35) Various life-style, occupational 

and environmental risk factors for PD have been studied, however many of the studies have 

shown inconsistent or contradictory results. (36) Risk factors positively associated with PD 

include pesticide exposure, heavy metal exposure, trauma, infection, whilst smoking tobacco 

is thought to be negatively associated with the condition. (37-43) 

 

 

1.1.4 Pathophysiology of PD 

 

There are several parkinsonian disorders have similarities to PD, however idiopathic PD is 

characterised by the presence of Lewy bodies; alpha-synuclein-immunoreactive inclusions 

that are also present in dementia with Lewy bodies. (2, 44) Familial forms of PD are linked to 

mutations in the alpha-synuclein gene, where Lewy bodies are present. Only a number of 

neuron types are capable of developing the Lewy bodies, including monoaminergic and 

cholinergic neurons, and it is yet unknown why they cause neuronal cell death. (3) When 

motor symptoms first appear, approximately 50 to 60% of nigral neurons have degenerated, 

along with 70 to 80% of dopamine levels in the caudate nucleus. (5, 6)  However, whilst the 

majority of the damage occurs in these areas of the basal ganglia, other areas of the brain can 

be impaired due to cortico-striato-thalamo-cortical loops. (4) These loops connect the basal 

ganglia to other parts of the brain such as the sensorimotor and premotor cortex, dorsolateral 

prefrontal and lateral orbitofrontal cortex as well as the limbic and paralimbic cortex. Due to 

these connections, if there are damaged areas in the basal ganglia, they can affect other parts 

of the brain. 
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In PD, the subthalamic nucleus (STN) and neurons of the globus pallidus interna (GPi), present 

in the basal ganglia, have been found to have increased firing rates in both primates and 

humans. (45-50) The STN and GPi, both containing D2 receptors, are joined through an 

indirect – excitatory – pathway connected by globus pallidus externa (GPe). (51) The 

stimulation of this pathway causes the inhibition of GPe, which is inhibitory in nature, 

increasing the activity of STN and GPi, conversely suppressing motor activity. It is suggested 

that in PD, the depletion of dopamine reduces the activation of dopamine receptors in the 

indirect pathway. (52, 53) Due to this, there is an over-inhibition of the GPe, leading to the 

overstimulating of STN and GPi. This over-activation in the basal ganglia is complemented by 

excessive inhibition of the person’s motor systems, resulting in the motor features seen in 

PD.  

 

 

1.1.5 Diagnostic tools for PD 

 

To date there is no definitive test for PD, however the most widely used diagnostic tool is the 

UK Parkinson’s Disease Society Brain Bank clinical diagnostic criteria (UKPDBBC)(see Table 

1.1). (7) The criteria follows a 3-step process, beginning with the diagnosis of a parkinsonian 

syndrome, the exclusion of other possible diagnosis, and finally supportive evidence for the 

diagnosis of PD. The usefulness of this criteria has been clearly demonstrated in Hughes et. 

al. (1992), with neurologist assessments showing a 24% error rate post-mortem, while 

retrospective application of the criteria having a lower misdiagnosis rate of 18%. (54) A later 

study showed that diagnostic accuracy was higher than previously thought, with 91-92% 

correctly diagnosed cases when the UKPDBBC was applied. (55) There are also developments 

in technology allowing for detection in brain morphology that occurs in PD. For example, 7 

Tesla magnetic resonance imaging, magnetisation transfer magnetic resonance imaging and 

diffusion tensor MRI have been shown to be successful in detecting various changes. (56-58) 

With further development of the upcoming technology, a higher diagnostic accuracy may be 

achieved. 
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Table 1.1: UKPDSBBC clinical diagnostic criteria 

 

However, prior to an individual being diagnosed and treated for PD, there are several steps 

that need to occur. (59, 60) First, the individual and people around them must recognize the 

possible symptoms, and seek a health professional. The health professional must then be 

able to recognize the symptoms as a possibility for PD, and diagnose the patient or make the 

appropriate referrals. If the latter occurs, the specialist will make the expert diagnosis of PD, 

and commence appropriate treatment. However, each of these steps can take some time, 

STEP 1. Diagnosis of PARKINSONIAN SYNDROME. 
- Bradykinesia (slowness of initiation of voluntary movement with progressive reduction in 
speed and amplitude of repetitive actions). 
- And at least one of the following: 
a. muscular rigidity 
b. 4-6 Hz rest tremor 
c. postural instability not caused by primary visual, vestibular, cerebellar or proprioceptive 
dysfunction. 
STEP 2. Exclusion criteria for Parkinson's disease. 
-History of repeated strokes with stepwise progression of Parkinsonian features 
-History of repeated head injury 
-History of definite encephalitis 
-Oculogyric crises 
-Neuroleptic treatment at onset of symptoms 
-More than one affected relative 
-Sustained remission 
-Strictly unilateral features after three years 
-Supranuclear gaze palsy 
-Cerebellar signs 
-Early severe autonomic involvement 
-Early severe dementia with disturbances of memory, language and praxis 
-Babinski sign 
-Presence of a cerebral tumor or communicating hydrocephalus on CT scan 
-Negative response to large doses of levodopa (if malabsorption excluded) 
-MPTP exposure 
STEP 3. Supportive prospective positive criteria for PARKINSON'S DISEASE. 
Three or more required for diagnosis of definite Parkinson's disease. 
-Unilateral onset 
-Rest tremor present 
-Progressive disorder 
-Persistent asymmetry affecting the side of onset most 
-Excellent response (70-100%) to levodopa 
-Severe levodopa-induced chorea 
-Levodopa response for 5 years or more 
-Clinical course of 10 years or more 
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delaying the final diagnosis. In particular, the patient making initial contact with a health 

care professional is the longest step, taking on average 11 months from initial motor 

symptom onset. (60) 

 

1.1.6 Motor Symptoms in PD 

 

PD is primarily characterised as a motor disease, evident in the fact that diagnosis is 

dependent on the presence of cardinal motor symptoms. (7) Bradykinesia must be present 

for a diagnosis of PD, and is the most distinguishing feature of PD. (61) Bradykinesia refers to 

‘the slowness of a performed movement’. However, it is often also used synonymously with 

akinesia, which is the ‘poverty of spontaneous movements or associated movement’, and 

hypokinesia, the decreased size of movement. (62) Whilst the exact mechanism of 

bradykinesia has not been described in full, a strong correlation has been found between 

bradykinesia and nigrostriatal dopaminergic deficit, aligning with PD pathophysiology. (61, 

63) In PD, bradykinesia often manifests initially with a general slowness in daily activities. (64, 

65) Secondary manifestations include decreased arm swing when walking, decreased blink 

rate, hypomimia, drooling, dysphagia and dysarthria. 

 

Muscular rigidity is another cardinal sign of PD, defined by ‘increased resistance when 

stretching muscle passively’, and much like bradykinesia the exact physiology is unknown. 

(66) PD has two typically recognised types of rigidity, lead-pipe and cogwheel. (67) The former 

has uniform rigidity for the entire range of movement, while for the latter, the hypotonicity 

is repeatedly interrupted at the frequency of the person’s resting tremor. The rigidity can 

occur proximally or distally, and in conjunction Froment’s manouvre – contralateral voluntary 

movement - rigidity usually increases.  

 

A resting tremor is often the most recognizable sign of PD, comprising of supination pronation 

movements that usually affect the upper limb extremities, which are often termed  ‘pill-

rolling’ tremors. (61) Rest tremor can be separated from action tremor as the amplitude will 

most likely reduce during directed (voluntary) movements. (68) Additionally, rest tremor 

amplitude escalates during mental stress or during movement of another body part, such as 
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walking. The tremor begins unilaterally, usually effecting upper limbs first, and progress 

bilaterally. Rest tremors can also be experienced in lower extremities, jaw, and lips, however 

rarely affect neck or voice. (61) 

 

Postural instability is the final cardinal motor symptom, and refers to difficulty in responding 

to changes to postural demand. (69) This symptom does not usually arise early in PD, and is 

the denoting feature of stage 3 disease on the HY scale. (70)  While it may begin as an inability 

to recover balance when postural equilibrium is disturbed, it can progress to an incapacity to 

stand or sit unsupported. (71) Postural instability can have dire consequences, including 

injuries, falls, as well as decreased mobility which can severely impact an individual’s QoL.  

 

Whilst the motor symptoms listed above are the cardinal PD symptoms used in the primary 

diagnosis of parkinsonian symptoms, there are also other motor concerns that are often 

experienced. Some of the most common include gait issues, freezing of gait, dyskinesia, motor 

complications, re-emergence of primitive glabellar reflexes and bulbar dysfunction. (36, 61) 

 

From these primary motor features, three motor phenotypes have been described; tremor 

dominant (TD), postural instability and gait difficulty dominant (PIGD), and indeterminate 

phenotype (IND). (72) These phenotypes not only differ in their motor presentation, but also 

show variance in other aspects of disease. For example, the PIGD phenotype is often 

associated with more non-motor burden, in-particular with non-dopaminergic elements of 

disease that may result in neuropsychiatric features, which often result in more significant 

impact on activities of daily living (ADL) and QoL when compared to the TD phenotype. (73) 

Additionally, the PIGD phenotype has poorer prognosis and more rapid progression than 

other phenotypes. (72, 74-77)  

 

 

1.1.7 Non-motor symptoms in PD 

 

While PD is characterized by motor symptoms, NMS are often present, such as 

neuropsychiatric symptoms, sleep disorders, autonomic symptoms, gastrointestinal 

symptoms and sensory symptoms. (78) Despite their prevalence, NMS are still under-
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recognised and under-treated. (8) The NMS symptom complex of PD, as described by 

Chaudhuri et. al., comprises of the following; neuropsychiatric symptoms, sleep disorders, 

autonomic symptoms, gastrointestinal symptoms, sensory symptoms and others such as 

fatigue and weight loss. (8) Almost all patients with PD have reported having at least one 

NMS, anxiety and fatigue being the most common, with the frequency of NMS shown to 

escalate with disease severity and duration. (9) These symptoms can greatly impact QoL, with 

apathy, attention difficulties, fatigue, psychiatric symptoms and memory all shown to have a 

negative impact on QoL. Additionally, health-related QoL in people with PD has been 

suggested to be influenced more by the frequency and severity of NMS rather than motor 

symptoms. (79) Despite this evidence, a study showed that neurologists did not discuss NMS 

with over 50% of their patients. (80)  

 

The importance of NMS in PD goes beyond their impact on QoL, as many are often present 

prior to the onset of motor symptoms. For example, a longitudinal study of the number of 

people with certain NMS prior to the date of diagnosis found that 25% of people who were 

later diagnosed with PD had constipation 2 - 5 years prior to diagnosis, were as only 15% of 

healthy controls experienced constipation. (81) Within two years of diagnosis, these numbers 

increased to 32% in PD patients and only to 19% in non-PD patients. Similar trends could also 

be seen in other NMS such as anxiety, fatigue, dizziness, depression and erectile dysfunction.   

 

Mood disorders are an aspect of PD NMS that are widely prevalent and have a large impact 

on QoL. Depression is a mood disorder that has been shown to be quite prevalent, with 35% 

of persons with PD showing clinically significant depressive symptoms. (82) PD individuals 

with depression are greatly impacted, exhibiting lower motor function scores, lower scores 

for ADL, decreased QoL and increased cognitive symptoms. (83-85) Whilst the exact 

mechanism of depression is unknown, it is believed to be involved with dopaminergic, 

serotonergic and noradrenergic pathways. (86) Two key structures involved in the early stages 

of PD, the raphe nuclei and locus coeruleus, are serotonergic and noradrenergic structures 

which have also been implicated in depression. (87, 88) Additionally, a study has shown that 

persons with PD and depression have shown more dysfunctional limbic noradrenergic and 

dopaminergic pathways when compared to persons with PD but no depression. (89) 
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Anxiety is also quite prominent, with up to 40% with PD experiencing the mood disorder. (90) 

Much like depression, the pathophysiology of anxiety in PD is mainly unknown, and while it 

could be due to the increased stress the disease itself brings, there are also the implications 

of neurochemicals such as serotonin, dopamine and norepinephrine which are related to both 

PD and anxiety. (91-94) 

 

While NMS in PD often have their own pathophysiology, the motor symptoms of the disease 

themselves can also attribute to mood disorders. Studies have shown that anxiety and 

depression are more common in persons who experience motor fluctuations, in particular 

agoraphobia and social phobia. (95, 96) Therefore, NMS in PD is a multifaceted concept, with 

various contributors to the issue.  

 

 

1.1.8 Rating Scales for PD 

 

There are a number of rating scales used to evaluate PD, assaying impairment, disability, or 

both. (97) At present, two of the most widely used scales to quantify disease severity in PD 

are the HY scale and Unified Parkinson’s Disease Rating Scale (UPDRS), both designed 

specifically for PD. (98, 99)  

 

Firstly, the HY was designed as a simple descriptive tool to provide an overview of clinical 

function in PD (Table 1.2). (98) Due to the variability of symptoms and manifestations of the 

disease, it was important to take into account the disability of the disease, so this scale is built 

upon the level of clinical disability. (17) Additionally, this method of staging allows for ease of 

reproducibility, allowing comparable assessments.  

 

The UPDRS was designed to be a more thorough evaluation of disease, incorporating aspects 

of various existing scales. (99) The scale is divided into four components, part one addressing 

mentation, behavior and mood, part two concerning ADL, part three motor symptoms and 

part four complications. This tool therefore provides a means to have an overview of the 

disease, as well as focusing on particular elements in further detail. This tool has also been 

revised, now the MDS-UPDRS. (100) This revision maintained the four components of the 
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original scale, however shifted their focus to part one: non-motor experiences of daily living, 

part two: motor experiences of daily living, part three: motor examination and part four: 

motor complications. Questions in each of these parts were amended to better fit the focus 

of the section, and while the original and revised UPDRS scoring are not comparable, 

conversion formulas have been developed, calibrated for HY groups, to allow comparison of 

scores. (101) 

 

 

Table 1.2: Hoehn & Yahr scale 

 

 

 

1.1.9 Current Treatment 

 

1.1.9.1 Pharmacological Treatment 

 

At diagnosis, pharmacological treatment is not always commenced, however it is usually 

started when motor symptoms begin to impede a person’s life. (102) For motor symptoms, 

the initial therapy aims to increase dopamine levels, achieved primarily through levodopa and 

dopamine agonists (DA) as they have been shown to be most potent, however selective 

monoamine oxidase (MAO) B and catechol-o-methyltransferase (COMT) inhibitors are also 

used. (102-105)  

 

Levodopa is currently the most effective antiparkinsonian treatment, with motor features 

improving between 40-50% compared to 30% from DA. (106-108) Levodopa is an amino acid 

1: Unilateral involvement only usually with minimal or no functional 

disability 

2: Bilateral or midline involvement without impairment of balance 

3: Bilateral disease: mild to moderate disability with impaired 

postural reflexes; physically independent 

4: Severely disabling disease; still able to walk or stand unassisted 

5: Confinement to bed or wheelchair unless aided 
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which in the animal brain is a transient metabolic intermediate in the dopamine production 

pathway. (109) Once produced, it does not accumulate as it is quickly converted to dopamine. 

Orally administered synthetic levodopa is transferred to the brain by the circulatory system 

through the use of a large neutral amino acid-specific carrier system. Once it reaches the 

brain, levodopa is converted to dopamine, exerting its antiparkinsonian effects. (110) 

However, neuronal cells are not the only human cells which contain aromatic L-amino acid 

decarboxylase, the enzyme which transforms levodopa to dopamine, which can therefore 

cause extrapyramidal effects in long term use from elevated dopamine in the peripheries.  A 

study conducted in 1993 showed that at 3 years of Levodopa monotherapy, 33-35% of 

participants showed evidence of on-off fluctuations, as well as 27%  experiencing dyskinesia 

and 25% levodopa-induced dystonia. (111) Similarly, a different study showed that 90% of 

persons on levodopa developed motor complications, primarily dyskinesia, dystonia and 

motor fluctuations. (112) There are various other studies which show similar results, with 

motor fluctuations and complications presenting after levodopa therapy for a number of 

years. (113-121) 

 

Levodopa can come in various preparations. While standard levodopa has quite a short half-

life, less than two hours, slow release preparations are also available which delay peak 

concentration by 45 to 90 minutes. (103) However, the slow release preparation decreases 

bioavailability, with a 30% reduced dose equivalent. Additionally, to help prevent the 

extrapyramidal effects of the drug, carbidopa is included in levodopa preparations. Carbidopa 

blocks aromatic L-amino acid decarboxylase, however it cannot enter the brain unless in 

extremely high concentrations, helping prevent the conversion of levodopa to dopamine in 

the peripheries and therefore increasing bioavailability in the brain. (122-124) Nutt et. al. 

showed that oral administration of carbidopa paired with intravenous levodopa minimised 

the infusion rate required by half, indicating that carbidopa halves the plasma clearance of 

levodopa. (125) 

 

When levodopa is not suitable for a person with PD or an alternative treatment is deemed as 

a suitable option, DA are often used. DA’s, unlike levodopa, act directly on the receptors, 

mimicking dopamine. (126) Initially, DAs were used in conjunction with levodopa to try 

minimise the motor fluctuations, which allowed a 20-30% dose reduction of levodopa. (127-
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129) They can also be used as monotherapy at the onset of PD, allowing for a delay of 

levodopa and therefore a delay in complications associated with levodopa treatment. (107, 

112, 130, 131)  

 

Dopamine replacement therapy, including levodopa, can occasionally provide relief of NMS.  

(132) These include neuropsychiatric symptoms such as depression, apathy and anxiety, 

cognition, sleep disorders such as, fatigue and REM sleep behaviour disorder, autonomic 

symptoms such as nocturia, pain, and NMS fluctuations. (133-141) However, if dopamine 

treatment cannot alleviate NMS, targeted pharmacological therapy for specific NMS can 

considered.  

 

COMT is an enzyme present in mammalian cells which catalyses the transfer of a methyl group 

from s-adenosyl methionine to a catechol substrate when magnesium ions are present, and 

therefore activating the substrate. (142) These substrates include dopamine and levodopa, 

and therefore have a role within parkinsonian disorders. COMT inhibitors, which cannot cross 

the blood brain barrier, are often used in conjunction with Levodopa to prevent the activation 

of the drug in the peripheries, and therefore increasing neuronal availability and prolonging 

the clinical response. (143)  There are some adverse effects associated with the use of COMT 

inhibitors, primarily being increased dopaminergic events such as dyskinesia.  

 

MAOs are a class of catalysts which deaminate various monoamines, including 

catecholamines such as dopamine, adrenaline and noradrenaline. (144, 145) There are two 

isoenzymes of MAO present in most mammalian tissues, MAO-A and MAO-B, with MAO-B 

being the primary MAO found throughout human brain tissue, making up 75% of the brains 

MAO. (145, 146) Due to the high level of MAO-B in the brain, MAO-B inhibitors are used for 

the treatment of PD to help increase dopamine levels in the brain. (147)  

 

There are two generations of MAO-B selective inhibitors, the first generation, primarily 

selegiline, and second generation, primarily rasagiline. (148) Selegiline, an amphetamine 

derivative, as a monotherapy can delay the requirement of levodopa, providing some 

symptomatic benefit, and in conjunction with levodopa it can also decrease motor 

fluctuations. (149-151) Selegiline can have adverse effects, although minimal, including 



 12 

hallucinations, insomnia, jitteriness, and can exacerbate preexisting psychiatric symptoms or 

dyskinesias. (148) Similarly, rasagiline can also be used as a monotherapy or in conjunction 

with levodopa, displaying similar effects. Rasagiline however has reduced side effects, and 

being more potent requires reduced doses.  Additionally, MAO-B inhibitors are being explored 

for their neuroprotective effects, as MAO degeneration of dopamine produces oxygen free 

radicals while alternate pathways do not.  

 

 

1.1.9.2 Non-Pharmacological Treatment 

 

PD has shown to have increased neuronal activity within the STN and GPi, with blockades or 

lesions in those regions being related to symptom improvement in PD. (46, 152-158) While 

lesions are at times performed, deep brain stimulation (DBS) is a much more popular option 

as it reduces the risk of neurologic deficits. (159) DBS stimulates the effect of a lesion through 

high-frequency targeted stimulation, which does not damage the brain. (16) Stimulation of 

the STN and GPi have been shown to have beneficial effects on motor PD symptoms in 

advanced PD, particularly those with motor fluctuations. (160-165) However, as for any 

surgery there are possible adverse effects with the stimulation, including postural instability, 

dystonia, headaches, paresthesia, gait disorder, depression, dysarthria, dysphagia and 

cognitive decline, as well as adverse effects due to the procedure, such as seizures and 

intracranial hemorrhage, and the implant, such as infection, movement of the implant and 

erosion. (166, 167) 

 

 

1.1.10 Stress 

 

The term stress began as an engineering term that was used to describe strain placed on a 

structure. (168) This term was then applied to humans as a ‘non-specific phenomenon’ which 

represents the coming together of various symptoms produced by numerous noxious agents. 

While it was first thought that many conditions could stress the human body, it was later 

found that four primary physiological determinants would induce a stress response; novelty, 

unpredictability, the feeling of loss of control, and social evaluative threat. (10, 169, 170)  
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There are two primary types of stress, absolute and relative. (168) The former relates to a real 

threat, which elicits a response from all people facing the stress, however the latter is a 

response to an implied threat due to the individual’s representation of a situation. Absolute 

stress is adaptive, and due to the nature of these stressors, the stress response needs to be 

stimulated to ensure one’s survival or well-being, and thus causes the paramount 

physiological response. Alternatively, relative stress elicits a much milder response due the 

lighter nature of the stressor and/or the lesser necessities to overcome the event. An 

individual’s stress is determined by allostasis, the capability to achieve homeostasis through 

change. (171) The allostatic load on the body is dependent on the frequency of stress, 

adaptation to the repeated stressors, an inability to shut off the response once the stress is 

removed, as well as inadequate responses to stress by one system which is then 

overcompensated by another. If one or more of these factors are present, allostatic load or 

overload can occur, and the wear and tear of the body due to stress is increased. 

 

1.1.11 Endocrine Responses in Stress 

 

1.1.11.1 Hypothalamic Pituitary Adrenal Axis 

 

When the body perceives stress, the chain reaction begins at the hypothalamus, the control 

station of the stress response. The hypothalamus releases corticocotropin releasing hormone 

(CRH), which stimulates the release adrenocorticotropic hormone (ACTH) from the anterior 

pituitary. (172) Additionally, arginine vasopressin, released from the posterior pituitary, acts 

as a synergistic factor to further stimulate ACTH. (173) ACTH is then responsible for the 

stimulation of glucocorticoid release from the adrenal cortex, including cortisol. (11) 

Together, this response is referred to as the HPA axis.  

 

Glucocorticoids are the last piece of the HPA axis, controlling an individual’s homeostasis and 

the person’s response to the stressor. Firstly, upon binding to receptors, the receptor moves 

into the nucleus, where it interacts as a homodimer with deoxyribonucleic acid at particular 

glucocorticoid responsive elements, or GREs, to activate the corresponding appropriate 

genes. (174) From there, glucocorticoids can alter the stability of various messenger 
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ribonucleic acids to allow for the translation of glucocorticoid-responsive proteins, such as 

interleukin-1α, interleukin-1β and interleukin-6. (175) Additionally, the translocated 

receptors use protein-protein interactions to inhibit other transcription factors such a c-jun/c-

for and NK-kB, which positively regulate transcription of genes involved with the activation of 

immune cells, impairing the immune system. This is where the importance of the second 

primary role of glucocorticoids becomes apparent, as glucocorticoids participate in negative 

feedback to prevent further release of ACTH into the system, which helps control the stress 

response and minimise its effects on the immune system. (176) 

 

 

1.1.11.2 Sympathetic-Adrenal-Medullary  

 

Another system aiding in the stress response is the autonomic nervous system, which can 

quickly control a number of bodily systems such as respiratory, cardiovascular, renal and 

endocrine. (12) The post ganglionic fibers of the sympathetic nervous system innervate the 

smooth muscle of various organs, including the heart, skeletal muscle and the kidneys. (177) 

The sympathetic nervous system is also the main provider of circulating adrenaline from the 

adrenal medulla, as well as some of the humoral noradrenaline. These noradrenergic cell 

groups along with the locus coeruleus are together known as the LC/NE system. The 

adrenaline released from the brain as part of this system is utilised to reduce any 

neurovegetative functions, and increase the autonomic stress response with mechanisms 

such as HPA axis activation. (178) Reciprocally, CRH from the HPA axis further stimulates 

noradrenaline.  

 

 

1.1.12 Stress and Disease 

 

The body’s response to stress is meant to be acute and short lived so that the effects stress 

has on bodily systems is beneficial. Chronic exposure to the stress response can lead to 

General Adaptation Syndrome, as first described by Hans Selye in 1936. (10) This model 

follows the three stages of stress response, beginning with the alarm stage, which through 

activation of stress hormones allows an individual to perform above the usual to escape the 
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stressful situation. Second is the resistance stage, where the stressors and stress levels have 

decreased, making the individual weaker as to allow for repair of any tissues which may have 

been damaged during the first phase. Lastly is the exhaustion stage, which occurs from the 

persistence of a stressor. The body begins to lose the ability to fight the stressors and energy 

is drained out, which can lead to stress overload or burn out that can cause further health 

problems if not addressed.  

 

Stress is thought to be linked to disease via two mechanisms; negative affective states and 

the effects stress hormones have on various body systems.  (179, 180) Negative affectivity is 

regarded as a mood disposition, reflected as negative emotions and concept of self. (181) 

Behavioral changes may then occur as an effect from the negative states, which usually result 

in poor health practices. (179) These include habits such as smoking, poor eating habits, 

reduced exercise, increased alcohol consumption and decreased sleep. (13, 182) Alcohol 

consumption, unhealthy diets and smoking have all been identified as risk factors for a variety 

of illnesses. Additionally, persons in negative affective states are also less likely to comply 

with medical regimens, which could increase disease severity and prolong disease duration. 

(179) 

 

The hormonal response from stress can also have detrimental effects on health. As the human 

brain ages or experiences stress, it naturally begins to exhibit increased levels of cortisol. The 

hippocampus, amygdala and frontal lobes, which are all involved with memory and learning, 

have a high amount of receptors for glucocorticoids, and increased cortisol has been found 

to negatively correlate with hippocampal volume and memory. (14, 168, 183, 184) Thus, high 

acute stress can impair short-term memory, however it is reversible and short lived. (185, 

186) Long term stress over a number of months or years however is believed to be capable of 

damaging hippocampal neurons, leading to permanent atrophy. (15) Additionally, prolonged 

stress has been shown to accelerate numerous aging markers in rats, some of which increase 

the excitability of neurons found within the hippocampus, also leading to the loss of neurons. 

(187) In vitro brain slices have produced results suggesting these elevated levels of cortisol 

also have negative impacts on the survival and function of prefrontal cortex neurons, which 

are important in perception, the constructs of memories and a variety of cognitive processes. 

(188, 189) This information has led to a neurotoxicity hypothesis, detailing that the more 
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neurons are exposed to glucocorticoids, the less those neurons are able to withstand further 

assaults, leading to an increased rate of neuronal death. (190)   

 

1.1.13 Stress and PD links  

 

While cortisol levels increase in humans with age, people with PD show higher levels than age 

matched controls. (191) As levodopa has been shown to significantly decrease cortisol levels 

in persons with PD, it suggests that the depletion of dopamine due to PD may have an impact 

on the HPA axis, and thus increase cortisol levels. (192) Additionally, many of the brain areas 

which control motor function, such as cerebellum, basal ganglia and motor cortex, are dense 

with glucocorticoid receptors, which make them vulnerable to stress. (193, 194) In a rat model 

with 6-OHDA dopamine-depleted rats, elevated cortisol levels compromised limb use 

immediately after administration, while control rats’ skilled movement improved. (195)  

 

The possible interaction between cortisol and dopamine in humans has been shown in a 

number of studies looking at the rate of PD in people with post-traumatic stress disorder 

(PTSD). Gibberd and Simmonds, 1980, showed that there was a much higher incident of PD in 

prisoners of war than age matched controls 35 years after release. (196) Another study 

looking at PTSD in Taiwan also found a significant increase in PD development in persons with 

PTSD compared to age-matched controls. (197) Other studies looking at other aspects of 

stress concur with the PTSD studies, such as a study conducted on a Danish population which 

found an increased rate of PD in persons with adjustment disorder, a condition which occurs 

in people who find it difficult to adjust after stressful events. (198) 

 

While there is some evidence suggesting a link between stress and motor symptoms of PD, 

there is little to no information observing the effects of stress on NMS. However, from the 

known effects stress can have on non-motor aspects such as memory and cognition, and the 

known increased levels of cortisol in people with PD, it can be inferred that stress may have 

an impact on NMS of PD. 
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1.1.14 Resilience 

 

Humans are unpredictably impacted by outside influences, and there are two primary 

behaviours in response to these influences. Stability, which refers to the ability for an 

individual or system to return to baseline or equilibrium after a short-term disturbance, and 

resilience, which is the ability to adapt to change and disturbances on a long-term basis while 

maintaining relationships and state of the system or individual. (16) While the definition for 

resilience fluctuates between studies, the general consensus is as above. (199) These are also  

dynamic constructs, which can fluctuate throughout the lifespan as well as vary depending on 

the adverse experience or stress. (200) These two terms do not necessarily imply each other, 

as a system may be resilient while showing poor stability. For example, a statistical analysis 

of over thirty years of data for all major forests of Canada showed that areas exposed to 

extreme weather have high fluctuations in populations, however have the ability to adapt to 

prolonged weather extremes. (201) The reverse also applies, with some populations, 

particularly those whose environment has low variability, remaining quite constant through 

short term changes, but less able to absorb extreme events. (16) 

 

From the discovery and development of the term resilience has come the need to determine 

how resilience is developed, and how a person can become more resilient. The term 

‘protective factors’ was thus developed, referring to factors which aid to moderate an 

individual’s resilience. (202) Protective factors do not ensure resilience, for example if the 

adversity or vulnerability to the individual is too excessive, however general adaptation is 

greater than without those factors. Studies looking into protective factors took a particular 

interest in youth and developmental psychology due to many shared concepts. From this 

collaboration came three separate classes of phenomena to denote the term resilience.  

 

The first resilience phenomena derived from children overcoming obstacles while pertaining 

to high-risk backgrounds, with the identified risk factors including; economic hardship, 

perinatal complications, parental mental illness, teenage motherhood, substance abuse, child 

abuse and neglect. (203-217) The second situation often studied is the effect of prolonged 

stress on developing youth, such as divorce or separation of parents. (218, 219) Lastly, many 

studies have also focused on persons who experienced and recuperated from major trauma 
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during childhood. (220) It was found with each of these conditions there was increased 

resilience in an individual compared with those who had not experienced such risk factors. 

These risk factors then lead to protective factors, including low distress, alertness, advanced 

self-help skills, ability to distance self, positive self-concept, planning, and internal locus of 

control. (221) 

 

Apart from childhood adversity, a number of other factors have been associated with 

resilience. (222) For example, positive attachment has a positive association with resilience, 

such as that of a good relationship between parent and child, which is thought to increase 

self-esteem which in turn lowers cortisol reactivity for better reactions. (222-224) 

Additionally, higher urinary cortisol levels have also been associated with resilience, possibly 

due to individuals having been exposed to adversity having developed protective 

mechanisms. (222) 

 

After experiencing significant adversity, individuals must also possess resources to help offset 

the adversity, as well as a positive adaptation. (225) There are a number of known mediating 

mechanisms that can act as protective processes, helping with adapting to stressors. (223) 

Firstly, reduction of risk impact is an important mechanism which can be executed in two 

ways: altering the meaning of the danger, or altering the intimate exposure to the risk. 

Secondly, reducing the negative chain reaction of risk can also help adapt to stressors. By 

preventing the negative flow of effects caused by the stressors, the effects possible risks may 

carry can be perceived differently by the individual, helping them adapt to the situation. 

Thirdly, self-esteem and self-efficacy can reduce the effects of an adverse situation, as 

individuals feel they are more capable to deal with the situation. There are two experiences 

which have been found to influence concepts of self, strong personal relationships and the 

accomplishment of tasks seen as important by the individual. The last mechanism to help with 

positive adaptation is the introduction of opportunities, in particular those that allow for 

personal growth. With these mechanisms, risks and adversities can be handled in a positive 

way, aiding in the development of resilience.  
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1.1.15 Resilience in Chronic Illness 

 

Chronic illnesses, such as PD, have effects on all aspects of life, including mental, physical and 

social throughout the long term of the disease. (226, 227) Many chronic illnesses also vary as 

they progress, adding to the already existing stress associated with disease. (228, 229) When 

looking at resilience in chronic illnesses, it was found that several other factors also 

contributed to resilience, including self-care, health related QoL, adherence to recommended 

treatment, pain and illness perception, physical outcomes and exercise adherence. (230-237) 

Additionally, some people with chronic illness who showed to be resilient reported that they 

had benefits from the illness, reporting personal growth and overall well-being. (230) 

 

Focusing on PD, it has been shown that resilience was significantly related with better health-

related QoL, less disability, reduced NMS and increased optimism, however not with motor 

symptoms. (238) This was corroborated with another study showing resilience to be 

significantly associated with QoL and mental health. (239) Additionally, 94% of the 

participants identified themselves as resilient, even those with depressive symptoms, 

however non-depressed persons had comparably higher resiliency scores. From the limited 

studies looking at resilience in PD, it can be surmised that resilience is an important trait in 

PD, especially for QoL and NMS. However, the evidence is limited, and further exploration is 

required.  

 

 

1.1.15 Quality of life 

 

QoL is a variable concept, with diverse definitions used to describe it. (240) In 1985, QoL was 

defined as "the satisfaction of an individual's values, goals and needs through the 

actualisation of their abilities or lifestyle”. (241) This definition adapts well to the conceptual 

model of QoL, where individuals judge their situation with their own standard of comparison 

which has been built on aspects such as expectations and personal values. (242) From this 

standard, an individual can evaluate their position in that domain, with a combination of 

different domains giving an overall look at QoL.  
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The primary domains which help represent QoL are physical, social, material and emotional 

wellbeing, as well as personal development and purposeful activity. (240) Other studies have 

stratified these domains into four overarching dimensions: physical wellbeing, functional 

wellbeing, emotional wellbeing and social wellbeing. (243) These four domains while 

individual also interrelate, and effects on one can impact all other three domains. The physical 

wellbeing domain denotes an individual’s bodily function or disruption, both perceived and 

observed. Functional wellbeing refers to ADL, which relates to an individual doing activities 

that fulfil their ambitions and personal needs, along with performing their social role. 

Emotional wellbeing reflects the way both the positive and negative affect an individual, 

whether it be due to positive wellbeing or distress.  Finally, social wellbeing reflects one’s 

ability to maintain social functioning, whether it be social support received from peers to 

maintenance of leisure activities. This is often the broadest domain of QoL, with different 

scales assessing different aspects of socialising. Furthermore, these domains are dependent 

on an individual’s feeling of wellbeing, as well as their personal values and aspirations. (240) 

This creates a dynamic concept, where external factors can greatly contribute to an 

individual’s QoL.  

 

In disease treatment, QoL becomes an important factor in evaluating various treatment 

options. (244) Many treatments have potential or certain toxicity, and it is vital to determine 

if the benefits outweigh the negatives of the treatment. QoL is based on the perception of 

the patient, and can only be attained from their perspective. Therefore, QoL in disease can 

be seen as the gap between someone’s ideal standard functional level, and their actual 

functional level. This lends itself to resilience, as persons who can better adapt and alter their 

expectations when unwell can adapt better to their condition and effects of treatment, and 

therefore have a smaller QoL gap between actual and ideal. This leads to an overall improved 

QoL in those people, and more positive emotions.  

 

In regards to PD, QoL can be gravely affected, and when compared to a general healthy 

population scoring worse in all domains bar pain. (245) For example, the effect of motor 

symptoms, in particular motor fluctuations along with levodopa induced dyskinesia, have 

been found to have a significant negative impact on QoL. (246) Whist motor fluctuations 

affect expected domains such as mobility, communication and ADL, other domains such as 
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stigma were also found to be impacted. People who perceive themselves as stigmatised 

believe they possess a quality that is devalued by society, which can have a great effect on an 

individual’s overall well-being. (247, 248) Depression has been found to be the strongest 

predictor of QoL, followed by disease severity as measured by the HY scale, UPDRS part 3 

subscore of axial features, total UPDRS part 3 score and cognitive decline. (79, 84) The impact 

of the disease on QoL can be quite surmountable, with persons in HY stage V, the worst 

disease severity, having QoL index scores in the negatives, overpassing the worst possible 

health status. (245) Additionally, younger people with PD show worse QoL than older persons 

with the disease. This could be due to several factors, including peers living a more active 

lifestyle and having higher expectations of their abilities.  

 

 

1.2 Statement of the problem 

 

1.2.1 NMS and QoL in PD 

 

NMS play a large role in PD disease burden, studies suggesting more so than the motor 

symptoms associated with the disease. (79) An international study showed that 98.6% of 

persons with PD experienced at least one NMS, however the average NMS experienced per 

person was 7.8. (9) Furthermore, NMS have been found to correlate with disease duration, 

and therefore will continue to worsen over time. Even though NMS have been shown to have 

a large impact on individuals with PD, they are still under recognised and under-treated. (8) 

Mood disorders can have a large impact on people with PD, in particular depression and 

anxiety. (249) Depression has been found to be a key determinant in QoL in PD, with 

associations to a number of other NMS. (250, 251) Anxiety disorders are more prevalent in 

people with PD when compared to normal and diseased controls, and have been associated 

with worse health status. (252, 253) If under recognition of NMS continues, challenges in 

optimal treatment will remain and may have major impact for those with the disease.  

 

Additionally, with PD being a chronic disease, it is therefore important to help reduce the 

burden of the disease to ensure QoL can be both maximised and prolonged. When clinically 
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assessing PD, scales and timed tests are often used which give a functional representation of 

the individual. (254) However, other factors important to the individual, such as restrictions 

caused by the disease, are not assessed. In PD, QoL does not necessarily follow trends of 

disease duration, with younger persons often experiencing worse QoL due to having higher 

expectations of their life at that time. (245) It is important to assess for QoL for several 

reasons, including: a better understanding of PD’s consequences to the patient, receiving the 

patient’s point of view and better understanding the psychosocial aspects of PD.  

 

 

1.2.2 Impact of Stress and Resilience on Disease 

 

Some studies have suggested a link between stress and the motor symptoms of PD, however 

there is little to no information on how stress may impact the NMS of PD. Additionally, the 

potential relationship between stress and QoL in PD is one that is unknown. Stress has been 

documented to affect QoL in other disease such as psoriasis, and therefore could also have 

the same affect in PD. (255) Not knowing the impact of stress on NMS and QoL limits an 

avenue of disease management which could have an impact on PD. Furthermore, with 

resilience being the ability to respond to stressors while maintaining a normal system, it may 

be an important trait in PD, with NMS frequently fluctuating and causing debilitation. (16, 

138) The limited research on the impact of resilience on NMS in PD indicates a positive 

correlation between the two variables, however these studies are not comprehensive. (238, 

239) The lack of information in this domain restricts a possible avenue for disease 

management that may provide value. Moreover, it is understood that resilience lends itself 

to QoL, as persons who can adapt better will perceive less hindrance when in trying situations 

such as illness. However, the extent resilience impacts QoL in PD is unknown, which at present 

limits possible ways to improve QoL.  
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1.3 Expected study outcomes 

 

The expected outcomes of this study are to have a better understanding of the role stress 

plays on NMS, as well as QoL. It is expected that there will be significant positive correlations 

between stress and NMS in regards to both frequency and severity, including significant 

positive correlations with most domains of the NMS, and a large proportion of the questions. 

Furthermore, it is expected that a significant relationship will exist with stress and both 

depression and anxiety, with positive correlations when looking at overall scores. 

Additionally, a similar relationship between stress and QoL is anticipated, with increased 

stress correlating with decreased overall QoL, as well as the individual QoL domains and 

questions pertaining to those domains. Regarding resilience, it is projected that it will have a 

negative correlation with most NMS scores, including overall, domain and individual scores in 

both frequency and severity. In regards to depression and anxiety, it is expected that there 

will be a negative relationship between resilience and both depression and anxiety. 

Conversely, a positive correlation is expected between resilience and overall QoL, as well as 

majority of dimensions and individual questions.  

 

 

1.4 Study Significance 

 

This study, as part of the Resilience in Parkinson’s with Longitudinal Evaluation of Disease 

(RIPLED) study, will examine the relationship between stress and both frequency and severity 

of NMS, in particular mood disorders. This is the first study to assess both NMS and QoL in a 

local population of people with PD in SEQ. The information gathered will further contribute 

to the existing bodies of work on symptomology in PD, and also begin to explore a novel 

insight on the effects of stress on NMS, in particular mood, which is currently lacking. If stress 

is shown to have a significant relation, it could provide a new avenue in which to help reduce 

symptom burden. Additionally, by finding which NMS are correlated with stress, better 

management of those NMS can be provided through stress reduction. This could provide a 

holistic and cost effective way to help the management of these NMS.  

 



 24 

Additionally, this study will also examine possible relationships between stress and QoL. Being 

such an individual aspect of the disease, if stress reduction can be seen to improve QoL it may 

provide a novel avenue to improve disease experience. Additionally, discovering which 

aspects of QoL are most affected by stress will open an avenue for more specificity in stress 

reduction to improve life quality.  

 

Furthermore, this study will also assess possible correlations between resilience and NMS in 

regards to both frequency and severity, as well as depression and anxiety. Much like with 

stress, the information gathered from this study will continue to contribute to knowledge of 

PD NMS, as well as adding to the new and growing body of research looking at the potentials 

of resilience. Additionally, with resilience being a flexible trait, if a relationship is found it will 

provide a new opportunity to help decrease the burden of NMS and mood disorders in PD.  

 

Finally, this study will also look at finding possible relationships between resilience and QoL. 

As previously stated, QoL is based on the experience of the individual, and affects people 

differently. A relationship between resilience and QoL would allow for a broad management 

of possibly a large variety of QoL deficiencies. 

 

 

1.5 Study Outline 

 

This thesis contains four chapters. Chapter 1 has introduced the study, including a brief 

background on PD, as well as the significance of this study. Additionally, it provided added 

insight on PD in the form of a literature review, also exploring stress and resilience, and their 

role in PD as has been explored thus far. Chapter 2 provides methodology of the study, with 

the guiding aims and hypothesis. Chapter 3 analyses the data from the study and will discuss 

the key findings, exploring the implications of the information found. Finally, Chapter 4 will 

draw conclusions from the evidence found, and discuss the limitations of this study, 

implications of the results and finally recommendations for future studies.  
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Chapter 2: Methodology 

 

This chapter details the methods used in this study, including the instruments and data 

management. Additionally, the aims, objectives, research questions and hypotheses are 

highlighted.   

 

 

2.1 Aims and Objectives 

 

The aims of the study can be summarised as follows: 

1. To identify the burden of perceived stress on both frequency and severity of NMS in 

PD by total score, domains and individual symptoms, with a particular focus on mood 

disorders; 

2. To identify the burden of perceived stress on quality of life in PD as a total, by 

dimension and individual question; 

3. To identify the association between resilience and both the frequency and severity of 

NMS of PD by total score, domains and individual symptoms, with a particular focus 

on mood disorders; 

4. To identify the benefit of resilience on QoL in PD as a total, by dimension and individual 

question. 

 

 

2.2 Research Hypotheses 

 

From the aims, the following hypotheses were developed: 

1. There will be a positive association between high perceived stress and increased 

frequency and severity of NMS, including mood disorders such as anxiety and 

depression; 

2. There will be a negative association between high perceived stress and QoL in PD;  
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3. There will be a negative association between high resilience and increased frequency 

and severity of NMS, including mood disorders such as anxiety and depression; 

4. There will be a positive association between high resilience and high QoL in PD. 

 

 

2.3 Conceptual Framework 

 

As demonstrated in the literature review, PD is a multifaceted disease comprising of both 

motor and NMS. Many studies on PD look primarily at motor features, not NMS, even though 

the later has been shown to have a greater impact on QoL. (79) This study has so far defined 

two scopes that may influence NMS and QoL – stress and resilience. There has been research 

showing how stress and resilience can impact disease, and further knowledge on how it 

affects NMS and QoL of PD may create new avenues to help alleviate disease burden.  

 

Possible links between stress and PD have already been established, using both 

pathophysiology as well as observations. The limited information on how stress affects NMS 

however is poorly explored in current literature. Additionally, NMS are of a complex nature, 

comprising of both frequency and severity, as well as pertaining to different domains. This 

study highlights just how stress may influence NMS of PD, looking not only at the whole, but 

the parts which make up NMS, as depicted in Figure 2.1. Much the same, resilience has also 

been linked to the NMS of PD, however not to the depth which is required to comprehend its 

role. The aspects of NMS affected by stress and resilience will give a clearer picture of their 

roles in disease burden, and how they can be targeted in the future.  

 

Like NMS, QoL is also a complex concept, which in regards to stress and resilience has not 

been explored in depth. QoL is made up of several domains that are varied, expanding from 

mobility to stigma. For these reasons, it is imbalanced to look at QoL as a whole, and not the 

parts it is made from. Like NMS, the particular information received from this study will aid in 

defining the role of resilience in PD, and contribute to a wider understanding and approach 

to the management of the disease.  
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Figure 2.1: Relationship between variables. Black arrows represent known relationships, 

whilst red arrows represent hypothesised associations which were explored in this study.  

 

 

2.4 Research Design 

 

A cross-sectional design was used for this study as it aimed to see the disease progression and 

related factors at a single point in time, including NMS, QoL, stress, resilience, depression, 

anxiety as well as demographic factors. Participants were recruited through PD support 

groups in SEQ, advertising on the Parkinson’s Queensland newsletter and word of mouth. 

Data was collected between September 2014 and May 2017. 

 

 

2.4.1 Inclusion Criteria 

 

Inclusion criteria for this study was a confirmed diagnosis of idiopathic PD confirmed post 

assessment. Diagnosis of PD was confirmed with PD being defined according to the UKPDBBC, 

and multiple system atrophy according to Gilman Criteria, National Institute of Neurological 

Disorders and Stroke, and the Society for Progressive Supranuclear Palsy. (256, 257) In the 

case of different forms of parkinsonism that do not have diagnostic criteria, clinical diagnosis 

was used. In addition, for those with atypical parkinsonism features or with insufficient 

available information an ‘unspecified parkinsonism’ label was applied. 
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2.4.2 Exclusion Criteria 

 

Exclusion criteria for this study comprised of the following: 

1. People without a working knowledge of English, defined as insufficient to perform the 

neuropsychological assessments and questionnaires in the opinion of the assessor. 

2. Patients with significant memory impairment at presentation, or who meet the 

Diagnostic and Statistical Manual of Mental Disorders criteria for dementia, as certain 

instruments utilised in the study are reliant on participant report.  

3. Patients who did not have the capacity to consent. 

4. Individuals under the age of 18. 

5. Either Dementia with Lewy Bodies or dementia with parkinsonism as by definition 

have significant cognitive impairment.   

 

 

2.5 Data Collection Methods: Study Questionnaires 

 

For this study, a number of instruments and proformas were used to gather the data. Most 

instruments used have been validated in PD, apart from the patient demographic and medical 

history proforma that was created by the RIPLED research team. Majority of the 

questionnaires were verbally conducted by the administrators, while four were completed 

independently by the participants.  

 

 

2.5.1 Demographics 

 

The patient demographic questionnaire was used to gather appropriate information on the 

participants’ history.  This questionnaire was split into various sections; PD/Parkinsonism 

history, past medical history, family history and social history.  
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2.5.2 Motor symptoms   

 

To assess the motor symptoms and motor fluctuations, parts 2 (max. score 52), 3 (max. score 

132) and 4 (max. score 24) of the MDS-UPDRS were used. The selected sections analysed the 

motor aspects of experiences of daily living and motor complications, and included a motor 

examination. (258) This tool has been independently validated and shown to be appropriate 

for use in examining motor symptoms of PD. (259)  

 

 

2.5.3 Non-motor symptoms 

 

2.5.3.1 Global 

 

To assess for global NMS the Non-Motor Symptom Assessment Scale (NMSS) for PD was used 

(max. score 360). This tool assesses the severity and frequency of NMS in the past month 

pertaining to the following domains; cardiovascular including falls, sleep/fatigue, 

mood/cognition, perceptual problems/hallucinations, attention/memory, gastrointestinal 

tract, urinary, sexual function and miscellaneous NMS. (260) This tool was shown to be 

satisfactory in the assessment of NMS in PD by the creators and independent research teams, 

and has been independently validated. (261)  

 

 

2.5.3.2 Cognition 

 

To assess for cognition, the Montreal Cognitive Assessment (MoCA) was used. The MoCA is a 

tool used to identify mild cognitive impairment (MCI) by testing the following functions; 

visuospatial/executive, naming, memory, attention, language, abstraction, delayed recall and 

orientation (max. score 30; MCI ≤ 25). (262) The MoCA has been validated to detect MCI in 

numerous neurological disorders including dementia and PD. (263, 264) 
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2.5.3.3 Mood 

 

Two mood disorders were individually assessed, depression and anxiety. To assess 

depression, the Geriatric Depression Scale (GDS) was used (max. score 15; depression > 5). 

This questionnaire was created for the older population and comprises of 30 yes/no questions 

that evaluate how the participant has felt the past week. (265) For this study, the short version 

of the GDS with 15 questions was used, which has been shown to have a comparable level of 

specificity and sensitivity to the 30 questions version. (266) The scale is reliable in detecting 

depression in persons over 55 without severe cognitive impairment, which fits within the 

scope of this study. (267) To evaluate anxiety, the Geriatric Anxiety Inventory (GAI) was used 

(max. score 20; anxiety > 9). This tool was developed for older age groups, and has sound 

psychometric properties. (268) It comprises of 20 yes/no questions to evaluate different 

aspects of anxiety.  Additionally, the GAI has been shown to be appropriate for use within PD 

populations. (269) 

 

 

2.5.3.4 Sleep 

 

Excessive daytime sleepiness was evaluated in this study with the Epworth Sleepiness Scale 

(ESS) (max. score 24; excessive daytime sleepiness > 9).  The tool assessed the likelihood of 

the participant to fall asleep in various daily situations. (270) This tool has been deemed 

suitable and reliable for the evaluation of daytime sleepiness in adults with PD. (271, 272) To 

assess night-time sleep, the Pittsburgh Sleep Quality Index (PSQI) was used (max. score 24; 

poor sleep quality > 4).  This tool assessed sleep quality in the previous month through 9 self-

rated questions. (273) The use of this tool has been supported by independent studies for use 

in PD. (271, 274) 
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2.6.5 Quality of life 

 

To measure QoL, the Parkinson’s Disease Questionnaire (PDQ-39) was used (max. score 156). 

This tool was specifically created for PD, measuring the frequency of symptoms in eight 

different dimensions; mobility, ADL, emotional wellbeing, stigma, social support, cognitive 

impairment, communication and bodily discomfort. (275) When compared to other 

generalised QoL tools, such as the Short-Form 36 health survey questionnaire, it has been 

found that it does not include issues which persons with PD encounter on a daily basis, while 

the PDQ-39 does. (276) This tool has been independently validated and successful in 

clinometric testing. (277, 278) 

 

 

2.6.6 Stress 

 

Two different tools were used to measure stress, the Social Readjustment Rating Scale (SRRS) 

to identify stressful life events and the Perceived Stress Scale (PSS-14) to scale perceived 

stress. The SRRS identifies important life events which could be perceived as stressful that 

have occurred in the past year as stressful events may increase risk of illness, with low risk 

being a score less than 149, mild risk between 150 to 200, moderate risk 200 to 299 and high 

risk over 300. (279) The PSS-14 is a 14 question validated scale that allows for the evaluation 

of perceived stress in the past month (max. score 56). (280) This scale not only accounts for 

stressful events but also factors the impact of these events on the individual. 

 

 

2.6.7 Resilience 

 

Resilience was measured using the Modified Connor-Davidson Resilience Scale (mCD-RISC), a 

self-rated tool that quantifies an individual’s resilience (max. score 140). (281) This tool has 

been shown to be psychometrically sound in non-PD populations, however there are no 

resilience scales currently available that have been calibrated for PD.  (225, 282) 
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2.7 Data Collection Procedure 

 

The study was conducted primarily at Griffith University (Gold Coast) but also included other 

locations such as community halls and at participant homes. Three different persons collected 

the data, all of whom were trained in the procedures and completed the MDS-UPDRS training 

module to ensure comparable results. The following tools were administered by the assessor; 

participant demographics, MDS-UPDRS, MoCA, NMSS, GDS-15, ESS, PSQI, SRRS. The PDQ-39, 

GAI, mCD-RISC and PSS-14 were self-reported to remove the risk of bias.  

 

 

2.8 Data Management 

 

The scores of the questionnaires were input into IBM SPSS Statistics (vol. 24). Additionally, 

two new binary variables were created to assess the presence of symptoms for the NMSS 

and PDQ-39. For the NMSS, if the frequency score was one or greater, the NMS was coded 

as present. Similarly, for the PDQ-39, if the score was one or greater, the QoL complaint was 

coded as present. 

 

The variables used for this study were as follows: 

 

Table 2.1: Summary of variables used in analysis  

Variable  Variable Type 

Participant Proforma  

Gender  Binary 

Age Continuous 

PD duration Continuous 

Ethnicity Binary 

Carer present Binary 

Handedness Binary 

Referral source Binary 

Levodopa equivalent dose (LED) Continuous 

Motor phenotype Categorical 

MDS-UPDRS Ordinal 

HY Ordinal 

MoCA Continuous  
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GDS  

Total score Continuous 

Depression Binary 

GAI  

Total score Continuous 

Anxiety Binary 

ESS  

Total score Continuous 

Excessive daytime sleepiness Binary 

PSQI  

Total score Continuous 

Poor sleep quality Binary 

PDQ-39  

Question Ordinal 

Dimension score Continuous 

Total score Continuous 

Presence Binary 

mCD-RISC Continuous 

PSS-14 Continuous 

SRRS Continuous 

NMSS  

Frequency and severity per question Ordinal 

Frequency x severity total per question Continuous 

Domain total Continuous 

Total Continuous 

Presence Binary 

 

 

2.9 Data Analysis 

 

The data from this study was analysed using IBM SPSS Statistics (vol. 24). Two participants did 

not return completed PDQ-39 questionnaires, so their overall and dimension scores were 

omitted from analysis, while individual question scores for those completed were still used. 

Question 28 of the PDQ-39 relates to support from partner or spouse, and for the 7 individuals 

with no partner or spouse, their result for that individual question was omitted, however a 

value of 0 (never) was used for domain and overall score. Additionally, four participants did 

not complete the mCD-RISC questionnaire, and their results were omitted from resilience 

analysis.  
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To retrieve the demographics and clinical data for the study sample, descriptive statistics 

were attained. For categorical variables, including sex, ethnicity, handedness, carer present, 

and referral source, frequencies and percentages were attained. For continuous variables, 

mean and standard deviations were retrieved. These variables included: age, age at diagnosis, 

PD duration in months, HY stage, MDS-UPDRS parts 2, 3, 4, MoCA, GDS, GAI, SRRS, ESS, PSQI, 

PDQ-39, mCD-RISC, PSS-14, and NMSS. 

 

Normality was assessed through skewness and kurtosis of the dependent and independent 

variables (see Appendix 1, 2 and 3). For normally distributed data, Pearson’s correlation was 

used, and for non-normally distributed data, non-parametric tests were used, namely 

Spearman’s Rank and Mann-Whitney test. 

 

Pearson Correlation was conducted to assess correlations between PSS-14 and mCD-RISC 

total scores with total NMSS score, as well as NMSS total frequency and severity scores. This 

was also conducted for each individual question of the NMSS. The same statistical tests were 

used to find correlations between PSS-14 and mCD-RISC with both GDS and GAI. This was also 

performed to assess correlations between stress and resilience with QoL. 

 

The Mann-Whitney independent samples t test was performed between PSS-14 score and 

depression, calculated by the GDS cut off score of five, to test for associations between stress 

and depression, as well as anxiety, according to the GAI cut off score of seven. In addition, it 

was performed between the PSS-14 and the presence of each NMS and QoL symptom.  All 

these tests were also repeated using mCD-RISC in place of PSS-14 to assess the relationships 

between resilience, NMS, QoL, depression and anxiety.  
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Chapter 3: Results  

 

This chapter is divided into three different sections; firstly, there are the descriptive analysis 

of the demographic variables, secondly hypothesis are tested via both bivariate and 

multivariate analysis. Following the hypotheses testing, the results are discussed.  

 

 

3.1 Participant demographics 

 

 A total of 104 participants were recruited, with four individuals excluded due to not meeting 

study criteria. From the 100 participants who were included in the study, 62% were male and 

38% female. Most participants were Caucasian (96%), whilst a minority belonged to other 

ethnic groups (4%). Additionally, 91% of participants were right handed, with only 9% being 

left handed. 77% of participants were accompanied by a carer, while 23% attended 

unaccompanied. 76% or participants were referred through Parkinson’s Queensland Inc., and 

24% heard of the study through other means.  

 

The mean age of participants was 69.1 years (SD 7.4), and the average age of PD diagnosis 

was 62.4 years (SD 8.8). The mean duration of PD was 79.7 months (SD 65.9). The mean HY 

stage was 2.3 (SD 0.6), with LED having a mean of 701.0 mg (SD 415.0). 

 

A summary of the demographic characteristics is presented in Table 3.1. 

 

Table 3.1: Study sample demographics and clinical data 

 N (%) 

Sex  

Male  62 (62%) 

Female 38 (38%) 

Ethnicity  

Caucasian 96 (96%) 

Other 4 (4%) 

Handedness  
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Right 91 (91%) 

Left 9 (9%) 

Carer Present  

Yes 76 (76%) 

No 23 (23%) 

Referral Source  

Parkinson’s Queensland Inc. 76 (76%) 

Other 23 (23%) 

 Mean (SD) 

Age  

Age 69.10 (7.35) 

Age at diagnosis 62.38 (8.84) 

PD duration (months) 79.72 (65.85) 

HY Stage 2.34 (0.59) 

LED 700.98 (415.00) 

MDS-UPDRS  

Part 2 14.43 (7.81) 

Part 3 30.68 (13.09) 

Part 4 2.55 (3.71) 

MoCA Total 25.23 (3.72) 

GDS Total 3.79 (3.30) 

GAI Total 4.51 (5.14) 

ESS Total 8.98 (5.68) 

PSQI Total 6.85 (4.16) 

mCD-RISC Total 106.43 (17.17) 

PSS-14 Total 19.48 (9.30) 

SRRS 134.40 (96.66) 

PDQ-39  

PDQ-39 SI 39.17 (25.00) 

Mobility Dimension 11.05 (9.21) 

ADL Dimension 6.06 (5.07) 

Emotional Wellbeing Dimension 5.86 (4.84) 

Stigma Dimension 2.62 (3.33) 

Social Support Dimension 1.10 (1.84) 

Cognitive Impairment Dimension 4.92 (3.47) 

Communication Dimension 3.17 (2.87) 

Bodily Discomfort Dimension 4.39 (2.72) 

NMSS  

NMSS Total 33.34 (29.68) 

Cardiovascular Including Falls Domain 1.09 (1.97) 

Sleep/ Fatigue Domain 5.33 (5.31) 

Mood/ Cognition Domain 6.04 (8.37) 

Perceptual Problems/ Hallucinations Domain 1.04 (2.51) 

Attention/ Memory Domain 4.91 (6.67) 

Gastrointestinal Tract Domain 4.18 (4.89) 
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Urinary Domain 4.31 (4.76) 

 Sexual Function Domain 2.84 (4.46) 

Miscellaneous Domain 3.69 (4.99) 

 

 

3.2 Association between Stress and NMS 

 

The first hypothesis stated that there would be an association between higher perceived 

stress and increased frequency and severity of NMS, with a focus on mood disorders. A 

significant positive association was found between total NMSS score and PSS-14, p<0.001, rS= 

0.398. Additionally, there was a significant positive association between perceived stress and 

NMSS severity (p<0.001, rS = 0.456), and a less positive association between PSS-14 and NMSS 

frequency (p=0.016, rS = 0.241).  

 

Table 3.2: Associations between NMSS domain severity x frequency with PSS-14 

 NMSS Domains p-value rs 

Domain 1: Cardiovascular Including Falls 0.009* 0.259 

Domain 2: Sleep/Fatigue 0.006* 0.275 

Domain 3: Mood/Cognition <0.001* 0.482 

Domain 4: Perceptual Problems/Hallucination 0.004* 0.287 

Domain 5: Attention/Memory 0.001* 0.320 

Domain 6: Gastrointestinal Tract  0.108 0.162 

Domain 7: Urinary  0.552 0.060 

Domain 8: Sexual Function 0.018* 0.236 

Domain 9: Miscellaneous 0.021* 0.230 

*Significant association 

 

As seen in Table 3.2, the total score of mood and cognition domain was positively associated 

with PSS-14 score (p<0.001, R2=0.374). Additionally, the domains of cardiovascular including 

falls, sleep/fatigue, perceptual problems/hallucinations, attention/memory, sexual function 

and miscellaneous were also significantly positively assocated with percieved stress (all 

p<0.05). 
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Table 3.3: Associations between NMSS severity x frequency by symptom and PSS-14 

 NMSS Questions p-value rS 

Q1 Light Headedness, Dizziness, Weakness 0.009* 0.259 

Q2 Falls  0.491 0.070 

Q3 Daytime Sleepiness 0.079 0.176 

Q4 Fatigue 0.009* 0.262 

Q5 Insomnia  0.105 0.163 

Q6 Restless Legs  0.370 0.091 

Q7 Apathy 0.005* 0.280 

Q8 Lack of Motivation  0.048* 0.198 

Q9 Anxiety <0.001* 0.390 

Q10 Depression <0.001* 0.431 

Q11 Flat Moods <0.001* 0.376 

Q12 Anhedonia <0.001* 0.363 

Q13 Hallucinations  0.069 0.183 

Q14 Delusions  0.077 0.178 

Q15 Double Vision 0.094 0.168 

Q16 Difficulty Concentrating 0.001* 0.333 

Q17 Difficulty with Short Term Memory 0.007* 0.268 

Q18 Forget To Do Things 0.014* 0.246 

Q19 Dribble Saliva  0.735 -0.034 

Q20 Dysphagia 0.028* 0.219 

Q21 Constipation 0.306 0.103 

Q22 Urinary Urgency 0.511 0.067 

Q23 Urinary Frequency 0.160 0.141 

Q24 Nocturia  0.571 -0.057 

Q25 Altered Sex Interest 0.077 0.178 

Q26 Sex Difficulties 0.026* 0.224 

Q27 Unexplained Pains 0.162 0.141 

Q28 Change in Taste or Smell  0.104 0.163 

Q29 Change in Weight 0.099 0.166 

Q30 Hyperhidrosis  0.217 0.124 

*Significant association 

 

As demonstrated in Table 3.3, thirteen of the 30 NMS had a significant association with PSS-

14 score. Anxiety, depression, flat mood and anhedonia had the largest positive associations 

with perceived stress (p<0.001). Light headedness, fatigue, apathy, lack of motivation, 
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difficulty concentrating, forgetting to do things, difficulty with short term memory, sex 

difficulties and dysphagia were also positively associated with PSS-14 scores (p<0.05).  

 

Table 3.4: Associations with NMSS domain severity and PSS-14 

 NMSS Domains p-value rs 

Domain 1: Cardiovascular Including Falls* 0.003* 0.294 

Domain 2: Sleep/Fatigue* 0.011* 0.252 

Domain 3: Mood/Cognition*  <0.001* 0.496 

Domain 4: Perceptual Problems/Hallucinations*  0.004* 0.284 

Domain 5: Attention/Memory* 0.001* 0.342 

Domain 6: Gastrointestinal Tract  0.098 0.167 

Domain 7: Urinary  0.143 0.148 

Domain 8: Sexual Function* 0.014* 0.246 

Domain 9: Miscellaneous* 0.008* 0.262 

*Significant association 

 

As seen above, all domains bar two, gastrointestinal symptoms (p=0.098, rS=0.167) and 

urinary symptoms (p=0.143 rs=0.148), had a significant association between severity of NMS 

domain and perceived stress. Mood/cognition (p<0.001, rS=0.496), attention/memory 

(p=0.001, rS=0.342) and cardiovascular including falls (p=0.003, rS=0.294) had the strongest 

associations. 

 

Table 3.5: Associations between NMS severity by symptom and PSS-14 

 NMSS Questions p-value rS 

Q1 Light Headedness, Dizziness, Weakness 0.003* 0.292 

Q2 Falls  0.368 0.091 

Q3 Daytime Sleepiness 0.058 0.190 

Q4 Fatigue 0.011* 0.253 

Q5 Insomnia  0.096 0.167 

Q6 Restless Legs  0.234 0.120 

Q7 Apathy 0.002* 0.302 

Q8 Lack of Motivation  0.017* 0.239 

Q9 Anxiety <0.001* 0.387 

Q10 Depression <0.001* 0.477 

Q11 Flat Moods <0.001* 0.381 

Q12 Anhedonia <0.001* 0.370 



 40 

Q13 Hallucinations  0.072 0.181 

Q14 Delusions  0.075 0.179 

Q15 Double Vision 0.089 0.171 

Q16 Difficulty Concentrating 0.001* 0.335 

Q17 Difficulty with Short Term Memory 0.002* 0.309 

Q18 Forget To Do Things 0.012* 0.251 

Q19 Dribble Saliva  0.816 -0.023 

Q20 Dysphagia 0.022* 0.228 

Q21 Constipation 0.193 0.131 

Q22 Urinary Urgency 0.196 0.130 

Q23 Urinary Frequency 0.071 0.181 

Q24 Nocturia  0.937 0.008 

Q25 Altered Sex Interest 0.066 0.185 

Q26 Sex Difficulties 0.012* 0.251 

Q27 Unexplained Pains 0.107 0.162 

Q28 Change in Taste or Smell  0.099 0.166 

Q29 Change in Weight 0.094 0.169 

Q30 Hyperhidrosis  0.191 0.132 

*Significant association 

 

As demonstrated above, there were a number of positive associations between perceived 

stress and NMS severity, primarily anxiety (p<0.001, rS=0.387), depression (p<0.001, 

rS
2=0.477), flat moods (p<0.001, rS=0.381), anhedonia (p<0.001, rS=0.370) and difficulty 

concentrating (p<0.001, rS=0.346).  

 

Table 3.6: Association between NMSS domain frequency and PSS-14 

 NMSS Domains p-value rS
 

Domain 1: Cardiovascular Including Falls 0.022* 0.229 

Domain 2: Sleep/Fatigue  0.243 0.118 

Domain 3: Mood/Cognition <0.001* 0.491 

Domain 4: Perceptual Problems/Hallucinations 0.008* 0.264 

Domain 5: Attention/Memory 0.024* 0.225 

Domain 6: Gastrointestinal Tract  0.550 0.061 

Domain 7: Urinary 0.593 -0.054 

Domain 8: Sexual Function 0.335 0.098 

Domain 9: Miscellaneous  0.259 0.114 

*Significant association 
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The frequency of NMS per domain showed that mood/cognition was strongly significantly 

associated to perceived stress (p<0.001, rS=0.491). Cardiovascular including falls (p=0.022, 

rS=0.229), perceptual problems/hallucinations (p=0.008, rS=0.264) as well as attention and 

memory (p=0.024, rS=0.225) were also  significantly positive associations. No other domains 

had significant associations.  

 

 

Table 3.7: Associations between NMS frequency and PSS-14 

 NMSS Questions p-value rS
 

Q1 Light Headedness, Dizziness, Weakness* 0.014* 0.244 

Q2 Falls  0.701 -0.039 

Q3 Daytime Sleepiness 0.363 0.092 

Q4 Fatigue  0.079 0.176 

Q5 Insomnia  0.808 0.025 

Q6 Restless Legs  0.163 0.141 

Q7 Apathy 0.011* 0.255 

Q8 Lack of Motivation  0.020* 0.233 

Q9 Anxiety <0.001* 0.366 

Q10 Depression <0.001* 0.378 

Q11 Flat Moods <0.001* 0.368 

Q12 Anhedonia <0.001* 0.377 

Q13 Hallucinations 0.021* 0.231 

Q14 Delusions  0.094 0.168 

Q15 Double Vision 0.329 0.099 

Q16 Difficulty Concentrating 0.007* 0.269 

Q17 Difficulty with Short Term Memory  0.203 0.128 

Q18 Forget To Do Things 0.020* 0.233 

Q19 Dribble Saliva  0.397 -0.086 

Q20 Dysphagia 0.015* 0.243 

Q21 Constipation 0.867 0.017 

Q22 Urinary Urgency  0.861 -0.018 

Q23 Urinary Frequency 0.082 0.175 

Q24 Nocturia 0.022* -0.228 

Q25 Altered Sex Interest 0.806 0.025 

Q26 Sex Difficulties  0.060 0.190 

Q27 Unexplained Pains 0.253 0.115 

Q28 Change in Taste or Smell  0.226 0.122 
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Q29 Change in Weight  0.100 0.165 

Q30 Hyperhidrosis 0.924 0.010 

*Significant association 

 

There were significant associations between perceived stress and the frequency of several 

NMS. These included light headedness and dizziness (p=0.014, rS=0.244), apathy (p=0.011, 

rS=0.255, lack of motivation (p=0.020, rS=0.233), anxiety (p<0.001, rS=0.366), depression 

(p<0.001, rS=0.378), flat moods (p<0.001, rS=0.368), anhedonia (p<0.001, rS=0.377), difficulty 

concentrating (p=0.007, rS=0.269), forgetting to do things (p=0.020, rS=0.233) and dysphagia 

(p=0.015, rS=0.243). The frequency of nocturia was negatively significantly associated to 

perceived stress (p=0.022, rS= -0.228). 

 

The frequency of all symptoms pertaining to sleep/fatigue, sexual function and domain nine 

miscellaneous rendered no significant associations with perceived stress (p>0.05).  

 

Table 3.8: Mann-Whitney U Test of NMS presence and PSS-14 Score 

NMSS Question N 
Mean 
Rank 

Mann-
Whitney U 

Value 
p-value 

Q1 Light Headedness, Dizziness, Weakness     

Yes 46 59.9 811.5 0.003* 

No 54 42.5   

Q2 Falls     

Yes 4 44.9 169.5 0.703 

No 96 50.7   

Q3 Daytime Sleepiness     

Yes 63 53.3 986.5 0.201 

No 37 45.7   

Q4 Fatigue     

Yes 72 53.8 770.0 0.067 

No 28 42.0   

Q5 Insomnia     

Yes 47 51.6 1194.5 0.724 

No 53 49.5   

Q6 Restless Legs     

Yes 42 55.9 992.0 0.114 

No 58 46.6   

Q7 Apathy     

Yes 26 64.1 609.0 0.005* 
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No 74 45.7   

Q8 Lack of Motivation     

Yes 55 57.4 860.5 0.009* 

No 45 42.1   

Q9 Anxiety     

Yes 39 64.1 657.5 <0.001* 

No 61 41.8   

Q10 Depression     

Yes 53 61.4 670.0 <0.001* 

No 47 38.3   

Q11 Flat Moods     

Yes 46 62.3 701.0 <0.001* 

No 54 40.5   

Q12 Anhedonia     

Yes 32 66.4 579.5 <0.001* 

No 68 43.0   

Q13 Hallucinations     

Yes 24 62.7 620.5 0.019* 

No 76 46.7   

Q14 Delusions     

Yes 4 74.5 96.0 0.094 

No 96 49.5   

Q15 Double Vision     

Yes 13 57.7 472.5 0.340 

No 87 49.4   

Q16 Difficulty Concentrating     

Yes 52 58.6 826.5 0.004* 

No 48 41.7   

Q17 Difficulty with Short Term Memory     

Yes 63 54.2 930.0 0.092 

No 37 44.1   

Q18 Forget To Do Things     

Yes 49 56.1 973.0 0.056 

No 51 45.1   

Q19 Dribble Saliva     

Yes 44 47.7 1103.0 0.393 

No 56 52.7   

Q20 Dysphagia     

Yes 51 57.4 897.0 0.015* 

No 49 43.3   

Q21 Constipation     

Yes 57 51.8 1152.0 0.608 

No 43 48.8   

Q22 Urinary Urgency     

Yes 59 51.3 1160.0 0.728 

No 41 49.3   
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Q23 Urinary Frequency     

Yes 50 57.25 912.5 0.020* 

No 50 43.75   

Q24 Nocturia     

Yes 78 47.3 611.0 0.040* 

No 22 61.7   

Q25 Altered Sex Interest     

Yes 56 51.7 1117.0 0.512 

No 44 47.9   

Q26 Sex Difficulties     

Yes 36 58.6 825.5 0.025* 

No 63 45.1   

Q27 Unexplained Pains     

Yes 35 56.3 934.0 0.141 

No 65 47.4   

Q28 Change in Taste or Smell     

Yes 43 55.4 1016.0 0.144 

No 57 46.8   

Q29 Change in Weight     

Yes 10 64.9 306.5 0.099 

No 90 48.9   

Q30 Hyperhidrosis     

Yes 23 51.7 858.0 0.822 

No 77 50.1   
*Significant association 

Note: NMSS measures presence of symptoms in past month. 

 

Mann-Whitney U test was performed to compare the difference in PSS-14 scores for people 

who had and had not experienced specific NMS. As seen in Table 3.8, all NMS pertaining to 

the mood/cognition domain showed a significant difference between those who experienced 

the NMS and those who did not (all p<0.05). Additionally, for light headedness, hallucinations, 

difficulty concentrating, dysphagia, urinary frequency, nocturia and sex difficulties, those who 

experienced the NMS also had significantly higher PSS-14 scores than those who did not (all 

p<0.05). 
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3.2.1 Association between stress and mood disorders 
 

In the section above, mood disorders were analysed using the NMSS, which may have some 

value in the assessment of mood disorders. Although the NMSS is a validated screening 

instrument for the various NMS in PD, it has not been validated as a diagnostic tool for specific 

affective disorders such as depression and anxiety. When comparing the results of the NMSS 

for participants who reported feeling sad or depressed with people who with the GDS 

classified as depressed, it was apparent that the NMSS is less well suited in the detection of a 

major depressive disorder. 

 

 

 

Similarly, comparing the results of the NMSS for the people who reported feeling anxious with 

people who with the GAI classified as anxious, it was apparent that the NMSS did not find all 

participants who reported symptoms suggestive of a generalised anxiety disorder. 

 

 

 

 

 

A = 53 AB = 24 B = 26 

Figure 3.1: Comparison of participants reporting depressed symptoms. A = 

participants reporting feeling depressed as per the NMSS, B = participants 

classified as depressed per the GDS, AB = participants present in both A and B. 

Figure 3.2: Comparison of participants 

reporting anxiety symptoms. A = 

participants reporting feeling anxious 

as per the NMSS, B = participants 

classified as anxious per the GAI, AB = 

participants present in both A and B. 

A = 39 AB = 15 B = 23 
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A significant positive association between PSS-14 and GDS was found (p<0.001, rS= 0.562), 

indicating that as perceived stress increases, so does depression. Additionally, participants 

who were depressed per GDS had significantly higher PSS-14 scores than those who were not 

depressed (Mann Whitney U test, (Mann Whitney U test, depressed; mean rank = 27.4, n = 

26, not depressed; mean rank = 16.7, n = 74), U = 339.0, p<0.001). 

 

Regarding anxiety, a significant positive association was found between PSS-14 and GAI 

(p<0.001, rS= 0.703), indicating that anxiety increases as perceived stress increases. 

Participants who were anxious per GAI cut off had significantly higher PSS-14 scores than 

those who were not anxious (Mann Whitney U test, (Mann Whitney U test, anxious; mean 

rank = 78.3, n = 18, not anxious; mean rank = 44.4, n = 82), U = 237.5, p<0.001).  
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3.2.2 Discussion 

 

This analysis found that perceived stressed was significantly associated with NMS in PD, in 

particular the severity of symptoms. Similar trends followed when analysing the NMS 

domains and individual NMS, with over a third of overall scores (severity x frequency) showing 

significant positive associations with PSS-14 scores. NMS frequency was significant for eleven 

symptoms, and severity of the NMS yielded significant associations for twelve symptoms. 

Additionally, when assessing the PSS-14 scores for those who experienced certain NMS versus 

those who had not, once again almost half of NMS showed a significant difference. The 

relationship between stress and frequency and severity of symptoms is not defined in current 

literature. A small number of studies have reported the effect of perceived stress on disease 

outcomes, including one that showed that persons who believed stress had an impact on their 

health had a higher risk of coronary heart disease. (283) Another study corroborated those 

results, presenting that people who believed stress had adverse effects on their health and 

reported high stress had a higher risk of premature death. (284) The results of the present 

study show there is merit in studying the associations of perceived stress with disease 

progression, and in PD it also becomes important to examine severity and frequency of NMS 

separately. There are numerous reasons people with higher perceived stress may have 

significantly higher NMS scores. Firstly, persons with more stress may see their NMS as more 

malign than those who have less perceived stress. However, stress does have an impact on 

brain morphology, which may increase the NMS experienced by stressed individuals with PD. 

(168) Furthermore, the brain morphology of PD may also influence stress experienced by an 

individual with the disease. In particular, the locus coeruleus, which experiences neuronal loss 

in PD, has been implicated in the stress response, maintaining the suitable arousal to process 

environmental sensory information. (285, 286)  

 

The NMS domain that had the highest association with perceived stress was mood and 

cognition. The attention and memory domain was also significantly associated, more so for 

severity than frequency. The stress response stimulates the release of cortisol, which has 

effects on numerous brain regions rich in cortisol receptors, which overtime can lead to 

permanent brain atrophy. (11, 15) These brain regions include the hippocampus, amygdala 

and frontal lobe, which play roles in memory, learning, and executive function. (14, 168, 183, 
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184, 287, 288) It therefore follows that stress could affect the latter domains. Furthermore, 

brain regions involved in PD also involve both stress and attention. The locus coeruleus, 

involved in PD pathophysiology, has been shown to impact the stress response through its 

role mediating noradrenaline in the cerebral cortex. (289) The locus coeruleus also impacts 

the dopaminergic neurons in the ventral tegmental area and substantia niagra pars compacta, 

which belong to the mesocorticolimbic and nigrostriatal pathways respectively.  (290, 291) 

Furthermore, dopamine neurons have demonstrated to play a significant role in reward 

mechanisms, which influence in both mood and learning. (292) The prefrontal cortex plays an 

important role in working memory, and is significantly innervated by dopaminergic neurons 

as part of the mesocorticolimbic pathway. (293, 294) Studies have shown that dopamine 

levels in the prefrontal cortex greatly influence its functioning as well as performance of 

working memory tasks. (295, 296) Memory consolidation is also influenced by the presence 

of dopamine, particularly in the basolateral amygdala and nucleus accumbens. (297, 298) 

While all questions pertaining to this domain showed significant associations with perceived 

stress, the severity of apathy, lack of motivation and difficulty with short term memory were 

not significantly associated with symptom frequency.  

 

Light-headedness and dizziness was also positively associated with stress. Previous research 

has found that psychological stress, rather than physical stress, is associated with dizziness, 

which links to other research findings between mental activity, control and perception of 

orientation. (299-301) This could imply that the mechanisms in which cognition is affected by 

stress could also impact dizziness.  

 

With cortisol helping to regulate the sleep wake cycle by promoting wakefulness, it was 

expected that results would show stress to impact the sleep domain. (302) While the severity 

of daytime sleepiness and fatigue positively associated with perceived stress, insomnia did 

not correlate with PSS-14 scores. This could be due to a number of reasons. Firstly, persons 

with PD already exhibit higher cortisol levels than age-matched controls, so it is possible that 

a number of participants who did not have high perceived stress also experienced insomnia. 

(191) Furthermore, persons with PD who experience excessive daytime sleepiness have lower 

amplitudes of melatonin, and with cortisol having an inhibitory effect on melatonin 

production, the cortisol contributions from stress may have a greater impact on daytime 
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sleepiness. (303, 304) However, when looking at fatigue, it is usually accompanied by reduced 

activity from the HPA axis, resulting in reduced cortisol, unlike the hormonal patters seen in 

PD. (305) It is possible that due to lacking a universal definition of fatigue, which is a broad 

subject due to varying types of fatigue, participants identified their daytime sleepiness as 

fatigue. In addition, the locus coeruleus, which is implicated in both PD and stress, also has a 

significant role in the sleep-wake cycle. (306) Tonic discharge for neurons in this area is 

highest when waking, decreasing during slow-wave sleep and further during REM sleep. 

Therefore, through the death of these neurons, there would be a reduction of wakefulness 

and appropriate stress response, providing a basis for the associations seen in this study. 

Further research into more specific sleep assessment tools as well as cortisol levels would be 

required to clarify the role stress plays on sleep disturbance in PD.  

 

There are many aspects to sexual function in males and females, however the questions in 

the NMSS refer to interest in sex and physical function. Stress has been shown to affect sexual 

function in both men and women, which is highlighted in the results. (307) In PD, it is believed 

that autonomic dysfunction may be the primary cause of sexual dysfunction, contributed to 

secondarily by an array of factors from the patient or their partner. (308) Dysautonomia has 

a complex pathophysiology, involving the dysfunction and degeneration of neurons that 

mediate autonomic functions, including the dorsal vagal nucleus, as well as monoaminergic, 

serotoninergic and cholinergic neurons. (309) The natural progression of PD can affect 

neurons regulating autonomic function, in particular those of the locus coeruleus. (286) As 

previously stated, neurons in this particular region can also regulate the stress response, 

explaining how the two would associate. (285) Furthermore, sexual dysfunction also has a 

psychological aspect, with anxiety, depression, and cognitive interference also having a role. 

(310, 311) For example, depression has been associated with all phases of the sexual response 

cycle, with up to 50% of depressed persons having sexual desire disorders. (312, 313) 

Additionally, it was also found that in a population with generalised anxiety disorder, they 

had a 3.3 increased chance for inhibited sexual desire, 2.6 greater probability of an inhibited 

orgasm, and 2.1 increased probability of inhibited sexual excitement. (314)  As seen in the 

results and previously detailed, these psychiatric disturbances also have a relationship with 

stress, further supporting the association. 
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The results also showed frequency of nocturia was significantly negatively associated with 

perceived stress. Nocturia can be due to a number of causes, such as increased volume of 

urine, sleep disturbances or reduced bladder capacity, however the cause for it in PD has not 

been determined. (315) These results though do not support previous findings, as past 

research on rats showed increased stress led to increased micturition frequency. (316) 

Further research into the rationale behind nocturia in PD is required to understand its 

relationship with stress.  

 

As demonstrated above, perceived stress and NMS have a relationship that can worsen 

disease progression for PD. Unfortunately, the PSS-14 assesses stress levels of the past week 

only, making it difficult to substantiate the effects of prolonged stress on NMS in PD. 

 

 

 

3.2.2.1 Mood Disorders 

 

Further investigation into mood disorders showed a significant association between 

perceived stress and both anxiety and depression. Additionally, those who were depressed or 

anxious had significantly higher perceived stress scores. For this study, GDS was used to 

screen for depression. This instrument was designed specifically for an ageing population, not 

including somatic symptoms that may provide a source of error, and use of yes/no questions 

for completion ease. (317) While this tool has a mean sensitivity of 0.805, studies have shown 

that if completed by persons with cognitive impairment, the sensitivity decreases to 0.470. 

(317, 318) In PD, cognitive impairment is a commonly experienced NMS, with up to 40% 

developing dementia, approximately six times higher rate than healthy controls. (319) 

However, the exclusion criteria for this study included patients with significant memory 

impairment at presentation through to meeting the criteria for dementia, making the GDS the 

most appropriate for tool this study. 

 

There are a number of explanations for the relationship between perceived stress and 

depression in PD. In 1985, Halbreich et. al. found that persons who were endogenously 

depressed had significantly higher mean levels of plasma cortisol in a 24 hour period than 
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those who were not depressed. (320) Furthermore, another study also found through causal 

modelling that the effects of background factors on stress variables mediated unipolar 

depression. (321) In particular, a meta-analysis found that cortisol in individuals with major 

depressive disorder did not return to baseline during stress recovery, but continued to rise. 

(322) Additionally, a separate study using in vivo dopamine and noradrenaline markers 

showed that when compared to non-depressed persons with PD, those who were depressed 

had lower binding in the limbic system and locus coeruleus. (89) As previously outlined, the 

locus coeruleus plays a significant role in stress response, and the limbic system also plays a 

crucial role in stress mediating the HPA axis. (285, 323) With cortisol having detrimental 

effects on structures within the limbic system, including amygdala, hippocampus and 

hypothalamus, stress may be a major mediator of depression in PD. (14, 168, 183, 184) 

Comparatively, PD pathophysiology affects the locus coeruleus through Lewy bodies leading 

to cell death, which may also impact depression and stress in the individual. (286) It is 

therefore unclear if it is the disease course or stress which may commence the processes that 

lead to depression in a person with PD, however the two systems are likely to work together 

to further worsen the problem. 

 

Regarding anxiety, the GAI was used for this study. Much like the GDS, the inventory was 

created for an older population, with brevity of questions, dichotomous answers and 

minimised questions that may relate to somatic symptoms to remove possible overlap with 

other medical conditions. (268) Furthermore, the GAI has shown concurrent validity with the 

‘Diagnostic and Statistical Manual IV’. (269) While the DSM has since been revised to DSM-V, 

minimal changes were made to the diagnostic criteria of generalised anxiety disorder, mainly 

regarding the wording of the criteria. (324, 325) The GAI was also designed to test for the 

general presence of anxiety, not specific anxiety disorders, so while it doesn’t provide 

disorder specificity, it is useful as a general screening tool. (268) 

 

The inverse relationship between dopamine, noradrenaline transporter binding in PD and 

depression also exists for anxiety, also forming a basis for the increased anxiety in individuals 

who had high-perceived stress. In addition, when looking at individuals without PD, those who 

were anxious consistently showed significantly higher cortisol levels than those who were not 

anxious, which as previously stated can have shrinking effects on the brain. (14, 168, 183, 184, 
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326) Furthermore, varieties of anxiety-related disorders including PTSD have been correlated 

to hippocampal suppression and atrophy, a known side effect of chronic stress. (190, 327, 

328) This supports that stress may be a strong influencing factor in developing anxiety, but 

much like depression, the course of PD may also have an effect. In both human and nonhuman 

primate models with anxiety, striatal dopamine receptor binding was reduced, and humans 

with anxiety disorders showed reduced dopamine uptake into the striatum. (329, 330) 

Furthermore, noradrenaline, serotonin and acetylcholine systems also seem to play a role in 

anxiety. (330-332) The dopaminergic cells of the striatum, along with monoaminergic and 

cholinergic neurons, are cells commonly affected by PD, once again highlighting the possibly 

cooperating roles PD and stress may have on anxiety.  

 

Studies into anxiety and depression in PD have found that the two disorders are associated 

with different clinical and demographic factors. (76) For example, anxiety in PD was more 

frequently seen in younger patients and females, whilst depressive symptoms were more 

frequent in persons who had worse disease indices, increased comorbidities and decreased 

cognitive function. However, while depression and anxiety are two separate disorders, they 

frequently coexist within the same patient, with one study showing comorbid depression and 

anxiety in 14% of PD patients. (333) Similarly, in the general population, approximately one 

third of people with an anxiety disorder can be expected to meet the diagnostic criteria for 

depression, and two thirds of persons with depression would meet the inclusion criteria for 

anxiety. (334, 335) However, they once again have different risk factors. Thus, while these 

two psychological disorders frequently coexist, and both have significant associations with 

stress in PD, it maintains important to view them separately, as their relationship with stress 

most likely comes from separate ways. Further research in this field, including testing of 

cortisol levels and more in-depth analysis of the mood disorders would provide a clearer 

image of the relationships they have with stress, particularly regarding PD. 
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3.3 Association between perceived stress and quality of life 

 

In hypothesis two, it was hypothesised that there would be a negative association between 

high perceived stress and QoL. As PDQ-39 scoring indicates a higher score having a lower QoL, 

positive associations with this tool imply a negative association with QoL. Analysis found a 

significant positive association between PDQ-39 SI and PSS-14, p<0.001, rS= 0.536. 

 

Table 3.9: Associations between PDQ-39 dimensions and PSS-14 

 PDQ-39 Dimensions p-value rS 

Dimension 1: Mobility <0.001* 0.428 

Dimension 2: Activities of Daily Living 0.006* 0.272 

Dimension 3: Emotional Wellbeing <0.001* 0.643 

Dimension 4: Stigma <0.001* 0.373 

Dimension 5: Social Support <0.001* 0.373 

Dimension 6: Cognition <0.001* 0.429 

Dimension 7: Communication <0.001* 0.383 

*Significant association 

 

As seen above, all dimensions of PDQ-39 had a positive association with PSS-14 scores. In 

particular, mobility, emotional wellbeing, stigma, social support, cognition and 

communication dimensions all had associations of p<0.001. Furthermore, Pearson’s 

correlation showed a significant relationship between dimension 8 (bodily discomfort) and 

perceived stress (p<0.001, r=0.357). 

 

Table 3.10: Association between PDQ-39 questions and PSS-14 

PDQ-39 Questions p-value rS
 

Q1 Difficulty doing the leisure activities <0.001* 0.350 

Q2 Difficulty looking after your home <0.001* 0.415 

Q3 Difficulty carrying bags of shopping 0.008* 0.263 

Q4 Problems walking half a mile <0.001* 0.354 

Q5 Problems walking 100 yards 0.061 0.188 

Q6 Problems getting around the house 0.005* 0.278 

Q7 Difficulty getting around in public <0.001* 0.375 

Q8 Needed someone else to accompany you when you went out 0.003* 0.298 

Q9 Felt frightened or worried about falling over in public <0.001* 0.344 
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Q10 Been confined to the house 0.002* 0.309 

Q11 Difficulty washing yourself <0.001* 0.354 

Q12 Difficulty dressing yourself 0.014* 0.245 

Q13 Problems doing up buttons or shoe laces 0.001* 0.331 

Q14 Problems writing clearly 0.583 0.056 

Q15 Difficulty cutting up your food 0.004* 0.285 

Q16 Difficulty holding a drink without spilling it 0.008* 0.266 

Q17 Felt depressed <0.001* 0.566 

Q18 Felt isolated and lonely <0.001* 0.475 

Q19 Felt weepy or tearful <0.001* 0.469 

Q20 Felt angry or bitter <0.001* 0.515 

Q21 Felt anxious <0.001* 0.521 

Q22 Felt worried about your future <0.001* 0.505 

Q23 Felt you had to conceal your Parkinson's from people 0.007* 0.267 

Q24 Avoided situations which involve eating or drinking in public 0.016* 0.241 

Q25 Felt embarrassed in public due to having Parkinson's disease <0.001* 0.417 

Q26 Felt worried by other people's reaction to you <0.001* 0.419 

Q27 Had problems with your close personal relationships 0.003* 0.298 

Q28 Lacked support in the ways you need from your spouse or partner 0.040* 0.214 

Q29 Lacked support in the ways you need from your family or close 
friends 

<0.001* 0.414 

Q30 Unexpectedly fallen asleep during the day 0.018* 0.236 

Q31 Had problems with your concentration <0.001* 0.386 

Q32 Felt your memory was bad <0.001* 0.349 

Q33 Had distressing dreams or hallucinations 0.018* 0.237 

Q34 Had difficulty with your speech 0.017* 0.238 

Q35 Felt unable to communicate with people properly <0.001* 0.342 

Q36 Felt ignored by people <0.001* 0.465 

Q37 Had painful muscle cramps or spasms 0.002* 0.307 

Q38 Had aches and pains in your joints or body 0.011* 0.253 

Q39 Felt unpleasantly hot or cold 0.050 0.197 

*Significant association 

 

As seen in Table 3.20, majority of the PDQ-39 questions had significant positive associations 

with PSS-14 score, with 19 of the questions having a p<0.001, including all questions 

pertaining to the emotional wellbeing support dimension.  The questions which had no 

significant associations included problems walking 100 yards (p=0.061, rS =0.188), problems 

writing clearly (p=0.583, rS =0.056), and feeling unpleasantly hot or cold (p=0.050, rS =0.197). 
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Table 3.11: Mann Whitney U Test of PDQ39 questions and PSS-14 

PDQ-39 Question N 
Mean 
Rank 

Mann-
Whitney 
U Value 

p-value 

Q1 Difficulty doing the leisure activities     

Yes 74 55.8 569.0 0.002* 

No 26 35.4   

Q2 Difficulty looking after your home     

Yes 73 55.6 469.5 <0.001* 

No 25 31.8   

Q3 Difficulty carrying bags of shopping     

Yes 60 55.9 876.0 0.022* 

No 40 42.4   

Q4 Problems walking half a mile     

Yes 59 59.2 639.5 <0.001* 

No 40 36.5   

Q5 Problems walking 100 yards     

Yes 30 58.9 797.0 0.057 

No 70 46.9   

Q6 Problems getting around the house     

Yes 56 57.2 859.5 0.010* 

No 44 42.0   

Q7 Difficulty getting around in public     

Yes 64 58.6 633.0 <0.001* 

No 36 36.1   

Q8 Needed someone else to accompany you 
when you went out 

    

Yes 51 60.3 751.0 0.001* 

No 49 40.3   

Q9 Felt frightened or worried about falling over 
in public 

    

Yes 53 60.4 720.0 <0.001* 

No 47 39.3   

Q10 Been confined to the house     

Yes 37 60.2 808.5 0.011* 

No 63 44.8   

Q11 Difficulty washing yourself     

Yes 24 68.38 483.0 0.001* 

No 76 44.86   

Q12 Difficulty dressing yourself     

Yes 49 58.0 882.5 0.011* 
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No 51 43.3   

Q13 Problems doing up buttons or shoe laces     

Yes 58 59.4 702.0 <0.001* 

No 42 38.2   

Q14 Problems writing clearly     

Yes 80 51.1 750.5 0.669 

No 20 48.0   

Q15 Difficulty cutting up your food     

Yes 52 56.6 881.0 0.017* 

No 47 42.7   

Q16 Difficulty holding a drink without spilling it     

Yes 49 58.7 847.0 0.005* 

No 51 42.6   

Q17 Felt depressed     

Yes 63 60.3 548.5 <0.001* 

No 37 33.8   

Q18 Felt isolated and lonely     

Yes 48 62.4 676.5 <0.001* 

No 52 39.5   

Q19 Felt weepy or tearful     

Yes 55 60.9 666.0 <0.001* 

No 45 37.8   

Q20 Felt angry or bitter     

Yes 46 65.5 552.5 <0.001* 

No 54 37.7   

Q21 Felt anxious     

Yes 81 55.9 333.0 <0.001* 

No 19 27.5   

Q22 Felt worried about your future     

Yes 70 57.8 538.5 <0.001* 

No 30 33.5   

Q23 Felt you had to conceal your Parkinson's 
from people 

    

Yes 42 59.4 846.0 0.009* 

No 58 44.1   

Q24 Avoided situations which involve eating or 
drinking in public 

    

Yes 32 59.9 786.0 0.026* 

No 68 46.1   

Q25 Felt embarrassed in public due to having 
Parkinson's disease 
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Yes 39 65.2 616.0 <0.001* 

No 61 41.1   

Q26 Felt worried by other people's reaction to 
you 

    

Yes 38 63.8 674.5 <0.001* 

No 62 42.4   

Q27 Had problems with your close personal 
relationships 

    

Yes 30 63.8 651.0 0.003* 

No 70 44.8   

Q28 Lacked support in the ways you need from 
your spouse or partner 

    

Yes 14 61.4 351.5 0.030* 

No 79 44.5   

Q29 Lacked support in the ways you need from 
your family or close friends 

    

Yes 23 71.9 394.5 <0.001* 

No 77 44.1   

Q30 Unexpectedly fallen asleep during the day     

Yes 64 55.0 866.5 0.040* 

No 36 42.6   

Q31 Had problems with your concentration     

Yes 72 56.0 612.0 0.002* 

No 28 36.4   

Q32 Felt your memory was bad     

Yes 75 54.7 626.0 0.013* 

No 25 38.0   

Q33 Had distressing dreams or hallucinations     

Yes 57 56.0 914.5 0.030* 

No 43 43.3   

Q34 Had difficulty with your speech     

Yes 72 52.2 882.5 0.335 

No 28 46.0   

Q35 Felt unable to communicate with people 
properly 

    

Yes 64 55.9 808.0 0.013* 

No 36 40.9   

Q36 Felt ignored by people     

Yes 39 65.8 553.5 <0.001* 

No 60 39.7   

Q37 Had painful muscle cramps or spasms     
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Yes 78 53.6 613.0 0.041* 

No 22 39.4   

Q38 Had aches and pains in your joints or body     

Yes 83 53.0 498.5 0.057 

No 17 38.3   

Q39 Felt unpleasantly hot or cold     

Yes 64 53.4 969.5 0.190 

No 36 45.4   

*Significant association 

Note: PDQ-39 measures related aspects in past month. 

 

 

Mann-Whitney U test was performed to compare the difference in PSS-14 scores for people 

who reported having or not having QoL complaints as per the PDQ-39. For majority of 

questions, those who experienced the QoL difficulty had significantly higher PSS-14 scores (all 

p<0.05). These include all questions pertaining to emotional wellbeing, stigma, social support, 

and cognitive impairment dimensions.  
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3.3.2 Discussion 

 

As QoL reflects an individual’s satisfaction with their ability and lifestyle, stress may impair 

participant’s perception of aspects of their life. With perceived stress scores being were 

associated with all dimensions of PDQ-39, and 36 of the 39 questions, making it evident that 

stress in PD is associated with QoL. Furthermore, 34 of the questions showed significantly 

higher PSS-14 scores for those who experienced the QoL disturbances. There are two ways in 

which this relationship may exist; stress may affect QoL by directly affecting symptomology 

or perception of QoL, or alternatively decreasing QoL may itself be a cause of stress. This 

relationship is most likely due to a mixture of both components, and regardless of which may 

occur first, it is an important relationship to study due to its widespread associations. There 

are no present studies that assess stress and its effect on QoL in a PD population, however a 

study conducted on an older adult population with HIV/AIDS found that life stress was 

significantly negatively correlated to physical, emotional, functional and global wellbeing. 

(336)  

 

The scale used for this study, the PDQ-39, was one specifically formulated for persons with 

PD. When looking at other QoL scales, such as the SF-36, it was found that they did not 

incorporate some areas that are relevant to persons with PD, which the PDQ-39 does. (276) 

It is therefore important when analysing QoL in PD to use measures specific to the disease. 

The PDQ-39 does have some limitations, lacking items referring to night time sleep issues, 

sexual activities, transfers and self-image, and assesses only on frequency of symptoms, as 

well as showing measurement bias towards more serious health issues. (337) However, a 

review on PD specific QoL instruments found that the PDQ-39 was the most appropriate tool, 

due to its thorough testing, adequate clinometric characteristics and large international use. 

(338) 

 

Several dimensions of the PDQ-39 overlap with NMSS domains, including emotional 

wellbeing, cognition and bodily discomfort. The PDQ-39 measures QoL symptoms by how 

frequently they are present, so it follows that if the frequency of the NMS impacted by stress 

as previously discussed, the corresponding elements of QoL would also be impacted by 

perceived stress. This relationship is supported by a previous study that demonstrated that 
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total NMSS score has a high association with PDQ-39 SI and a high to moderate correlation 

with the PDQ-39 domains. (79) This can be seen in the PDQ-39 dimensions of emotional 

wellbeing and cognition, which are significantly associated with stress, much like the 

frequency of the NMSS domains mood/cognition and attention/memory. In particular, 

questions regarding depression, anxiety, difficulty concentrating and memory issues were 

significantly associated to PSS-14 for both the NMSS frequency and PDQ-39 scores. As 

described in section 3.2.2, depletion of dopamine in mesocorticolimbic pathway can have 

detrimental effects on mood, memory and learning, and increased cortisol from stress can 

also impact those domains.  With a combination of both PD and perceived stress, it becomes 

apparent why QoL aspects in mood and cognition resulted in significant associations to PSS-

14 scores in PD.  

 

Stress was significantly associated with both, mobility and ADL dimensions of the PDQ-39, 

which are often seen as relating to motor symptoms as they include questions referring to 

difficulty with moving and looking after themselves. However, these domains may also be 

highly influenced by NMS. A previous study showed that persons with PD who were fatigued 

had significantly lower QoL scores for both ADL and mobility domains. (339) A separate study 

on fatigue in PD showed supporting results, with persons who had higher fatigue severity 

scores demonstrating significantly lower energy expenditure during leisure activities, 

decreased time and rigor of movement, decreased number of activities per week that work 

up a sweat, increased times in the ‘Timed Up and Go’, and decreased oxygen volume peak. 

(340)  Likewise, an increase of mood disorders such as anxiety and depression can also affect 

those QoL dimensions. A study by Carod-Artal et. al. showed significant correlations between 

PDQ-39 mobility and ADL dimensions with the Hospital Anxiety and Depression Scale, for both 

the anxiety and depression subscales. (341) Moreover, cognition assessed through the Mini-

Mental State Examination (MMSE) has also been shown to be significantly associated with 

the mobility and ADL sub scores.  (342) So, while mobility and ADL may seem to be primarily 

related to motor aspects of PD, NMS can also account for their decrease.  

 

The previously mentioned study on fatigue also studied other associations with the PDQ-39, 

revealing significant associations for the emotional wellbeing and bodily discomfort domains. 

(339) Furthermore, anxiety, depression and cognitive impairment had significant associations 
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with all dimensions of the PDQ-39. (341, 342) There are various ways such NMS can contribute 

to QoL. For example, decreased cognition and memory in persons with PD as per the 

Dementia Rating Scale has been shown to contribute to decreased verb generation, which 

would affect communication. (343) Impaired cognition and depression have also been 

significantly associated with social rejection, internal shame and social isolation, which would 

impact the stigma and social support PDQ-39 dimensions. (344)  

 

Similar associations can also be made with other NMS, such as dysphagia. A study that 

interviewed individuals with PD who had swallowing difficulties reported that frequent 

psychosocial themes included altered eating habits, feelings of stigma, carers’ issues, and 

needing to make social adjustments. (345) These correspond with a number of PDQ-39 

questions including those in the mobility, stigma and social dimensions.  Another study that 

looked at autonomic failure showed that approximately half of persons with PD rated its 

impact on daily lives as ‘a lot’ or ‘very much’, primarily due to bladder dysfunction, 

constipation and orthostatic dizziness. (346) While the questionnaire used in the study did 

not specify how the NMS affected daily life, the ADL dimension of the PDQ-39 would be 

affected. With the apparent effects of NMS on QoL, the increased NMS in association with 

the perceived stress would also effect QoL. 

 

However, there were also several QoL complaints that were significantly associated with 

perceived stress, while their corresponding NMS from the NMSS did not. These included 

distressing dreams, hallucinations, and pains. This may be due to a number of reasons. Firstly, 

the NMSS was conducted by the examiner, and required the participant to verbally answer 

while the PDQ-39 was self-completed. Being self-completed, participants may have been 

more honest in their responses as they did not have to vocalise issues they might be 

experiencing in fear of judgment. Alternatively, the wording of the PDQ-39 may have allowed 

for the symptom to be interpreted differently than the NMSS. For example, the question in 

the PDQ-39 asks about both hallucinations and distressing dreams together, so the higher 

association with perceived stress may be related more to the dreams than the hallucinations. 

Similarly, when asking about pain, the NMSS specifically asks for “pain not explained by other 

known conditions”, while the PDQ-39 asks, “due to Parkinsonism, how often during the last 

month have you…” on the top of the page with “had aches and pains in your joints or body” 
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lower on the page. This differentiation in wording and the split question format of the PDQ-

39 may have led to different interpretations of the questions.  

 

In general, the effects stress has on QoL in various populations have recently become a more 

popular topic, with several studies analysing the effects of mindfulness-based stress reduction 

on QoL. (347-349) While these studies do show that perceived stress levels are reduced by 

mindfulness training, the reports on improved QoL are varied, with some studies showing 

improvement while others do not. The concept of stress reduction in PD for QoL improvement 

is novel and could greatly benefit those with the disease. Being a chronic disease, people with 

PD must accommodate for the changes that come with the disease over time, so 

improvement in QoL could make a pronounced difference in disease experience for both 

individuals with PD and their carers.  
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3.4 Association between resilience and NMS 

 

Hypothesis three stated that there would be a positive association between resilience and 

decreased frequency and severity of NMS. A negative association between total NMSS score 

and mCD-RISC was found, p=0.001, rS= -0.345. Additionally, there was a significant negative 

association between mCD-RISC and NMS severity (p=0.002, rS = -0.316), and NMSS frequency 

(p=0.004, rS= -0.294), respectively.  

 

Table 3.12: Associations between NMSS domain severity x frequency and mCD-RISC 

 NMSS Domains p-value rS 

Domain 1: Cardiovascular Including Falls  0.229 -0.124 

Domain 2: Sleep/Fatigue  0.014* -0.251 

Domain 3: Mood/Cognition  <0.001* -0.425 

Domain 4: Perceptual Problems/Hallucinations  0.276 -0.112 

Domain 5: Attention/Memory  <0.001* -0.354 

Domain 6: Gastrointestinal Tract  0.054 -0.197 

Domain 7: Urinary  0.907 0.012 

Domain 8: Sexual Function  0.196 -0.133 

Domain 9: Miscellaneous  0.018* -0.241 

*Significant association 

 

The severity x frequency scores of four NMSS domains were negitively significantly associated 

with resilience. These included sleep/fatigue (p=0.014, rS = -0.231), mood/cognition (p<0.001, 

rS = -0.425), attention/memory (p<0.001, rS = -0.354), and miscellaneous (p=0.018, rS= -0.241).  

 

 Table 3.13: Association between NMSS severity x frequency by symptom and mCD-RISC 

 NMSS Questions p-value rS 

Q1 Light Headedness, Dizziness, Weakness 0.229 -0.124 

Q2 Falls  0.752 -0.033 

Q3 Daytime Sleepiness 0.615 -0.052 

Q4 Fatigue  0.001* -0.329 

Q5 Insomnia  0.636 -0.049 

Q6 Restless Legs  0.225 -0.125 

Q7 Apathy  0.011* -0.260 
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Q8 Lack of Motivation  0.001* -0.344 

Q9 Anxiety  0.001* -0.329 

Q10 Depression 0.011* -0.259 

Q11 Flat Moods  0.003* -0.303 

Q12 Anhedonia  <0.001* -0.416 

Q13 Hallucinations  0.875 -0.016 

Q14 Delusions  0.401 -0.087 

Q15 Double Vision 0.107 -0.166 

Q16 Difficulty Concentrating  0.011* -0.257 

Q17 Difficulty with Short Term Memory 0.002* -0.313 

Q18 Forget To Do Things  0.035* -0.215 

Q19 Dribble Saliva  0.298 -0.107 

Q20 Dysphagia 0.096 -0.171 

Q21 Constipation 0.751 -0.033 

Q22 Urinary Urgency 0.678 0.043 

Q23 Urinary Frequency 0.671 -0.044 

Q24 Nocturia  0.725 0.036 

Q25 Altered Sex Interest 0.520 -0.067 

Q26 Sex Difficulties 0.636 -0.049 

Q27 Unexplained Pains 0.024* -0.230 

Q28 Change in Taste or Smell  0.253 -0.118 

Q29 Change in Weight 0.025* -0.229 

Q30 Hyperhidrosis  0.739 -0.034 

*Significant association 

 

The frequency x severity scores for many NMS significantly associated with mCD-RISC scores. 

These included fatigue, apathy, lack of motivation, depression, flat moods, anhedonia, 

difficulty concentrating, difficulty with short term memory, forgetting to do things, 

unexplained pains and change in weight, all having a negative association (all p<0.05). 
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Table 3.14: Association between severity of NMSS domain and mCD-RISC 

 NMSS Domains p-value rS
 

Domain 1: Cardiovascular Including Falls  0.268 -0.114 

Domain 2: Sleep/Fatigue  0.109 -0.165 

Domain 3: Mood/Cognition  <0.001* -0.419 

Domain 4: Perceptual Problems/Hallucinations  0.225 -0.125 

Domain 5: Attention/Memory  0.002* -0.316 

Domain 6: Gastrointestinal Tract  0.081 -0.179 

Domain 7: Urinary  0.976 -0.003 

Domain 8: Sexual Function 0.375 -0.092 

Domain 9: Miscellaneous  0.015* -0.248 

*Significant association 

 

The severity of three NMS domains were negatively associated with resilience, namely mood 

and cognition, (p<0.001, rS= -0.419), attention and memory (p=0.002, rS= -0.316), and 

miscellaneous (p=0.015, rS = -0.248).  

 

Table 3.15: Association between severity of NMS and mCD-RISC 

 NMSS Questions p-value rS
 

Q1 Light Headedness, Dizziness, Weakness  0.253 -0.118 

Q2 Falls  0.902 -0.013 

Q3 Daytime Sleepiness  0.764 -0.031 

Q4 Fatigue 0.003* -0.301 

Q5 Insomnia  0.672 -0.044 

Q6 Restless Legs  0.234 -0.123 

Q7 Apathy  0.007* -0.276 

Q8 Lack of Motivation  <0.001* -0.379 

Q9 Anxiety  0.002* -0.312 

Q10 Depression  0.010* -0.261 

Q11 Flat Moods  0.003* -0.298 

Q12 Anhedonia  <0.001* -0.401 

Q13 Hallucinations 0.824 -0.023 

Q14 Delusions 0.413 -0.084 

Q15 Double Vision 0.104 -0.167 

Q16 Difficulty Concentrating 0.047* -0.205 

Q17 Difficulty with Short Term Memory  0.003* -0.298 

Q18 Forget To Do Things  0.041* -0.209 

Q19 Dribble Saliva  0.249 -0.119 
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Q20 Dysphagia 0.059 -0.193 

Q21 Constipation 0.585 -0.056 

Q22 Urinary Urgency 0.997 0.000 

Q23 Urinary Frequency 0.783 -0.028 

Q24 Nocturia  0.944 0.007 

Q25 Altered Sex Interest 0.554 -0.061 

Q26 Sex Difficulties 0.661 -0.046 

Q27 Unexplained Pains  0.021* -0.236 

Q28 Change in Taste or Smell 0.261 -0.116 

Q29 Change in Weight 0.026* -0.227 

Q30 Hyperhydrosis 0.841 -0.021 

*Significant association 

 

The two NMS that were most significantly associated with total mCD-RISC were lack of 

motivation (p<0.001, rS= -0.379) and anhedonia (p<0.001, rS= -0.401). A number of other NMS 

severity scores also significantly associated with mCD-RISC scores, including: fatigue, apathy, 

anxiety, depression, flat moods, difficulty concentrating, difficulty with short term memory, 

forgetfulness, and change in weight (all p<0.05). 

 

Table 3.16: Association between frequency of NMSS domain and mCD-RISC 

 NMSS Domains p-value rS
 

Domain 1: Cardiovascular Including Falls  0.105 -0.167 

Domain 2: Sleep/Fatigue  0.161 -0.144 

Domain 3: Mood/Cognition <0.001* -0.423 

Domain 4: Perceptual Problems/Hallucinations 0.047* -0.203 

Domain 5: Attention/Memory 0.004* -0.288 

Domain 6: Gastrointestinal Tract  0.269 -0.114 

Domain 7: Urinary  0.858 -0.019 

Domain 8: Sexual Function  0.852 -0.019 

Domain 9: Miscellaneous  0.058 -0.194 

*Significant association 

 

As seen in table 3.16, the frequency of three NMS domains, mood and cognition (p<0.001, rS 

= -0.423), perceptual problems and hallucination (p=0.047, rS=-0.203), and attention and 

memory (p=0.004, rS= -0.288), were negatively associated with resilience.  
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Table 3.17: Association between frequency of NMS and mCD-RISC 

 NMSS Questions p-value rS
 

Q1 Light Headedness, Dizziness, Weakness 0.110 -0.164 

Q2 Falls  0.483 -0.072 

Q3 Daytime Sleepiness  0.601 -0.054 

Q4 Fatigue  0.015* -0.248 

Q5 Insomnia 0.589 0.056 

Q6 Restless Legs 0.025* -0.229 

Q7 Apathy 0.003* -0.302 

Q8 Lack of Motivation  0.015* -0.246 

Q9 Anxiety  0.032* -0.219 

Q10 Depression  0.003* -0.300 

Q11 Flat Moods  0.012* -0.255 

Q12 Anhedonia  <0.001* -0.392 

Q13 Hallucinations  0.398 -0.087 

Q14 Delusions  0.259 -0.116 

Q15 Double Vision  0.033* -0.218 

Q16 Difficulty Concentrating  0.028* -0.225 

Q17 Difficulty with Short Term Memory  0.062 -0.191 

Q18 Forget To Do Things 0.024* -0.230 

Q19 Dribble Saliva 0.886 0.015 

Q20 Dysphagia  0.033* -0.218 

Q21 Constipation  0.828 0.022 

Q22 Urinary Urgency  0.955 -0.006 

Q23 Urinary Frequency 0.692 -0.041 

Q24 Nocturia  0.109 0.165 

Q25 Altered Sex Interest  0.648 0.047 

Q26 Sex Difficulties 0.327 -0.102 

Q27 Unexplained Pains 0.027* -0.226 

Q28 Change in Taste or Smell 0.944 0.007 

Q29 Change in Weight  0.072 -0.184 

Q30 Hyperhidrosis  0.565 -0.059 

*Significant association 

 

The frequency of all NMS regarding mood, as well as other NMS such as restless legs, 

forgetfulness, difficulty concentrating, dysphagia, unexplained pains, fatigue, and double 

vision were inversely associated with resilience.  
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Table 3.18: Mann-Whitney U Test of NMS presence and mCD-RISC Score 

NMSS Question N 
Mean 
Rank 

Mann-
Whitney U 

Value 
p-value 

Q1 Light Headedness, Dizziness, Weakness     

Yes 45 43.5 923.5 0.100 

No 51 52.9   

Q2 Falls     

Yes 4 38.9 145.5 0.495 

No 92 48.9   

Q3 Daytime Sleepiness     

Yes 60 48.5 1078.0 0.988 

No 36 48.6   

Q4 Fatigue     

Yes 68 44.7 692.5 0.036* 

No 28 57.8   

Q5 Insomnia     

Yes 44 49.9 1084.0 0.659 

No 52 47.6   

Q6 Restless Legs     

Yes 39 40.92 816.0 0.027* 

No 57 53.7   

Q7 Apathy     

Yes 25 33.7 518.0 0.002* 

No 71 53.7   

Q8 Lack of Motivation     

Yes 54 41.1 735.5 0.003* 

No 42 58.0   

Q9 Anxiety     

Yes 38 40.6 800.5 0.024* 

No 58 53.7   

Q10 Depression     

Yes 51 41.0 765.0 0.005* 

No 45 57.0   

Q11 Flat Moods     

Yes 43 40.7 805.5 0.014* 

No 53 54.8   

Q12 Anhedonia     

Yes 31 32.7 519.0 <0.001* 

No 65 56.0   

Q13 Hallucinations     

Yes 22 43.5 703.5 0.335 

No 74 50.0   

Q14 Delusions     

Yes 4 33.4 123.5 0.279 
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No 92 49.2   

Q15 Double Vision     

Yes 13 33.54 345.0 0.037* 

No 83 50.84   

Q16 Difficulty Concentrating     

Yes 50 42.77 863.5 0.036* 

No 46 54.73   

Q17 Difficulty with Short Term Memory     

Yes 62 44.6 812.0 0.064 

No 34 55.6   

Q18 Forget To Do Things     

Yes 48 42.7 875.0 0.042* 

No 48 54.3   

Q19 Dribble Saliva     

Yes 43 49.1 1113.5 0.848 

No 53 48.0   

Q20 Dysphagia     

Yes 49 42.2 840.5 0.023* 

No 47 55.1   

Q21 Constipation     

Yes 55 48.3 1117.5 0.941 

No 41 48.7   

Q22 Urinary Urgency     

Yes 57 48.1 1086.5 0.852 

No 39 49.1   

Q23 Urinary Frequency     

Yes 48 47.3 1094.5 0.673 

No 48 49.7   

Q24 Nocturia     

Yes 74 51.0 631.5 0.111 

No 22 40.2   

Q25 Altered Sex Interest     

Yes 54 49.2 1050.0 0.637 

No 42 46.5   

Q26 Sex Difficulties     

Yes 34 44.7 924.0 0.380 

No 61 49.9   

Q27 Unexplained Pains     

Yes 34 38.8 722.5 0.011* 

No 62 53.9   

Q28 Change in Taste or Smell     

Yes 41 47.8 1097.5 0.824 

No 55 49.1   

Q29 Change in Weight     

Yes 10 33.4 278.5 0.069 

No 86 50.3   
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Q30 Hyperhidrosis     

Yes 21 46.57 747.0 0.719 

No 75 49.04   

*Significant association 

Note: NMSS measures presence of symptoms in the past month. 

 

The Mann Whitney U test showed that for several NMS, those who experienced them had 

significantly lower resilience scores than those who did not. These NMS included all pertaining 

to the mood/cognition domain, which include apathy, lack of motivation, anxiety, depression, 

flat moods and anhedonia (all p<0.05). In addition, resilience scores were also lower for those 

who experienced fatigue, restless legs, double vision, difficulty concentrating, forgetting to 

do things, dysphagia and unexplained pain (all p<0.05).  
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3.4.1 Association between resilience and mood disorders 

 

Following on from hypothesis three, it was hypothesised that higher levels of resilience would 

be associated with a decreased burden of mood disorders such as depression and anxiety. 

The GAI and GDS were used instead of the NMSS due to their validity as screening 

instruments. The association between mCD-RISC and GDS showed a negative association 

(p<0.001, rS= -0.519), indicating that as resilience increases, depression scores decrease.  

Persons who classified as depressed by GDS had significantly lower resilience scores than the 

participants who were not depressed (Mann Whitney U test, depressed; mean rank = 94.8, n 

= 26, not depressed; mean rank = 110.5, n = 74), U = 418.0, p<0.001). 

 

MCD-RISC was inversely associated with GAI scores (p<0.001, rS= -0.432), indicating that as 

resilience decreases, anxiety scores increase. Additionally, the Mann-Whitney U analysis 

indicated that participants who were anxious as per GAI cut off score had significantly lower 

resilience scores than participants who were not anxious (Mann Whitney U test, (Mann 

Whitney U test, anxious; mean rank = 30.5, n = 18, not anxious; mean rank = 52.7, n = 82), U 

= 378.5, p=0.002). 
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3.4.2 Discussion 

 

Stress and resilience are two concepts that are closely linked, with resilience being the ability 

to adapt to stressors while maintaining relationships and the state of the individual. (199) 

However, despite this relationship, resilience did not have as large of an effect on NMS in this 

cohort as perceived stress. Significant relationships with mCD-RISC scores only existed in the 

domains of mood/cognition, sleep/fatigue, attention/memory and miscellaneous for overall 

score, mood/cognition, attention/memory and perceptual problems/hallucinations for 

frequency, and mood/cognition, attention/memory and miscellaneous domains for severity 

scores. These associations were negative, showing that as resilience increased, the burden of 

these NMS decreased. Much like in stress, the relationship between resilience and the 

frequency and severity of symptoms is poorly explored in current literature. One study 

showed that resilience was associated with less disability in PD, but did not affect disease 

severity as per total UPDRS score. (238)  However, once again severity was more impacted 

than frequency, adding to the merit of establishing why such differences exist. The biology of 

resilience is still being explored, however a number of hypotheses have developed revolving 

around the known models of stress. (350, 351) These models often include the HPA axis, 

noradrenergic, serotonergic and dopaminergic systems, with reduced assaults from stress 

improving the function of these systems. 

 

While there are minimal studies that look at the role of resilience in PD, Shamaskin-Garrowat 

et. al. focused on the role of resilience and NMS in PD  for disease adjustment, and through 

Bivariate Correlation found negative associations between resilience and depression, apathy, 

life satisfaction and NMS. (239) The study omitted questions pertaining to the 

mood/cognition and attention/memory domains in the NMS Questionnaire (NMSQ) as they 

confounded with the other questionnaires used for the study. The NMSQ was the basis for 

the NMSS, comprising of the same domains and NMS assessed however only looking at their 

presence, which would correspond with the frequency subscore of the NMSS. (260) In this 

current study, mood/cognition and attention/memory were the only two domains whose 

frequency yielded significant associations with resilience, so despite the exclusion of these 

domains in the previously mentioned Shamaskin-Garrowat et. al, an overall significant 
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relationship between NMS and resilience was still present, providing the basis that other NMS 

are related to resilience in PD. 

 

Another study found analogous results with significant negative associations between 

resilience and depression, anxiety, somatization, fatigue, as well as behavioural, emotional 

and cognitive apathy. (238) This study also analysed the association between resilience and 

disease severity using the UPDRS total and motor scores, which did not yield a significant 

relationship, inferring that NMS have a greater association with resilience than motor 

symptoms. This study also corroborates the results of the current research, whose results also 

showed mood and cognition associations with resilience, as well as the strong negative 

associations with depression, apathy, anxiety and fatigue.  

 

While these studies did not specifically report on other mood symptoms, lack of motivation, 

apathy, flat moods and anhedonia were found to have significant associations in this study. 

However, a qualitative study on resilience in elderly persons with a chronic disease provided 

insight into what participants believed contributed to resilience. (352) Interviewees identified 

the personal factors that helped them be resilient with regards to their illness as motivation 

and purpose, being content with what they have, hope for improvement, enthusiasm towards 

their treatment program and aversion to physical dependence. These results highlight the 

importance of mood in self-perceived resilience, particularly motivation and uplifting moods 

as seen in this study’s PDQ-39 scores, providing further evidence of its importance.  

 

The relationship between resilience and memory as found in this study is less defined in 

literature, however retrospective studies have begun to show possible links between the two. 

The most popular theory on this relationship is that memory helps to create and maintain 

resilience. (353) The memory of adverse experience may aid in the development of protective 

factors, and therefore increase the likelihood of high resilience. (202) One study which looked 

at Holocaust survivors saw the association between memory and resilience, concluding that 

better memory of the past aided in developing resilience. (353) However, the role resilience 

may play on working memory is yet to be studied, with current literature only highlighting the 

negative effects of stress on allostatic load. For example, it has been shown that longer 

duration of childhood poverty, which has a relationship to chronic stress, is also inversely 
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associated with working memory. (354) The possible neuropathological relationship has been 

previously explained in section 3.2.2 of this study, however regarding resilience, it supports 

the reasoning that it aids in reducing the stress response, protecting the brain from its 

assaults. 

 

In regards to the significant associations with elements in the miscellaneous domain and 

double vision, there is currently no literature to support how resilience may affect these NMS. 

However, somatisation is negatively associated to resilience, so it is possible that those who 

are less resilient are developing somatic distress as a response. (238)  However due to the 

limited information available, the nature of these relationships is unclear. 

 

If resilience primarily works through the reduction or absence of stress coping mechanisms, 

it brings forth an interesting argument on why less domains and specific NMS are impacted 

by resilience rather than stress itself. This could be due to a number of reasons. Firstly, to be 

resilient does not signify the absence of stress, however an effective control of the stress 

response allows for the return to homeostasis or adaption to the stress if it is not temporary. 

These results suggest that the NMSS domains and symptoms that are significantly negatively 

associated with resilience and significantly positively associated with stress would be the most 

responsive to efficient control of stress.  

  

 

3.4.2.1 Mood Disorders 

 

Through the GAI and GDS, a further insight on the role of resilience on mood disorders was 

identified.  Much like the results seen through NMSS, GDS and GAI scores were both strongly 

inversely correlated to mCD-RISC scores. Furthermore, the resilience scores for participants 

who were anxious or depressed were significantly lower than for those who were not, further 

highlighting the relationship between mood disorders and resilience.  

 

The relationship between depression and resilience has been previously studied in a number 

of other populations, however not one with PD. A study on an immigrant population showed 

that persons who were resilient had a twofold increase in odds of not developing depression. 
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(355) Another study that looked at outpatients with major depressive disorder found similar 

results, with those who had major depressive disorder having significantly lower 

psychological resilience scores than the healthy age and gender matched controls. (356) 

Similarly, a study on a population with spinal cord injury showed an inverse association 

between resilient characteristics and depressive symptoms. (357) Comparable studies have 

been conducted looking at the relationship between anxiety and resilience. A study 

conducted on Norwegian high school students demonstrated a strong significant negative 

association between resilience and anxiety scores. (358) A separate study with people who 

had been internally displaced due to armed conflict demonstrated similar results, with inverse 

correlations present between resilience and anxiety. (359) With these evident relationships 

in various populations, it follows along with the results of this study, highlighting that 

resilience can have protective effects on mood disorders. 

 

A review by Charney (2004) aimed to explain possible mechanisms of resilience on 

vulnerability, including depression and anxiety. (351) These summaries all revolved around 

the principles of the stress response, with majority discussing how proper regulation would 

decrease stress. However, for several systems it provided a possible explanation on how 

resilience may be established. Corticotropin-releasing hormone (CRH) was one of the 

hormones explored, due to its large role in mediating the stress response. (360) CRH has two 

known receptors, CRH-1 and CRH-2, with seemingly opposing roles due to their presence in 

different brain regions. (361) Mice deficient in CRH-1 showed reduced anxious behaviour and 

an impaired stress response, while CRH- 2 deficient mice exhibited augmented anxiety 

behaviour and were hypersensitive to stress.  (362-364) The presence of different CRH 

receptors may have a mediating effect on resilience, with increased CRH-2 promoting the 

trait. As CRH-2 is present in the hypothalamus, which is also involved in PD, it is possible that 

degeneration of this brain region through disease progression may impact an individual’s 

resilience. (361) Serotonin receptors have also been implicated in resilience, in particular 5-

HT1A, whose activation results in anxiolytic effects. (365) 5-HT1A knockout mice display 

heightened anxiety-like behaviour, and findings have shown that embryonic and early post-

natal cessation of expression of this receptor result in an anxious phenotype which cannot be 

reversed with increased 5-HT1A receptors. (366-368) 
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Additionally, the role of neuropeptide Y in mood regulation has been explored. Neuropeptide 

Y is abundant within the mammalian brain, with five primary regions being dense in the 

peptide. (369) Through the effect of neuropeptide Y on the Y1 receptor in the amygdala, and 

on the Y2 receptor in the locus coeruleus, anxiolytic effects have been reported. (370-373) 

Furthermore, the upregulation of neuropeptide Y mRNA in the amygdala after chronic stress 

suggests it may play a role in adapting to stress. (374) Moreover, neuropeptide Y is also 

heavily present in the locus coeruleus, and its concentration in that area is increased after 

stress. (375) Degeneration of the locus coeruleus in due to PD may decrease resilience and 

adaption to stress, increasing stress in the individual. Galanin was another neuropeptide 

explored, having an effect on various behavioural and physiological functions and being 

closely associated with noradrenaline. (376, 377) Of particular interest, when administered 

into the amygdala in rat models, galanin prevented the anxiogenic effects of stress. (378) It 

has been suggested that the noradrenergic activity during stress is accompanied by galanin 

to aid in mediating its anxiogenic effects. (351) In the locus coeruleus, close to 80% of 

noradrenergic cells co-express galanin, so once again the disease progression of PD may 

impact resilience mechanisms, further increasing stress. 

 

The relationships between the aforementioned resilience mediators and mood disorders has 

highlighted a possible relationship with PD. Majority of the mediators are located in brain 

regions PD greatly affects. Disease progression may decrease the density of these mediators 

in the brain, which would in turn decrease resilience, decrease stress response mediation and 

lead to an overall increase in stress. Additionally, as previously demonstrated in this study, 

perceived stress and NMS in PD are positively associated, opening the possibility that through 

the decrease of resilience mechanisms, NMS may also be impacted.  
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3.5 Association between resilience and quality of life 

 

Hypothesis four stated that there would be a positive association between high resilience and 

QoL. A significant negative association between total mCD-RISC score and PDQ-39 SI was 

found, p<0.001, rS = -0.415. 

 

Table 3.19: Association between PDQ-39 by dimension and mCD-RISC 

 PDQ-39 Domains p-value rS
 

Dimension 1: Mobility 0.002* -0.310 

Dimension 2: Activities of Daily Living <0.001* -0.350 

Dimension 3: Emotional Wellbeing <0.001* -0.428 

Dimension 4: Stigma 0.002* -0.312 

Dimension 5: Social Support 0.002* -0.309 

Dimension 6: Cognition <0.001* -0.366 

Dimension 7: Communication <0.001* -0.370 

*Significant association 

 

All domains of the PDQ-39 had a negative association with mCD-RISC. In particular, significant 

associations were found in activities of daily living (p<0.001, rS= -0.350) emotional wellbeing 

(p<0.001, rS= -0.428), cognition (p<0.001, rS=-0.366) and communication (p<0.001, rS = -

0.370). Mobility, stigma and social support were also significantly negatively associated with 

mCD-RISC scores (all p<0.05). Domain 8, bodily discomfort, did not yield a significant 

association with perceived stress (p=0.145, r= -0.150) 

 

Table 3.20: Association between PDQ-39 questions and mCD-RISC 

PDQ-39 Questions p-value rS 

Q1 Difficulty doing the leisure activities <0.001* -0.419 

Q2 Difficulty looking after your home <0.001* -0.442 

Q3 Difficulty carrying bags of shopping 0.030* -0.222 

Q4 Problems walking half a mile 0.040* -0.211 

Q5 Problems walking 100 yards 0.046* -0.204 

Q6 Problems getting around the house 0.332 -0.100 

Q7 Difficulty getting around in public 0.012* -0.255 

Q8 Needed someone else to accompany you when you went out 0.014* -0.250 

Q9 Felt frightened or worried about falling over in public 0.111 -0.164 
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Q10 Been confined to the house 0.009* -0.266 

Q11 Difficulty washing yourself 0.001* -0.337 

Q12 Difficulty dressing yourself <0.001* -0.363 

Q13 Problems doing up buttons or shoe laces 0.001* -0.329 

Q14 Problems writing clearly 0.155 -0.146 

Q15 Difficulty cutting up your food 0.002* -0.313 

Q16 Difficulty holding a drink without spilling it 0.005* -0.282 

Q17 Felt depressed <0.001* -0.361 

Q18 Felt isolated and lonely 0.001* -0.326 

Q19 Felt weepy or tearful 0.026* -0.227 

Q20 Felt angry or bitter <0.001* -0.366 

Q21 Felt anxious 0.001* -0.341 

Q22 Felt worried about your future <0.001* -0.383 

Q23 Felt you had to conceal your Parkinson's from people 0.077 -0.181 

Q24 Avoided situations which involve eating or drinking in public 0.021* -0.235 

Q25 Felt embarrassed in public due to having Parkinson's disease 0.003* -0.300 

Q26 Felt worried by other people's reaction to you 0.001* -0.321 

Q27 Had problems with your close personal relationships 0.016* -0.245 

Q28 Lacked support in the ways you need from your spouse or partner 0.549 -0.064 

Q29 Lacked support in the ways you need from your family or close 
friends 

0.002* -0.319 

Q30 Unexpectedly fallen asleep during the day 0.329 -0.101 

Q31 Had problems with your concentration 0.001* -0.348 

Q32 Felt your memory was bad 0.006* -0.279 

Q33 Had distressing dreams or hallucinations 0.027* -0.226 

Q34 Had difficulty with your speech 0.025* -0.229 

Q35 Felt unable to communicate with people properly <0.001* -0.377 

Q36 Felt ignored by people <0.001* -0.428 

Q37 Had painful muscle cramps or spasms 0.043* -0.207 

Q38 Had aches and pains in your joints or body 0.218 -0.127 

Q39 Felt unpleasantly hot or cold 0.768 -0.030 

*Significant association 

 

As seen in Table 3.20, majority of PDQ-39 questions had significant negative associations with 

mCD-RISC scores, with eight questions having a p<0.001. All questions pertaining to emotional 

well-being and communication domains had significant negative associations with resilience 

scores (all p<0.05). 
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Table 3.21: Mann-Whitney U Test of PDQ-39 questions and mCD-RISC Scores 

PDQ-39 Question N 
Mean 
Rank 

Mann-
Whitney U 

Value 
p-value 

Q1 Difficulty doing the leisure activities     

Yes 72 43.1 474.0 0.001* 

No 24 64.8   

Q2 Difficulty looking after your home     

Yes 72 42.7 444.0 0.001* 

No 23 64.7   

Q3 Difficulty carrying bags of shopping     

Yes 60 43.7 794.5 0.031* 

No 36 56.4   

Q4 Problems walking half a mile     

Yes 57 43.5 826.5 0.051 

No 38 54.8   

Q5 Problems walking 100 yards     

Yes 30 39.4 716.5 0.031* 

No 66 52.6   

Q6 Problems getting around the house     

Yes 55 46.1 995.5 0.328 

No 41 51.7   

Q7 Difficulty getting around in public     

Yes 63 44.1 760.5 0.031* 

No 33 57.0   

Q8 Needed someone else to accompany you 
when you went out 

    

Yes 50 41.7 812.0 0.013* 

No 46 55.9   

Q9 Felt frightened or worried about falling 
over in public 

    

Yes 52 45.0 962.0 0.181 

No 44 52.6   

Q10 Been confined to the house     

Yes 37 39.3 751.5 0.010* 

No 59 54.3   

Q11 Difficulty washing yourself     

Yes 22 31.3 435.0 0.001* 

No 74 53.6   

Q12 Difficulty dressing yourself     

Yes 47 38.5 683.5 0.001* 

No 49 58.1   

Q13 Problems doing up buttons or shoe laces     

Yes 56 41.7 740.5 0.005* 

No 40 58.0   
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Q14 Problems writing clearly     

Yes 77 46.0 535.5 0.071 

No 19 58.8   

Q15 Difficulty cutting up your food     

Yes 51 42.1 821.0 0.025* 

No 44 54.8   

Q16 Difficulty holding a drink without spilling 
it 

    

Yes 48 39.6 724.5 0.002* 

No 48 57.4   

Q17 Felt depressed     

Yes 60 41.7 674.5 0.002* 

No 36 59.8   

Q18 Felt isolated and lonely     

Yes 45 39.9 761.0 0.005* 

No 51 56.1   

Q19 Felt weepy or tearful     

Yes 54 42.1 789.5 0.011* 

No 42 56.7   

Q20 Felt angry or bitter     

Yes 44 36.9 633.0 <0.001* 

No 52 58.3   

Q21 Felt anxious     

Yes 78 44.8 410.5 0.006* 

No 18 64.7   

Q22 Felt worried about your future     

Yes 66 42.5 593.0 0.002* 

No 30 61.7   

Q23 Felt you had to conceal your Parkinson's 
from people 

    

Yes 41 42.4 875.5 0.062 

No 55 53.1   

Q24 Avoided situations which involve eating 
or drinking in public 

    

Yes 31 39.8 739.0 0.035* 

No 65 52.6   

Q25 Felt embarrassed in public due to having 
Parkinson's disease 

    

Yes 38 38.3 714.5 0.004* 

No 58 55.2   

Q26 Felt worried by other people's reaction 
to you 

    

Yes 37 38.8 734.0 0.007* 

No 59 54.6   

Q27 Had problems with your close personal 
relationships 
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Yes 29 38.6 683.5 0.021* 

No 67 52.8   

Q28 Lacked support in the ways you need 
from your spouse or partner 

    

Yes 14 40.6 463.0 0.485 

No 75 45.8   

Q29 Lacked support in the ways you need 
from your family or close friends 

    

Yes 23 32.2 463.5 0.001* 

No 73 53.7   

Q30 Unexpectedly fallen asleep during the 
day 

    

Yes 61 46.4 938.5 0.326 

No 35 52.2   

Q31 Had problems with your concentration     

Yes 69 44.2 633.0 0.015* 

No 27 59.6   

Q32 Felt your memory was bad     

Yes 72 45.9 674.5 0.109 

No 24 56.4   

Q33 Had distressing dreams or hallucinations     

Yes 55 43.3 841.0 0.034* 

No 41 55.5   

Q34 Had difficulty with your speech     

Yes 70 46.3 753.5 0.197 

No 26 54.5   

Q35 Felt unable to communicate with people 
properly 

    

Yes 62 42.4 674.0 0.004* 

No 34 59.7   

Q36 Felt ignored by people     

Yes 39 33.2 515.0 <0.001* 

No 56 58.3   

Q37 Had painful muscle cramps or spasms     

Yes 74 46.2 640.0 0.129 

No 22 56.4   

Q38 Had aches and pains in your joints or 
body 

    

Yes 80 46.1 447.5 0.058 

No 16 60.5   

Q39 Felt unpleasantly hot or cold     

Yes 61 48.8 1046.5 0.873 

No 35 47.9   
*Significant association 

Note: PDQ-39 measures related aspects in past month. 
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When the difference in resilience scores for people who reported having or not having QoL 

complaints as per the PDQ-39 was examined, all questions in the emotional wellbeing and 

stigma domains showed significantly lower mCD-RISC scores for those who experienced the 

QoL issues (p<0.05). Majority of the questions in the mobility, ADL, social support, cognition 

and communication dimensions also showed similar results. Bodily discomfort was the only 

dimension for whereby no questions had a significant difference in mCD-RISC scores between 

people who had or had not experienced the QoL complaints.  
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3.5.2 Discussion  

 

Resilience is an important concept with respect to QoL, as persons who are resilient can better 

adapt to changes that come from disease. This was demonstrated in the results of this study, 

with all dimensions of the PDQ-39 bar one being significantly negatively associated with mCD-

RISC scores. Additionally, the presence of over half of QoL complaints were significantly 

associated with lower resilience scores, including all belonging to the emotional wellbeing 

and stigma dimensions. Resilience and QoL have each been independently studied in PD, 

however there is a lack of literature on how the two work in conjunction with each other. 

 

Previous studies looking at the relationship between resilience and QoL have been 

performed, however not in a PD population. A study on older adults with HIV/AIDS in the 

United States found that greater resilience positively associated with greater physical, 

emotional, functional and global wellbeing. (336) Similarly, a Korean study of breast cancer 

patients also found a significant positive association between resilience and overall QoL. (379) 

With the relationship between QoL and resilience evident in other disease populations, it is 

highly likely it also exists in a PD population as highlighted in this study.  

 

As previously stated, stress and resilience are two related concepts. A large majority of the 

suggested psychobiological mechanisms of resilience revolved around the reduction or 

mediation of stress mechanisms, including the noradrenaline system, dopamine and 

serotonin. (351, 365, 380-382) Previous analysis in this study showed that stress plays a 

significant role in QoL for PD, and resilience has also shown to be significantly associated to 

QoL. Much like NMS however, resilience did not correlate with QoL as strongly as perceived 

stress, and the bodily discomfort domain did not yield a significant association.  

 

Resilience and QoL associations were most significant for emotional wellbeing, 

communication dimensions, cognition and activities of daily living. Review of literature found 

that positive emotions have a role in regulating psychological resilience, as well as being a by-

product of it, which supports the negative association between low emotional wellbeing and 

high resilience scores. (383) Furthermore, the aforementioned psychobiological regulators of 

resilience have anxiolytic effects, which would provide improvement for emotional wellbeing. 
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(362-365, 370-373, 378) There are limited studies on communication and how it may relate 

to resilience. However, the communication domain in the PDQ-39 primarily concerns 

communicating with people and feeling heard by people, which strongly relates to sociability. 

A study on resilience in an older age group studied the relationships between resilience and 

social aspects. (384) Significant differences were found between resilient and vulnerable 

people with good quality relationships, practical support from family, several close confiding 

relationships, wide circle of family and friends, frequent contact with family and friends, and 

being integrated into the community. A similar study supported these findings, also showing 

social support to positively co-exist with resilience. (385) Without a wide support network 

whom people are comfortable to confide in, individuals may feel unable to utilise effective 

communication strategies due to factors such as not frequently using communication skills or 

not feeling they will be understood. This corresponds with the results of this study, as people 

who had experienced feeling unable to communicate with people and feeling ignored by 

people had significantly lower resilience scores. This also lends itself to the social support 

domain, with the questions regarding close personal relationships and lacking support 

yielding significant associations.  

 

As previously discussed in section 3.4, poorer recollection of past events hinders resilience as 

the individual may be unable to compare their current situation to past challenges they may 

have overcome, not allowing them to make fair appraisals of their abilities for the current 

difficulties. (202, 353) Furthermore, fluid cognitive abilities, which involve speed of response 

and abstract reasoning are said to be impacted by neurological assaults. (386) Mental ability 

was found to account for over half the variance of everyday tasks in older adults, fluid 

cognitive abilities accounting for the largest variance. (387, 388) Decreased daily task 

performance from neurological assaults due PD or chronic stress may hinder an individual’s 

perception of self, decreasing their resilience and QoL. In the cognitive dimension of the PDQ-

39, the questions most significantly related to resilience were those relating to memory, so 

poorer resilience due to memory difficulties may be impacting their QoL. Lastly, the mobility 

and ADL domains concern themselves with physical movement, which is hindered in PD. 

Poorer perception of physical movements due to decreased resilience may impact those QoL 

domains. Alternatively, the inability to perform daily tasks to the ability the individual believes 
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they should be performing may also decrease their resilience, providing the basis for the 

associations in this study.   

 

The stigma domain also had a significant association with resilience, with studies having found 

that resilient individuals develop coping mechanisms to help combat stigma. (389-395) These 

skills include developing new skills or attributes to help compensate for the stigma, selectively 

choosing social comparisons, and creating multiple identities to protect themselves. Persons 

with PD who are less resilient therefore have greater difficulty in developing such coping 

mechanisms, increasing issues with stigma. Increased stigma can have a large impact on an 

individual if not addressed appropriately. In patients with mental illness, stigma has been 

shown to increase social isolation as well as decrease access to medication. (396, 397) This 

could also imply that in PD, increased stigma could affect other QoL dimensions such as social 

support.  

 

While various factors can account for the relationships between resilience and QoL, the NMS 

that were associated with resilience can also lend themselves to QoL. One such example is 

fatigue, anxiety, depression and cognition due to their relationship with mobility and ADL as 

previously discussed in section 3.3.2.  (340) As resilience was negatively associated with those 

NMS, their increase would also affect mobility and ADL dimensions. All these results lend 

themselves to decreased physical movement, likely due to decreased physical fitness and 

function. 

 

Anxiety, depression and cognition have also been shown to be associated with all dimensions 

of the PDQ-39. (341, 342) The ways in which these NMS can impact various QoL issues are 

poorly explored. One such example is alexithymia, the inability to describe how one is feeling,  

with decreased scores having been significantly associated with depression and anxiety. (398) 

Alexithymia would particularly effect the ability to efficiently communicate, a QoL aspect that 

was associated with resilience. Furthermore, self-rated anxiety has also been associated with 

significantly greater difficulty in performing verbal tasks, which would also hinder the 

communication dimension of the PDQ-39. (399)    
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With various NMS and QoL aspects having interrelations, as well as stress and resilience, a 

network causality is likely to be present. As per the results of this study, an increase of stress 

would result in increased NMS and decreased QoL, which in turn may decrease resilience. 

However, increased resilience would increase QoL and decrease NMS. As seen in earlier 

sections, severity of NMS is highly associated with stress and resilience, so it is highly likely 

that the magnitude or severity of QoL, stress and resilience would also impact the influence 

they have on each other.  
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Chapter 4: Limitations, Implications and 
Recommendations   

 

This chapter discusses the limitations, implications and recommendations of this study.  

 

4.1 Study Limitations 

 

As a large majority of participants were recruited through support groups and word of mouth, 

participants were primarily limited to persons who attended the meetings. Therefore, this 

may have resulted in unintended recruitment bias to participants who have less severe 

disease, as those with more severe PD may not be able to attend the meetings. This bias is 

evident as there were no participants recruited with a HY Stage 5. However, it is also well-

described in the literature that both motor and NMS burden progresses with disease 

evolution. Thus, people with PD who are at the more severe stages of disease are at high risk 

of concurrent neuropsychiatric and affective symptoms that may result in the exclusion 

criteria being met (e.g. dementia or severe cognitive impairment). 

 

The participant numbers of this study were also limited, with 100 participants meeting the 

inclusion criteria. However, it is currently the largest study available that analyses the effects 

of stress and resilience on NMS and QoL in PD.  Furthermore, all participants recruited resided 

in SEQ. While findings may be relevant to this local population with a reduction in risk of cross-

cultural differences, findings may need to be replicated in other populations before they are 

accepted as a more generalised feature of disease.  

 

The use of questionnaires to determine depression, anxiety, stress and resilience may be 

subjective. Choosing between a yes or no response in the GAI and GDS may oversimplify the 

emotive feelings, not allowing for a medium. However, the GDS has been found to be reliable 

in detecting depression in older populations, and the GAI has also been shown as appropriate 

for PD populations, making these tools suitable for this study. Furthermore, stress was 

measured using a scale ranging from ‘never’ to ‘very often’, and resilience from ‘not true’ at 
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all to ‘true nearly all the time’. With no definition to discern between the categories, the 

results were open to subjective interpretation and may have created some measurement 

bias. Additionally, the Hawthorne Effect may have also influenced how individuals answered 

the questionnaires, possible due to their subjectivity. These tools however have been shown 

to be psychometrically sound in non-PD populations, minimising this possible bias. (267, 269, 

275, 280, 282) 

 

The study design also provided some limitation. As a cross-sectional design, it cannot infer 

changes which may occur to the relationships studied over time. Further longitudinal follow-

up will provide valuable information on the evolution of disease and variables of interest, 

however this is not within the scope of the immediate study.  

 

Albeit these limitations, this is the first study to assess the relationships between NMS and 

QoL with stress and resilience in PD, providing novel insight into how they may affect disease.  

 

 

4.2 Implications and Recommendations 

 

This study highlighted many important relationships that contribute the current 

understanding of stress and resilience in PD. This could influence future practice in the 

management of PD. The primary findings included: 

 

1. NMS in PD were highly associated with perceived stress, particularly NMS pertaining 

to mood/cognition and attention/memory.  

2. Persons with PD who were depressed or anxious had significantly higher perceived 

stress than those who were not. 

3. All dimensions of QoL were highly associated with perceived stress.  

4. NMS were also associated with resilience, however to a lesser extent than perceived 

stress. Mood/cognition and attention/memory domains once again had the strongest 

associations. 
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5. Individuals who were depressed and anxious had significantly lower resilience scores 

than those who did not have depression or anxiety. 

6. Resilience was also associated with QoL, with all dimensions bar bodily discomfort 

yielding significant relationships.  

 

From the results of this study, it indicates that both stress and resilience are associated with 

NMS and QoL in PD. Stress appears to be more strongly associated with both NMS and QoL, 

as well as having relations with a wider range of NMS and QoL complaints. QoL also appears 

to be more influenced than NMS by both stress and resilience. 

 

To further solidify the results from this study, it would be recommended to assess stress by 

other means, such as cortisol levels in urine, saliva blood to provide less subjective results on 

current levels of stress. (400) Additionally, cortisol levels from hair can also provide a 

retrospective examination of stress, allowing for comparison between individuals who had in 

recent times experiences high levels of stress to those who had not. (401) These adjustments 

will give a more accurate representation of stress levels and therefore more specific 

information on its role in PD. Additionally, other functional studies may better reflect 

psychological impairment, removing the subjectivity bias from questionnaires. For example, 

fluorodeoxyglucose positron emission tomography and functional magnetic resonance 

imaging have proven useful to analyse and compare persons with and without MCI, 

depression, and anxiety. (402-407) Furthermore, the effects of stress and resilience on other 

NMS should be studied in more detail to gain better appraisal of the relationships.  

 

Additionally, knowing these relationships exist, helping to limit stress and harness resilience 

may help improve disease burden for people with PD. Assessing for ways that individuals may 

decrease the burden of stress, such as meditation, exercise or more accessible support 

networks, may in turn help reduce the NMS burden of PD and help increase QoL in the 

individuals. (408) Similarly, incorporating ways to harness resilience, such as increasing social 

networks and increasing positive thinking may also help decrease disease burden.  

 

In conclusion, this study contributes to the knowledge and understanding of PD, a complex 

multisystem disease that can have diverse effects on each individual. In particular, the effects 
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of stress and resilience on PD were explored much more in depth than they have in past 

research, primarily their role in NMS and QoL. Further research incorporating other 

modalities would be helpful in refining the knowledge on specific pathophysiological 

substrates and their effects. Additionally, it is important to replicate these findings in other 

cohorts in-order to delineate disease and environmental specific effects in people with PD. 
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Appendix 1: Normality Check for 
Dependent Variables  
 

Variable 
Skewness 
(standard 

error) 

Kurtosis 
(standard 

error) 

Kolmogorov-
Smirnov 

Shapiro-Wilk 

Statistics p-
value 

Statistics p-
value 

Depression       
GDS Total 0.978 (0.241) 0.302 (0.478) 0.163 <0.001 0.896 <0.001 

Anxiety       
GAI Total 1.413 (0.241) 1.328 (0.478)  0.208 <0.001 0.811 <0.001 

Stress       
PSS-14 Total 0.231 (0.241) -0.319 (0.478) 0.082 0.200 0.981 0.245 

Resilience       
mCD-RISC -0.264 (0.264) -0.743 (0.488) 0.094 0.087 0.972 0.071 
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Appendix 2: Normality Check for NMSS 
Variables 

Variable 
Skewness 
(standard 

error) 

Kurtosis 
(standard 

error) 

Kolmogorov-
Smirnov 

Shapiro-Wilk 

 Statistics p-value Statistics p-value 

NMSS Total Score 1.951 
(0.241) 

5.419 
(0.478) 

0.158 0.000 0.843 <0.001 

NMSS Total 
Severity 

0.856 
(0.241) 

0.394 
(0.478) 

0.107 0.021 0.936 <0.001 

NMSS Total 
Frequency 

1.119 
(0.241) 

0.526 
(0.478) 

0.162 0.000 0.905 <0.001 

Domain 1       
Severity 2.090 

(0.241) 
5.651 

(0.478) 
0.346 <0.001 0.664 <0.001 

Frequency 1.738 
(0.241) 

2.523 
(0.478) 

0.286 <0.001 0.720 <0.001 

Total 2.793 
(0.241) 

10.225 
(0.478) 

0.325 <0.001 0.623 <0.001 

Domain 2 Total       
Severity 0.940 

(0.241) 
0.148 

(0.478) 
0.183 <0.001 0.899 <0.001 

Frequency 1.039 
(0.241) 

0.070 
(0.478) 

0.246 <0.001 0.881 <0.001 

Total 1.730 
(0.241) 

3.786 
(0.478) 

0.169 <0.001 0.837 <0.001 

Domain 3 Total        
Severity 1.303 

(0.241) 
1.403 

(0.478) 
0.205 <0.001 0.844 <0.001 

Frequency 1.387 
(0.241) 

1.168 
(0.478) 

0.177 <0.001 0.848 <0.001 

Total 2.221 
(0.241) 

4.939 
(0.478) 

0.232 <0.001 0.715 <0.001 

Domain 4 Total       
Severity 2.890 

(0.241) 
9.670 

(0.478) 
0.433 <0.001 0.527 <0.001 

Frequency 2.399 
(0.241) 

6.406 
(0.478) 

0.369 <0.001 0.618 <0.001 

Total 2.853 
(0.241) 

7.898 
(0.478) 

0.423 <0.001 0.490 <0.001 

Domain 5 Total       
Severity 0.999 

(0.243) 
0.122 

(0.481) 
0.198 <0.001 0.849 <0.001 

Frequency 0.975 0.332 0.153 <0.001 0.886 <0.001 
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Total 1.661 
(0.241) 

2.238 
(0.478) 

0.224 <0.001 0.773 <0.001 

Domain 6 Total       
Severity 0.842 

(0.241) 
0.093 

(0.478) 
0.162 <0.001 0.881 <0.001 

Frequency 1.310 
(0.241) 

1.166 
(0.478) 

0.210 <0.001 0.859 <0.001 

Total 1.563 
(0.241) 

2.361 
(0.478) 

0.204 <0.001 0.805 <0.001 

Domain 7 Total       
Severity 0.874 

(0.241) 
-0.061 
(0.478) 

0.213 <0.001 0.867 <0.001 

Frequency 1.136 
(0.241) 

0.184 
(0.478) 

0.250 <0.001 0.852 <0.001 

Total 1.947 
(0.241) 

5.132 
(0.478) 

0.195 <0.001 0.788 <0.001 

Domain 8 Total       
Severity 0.960 

(0.243) 
-0.457) 
(0.481) 

0.307 <0.001 0.767 <0.001 

Frequency 1.353 
(0.243) 

0.803 
(0.481) 

0.227 <0.001 0.788 <0.001 

Total 1.995 
(0.241) 

3.907 
(0.478) 

0.266 <0.001 0.714 <0.001 

Domain 9 Total       
Severity 1.162 

(0.241) 
1.303 

(0.478) 
0.229 <0.001 0.843 <0.001 

Frequency 1.327 
(0.241) 

0.940 
(0.478) 

0.204 <0.001 0.825 <0.001 

Total 1.766 
(0.241) 

2.995 
(0.478) 

0.224 <0.001 0.773 <0.001 

Q1 Light 
Headedness, 
Dizziness, 
Weakness 

      

Severity 1.342 
(0.241) 

0.852 
(0.478) 

0.368 <0.001 0.703 <0.001 

Frequency 1.542 
(0.241) 

1.301 
(0.478) 

0.292 <0.001 0.709 <0.001 

Severity x frequency 2.108 
(0.241) 

4.710 
(0.478) 

0.339 <0.001 0.661 <0.001 

Q2 Falls       
Severity 6.826 

(0.241) 
47.534 
(0.478) 

0.533 <0.001 0.169 <0.001 

Frequency 5.775 
(0.241) 

35.930 
(4.478) 

0.536 <0.001 0.179 <0.001 

Severity x frequency 7.984 
(0.241) 

66.484 
(0.478) 

0.535 <0.001 0.136 <0.001 
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Q3 Daytime 
Sleepiness 

      

Severity 1.188 
(0.241) 

0.267 
(0.478) 

0.376 <0.001 0.694 <0.001 

Frequency 0.820 
(0.241) 

-0.888 
(0.478) 

0.293 <0.001 0.779 <0.001 

Severity x 
frequency 

1.370 
(0.241) 

0.783 
(0.478) 

0.370 <0.001 0.684 <0.001 

Q4 Fatigue       
Severity 0.634 

(0.241) 
-0.710 
(0.478) 

0.208 <0.001 0.858 <0.001 

Frequency 0.560 
(0.241) 

-1.292 
(0.478) 

0.296 <0.001 0.802 <0.001 

Severity x 
frequency 

2.203 
(0.241) 

6.107 
(0.478) 

0.211 <0.001 0.764 <0.001 

Q5 Insomnia       
Severity 0.919 

(0.241) 
-0.755 
(0.478) 

0.384 <0.001 0.693 <0.001 

Frequency 1.521 
(0.241) 

1.069 
(0.478) 

0.302 <0.001 0.677 <0.001 

Severity x frequency 2.733 
(0.241) 

8.654 
(0.478) 

0.332 <0.001 0.596 <0.001 

Q6 Restless legs       
Severity 1.419 

(0.241) 
0.941 

(0.478) 
0.402 <0.001 0.656 <0.001 

Frequency 1.884 
(0.241) 

2.723 
(0.478) 

0.314 <0.001 0.643 <0.001 

Severity x frequency 3.125 
(0.241) 

11.861 
(0.478) 

0.356 <0.001 0.536 <0.001 

Q7 Apathy       
Severity 1.895 

(0.241) 
2.516 

(0.478) 
0.457 <0.001 0.559 <0.001 

Frequency 2.213 
(0.241) 

3.807 
(0.478) 

0.417 <0.001 0.563 <0.001 

Severity x frequency 2.903 
(0.243) 

9.206 
(0.481) 

0.419 <0.001 0.519 <0.001 

Q8 Lack of 
motivation 

      

Severity 0.856 
(0.241) 

-0.656 
(0.478) 

0.345 <0.001 0.734 <0.001 

Frequency 0.991 
(0.241) 

-0.384 
(0.478) 

0.258 <0.001 0.798 <0.001 

Severity x frequency 1.970 
(0.241) 

3.424 
(0.478) 

0.293 <0.001 0.681 <0.001 

Q9 Anxiety       
Severity 1.296 

(0.241) 
0.480 

(0.478) 
0.377 <0.001 0.695 <0.001 
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Frequency 1.657 
(0.241) 

1.928 
(0.478) 

0.339 <0.001 0.688 <0.001 

Severity x frequency 2.451 
(0.241) 

6.716 
(0.478) 

0.333 <0.001 0.613 <0.001 

Q10 Depression       
Severity 0.780 

(0.241) 
-0.657 
(0.478) 

0.301 <0.001 0.786 <0.001 

Frequency 1.236 
(0.241) 

0.744 
(0.478) 

0.254 <0.001 0.788 <0.001 

Severity x frequency 2.472 
(0.241) 

7.084 
(0.478) 

0.266 <0.001 0.669 <0.001 

Q11 Flat moods       
Severity 1.516 

(0.241) 
1.292 

(0.478) 
0.405 <0.001 0.653 <0.001 

Frequency 1.362 
(0.241) 

0.716 
(0.478) 

0.299 <0.001 0.733 <0.001 

Severity x frequency 3.142 
(0.241) 

12.221 
(0.478) 

0.356 <0.001 0.546 <0.001 

Q12 Anhedonia       
Severity 1.564 

(0.241) 
1.101 

(0.478) 
0.444 <0.001 0.595 <0.001 

Frequency 1.787 
(0.241) 

2.008 
(0.478) 

0.394 <0.001 0.626 <0.001 

Severity x frequency 2.598 
(0.241) 

7.091 
(0.478) 

0.419 <0.001 0.557 <0.001 

Q13 Hallucinations       
Severity 2.794 

(0.241) 
7.814 

(0.478) 
0.505 <0.001 0.402 <0.001 

Frequency 2.264 
(0.241) 

3.919 
(0.478) 

0.456 <0.001 0.501 <0.001 

Severity x frequency 4.768 
(0.241) 

26.042 
(0.478) 

0.478 <0.001 0.320 <0.001 

Q14 Delusions       
Severity 7.376 

(0.241) 
55.266 
(0.478) 

0.537 <0.001 0.141 <0.001 

Frequency 5.510 
(0.241) 

30.742 
(0.478) 

0.536 <0.001 0.216 <0.001 

Severity x frequency 7.181 
(0.241) 

51.580 
(0.478) 

0.537 <0.001 0.142 <0.001 

Q15 Double vision       
Severity 3.500 

(0.241) 
11.904 
(0.478) 

0.511 <0.001 0.382 <0.001 

Frequency 3.302 
(0.241) 

9.935 
(0.478) 

0.485 <0.001 0.404 <0.001 

Severity x frequency 3.963 
(0.241) 

14.705 
(0.478) 

0.497 <0.001 0.326 <0.001 
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Q16 Difficulty 
Concentrating 

      

<0.001Severity 1.136 
(0.241) 

0.192 
(0.478) 

0.359 <0.001 0.724 <0.001 

Frequency 1.153 
(0.241) 

0.009 
(0.478) 

0.288 <0.001 0.754 <0.001 

Severity x frequency 2.219 
(0.241) 

5.830 
(0.478) 

0.324 <0.001 0.676 <0.001 

Q17 Difficulty with 
short term memory 

      

Severity 0.788 
(0.241) 

-0.680 
(0.478) 

0.285 <0.001 0.797 <0.001 

Frequency 0.779 
(0.241) 

-0.965 
(0.478) 

0.297 <0.001 0.790 <0.001 

Severity x frequency 2.207 
(0.241) 

4.082 
(0.478) 

0.286 <0.001 0.649 <0.001 

Q18 Forget to do 
things 

      

Severity 1.296 
(0.241) 

0.480 
(0.478) 

0.370 <0.001 0.705 <0.001 

Frequency 0.598 
(0.241) 

-1.405 
(0.478) 

0.285 <0.001 0.758 <0.001 

Severity x frequency 1.698 
(0.241) 

1.776 
(0.478) 

0.341 <0.001 0.659 <0.001 

Q19 Dribble saliva       
Severity 1.277 

(0.241) 
0.633 

(0.478) 
0.389 <0.001 0.672 <0.001 

Frequency 1.515 
(0.241) 

1.010 
(0.478) 

0.331 <0.001 0.661 <0.001 

Severity x frequency 2.616 
(0.241) 

6.737 
(0.478) 

0.339 <0.001 0.560 <0.001 

Q20 Dysphagia       
Severity 0.965 

(0.241) 
-0.204 
(0.478) 

0.314 <0.001 0.771 <0.001 

Frequency 1.226 
(0.241) 

0.273 
(0.478) 

0.272 <0.001 0.767 <0.001 

Severity x frequency 2.233 
(0.241) 

5.618 
(0.478) 

0.272 <0.001 0.685 <0.001 

Q21 Constipation       
Severity 0.871 

(0.241) 
-0.706 
(0.478) 

0.354 <0.001 0.712 <0.001 

Frequency 1.046 
(0.241) 

-0.355 
(0.478) 

0.290 <0.001 0.744 <0.001 

Severity x frequency 2.436 
(0.241) 

6.168 
(0.478) 

0.298 <0.001 0.605 <0.001 

Q22 Urinary 
urgency 
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Severity 0.655 
(0.241) 

-0.950 
(0.478) 

0.319 <0.001 0.770 <0.001 

Frequency 1.084 
(0.241) 

-0.227 
(0.478) 

0.303 <0.001 0.746 <0.001 

Severity x frequency 1.989 
(0.241) 

3.807 
(0.478) 

0.259 <0.001 0.690 <0.001 

Q23 Urinary 
frequency 

      

Severity 1.041 
(0.241) 

-0.255 
(0.478) 

0.388 <0.001 0.687 <0.001 

Frequency 1.004 
(0.241) 

-0.662 
(0.478) 

0.288 <0.001 0.712 <0.001 

Severity x frequency 2.449 
(0.241) 

7.032 
(0.478) 

0.348 <0.001 0.617 <0.001 

Q24 Nocturia       
Severity 0.678 

(0.241) 
-0.545 
(0.478) 

0.276 <0.001 0.800 <0.001 

Frequency 0.521 
(0.241) 

-1.451 
(0.478) 

0.331 <0.001 0.752 <0.001 

Severity x frequency 1.713 
(0.241) 

4.079 
(0.478) 

0.228 <0.001 0.763 <0.001 

Q25 Altered sex 
interest 

      

Severity 0.819 
(0.243) 

-1.014 
(0.481) 

0.359 <0.001 0.720 <0.001 

Frequency 0.956 
(0.243) 

-0.727 
(0.481) 

0.299 <0.001 0.742 <0.001 

Severity x frequency 2.117 
(0.243) 

4.428 
(0.481) 

0.311 <0.001 0.669 <0.001 

Q26 Sex difficulties       
Severity 1.034 

(0.243) 
-0.695 
(0.481) 

0.421 <0.001 0.643 <0.001 

Frequency 1.686 
(0.243) 

1.337 
(0.481) 

0.352 <0.001 0.615 <0.001 

Severity x frequency 2.374 
(0.243) 

5.438 
(0.481) 

0.379 <0.001 0.604 <0.001 

Q27 Unexplained 
pains 

      

Severity 1.391 
(0.241) 

0.651 
(0.478) 

0.390 <0.001 0.677 <0.001 

Frequency 1.555 
(0.241) 

0.871 
(0.478) 

0.361 <0.001 0.642 <0.001 

Severity x frequency 2.231 
(0.241) 

3.951 
(0.478) 

0.350 <0.001 0.584 <0.001 

Q28 Change in 
taste or smell 
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Severity 1.336 
(0.241) 

0.195 
(0.478) 

0.419 <0.001 0.621 <0.001 

Frequency 1.251 
(0.241) 

-0.114 
(0.478) 

0.324 <0.001 0.661 <0.001 

Severity x frequency 1.910 
(0.241) 

3.554 
(0.478) 

0.408 <0.001 0.619 <0.001 

Q29 Change in 
weight 

      

Severity 4.339 
(0.241) 

20.035 
(0.478) 

0.515 <0.001 0.316 <0.001 

Frequency 4.534 
(0.241) 

22.028 
(0.478) 

0.505 <0.001 0.321 <0.001 

Severity x frequency 8.017 
(0.241) 

71.263 
(0.478) 

0.485 <0.001 0.209 <0.001 

Q30 Hyperhidrosis       
Severity 2.252 

(0.241) 
3.693 

(0.478) 
0.487 <0.001 0.485 <0.001 

Frequency 2.193 
(0.241) 

3.419 
(0.478) 

0.441 <0.001 0.519 <0.001 

Severity x frequency 3.610 
(0.241) 

14.020 
(0.478) 

0.459 <0.001 0.417 <0.001 
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Appendix 3: Normality Check for PDQ-39 
Variables 

Variable 
Skewness 
(standard 

error) 

Kurtosis 
(standard 

error) 

Kolmogorov-
Smirnov 

Shapiro-Wilk 

 Statistics p-value Statistics p-value 

PDQ-39 Total 0.632 
(0.241) 

-0.267 
(0.478) 

0.122 0.004 0.955 0.005 

Dimension 1 Total 0.657 
(0.241) 

-0.648 
(0.478) 

0.121 0.004 0.935 <0.001 

Dimension 2 Total  0.980 
(0.241) 

0.727 
(0.478) 

0.138 <0.001 0.921 <0.001 

Dimension 3 Total 1.128 
(0.241) 

1.455 
(0.478) 

0.140 <0.001 0.923 <0.001 

Dimension 4 Total 1.265 
(0.241) 

0.762 
(0.478) 

0.245 <0.001 0.801 <0.001 

Dimension 5 Total 2.155 
(0.241) 

5.443 
(0.478) 

0.308 <0.001 0.673 <0.001 

Dimension 6 Total 0.766 
(0.241) 

0.038 
(0.478) 

0.139 <0.001 0.945 0.001 

Dimension 7 Total 0.793 
(0.241) 

-0.190 
(0.478) 

0.175 <0.001 0.910 <0.001 

Dimension 8 Total 0.356 
(0.241) 

-0.357 
(0.478) 

0.087 0.182 0.972 0.069 

PDQ-39 Q1 0.288 
(0.241) 

-1.046 
(0.478) 

0.158 <0.001 0.843 <0.001 

PDQ-39 Q2 0.528 
(0.244) 

-0.761 
(0.483) 

0.182 <0.001 0.901 <0.001 

PDQ-39 Q3 0.682 
(0.241) 

-0.625 
(0.478) 

0.235 <0.001 0.883 <0.001 

PDQ-39 Q4 0.541 
(0.243) 

-1.105 
(0.481) 

0.208 <0.001 0.862 <0.001 

PDQ-39 Q5 1.737 
(0.241) 

2.092 
(0.478) 

0.229 <0.001 0.839 <0.001 

PDQ-39 Q6 0.571 
(0.241) 

-0.985 
(0.478) 

0.398 <0.001 0.648 <0.001 

PDQ-39 Q7 0.515 
(0.241) 

-0.872 
(0.478) 

0.243 <0.001 0.831 <0.001 

PDQ-39 Q8 0.972 
(0.241) 

-0.266 
(0.478) 

0.205 <0.001 0.864 <0.001 

PDQ-39 Q9 1.109 
(0.241) 

0.492 
(0.478) 

0.254 <0.001 0.802 <0.001 

PDQ-39 Q10 1.310 
(0.241) 

0.475 
(0.478) 

0.256 <0.001 0.807 <0.001 
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PDQ-39 Q11 2.372 
(0.241) 

5.754 
(0.478) 

0.442 <0.001 0.545 <0.001 

PDQ-39 Q12 1.368 
(0.241) 

1.777 
(0.478) 

0.280 <0.001 0.756 <0.001 

PDQ-39 Q13 1.118 
(0.241) 

0.464 
(0.478) 

0.247 <0.001 0.797 <0.001 

PDQ-39 Q14 -0.160 
(0.241) 

-1.242 
(0.478) 

0.207 <0.001 0.889 <0.001 

PDQ-39 Q15 0.906 
(0.243) 

-0.079 
(0.481) 

0.264 <0.001 0.818 <0.001 

PDQ-39 Q16 1.084 
(0.241) 

0.045 
(0.478) 

0.289 <0.001 0.779 <0.001 

PDQ-39 Q17 0.744 
(0.241) 

0.066 
(0.478) 

0.205 <0.001 0.859 <0.001 

PDQ-39 Q18 1.256 
(0.241) 

0.941 
(0.478) 

0.313 <0.001 0.746 <0.001 

PDQ-39 Q19 1.261 
(0.241) 

1.361 
(0.478) 

0.245 <0.001 0.793 <0.001 

PDQ-39 Q20 1.505 
(0.241) 

2.265 
(0.478) 

0.294 <0.001 0.750 <0.001 

PDQ-39 Q21 0.727 
(0.241) 

0.508 
(0.478) 

0.260 <0.001 0.874 <0.001 

PDQ-39 Q22 0.636 
(0.241) 

-0.445 
(0.478) 

0.209 <0.001 0.876 <0.001 

PDQ-39 Q23 1.200 
(0.241) 

0.631 
(0.478) 

0.359 <0.001 0.724 <0.001 

PDQ-39 Q24 1.598 
(0.241) 

1.579 
(0.478) 

0.401 <0.001 0.655 <0.001 

PDQ-39 Q25 1.275 
(0.241) 

0.624 
(0.478) 

0.365 <0.001 0.715 <0.001 

PDQ-39 Q26 1.252 
(0.241) 

0.330 
(0.478) 

0.377 <0.001 0.693 <0.001 

PDQ-39 Q27 2.049 
(0.241) 

4.144 
(0.478) 

0.408 <0.001 0.613 <0.001 

PDQ-39 Q28 2.923 
(0.250) 

9.165 
(0.495) 

0.493 <0.001 0.439 <0.001 

PDQ-39 Q29 2.324 
(0.241) 

5.136 
(0.478) 

0.437 <0.001 0.567 <0.001 

PDQ-39 Q30 0.693 
(0.241) 

-0.613 
(0.478) 

0.224 <0.001 0.862 <0.001 

PDQ-39 Q31 0.531 
(0.241) 

-0.640 
(0.478) 

0.234 <0.001 0.881 <0.001 

PDQ-39 Q32 0.630 
(0.241) 

-0.497 
(0.478) 

0.212 <0.001 0.892 <0.001 

PDQ-39 Q33 0.951 
(0.241) 

0.031 
(0.478) 

0.247 <0.001 0.810 <0.001 
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PDQ-39 Q34 0.658 
(0.241) 

-0.566 
(0.478) 

0.252 <0.001 0.869 <0.001 

PDQ-39 Q35 0.795 
(0.241) 

-0.133 
(0.478) 

0.214 <0.001 0.862 <0.001 

PDQ-39 Q36 1.098 
(0.241) 

-0.079 
(0.478) 

0.339 <0.001 0.749 <0.001 

PDQ-39 Q37 0.321 
(0.241) 

-0.864 
(0.478) 

0.188 <0.001 0.896 <0.001 

PDQ-39 Q38 0.286 
(0.241) 

-0.922 
(0.478) 

0.221 <0.001 0.901 <0.001 

PDQ-39 Q39 0.800 
(0.241) 

-0.234 
(0.478) 

0.214 <0.001 0.857 <0.001 
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Appendix 4: Ethical Approval

 




