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Abstract:

Introduction:
Depression is often an under-recognised feature of Parkinson’s disease (PD). It is detrimental
to physical and interpersonal functioning, negatively impacting on a patient’s clinical
management, quality of life and well-being. We aimed to identify clinical predictors and
management implications of depression in Australian PD patients.

Methods:
103 PD and 81 Healthy Control (HC) subjects were evaluated using the Beck Depression
Inventory (BDI) and other validated PD motor and non-motor symptom (NMS) tools.

Results:
Nearly twice as many PD patients were depressed, (38.9% vs 20.1%, p=0.009), with a
corresponding increase in depression severity on the BDI (11.9; standard deviation (SD) 8.8
vs 5.2; SD 5.5, p<0.001), and an odds ratio of 2.4 (95% confidence interval 1.2 - 4.7).
Employment appeared to be a relative protective factor for depression, whilst patients
requiring support services seemed to be more vulnerable to depression. Rapid Eye Movement
Sleep Behaviour Disorder, dyskinesias, impulse control disorder, higher daily levodopa
equivalent dose, increased motor severity, as well as catechol-O-methyltransferase inhibitor
and amantadine use, all showed associations with depression (p<0.05). Chronic pain,
decreased physical activity, constipation and upper gastrointestinal dysfunction presented
with an apparent increase in risk for developing depression and increased depression severity.
Other NMS were also found to be associated with PD-related depression.

Limitations:
Potential selection bias of self-reporting data collection from specialist PD clinics in a single
metropolitan area.

Conclusion:
Our findings provide novel insight into the prevalence of depression in PD, possible
contributory factors and future treatment strategies targeting depression in PD.
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Introduction:
Depression is a common, yet often overlooked NMS in patients with PD, contributing to
significant morbidity and healthcare burden (Lubomski et al., 2015). It is frequently
associated with negative impacts to clinical management, as well as patient quality of life
(QoL) (Pachana et al., 2013). Worldwide, approximately 35-42% of PD patients have
clinically significant depressive symptoms and 17-25% meet criteria for a major depressive
disorder, which is notably higher than the prevalence rate of 13.5% in the general population
(Beekman et al., 1999, Hely et al., 2005, Dissanayaka et al., 2011b, Pachana et al., 2013,
Marsh, 2013). Depression may precede a diagnosis of PD (Ishihara and Brayne, 2006) with
an overlap of symptoms, including reduced facial expression, sleep disturbance, fatigue,
reduced appetite and psychomotor retardation, which may explain why it goes unrecognised
(Pachana et al., 2013). Depression in PD is likely caused by imbalances of dopaminergic
neurotransmission due to progressive nigrostriatal neurodegeneration, being worsened by the
decline of motor function and QoL in addition to adverse effects of pharmacological
treatments that disrupt vital pathways regulating mood (Pachana et al., 2013). However, other
non-dopaminergic neurobiological changes are implicated in the pathophysiology of
depression and anxiety in PD, namely altered norepinephrine and serotonin neurotransmitter
signalling (Kano et al., 2011). Depression in PD has also been suggested to relate to
significant alterations in the composition of gastrointestinal microbiome profiles, likely
resulting from imbalances of gut and central nervous system neurotransmitters (Dinan and
Cryan, 2017, Lubomski et al., 2019b, Lubomski et al., 2019a).

For many PD patients and their families, neuropsychiatric disturbances are often more
problematic and distressing than the motor aspects of disease (Hely et al., 2005). It has also
been suggested that the presence of depressive symptoms can be the strongest indication of
when to initiate dopaminergic therapy (Ravina et al., 2007). Multidimensional treatment of
depressive features have been recommended, with cognitive behavioural therapy and
antidepressant medications being most widely utilised, often with favourable clinical
outcomes (Marsh, 2013). Increased physical activity can moderate the deterioration of motor
skills and depression, as well as improving QoL, with aerobic training being most beneficial
(Wu et al., 2017). Further, regular physical activity has been suggested to decrease pain,
prolong independent mobility and improve sleep, mood, memory and overall QoL (Fayyaz et
al., 2018). Constipation, a common feature of PD (Lubomski et al., 2020) has also been
4

associated with depression in PD, both of which reflect early non-motor features that may
herald the onset of subsequent motor-impairment (Pagano et al., 2018).

Several studies have examined various clinical characteristics in association with depression
in PD and suggested that the severity of PD is related to depression (Wichowicz et al., 2006).
Longer duration of illness, a younger age of PD onset, frequent falls, a history of anxiety and
memory problems are also associated with an increased rate of depression (Dissanayaka et
al., 2011a). However, it has been suggested that impairment of daily living activities and
complications of PD pharmacotherapy are also associated with depression in PD
(Papapetropoulos et al., 2006). Several studies have evaluated the prevalence of depression in
PD, as well as important demographic and clinical characteristics, albeit with differing
depression scales, cohort sizes and outcome measures (Willis et al., 2018, Kua et al., 2018,
Dissanayaka et al., 2011a, Dissanayaka et al., 2011b, Wuthrich and Rapee, 2019).
Nonetheless, there is a lack of understanding on how physical exercise, chronic pain and
gastrointestinal dysfunction relate to and impact on depression in PD. Here, we investigate
associations between depression and other non-PD characteristics, as well as lifestyle factors
and QoL, providing novel insights to inform clinical management.

Methods:

Study settings and subjects
The cohort studied here was described previously (Lubomski et al., 2020). Approval from the
local Human Research Ethics Committees was obtained from the Northern Sydney Local
Health District (HREC/18/HAWKE/109) and Ramsay Health for North Shore Private
Hospital (NSPHEC 2018-LNR-009).

Data collection
Patients attending clinic between June 2018 - 2019 were recruited to complete selfadministered questionnaires. Socio-demographic factors, lifestyle and clinical management
information was collected. Patients completed the BDI (Beck et al., 1961) (range 0 – 63),
with depression diagnosed at a BDI cut-off of >13 for PD patients and >9 for HC (Visser et
al., 2006, Schrag et al., 2007, Goodarzi et al., 2016). Other questionnaires and assessments
examined QoL and NMS, physical activity, upper and lower gastrointestinal symptoms,
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motor symptom severity and medication use (levodopa equivalent daily dose; LED) and were
described previously (Lubomski et al., 2020).

Statistical analysis
Independent t-tests were used to identify differences between groups for continuous variables
and χ2 tests were used to compare differences for categorical variables. Normal distribution of
all data was confirmed using the Shapiro-Wilk test. Logistic and linear regression models
evaluated differences in the prevalence of depression between the PD and HC groups, as well
as within the PD cohort, after controlling for demographic and clinical variables. Pearson
correlations evaluated associations between clinically relevant variables. p<0.05 was set as
the level of statistical significance. Data analysis was performed using Statistics Package for
the Social Sciences, version 26 (SPSS Inc, Chicago, Illinois, USA).
Results:

Demographic characteristics
As previously reported (Lubomski et al., 2020), a total of 103 patients with PD and 81 HCs
were enrolled in the study (Table 1). 56.3% of the PD participants were male with a mean age
of 67.1 years (range 35-88, standard deviation (SD) 12.2), whilst a third of the HC’s were
male, with a mean age of 62.4 years (range 18-90, SD 15.6). Of the combined cohort (PD and
HC), approximately 80% of the participants identified themselves of Caucasian ancestry and
were married, half completed tertiary studies, whilst 82.5% of PD individuals and 67.9% of
HCs were not working, with no significant differences between the groups, as reported
previously (Lubomski et al., 2020). 32% of PD participants utilised a support service,
compared to 5% in the HC group, (p<0.001, Table 1).
Within the PD cohort, the mean age of diagnosis was 58.8 years (SD 13.6) and mean duration
of disease was 9.2 years (SD 6.5), with half of the patients reporting a late onset (>60 years),
and 11% a young onset (<40 years) diagnosis (Table 2). Approximately a third of all PD
patients had either an akinetic rigid or tremor dominant phenotype. More than half identified
troublesome motor fluctuations, particularly dyskinesias, with more than 80% reporting
medications ‘wearing off’ prior to their next dose. Of the NMS, half reported Rapid Eye
Movement Sleep Behaviour Disorder (RBD), whilst 19.5% identified having an impulse
6

control disorder (ICD). The mean daily LED was 834.8mg (SD 527.3), whilst the mean
MDS-UPDRS III score was 32.9 (SD 17.9; range 0-132) and Hoehn and Yahr score 2.3 (SD
0.8; range 1-5), as reported previously (Lubomski et al., 2020). Close to two thirds of
individuals had utilised an allied health practitioner in the preceding 12-months, whilst 17%
of PD individuals consumed alcohol daily. Approximately 5% of the PD cohort was
treatment naïve, whilst the utilisation of standard and device assisted therapies, as well as the
frequency and severity of gastrointestinal symptoms, chronic pain, physical activity and NMS
in the PD cohort are further outlined in Table 2.

Characteristics of depression in the whole cohort
In our cohort, patients with PD reported significantly increased levels of depression as
indicated by greater mean BDI scores (11.9; SD 8.8 vs 5.2; SD 5.5, p<0.001). 38.9% of PD
patients met the criteria for depression, as opposed to 20.1% in the HC group (p=0.009; odds
ratio 2.4; 95% confidence interval 1.2 - 4.7) (Table 1). Patients with PD also reported an
almost tenfold increased prevalence of mild and moderate depression, whilst almost a
threefold increase in severe depression was apparent compared to the HC group (Table 1). No
associations were identified between depression or its severity and patient marital status,
ethnicity or education level across the whole cohort. Overall, individuals were more
depressed if they required access to support services, when controlling for age and sex (=0.213, r2=0.059, p=0.004). Logistic regression models were applied to evaluate the
significance of differences between the PD and HC groups regarding depression severity.
Statistical significance persisted considering differences in the BDI total score (Wald χ2=6.5,
df=7, p=0.011) and BDI categories (Wald χ2=3.8, df=7, p=0.048), after controlling for age,
sex, chronic pain, physical activity, constipation (Rome-IV criteria) and upper
gastrointestinal dysfunction.
Characteristics of depression in the Parkinson’s disease cohort

Within the PD cohort, those who were still working reported being less depressed than
individuals who were either unemployed or retired, after controlling for age, sex and PD
duration (=-0.222, r2=0.064, p=0.029). Further, individuals with PD who reported receiving
any support services showed increased depression severity on the BDI, controlling for age,
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sex and PD duration (=0.193, r2=0.050, p=0.049). Individuals who utilised speech
pathology, (=-0.157, r2=0.067 p=0.031) and dietician services, (=-0.163, r2=0.063
p=0.028) in the preceding 12-months, but no other allied health provider, were more notably
depressed after controlling for age, sex and PD duration. Regarding the clinical PD
characteristics, no differences relating to depression were identified between PD age at
diagnosis or clinical phenotype. However, those who reported RBD were more likely to be
depressed, when controlling for age, sex and PD duration (=0.240, r2=0.072, p=0.018).
Motor complications were also notably associated with depression severity, with those
reporting troublesome dyskinesias being more depressed, after controlling for sex, PD
duration, daily LED and MDS-UPDRS III total score (=0.277, r2=0.188, p=0.014).
Likewise, those who reported an ICD were more likely to be depressed, when controlling for
sex, PD duration, daily LED and MDS-UPDRS III total score (=0.377, r2=0.264, p<0.001).

Clinical features and treatment influences

Clinical features reflecting increased PD severity indicated patients with increased depression
severity. Individuals were more likely to be depressed if they had a higher MDS-UPDRS III
total score and Hoehn and Yahr score (=0.309, r2=0.160, p=0.003 and =0.258, r2=0.131,
p=0.018, respectively), after controlling for age, sex and PD duration. PD patients requiring
higher daily LED were also more depressed, controlling for age, sex and PD duration
(=0.222, r2=0.053, p=0.047). Depression severity also correlated with the MDS-UPDRS III
total score (r=0.332, p<0.001) and daily LED (r=0.264, p=0.007). Specific PD treatments
were also associated with depression severity in the PD cohort, with those utilising catecholo-methyltransferase (COMT) inhibitors and amantadine being more depressed, after
controlling for age, sex and PD duration (=0.221, r2=0.059, p=0.038 and =0.181, r2=0.047,
p=0.049, respectively). No other standard or advanced PD therapies were associated with
depression severity (Table 2).

Lifestyle, chronic pain and physical activity influences

Regarding lifestyle factors, individuals consuming alcohol daily were less likely to be
depressed than those who didn’t, with a mean BDI of 6.6 (SD 4.9) vs 9.6 (SD 8.8), (=0.249, r2=0.075, p=0.016), after controlling for age, sex and PD duration. PD patients with
8

chronic pain and increased pain severity, assessed by the Visual Analogue Scale
(McCormack et al., 1988) were more notably depressed, (=-0.276, r2=0.144, p=0.009) and
(=0.429, r2=0.301, p<0.001) respectively, after controlling for age, sex, PD duration, daily
LED and MDS-UPDRS III total score. Additionally, chronic pain positively correlated with
depression severity (r=0.471, p=0.001). Physical activity also reflected a significant impact to
depression severity in PD, with those having a lower IPAQ score (MET-minutes/week) (=0.220, r2=0.205, p=0.022) and lower IPAQ categorical score (=-0.213, r2=0.32, p=0.016)
reporting significantly increased depression severity, after controlling for age, sex and PD
duration.

Gastrointestinal symptom influences

The presence of gastrointestinal symptoms in this PD cohort has been reported previously
(Lubomski et al., 2020), but important associations to depression and its severity were also
apparent. Those with diagnosed constipation, as per the Rome-IV criteria (score  2), were
more notably depressed, controlling for age, sex and PD duration (=0.314, r2=0.106,
p=0.002). Correspondingly, individuals with higher constipation severity assessed by the
Rome-IV Criteria (=0.278, r2=0.150, p=0.005) and Cleveland Constipation Score (=0.317,
r2=0.166, p=0.002), also had higher depression scores, after controlling for age, sex and PD
duration. Upper GI dysfunction, assessed by the Leeds Dyspepsia Questionnaire (LDQ),
identified that PD patients with increased LDQ scores were more likely to be depressed,
when controlling for age, sex and PD duration (=0.494, r2=0.294, p<0.001) (Figure 1). A
particular increase in depression severity was noted in those reporting indigestion (p=0.031),
nausea (p=0.012) and excess fullness and bloating (p=0.022). Depression severity also
correlated with constipation in the PD cohort, with Rome IV Constipation Score (r=0.327,
p=0.001) and Cleveland Constipation Score (r=0.360, p<0.001), as well as upper GI
dysfunction (r=0.509, p<0.001) (Figure 1).

Non-motor symptoms and quality of life influences

A higher NMSS total score was generally indicative of individuals with increased depression
severity, after controlling for age, sex and PD duration, daily LED and MDS-UPDRS-III total
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score (=0.649, r2=0.469, p<0.001). Correspondingly, higher individual NMSS domain
scores (Table 2), also reflected increased depression severity (all domain scores p<0.05).

Discussion:

We identified depression in 39% of PD patients, almost double the prevalence of the HC
group at 20%. Patients with PD had remarkably higher depression severity scores across the
categorical domains of mild, moderate and severe depression, compared to the HC group.
Our findings are in keeping with other international studies (Wichowicz et al., 2006,
Reijnders et al., 2008), although appreciably less than reported in an earlier Australian study
(Dissanayaka et al., 2011b), which utilised a different depression assessment scale.
Interestingly, our HC cohort showed an increased depression prevalence of 20% compared to
the reported population prevalence of < 8%, although varying according to age, in the general
Australian population (Henderson et al., 2000, O'Connor, 2006). This may be explained by
HCs recruited to this study living with their PD family members, thus increasing their own
depression likelihood, potentially exacerbated by carer-related fatigue or distress. However,
these outcome measures were not assessed in this study.

PD individuals who were unemployed or retired were more likely to suffer from depression,
highlighting the potential benefit of employment, offering improved welfare and social
interaction as a protective means of avoiding depression in PD. No depression associations
were identified in patients with a lower education level, younger or older age of PD onset,
longer duration of PD, PD phenotype or female sex, as was suggested in other studies
(Dissanayaka et al., 2011b, Wichowicz et al., 2006, Beekman et al., 1999, Dissanayaka et al.,
2011a). However, we showed that individuals requiring any support services were more
vulnerable to depression compared to those who didn’t require any services. The utility of
support services correlated with increased PD motor symptom severity, suggesting that
targeted interventions to evaluate and treat depression should be offered to patients initiating
support services.
Individuals with RBD, motor fluctuations (particularly dyskinesias), as well as ICDs, should
be considered more vulnerable to depression with a high degree of vigilance maintained to
screen and treat depression. Treatment could potentially utilise promising cognitive
behavioural therapy approaches (Wuthrich and Rapee, 2019). Consistently, those who were
10

more depressed seemed less inclined to drink alcohol. Abstinence or decreased alcohol
consumption may therefore be more likely associated with higher rates of depression due to
patient illness-related disability factors and other comorbidities.
Other PD treatment related factors, including a higher daily LED, higher MDS-UPDRS III
total scores and Hoehn and Yahr scores correlated with increased vulnerability for
depression, as well as depression severity. As in prior studies (Dissanayaka et al., 2011b,
Wichowicz et al., 2006), our findings support increased PD severity in association with
increased severity of depression. Our results also indicate that treatment with COMT
inhibitors and amantadine is also associated with increased severity of depression. These
treatments are typically utilised as adjuvant therapies for individuals with more severe
disease, including treating dyskinesias, and would suggest that individuals using these agents
may already be more likely to be depressed. No differences in depression severity were
identified in patients requiring Deep Brain Stimulation (DBS) compared to non-DBS PD
patients, as reported previously (Dissanayaka et al., 2011b). Furthermore, those using
apomorphine subcutaneous infusions and Levodopa-Carbidopa Intestinal Gel did not show an
increased tendency to depression compared to other PD patients. These findings may reflect
that patients already utilising these advanced therapies show fewer motor complications and
accordingly lower rates of depression, compared to individuals prior to transitioning to the
device-assisted therapies. Further validation of individuals initiating these treatments is
warranted in order to better understand the impacts of device-assisted therapies on
depression.
A novelty of this study is the evaluation of other factors beyond the PD-specific factors
examined in earlier studies. A number of important associations between chronic pain, GI
dysfunction and physical exercise were identified and provide a foundation for future
research. It is known that between 40-80% of PD patients live with chronic pain (Mylius et
al., 2015), however the effects of pain on depression in PD have not been widely
investigated. A Norwegian study did demonstrate that the presence of pain was significantly
associated with depression scores, even after adjusting for demographic and clinical variables
(Ehrt et al., 2009), which is consistent with our observations. Furthermore, we showed that
PD patients who had lower physical activity and were less ambulatory were also more likely
to be depressed, with correlations to depression severity. This highlights important
management implications, as it has been shown that low outcome expectation from exercise,
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a lack of time to exercise and a fear of falling appear to be important perceived barriers to
engage PD patients in exercise (Ellis et al., 2013) and may require formal allied health
interactions.
Upper and lower GI dysfunction identified in our previous study (Lubomski et al., 2020),
reflected increased vulnerability for depression and increased depression severity.
Constipation has been reported in approximately 70% of PD patients and imparts a
considerable negative impact to a patient’s QoL (Poirier et al., 2016, Lubomski et al., 2020).
Interestingly, a recent study showed that depression could increase the risk of constipation in
PD patients (Yu et al., 2018). Our findings not only support constipation as a significant risk
factor for depression in PD, but highlight that upper GI dysfunction (specifically indigestion,
nausea, excess fullness and bloating) can predispose to depression and increased depression
severity. We also identified for the first time that individuals with PD who utilised speech
pathologists and dieticians, but not other allied health practitioners, were significantly more
likely to be depressed. Clinically, this portrays important considerations regarding the
management of dysphagia and weight loss, which are non-motor features more commonly
seen in advanced PD. Clinicians referring patients with PD, as well as speech pathologists
and dieticians treating their PD patients, should be more vigilant of the increased propensity
toward depression and provide increased support and referral for appropriate psychological
and medical treatment.
Lastly, the negative impacts of depression to PD patient QoL and well-being have been
extensively reported (Lawrence et al., 2014, Pachana et al., 2013). This study also confirms
that individuals with increased NMS were more likely to be depressed. Notably, higher
individual domain scores of the NMSS reflected an increased propensity for depression
severity in our cohort. The positive association between impaired NMS and depression may
also reflect the poorer QoL for depressed PD patients. However, it is uncertain whether
impairment of QoL results in vulnerability to depression, or whether depression affects the
perception of QoL. A prior study suggested that depressed patients may report poor disability
status as a reflection of their perception of disability (Schrag et al., 2001).

Limitations
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Our research highlights several novel associations defining depression in PD, as well as
confirming many other known factors. The study limitations indicate a potential for selection
bias due to the self-reporting nature of the data being obtained from specialist PD clinics, in a
single metropolitan area. Whereas earlier Australian studies had suggested that PD patients
from regional centres may experience differing perceptions to their QoL and clinical
management (Lubomski et al., 2013, Lubomski et al., 2014). Further, a potential inherent
recruitment bias in the cross-sectional study design may over-represent PD patients with
increased depression among our clinic attendees. Many patients in this cohort also came from
higher socioeconomic areas, which may have underestimated the true extent of reliance on
support services. Another consideration is that HCs in this study were related to patients with
PD. Due to potential carer-related fatigue or distress, the prevalence and severity of
depression in the HC group may have been overrepresented.
Other potential cofounders may include certain, yet poorly characterised, protective
mechanisms against depression such as exercise or employment, as neural mechanisms may
mediate the positive effects of exercise on depressive symptoms (Gujral et al., 2017). In
addition, alcohol is widely considered as a precipitant for depression. Therefore, patients who
were not consuming alcohol daily and were identified to be more depressed compared to
those who consumed alcohol daily, may reflect increased disease severity or disease related
complications; e.g. being advised against alcohol due to balance or gait complications or
other co-morbidities. They may also be taking more complex medication regimes, including
antidepressants and other medications that should not be consumed with alcohol. To address
this issue, future studies would be best to include analyses investigating these confounding
variables and considerations.

Conclusion:
Based on our findings, PD patients displaying chronic pain, decreased physical activity,
constipation, upper GI dysfunction (hallmarked by indigestion, nausea, excess fullness and
bloating) may be at increased risk for developing depression and increased depression
severity. Our data also highlights that NMS are significantly implicated in PD-related
depression. In light of these findings, we recommend optimising the treatment of PD-related
depression by screening for and treating chronic pain, promoting physical exercise, as well as
recognising and treating constipation and upper GI dysfunction as potential modifiable risk
13

factors that may reduce the burden of depression in PD. We also advocate for additional
therapeutic interventions targeting depression management in such individuals.
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Figures:

Figure 1: Associations between gastrointestinal dysfunction and depression severity.
Moderate correlations were apparent between depression severity (as indicated by the Beck’s
Depression Inventory Total Score) in the Parkinson’s disease cohort and 1) the Leeds
Dyspepsia Questionnaire Score (Blue; r=0.509, p<0.001), 2) the Rome IV Constipation
Score (Green; r=0.327, p=0.001) and 3) the Cleveland Constipation Score (Red; r=0.360,
p<0.001). These correlations indicate that with increasing gastrointestinal dysfunction there is
an associated increase in depression severity. Vertical coloured lines represent maximum
scores for the respective questionnaire. Clinical depression was indicated by a Beck’s
Depression Inventory Total Score >13 for Parkinson’s disease.
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Tables:
Table 1: Cohort Demographic and Clinical Characteristics

Number of Patients
Mean Age, (years) [SD, Range]*
Gender, (%)*
Male
Female
Ethnicity, (%)*
Caucasian
Asian
Middle Eastern
Other
Marital Status, (%)*
Married / de facto
Single
Widowed
Other
Education Status, (%)
Tertiary
Diploma
High School
Other
Employment, (%)
Working
Retired
Unemployed
Support Services, (%)
None
Aged Care Package
National Disability Insurance
Scheme
Other
Depression Characteristics
Mean Beck’s Depression
Inventory Total Score, [SD]
Beck’s Depression Inventory
Categories, (%)
Minimal Depression (0-13)
Mild Depression (14-19)
Moderate Depression (20-28)
Severe Depression (39-63)
Clinically Depressed, (%)
(>13 for Parkinson’s Disease
and >9 for Control groups)

Parkinson’s
Disease
103
67.1 [12.2,
33-88]

Healthy
Control
81
62.4 [15.6,
18-90]

56.3
43.7

32.1
67.9

78.6
3.9
6.8
10.7

79.0
6.2
2.5
12.3

76.7
9.7
5.8
7.7

85.1
9.9
1.2
3.7

51.4
32.0
13.6
2.9

p value

t=2.3 (182)^

0.023

χ2=10.7 (1)∞

0.001

χ2=2.3 (3)∞

0.506

χ2=4.2 (3)∞

0.244

χ2=3.6 (3)∞

0.311

χ2=5.9 (2)∞

0.052

χ2=20.9 (3)∞

<0.001

t=5.9 (182)^

<0.001

χ2=25.2 (3)∞

<0.001

χ2=6.8(1)∞

0.009

53.1
22.2
22.2
2.5

17.5
72.8
9.7

32.1
56.8
11.1

67.9
19.4
9.7

95.1
3.7
1.2

2.9

0

11.9 [8.8]

5.2 [5.5]

64.1%
19.4%
10.7%
5.8%
38.9%

Test Statistic

95.1%
2.5%
1.2%
1.2%
20.1%
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^(Independent Sample t Test), ∞(Pearson’s chi-squared test), df = degrees of freedom, [SD] = Standard
Deviation. *This data is partially reproduced from (Lubomski et al., 2020)

Table 2: Parkinson’s Disease Clinical Characteristics
Mean Age at Diagnosis, (years) [SD, Range]*
Mean Parkinson’s Disease Duration, (years) [SD,
Range]*
Parkinson’s Disease Phenotype, (%)*
Tremor Dominant
Postural Instability and Gait Impairment
Akinetic Rigid
Young Onset (<40 years)
Late Onset (>60 years)
Disease Complications, (%)*
Motor Fluctuations
Dyskinesia
Wearing off
Impulse Control Disorder
REM Sleep Behaviour Disorder
Parkinson’s Disease Therapy, (%)*
Treatment Naïve
Oral Levodopa
Dopamine Agonist
Monoamine Oxidase B Inhibitor
Anticholinergic
Catechol-O-methyl Transferase Inhibitor
Amantadine
Levodopa/Carbidopa Intestinal Gel
Deep Brain Stimulation
Apomorphine (Subcutaneous Infusion)
Levodopa Equivalent Daily Dose (mg), [SD, Range]*
Mean MDS Unified Parkinson’s Disease Rating Scale-III
(‘on’ state), [SD, Range]*
Hoehn and Yahr Scale, [SD]
Allied Health Access in last 12 months, (%)
Physiotherapy
Occupational Therapy
Speech Pathology
Dietician
Daily Alcohol Consumption, (%)*
Gastrointestinal Symptoms*
Mean Cleveland Constipation Score, [SD]
Mean Rome-IV Criteria Constipation Score, [SD]
Functional Constipation as per Rome-IV Criteria,
(%)
Mean Leeds Dyspepsia Questionnaire (LDQ) Score,
[SD]*
Most Troublesome Symptom, (%)

58.8 [13.6, 24-88]
9.2 [6.5, 1-30]

30.1
20.4
38.9
10.7
49.5
58.3
58.3
81.6
19.4
48.5
4.9
89.3
35.0
18.4
12.6
23.3
12.6
8.7
10.7
6.8
834.8 [527.3, 0-2186]
32.9 [17.7, 5-91]
2.3 [0.8]
63.1
54.4
22.3
19.4
14.6
16.7
7.2 [4.7]
4.4 [3.5]
78.6
8.3 [7.7]
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Indigestion
Heartburn
Regurgitation
Belching
Nausea
Vomiting
Excess Fullness / Bloating
None
Chronic Pain Over Last 3 Months, (%)*
Mean Pain Score (Visual Analogue Scale), [SD]
Mean International Physical Activity Questionnaire
(IPAQ) Score (MET-minutes/week), [SD]*
IPAQ Categorical Score, (%)
Low
Moderate
High
Mean MDS Total Non-Motor Symptoms Score (NMSS),
[SD]*
NMSS – Cardiovascular, [SD]
NMSS – Sleep and Fatigue, [SD]
NMSS – Mood and Cognition, [SD]
NMSS – Perceptual Problems, [SD]
NMSS – Attention and Memory, [SD]
NMSS – Gastrointestinal Symptoms, [SD]
NMSS – Urinary, [SD]
NMSS – Sexual, [SD]
NMSS – Miscellaneous, [SD]
NMSS – Total Score, [SD]

18.4
7.8
6.8
7.8
15.6
1
20.4
22.3
72.8
4.9 [2.5]
1823.6 [1693.6]

35.2
37.9
26.2
62.7 [42.9]
3.2 [3.5]
11.6 [8.8]
10.0 [11.9]
2.7 [3.8]
6.2 [7.1]
6.1 [6.3]
8.8 [8.7]
5.4 [6.7]
8.9 [7.5]
62.7 [42.9]

[SD] = Standard Deviation. *This data is partially reproduced from (Lubomski et al., 2020)
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